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The  Working  of  Gas  Producers. 

Although  anthracite  suction  gas  producers  are  now  exten- 
sively employed  for  small  power  plants,  many  pereoiis  are 
prejudiced  against  them  owing  largely  to  the  lack  of  impartial 
data  respecting  their  efficiency,  cost  of  operation,  and  relia- 
bility, coupled,  no  doubt,  in  some  cases  with  the  difficulty 
of  securing  capable  operators.  Independent  and  authorita- 
tive tests  of  their  working  have  been  very  few.  The  most 
notable  ones  were  those  conducted  in  1905  by  the  Highland 
and  Agricultural  Society  of  Scotland -》， and  in  the 
following  year  by  the  Royal  Agricultural  Society 十， 
but,  as  many  readers  will  remember,  a  great  deal 
of  dissatisfaction  was  expressed  at  the  time  with  the  results 
and  conduct  of  the  latter  tests.  Dissatisfaction  is,  perhaps, 
to  be  expected  more  or  less  in  trials  where  commercial 
interests  are  involved,  but  all  the  same  it  bends  to  deprive  the 
results  of  that  confidence,  which  is  so  desirable  iu  scientific  data. 
For  this  reason  Bulletin  No.  50  describing  some  tests  bv  the 
engiiieeriug  experiment  station  of  the  University  of  Illinois  is 
interesting.  Unlike  the  tests  made  by  the  two  Agricultural 
Societies,  which  im'lufl('(l  t h'、  working  of  the  gas  engines 
attached  bo  them,  and  indeed  largely  centred  round  their 
pert'oniiances,  those  by  Messrs.  Garland  &  Kratz  at  Illinois 
were  made  with  the  producer  alone,  the  necessary  suction 
being  induced  by  means  of  a  steam  injector.  No  doubt,  for 
acceptance  tests  it  is  desirable  to  run  both  producer  and 
("igiiio  tests  in  conjunction,  hut  for  eluclyiiig  the  o])eration 
of  the  producer  under  different  conditions  and  with  difTerent 
varieties  of  fuel,  or  for  obtaining  data  on  the  efficiency  and 
composition  of  the  gas  produced,  the  method  adopted  by  the 
authors  of  the  Bulletin  possessed  decided  advantages.  The 
plant  in  question  was  designed  for  a  inaximum  production 

*  See  "  Mechanical  Enffincer."  Nov.  lUb.  1906.  page  707,  Vol.  XVI. 
t.See  "  Mechnuical  KriKineer."  Jun.  f>2tli.  lOt/T,  nu^e  <I9.  Vol.  XIX. 
St'c  also  tests  by  GibHOix  iV  (iwy  Iiei*  on  "  Kffcft  o『 VaryiDg  Degree  of  Sataid- 
tion  of  our  SuppJy.  '   Proc.  lust.  C.E  .  UWb'y.   VaiI  III.,  pa^e  JW. 
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of  8,100  cub.  ft.  per  hour  (nominally  60h.p.)，  and  the  items 
oil  which  attention  was  chiefly  concentrated  in  the  tests  were 
(1)  the  weight  and  heating  value  of  the  coal,  and  (2)  the 
volume  and  heating  value  of  the  gas  produced.  The  anthra- 
cites tested  were,  of  course,  of  American  origin,  varying 
roughly  in  size  from  wliat  would  pass  through  a  |in.  mesh 
up  to  that  which  would  pass  through  a  2in.  mesh.  The 
average  peroentago  of  ash  was  about  15  per  cent.,  and  its 
composition  differed  somewhat  in  the  source.  The  differen- 
tial effect  of  these  variations  in  quality  are  not  of  particular 
value  to  British  readers,  but  some  other  effects  recorded  are 
worth  noting.  The  average  engineer  regards  the  chemical 
reactions  in  a  gas  producer  as  comparatively  simple  and  easy 
to  understand,  but  iu  reality  they  are  complex,  and  the  more 
tliey  are  investigated  the  more  complex  they  seem  to  be. 

The  percentage  of  CO^  (carbon-dioxide)  in  the  gases  pass- 
ing off  is  ordinarily  considered  to  be  a  measure  of  the  effi- 
ciency of  a  producer  as  it  is  iu  the  case  of  a  boiler  furnace. 
But  whereas  in  boilers  efforts  are  made  to  secure  a  high  per- 
centage of  CO2  in  the  effluent  gases,  as  a  sign  of  complete 
combustion  and  efficient  furnace  working,  the  aim  in  a 
producer  making  a  combustible  gas  usually  is  to  keep  the  pro- 
portion of  CO2  as  low  as  possible',  since  it  is  a  measure  of 
wasted  heat.  This  reasoning  is  correct,  speaking  generally, 
but  it  is  not  always  true.  If，  for  example,  the  heat  repre- 
sented by  the  CO^  is  utilised  for  the  deconiposition  of  water 
ami  the  production  of  hydrogen,  there-  is  no  appreciable  loss. 
On  th'6  other  band,  if  the  CO^  is-  the  result  of  an  excessive 
air  supply,  it  betokens  inefficiency,  and  is  usually  confirmed 
by  a  higher  temperature  of  the  producer  gas.  The  influence 
of  size  of  fuel  where  screened  coal  is  used  on  what  is  termed 
" catalytic  action  " ― under  which  a  number  of  obscure  and 
little  understood  effects  resulting  from  the  chemical  reactions 
of  the  surfaces  of  solids  in  contact  with  gases  are  grouped ― 
received  attention  in  the  course  of  the  experiments.  Catalytic 
effects  appear  to  depend  upon  the  state  or  form  of  the  fuel, 
and  the  impurities  contained  in  them，  and  this  feature  of 
producer  working  has  already  been  the  subject  of  invesiiga- 
tion  at  the  Illinois  University,"^  From  the&e  and  the 
present  tests  it  would  appear  that  while  the  catalytic  action 
of  charcoal,  coke,  or  anthracite  inay  vary  greatly,  the  action 
between  two  fuels  which  differ  only  in  size  is,  probably,  not 
great.  How  great  it  may  be',  however,  with  different  fuels 
was  illustrated  in  Dr.  Clement's  previous  exj)eriiuent^,  in 
wliich  CO,  was  passed  over  charcoal,  coke,  and  anthracite 
ground  to  size,  and  placed  in  electrically-heated  porcelain 
tubes,  the  percentage  of  CO  formed  by  the  reaction  of  CO3 十 (j 
being  noted  at  varying  temperatures  and  velocities.  With 
charcoal,  for  instance,  at  a  temperature  of  1,100°  C,  and  a 
velocity  of  1ft.  per  second,  85  per  cent,  of  CO  was  formed  ; 
while  under  the  same  conditions  it  was  for  coke  only  9  per 
cent.,  and  for  anthrar^ite  11  per  ceiif .  At  a  temperature 
of  1 ,300°  C,  and  the  same  velocity,  the  j)ercentagos  were : 
Charcoal,  100  ：  coke,  74:  anthracite,  45.  Although  tho 
figures  are  only  relative,  they  afTord  an  indication  of  I  lie 
inij)ort.aiit  part  which  is  played  by  temperature,  time  of 
contact,  and  catalytic  action  of  different  fuels  in  producer 
working,  and  llirow  a  light  not  only  on  the  complex  chemical 
problems  of  producer  working,  but  explain  in  some  measure 
the  disparities  in  results,  found  in  practice. 

Where  graded  fuel  is  used,  the  size  of  the  fuel  theoreti- 
cally lias  no  effect  on  the  volunia  of  fuel,  or  of  the  inter- 
stices for  a  given  fuel  bad,  since   the   lumiber   of  pieces 

*  Seo  Hullolin  No.  30.  Illinois  En«iBc5tintf  Exporiment  Station  on  the  liatc  of 
lormatiou  lu  Ofts  rroJucors  by  Clement,  Adams,  uud  Hoskiiis. 


required  to  fill  the  producer  varies  inversely  as  the  cube  of 
the  mean  diameter  of  the  pieces,  while  the  volume  of  each 
piece  varies  directly  as  the  cube  of  the  】nean  diameter.  The 
amount  of  draught,  however,  required  to  force  the  gases 
through  will  be  different,  owing  to  the  increased  friction al 
resistances  of  smaller  interstices.  The  purely  mecbauical 
effect  of  larger  fuel  will  be  to  decrease  the  area  of  surface 
exposed  to  the  gases,  and  also  the  drop  in  the  pressure 
through  the  fuel  l>ed，  and  this  latter  within  wide  limits,  as 
the  tests  showed,  has  no  effect  on  the  composition  of  the 
escaping  gas.  The  weight  of  coal  gasified  per  square  foot 
of  grate  is,  of  course,  a 】iieasure  of  the  producer's  capacity. 
The  rating  liere  is  somewhat  different/  to  the  States, 
owing,  doubtless,  to  the  differences  in  the  fuels  used.  Iu 
British  practice,  from  201bs.  to  301bs.  per  square  foot  of 
grate  area  per  hour  is  allowed,  -  whereas  aritluacit-e  producers 
in  the  States  are  usually  rat^d  at  lOlbs.  to  151bs.  The 
authors  found,  however,  in  their  tests,  that  within  a  range 
of  7*61bs.  and  49"81bs.  per  square  foot  per  hour,  the  pro- 
ducer could  be  operated  with  satisfactory  results.  Theoreti- 
cally, in  fact,  the  amount  of  fuel  gasified  depends  entirely  011 
the  nature  of  the  fuel  and  the  depth  of  the  bed  necessary  to 
give  proper  time  of  contact  with  the  gases.  In  practice,  the 
nature  of  the  ash^  its  temperature  of  fusion,  and  the  question 
of  cleaniug  impose  practical  limits  for  any  given  fuel. 

The  formation  of  cl inker  is,  of  course,  due  to  incom- 
bustible matter  in  the  fuel  which  fuses  at  the  temperature 
of  the  fuel  bed,  and  there  are  two  ways  of  dealing  with  it. 
The  more  practical  one  is  to  keep  the  temperature  below  this 
point  by  the  admissiou  of  steam  and  utilising  the  lieat  for 
the  production  of  hydrogen  ；  the  other  is  to  add  a  flux,  such 
as  limestone  or  other  cheap  material,  to  make  the.  clinker 
more  fusible  and  run  from  the  fuel  bed,  but  this  is  attended 
with  such  difficulties  owiug  to  the  risk  of  freezing  of  the 
liquid  slag  in  the  fuel  bed  at  cleaniug  times  that  it  may  be 
dismissed  as  impracticable.  When  a  fuel  has  no  tendency  to 
clinker,  the  highest  efficiency  appears  to  accrue  when  the 
amount  of  water  results  iu  the  presence  of  between  2  and  4 
per  cent,  of  CO^  in  the  gases  leaving  the  producer,  but  this 
requires  a  deep  fuel  bed  and  a  】iigli  tempera- 
ture witliia  the  combustion  zone  to  secure  the 
completion  of  the  CO  reaction^  and  in  small  】>r"duc:en) 
this  cannot  always  be  attained  owing  to  the  t-endency 
of  the  fuel  to  pack  or  '；  arch/*  and  the  consequent 
necessity  of  poking  to  ensure  its  descent.  This  arching,  of 
course,  increases  the  percentage  of  CO^,  and  by  raising  the 
temperature  of  the  gas  lowers  the  efficiency,  and  suggests 
some  grate-shaking  arrangement  as  a  desirable  appurtenance 
in  producers  of  small  size.  Another  point  iu  connection 
with  the  water  su])|)ly  to  which  attention  may  be  called  is 
that  its  reaction  with  incandescent  carbon  to  form  hydrogen 
takes  place  faster  at  the  lower  temperature  than  does  the 
CO.,  reaction,  and  consequently  when  a  producer  is  operating 
wit  h  large  fuel  or  wit  li  a  shallow  fuel  l-、、、d,  it  is  necessary,  iu 
order  to  kevp  down  the  temperature  of  the  gases  and  main- 
lain  officieiK'V,  to  use  larger  quantities  of  water  than  is 
the  case  with  a  deeper  fuel  bed，  because  there  is  not 
sufficient  time  for  the  CO-  reaction  to  take  place  uiile€s 
the  producer  is  worked  more  slowly,  in  other  words,  at  a 
diniinished  rating. 

Uses  of  Gas  for  Industrial  Purposes. ―  At  a  recent  mooting  of 
tho  S]HHial  Purjiosos  Sort  ion  of  the  North  of  England  Gas 
Mana^'ors"  AsscH'iation,  Mr.  J .  H.  Singleton  gave  an  address 
on  "  The  Uses  and  Advantages  of  Gas  for  Industrial 
Purposes." 
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BOOK  REVIEWS. 
Theory  and  Practice  in  Designing.    By  Hcmy  Adiuns,  M.Inst. 
C.E.,  itc.     London  ：  Constiihlc  &  Co.    Uiii.  by  Gin.  240  pp. 
Price  6s.  net. 

This  is  one  of  the  best  elementary  books  on  the  design  ol' 
girders,  roofs,  and  similar  structures  with  which  we  are 
acquainted.  The  subject  is  one  witli  which  the  author  is 
thoroughly  mi  fait,  and  his  treatment  is  just  such  as  will 
commend  it  to  the  mechanical  engineer  and  arcliit ecb,  or  to 
the  student  as  an  introduction  to  more  advanced  and 
elaborate  treatises.  The  work  throughout  is  simple  and 
practical  ；  only  the  simplest  matheniatics  are  used,  and  this 
is  amplified  by  numerous  worked  out  examples.  The 
arrangement  is  progressive,  and  periiiits  thovSo  with  com- 
paratively little  knowledge  of  the  su bje<'t  to  follow  it  by  easy 
stages,  from  the  consideration  of  stresses  in  simple  elements  up  to 
til©  problems  involved  in  the  designing  of  coinpouiid  structures. 
We  recomnieiid  it  heartily  alike  as  a  text  book  or  a  handy  work 
of  reference. 

•X-  * 

The  Heat  Treatment  of  Tool  Steel.  An  illustrated  description  of 
the  physical  changes  and  properties  induced  in  tool  steel 
by  heating  and  cooling  operations.  By  Harry  Bi'earley. 
London  :  Longmans,  (Jreen,  &  Co.  9in.  by  6in.  160  pp. 
Price  10s.  6(1  net. 

Having  regard  to  tho  importance  of  heat  treatment  on 
tool  steel  and  the  extent  to  which  tool  steel  is  used,  it  seems 
rather  strange  there  is  so  little  literature  on  the  subject. 
The  explanation  probably  lies  in  the  fact  that  those  who 
have  the  knowledge  seldom  have  the  time,  while  those  who 
have  tli'e  time  seldom  have  the  ability  or  the  desire  to  convey 
it  to  others.  Happily,  the  author  possesses  both  these 
necessary  qualifications,  and  as  a  Sheffield  expert  connected 
with  one  of  its  leading  firms,  lias  had  unrivalled  opportuni- 
ties of  making  researches  and  obtaining  information.  As  a 
result  of  this  combination,  we  are  favoured  with  an  invalu- 
able work  of  reference,  both  to  the  maker  and  the  u&er  of 
tool  steel,  and  especially  the  latter,  who  has.  hitherto  been 
very  largely  dependent  on  tlie  user  for  an  explanaticm  of 
any  defects  discovered,  troubles  experienced  in  use,  or  for 
any  remedies  for  abating  them.  The  author  is'  thoroughly 
scientific,  and  largely  avails  himself  of  the  microscope  and 
the  methods  of  physical  chemistry  in  his  explanation  of  the 
.structure  and  properties  of  steel ,  and  let  us  add  also  in  his 
dissipation  of  the  element  of  superstition  which  still  clings 
in  some  quarters  round  some  of  the  elementary  phenomena 
of  hardening  and  tempering.  A  belief,  for  instance,  still 
lingers  iii  the  lumds  of  some  Sheffield  cutlers  that  Sheffield 
water  possesses  special  virtues  for  liardening  purposes,  and 
that  these  may  exalted  by  the  addition  of  other  sub- 
si  ances.  A  similar  belief  also  exists  amongst  tlie  workmen 
at  Solingen,  in  Germany,  and  these  the  author  dismisses 
with  g^eiitle  ridicule.  That  there  is  much  still  to  learn  in 
connection  with  steel  everyone  will  admit  who  is  familiar 
with  the  amazing  variety  of  chemical  compounds  included 
under  this  descriptive  word,  and  mystery  here,  as  elsewhere, 
is  usually  only  another  name  for  ignorance.  Happily  existing 
ignorance  is  rapidly  dissolving  under  tlie  piercing  eye  of  the 
iiiicroscope  and  the  sensitive  tests  of  the  chemist  and 
pliysicist.  Space  forbids  more  than  a  brief  outline  of  tlu^ 
salient  features  of  the  book.  The  early  chapters  are  devoted 
to  the  structure  and  methods  of  classifical ion  of  steel,  fol- 
lowed by  a  discussion  of  the  influences  of  heat  in  forging, 
hardening,  and  tempering.  Then  come  some  other  chap- 
ters of  special  interest.  "  Tli &  hardening  of  typical  tools  '， 
is  discussed  in  one  ；  another  is  devoted  to  tlie  causes  of 
defects  sometimes  developed  in  tools  during  their  treatment 
in  the  hand  of  the  user  ；  while  a  third  describes  the  equip- 
ment and  working  of  a  hardening  plant,  the  manipulation 
of  pyrometers,  &c.  The  book,  in  short,  gives  the  ripe 
experience  of  a  steel  expert  in  terms  wliieh  can  1)3  easily 
understood  by  the  less  technical  but  equally  interested  ii&er 


or  workman,  and  in  view  of  the  dearth  of  literature  of  this 
kind  will  prove  a  wi'l('()m"  addition  to  many  an  <M!gineer  s 
library. 

*    *  * 

A  Course  of  Elementary  Workshop  Arithmetic.     I>y  Il(;i»ry  Darling, 

Ass(>(\ M.J  list. C.  K.  London  :  Bhickie  8on,  Ltd.  7  jiin. 
by  5iu.     172  pp.     丄) rice  Is.  Gd. 

This  liU-le  manual  consists  of  a  graded  course  of  t^irnplc 
aritliinetic  and  mensuration,  suitable  for  classes  drawn  from 
workshops  and  factories.  It  covers  the  elementary  and 
intenaediaie  stage  for  workshops  arithmetic  covered  by  the 
syllabus  of  the  N.U.T.,  and  also  the  syllabus  of  entrance 
examinations  for  apprentices  in  H.M.  dockyards.  The 
examples  are  chosen  with  care  and  judgment,  and  with  a 
view  to  illustrate  the  practical  application  of  simple  geo- 
metrical piinciples.  T he  book  is  oiio  that  may  be  coiii- 
川 (.'ncled  to  those  wlio  have  the  t-eacliiiig  of  elementary  classes 
in  industrial  centres. 

■X-     ^  -x- 

Dynamo  and  Motor  Attendants  and  their  Machines.  By  Frank 
Broadbeut,  M.I.E.E.  London  ：  S.  Keiitell  Co.,  Ltd. 
7|in，  by  Sin.    152  pp.    Price  Is.  6d.  net. 

This  is  a  little  handy  manual  designed  for  the  help  and 
guidance  of  motor  attendants  in  the  course  of  their  daily 
duties.  The  principal  feature^i  and  details  of  an  electrical 
installation  are  given  in  language  as  free  as  possible  from 
technicalities,  and  is  accompanied  with  practical  hints  and 
instructions  as  to  what  to  do  in  tlie  case  of  faults  and 
breakdowns.  lb  is  just  the  kind  of  book  the  average  attend- 
ant needs  who,  without  being  an  expert  electrician,  Ls 
required  to  operate  and  keep  an  electrical  plant  in  good 
working  coudition,  and  to  be  capable  of  dealing  with  auy 
running  difficulties  in  a  fairly  intelligent  inanrn"'. 

The  Law  Relating  to  Engineering.  A  series  of  six  lectures 
delivered  before  the  Society  of  Engineers  and  the  J  unior 
Institute  of  Engineers.  By  L.  J.  W.  Costelln,  M. A., 
LL.B. ,  with  an  introduction  by  Lord  Justice  Fletcher 
Moulton.  London  :  Percival,  Marshall,  ct  Co.  9in.  by 
5|in.    169  pp.    Price  5s.  3d.  post  free. 

Til©  responsibilities  of  a  professional  engineer  are  so 
varied  and  so  serious  in  connection  with  contracts  and  obliga- 
tions of  one  kind  and  another  that  lie  is  fortunate  indeed  if 
at  some  time  he  is  not  made  painfully  conscious  of 
then  I  by  legal  entanglements.  However  much,  there- 
fore, lie  may  dislike  the  law  and  its  inaL-liinery,  he 
will  fnul  that  a  rough  idea  of  its  general  prin- 
ciples, so  far  as  it  affects  his  commercial  relations  with 
others,  is  a  valuable  acquisition.  It  was  a  happy  idea  that 
led  the  two  institutions  named  to  secure  the  delivery  of  these 
lectures  to  their  inenibers.  Without  being  a  lawyer,  au 
engineer  has  often  to  draw  up  specifications  and  contracts 
with  legal  exactitude,  and  their  technical  details  are  often 
so  complicated  that  lu>  is  often  unable  to  pass 
the  responsibility  to  a  professional  lawyer.  lu  countries 
where  law  is  embodied  in  codes,  it  is  comparatively  easy 
to  know  tlios^  portions  of  it  which  bear  on  a  particular 
calling,  but  in  England,  where  law  is  governed  by  principles 
rather  tliau  by  cut-and-dried  schedules,  it  is  not  so  easy, 
and  the  principles  can  only  be  mastered  by  considering  their 
effects  as  exemplified  in  specific  cases  ；  ami  it  was  by  a  coller- 
tioii  of  these  ^Ir.  Costello  sought  to  convey  in  his  lectures 
a  general  idea  of  their  outline  and  bearing  on  the  engineer's 
profession.  That  much  needless  trouble  and  annoyance 
arises  from  a  niisconception  or  ignorance  of  the  legal  liabili- 
ties ill  many  matters  which  the  engineer  is  compelled  to 
arrange  is  undoubted,  and  for  this  reason  we  are  glad  the 
lectures  have  been  reproduced  in  a  form  which  permits  of 
their  beinp;  carefully  perused  by  a  wider  circle  than  was 
possible  when  they  were  delivered.  It,  is  a  volume  which 
every  engineer  holding  a  responsible  position  will  find  not 
only  advantageous  to  read,  but  to  keep  handy  for  refereuce. 
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Elementary  Manual  on   Heat  Engines,  Steam,  Gas.  and  Oil.  By 

Andrew  J 細 ie 窗， M.iust.C.E.  Thirteenth  edition. 
London  :  Charles  Griffin  ^  Co.  7Jin.  by  5in.  425  pp. 
Price  3s.  (id. 

This  book  has  been  so  long  before  tlie  engineering  public 
and  is  so  well  known  that  a  detailed  outline  of  its  contents 
in  view  of  previous  references  is  not  called  for,  and  we  must 
content  our'selves,  therefore,  with  a  brief  mention  of  the 
additions  and  amendations  of  its  contents.  These  consist 
mainly  of  two  addition al  chapters  on  gas  and  oil  engines, 
with  suitable  questions  bearing  on  the  text.  The  general 
scope  of  the  book  is  such  as  is  required  by  first-year  students 
under  the  Board  of  Education  and  the  City  and  Guilds  of 
London  Institute. 

■K-      -X-  -Jf 

Steam  Turbine  Design,  with  Special  Reference  to  the  Reaction  Type, 

including  chapters  on  condenser  and  propeller  design. 
By  John  Morrow,  M.Sc,  lecturer  on  engineering,  Arm- 
strong College,  Newcastle-on-Tyne.  London :  Edwin 
Arnold.     9|in.  by  6^in.    470  pp.     Price  16s.  net. 

In  a  sense,  all  steam  turbines  may  be'  said  to  be  reaction 
motors  in  so  far  as  mechanical  rotation  is  effected  by  the  ab- 
sorption of  the  kinetic  energy  in  a.  flow  of  steam  】iiovi"g 
from  a  higher  to  a  lower  pressure,  but  the  way  in  which 
the  velocity  of  flow  is  mechanically  regulated  in  practice  ha.s 
led  to  two  very  distinct-  types  of  design  known  respectively 
as  the  Impulse  type  and  the  Reaction  type.  Speaking 
broadly  J  in  the  former  the  current  of  steam  acquires  kinetic 
energy  at  the  expense  of  heat  energy  in  passing  througli 
fixed  diverging  nozzles,  and  this  kinetic  energy  is  absorbed 
in  the  rotating  blades.  In  the  Reaction  type,  the  kinetic 
energy  is  developed  in  two  steps,  a  certain  amount  being 
developed  in  tlie  fixed  blades,  and  a  further  aniouiit'  in  tlip 
moving  blades,  the  sum  of  these  two  quantities  being  absorbed 
in  the  rotating  blades.  In  the  former,  as  in  the  latter,  the 
drop  from  boiler  heat  and  pressure  to  condenser  heat  and 
pressure  is  usually  effected  owing  to  practical  con- 
siderations in  a  number  of  stages,  but  whereas  in  the 
Impulse  type  the  fall  is  intermittent,  in  the  Reaction  the 
fall  is  more  or  less  continuous.  The  latter  type  is  the  charac- 
teristic feature  of  tlie  Parson  turbine,  which  was  the  first- 
practical  turbine  design,  and  the  discussion  of  its  principles  of 
design  and  constructive  features  constitute  the  major  portion 
of  tlie  subject  matter  in  the  book  before  us.  Exception  】iiay， 
perhaps,  be  taken  by  some  to  this  rather  limited  treatment 
ill  view  of  the  numerous  designs  by  Continental  and  Ainerican 
makers  now  available  ；  but  none  can  be  taken  tg  its  thorough- 
ness . Further  the  autbor  clearly  indicates  the  scope  in  】iis 
title,  while  it  is  but  fair  to  add  that  extended  treatment-  of 
other  types  would  inevitably  have  entailed  some  sacrifice  of 
completeness  in  the  】natt'er  presented,  and  we  are  the  loss 
incliiv^d  %o  grumble  seeing  the  exceptional  position  and 
privileges  tho  author  has  enjoyed,  and  the  fruits  of  wliii-li  ho 
has  given  us  in  such  full  measure.  The  book  is  Avithout 
doubt  the  most  complete  presentation  of  the  problems 
associated  with  the  Parsons  type  of  turbine  that  has  so  far  been 
given,  and  as  such  will,  no  doubt,  be  appreciated  by  a  wide 
circle  of  roaders.  The  aiit'lior's  treatment  is  in  every 
way  worthy  of  his  professional  roputation.  The  matt-er  is 
excellently  arranged,  the  style  clear  and  concise,  and  tlie 
argument  with  the  mathematics  and  tliernio-dynaniic  reason- 
ing osseiitial  to  its  elucidation  <、asy  to  follow.  We  cannot' 
finish  this  brief  notice  witlioui  a  word  of  praise  for  the 
numerous  excellent,  illustrations,  and  the  very  admirable  way 
in  、vliich  the  publishers  have  dono  their  share  of  tlie  work . 


The  Standardisation  of  Copper  Tubes. ― The  Birniinghain  and 
District  Branch  of  the  National  Association  of  Master  Heat- 
ing and  Doniostic  Engineers  have  drawn  Tip  a  scale  of  tables 
of  standardisation  for  light,  medium,  and  heavy  oopper  tubes, 
which  has  boon  submittocl  for  consideration  to  a  joint  com - 
initt'Oe  of  the  National  Association  and  of  the  Institution  of 
Heating  and  Ventilation  Engineers.  The  tables  are  also 
recoivinE^  the  consideration  of  the  Engineering  Standards 
Committee. 


TESTS  FOR  MOULDING  SANDS. 

A  LECTURE  on  "  The  Testing  of  Moulding  Sands  '•  was  recently 
delivered  to  the  members  of  the  Sheffield  ami  District  branch 
of  the  British  Foundrymen's  Association  at  Sheffield  by  Mr. 
Richard  Mather,  B.Met.  (London).  The  lecturer  pointed 
out  the  rapid  introduction  thai  ha<l  taken  place  during 
the  last  20  or  30  years  in  the  iron  aiul  steel  industry  of 
processes  for  testing  the  qualities  and  properties  of  the 
materials  used.  This  was  almost  equally  true  of  every  section 
of  the  iron  trade  but  the  foundry  :  and  even  here  the  use 
of  exact  tests  for  pig  iron,  coke,  ic.，  was  growing  rapidly. 
Moulding  sand,  however,  one  of  the  foundryman'g  most  im- 
portant materials,  had  been  left  almost  unaffected  by  these 
changes.  Yet  after  pig  iron,  this  material  was  used  in  larger 
quantities  than  any  other  in  most  foundries.  The  utility  of 
a  reliable  series  of  tests  needed  no  emphasis  among  those  who 
recollected  how  many  sources  of  wasters  and  trouble  might 
be  caused  by  bad  sand.  Natural  aqueous  deposits  were  never 
of  quite  reliable  quality,  and  in  the  case  of  moulding  sands 
the  variations  were  frequently  of  such  a  nature  as  to  pass 
undetected  by  the  old  tests.  At  the  same  time,  the  old  tests 
had  been  and  were  useful  ，  and  pronouncements  baf^ed  on 
them  were  more  often  right  than  wrong.  But  most  foundry - 
men  admitted  that  too  often  for  good  practice  these  tests 
failed  to  reveal  important  facte. 

It  could  not  just  be  said  that  the  inadequacy  of  the 
present  methods  of  testing  moulding  sands  was  due  entirely 
to  indifference  or  opposition  to  new  methods  among  foundry- 
men.  Many  of  them  looked  with  hope  to  the  advent  of 
the  chemist  with  his  ultimate  analysis  of  a  sand  into  silica, 
alumina,  combined  water,  and  so  on,  but'  now  every  judicious 
chemist  saw  that  such  a  test,  tliougli  of  value  in  one  or  two 
respects,  did  not  yield  a  reliable  indication  of  the  qualities 
of  tlie  sand  as  a  whole.  The  foundryman's  difficulty  had 
been  to  find  satisfactory  and  reliable  new  methods  to  su pple- 
ment  the  old,  and  he  had  not  here ,  as  in  the  case  of  testing 
iron,  had  the  help  of  the  steel  works  and  blast  furnace  people. 
Nevertheless,  a  good  deal  of  preliminary  work  had  been  done, 
and  while  it  was  not  yet-  practical  t'o  give  definite  specifica- 
tions for  moulding  sand,  the  day  for  that  might  come. 

Mr.  Mather  described  in  detail  the  result  of  the  enquiries 
of  a  large  number  of  investigators  in  this  country.  America, 
and  Europe,  and  the  various  tests  that-  are  used  to  discover 
the  fineness,  porosity,  permeability,  and  bonding  strength  of 
sand.  What  he  wanted,  he  naid,  wa5  a  thorough  scheme, 
very  carefully  planned  and  carried  out,  for  investigatiug  the 
reliability  and  usefulness  of  the  teste  with  the  object  of  wef* cl- 
ing out  those  which  were  unnecessary.  When  the  t^sts  were 
standardised,  the  foundry  industry  would  be  in  a  position  as 
regarded  its  sands  to  say  exactly  what-  it  needed,  and  to  see 
til  at  it'  got  it.  The  investigation,  he  suggested,  might  be 
organised  by  an  association  of  that  kind. 

Mr.  llerbert.  Pilkinjrl-on ,  who  presided,  said  that  a  good 
many  of  the  members  of  the  Council  strongly  favoured  the 
adoption  of  an  organised  method  to  ejitahlish  some  sort  of 
standard  tests.  Mr.  Thomas  Firth  said  that  renovation  of 
sand  would,  no  doubt,  effert  a  voiv  big  saving. 
Dealing  with,  this  point  M r.  Mallior  said  it  nnght  bo 
found  that-  the  amount  of  colloids  in  the  sand  was  of  more 
importance  than  the  amount  of  、vater  iii  the  clay,  and  if  so 
they  might  grind  the  colloids  into  the  sand  and  get  satis- 
factory results,  but'  that  was  a  matter  for  the  future. 


Fatal  Explosion  of  a  Steamer.  An  oxplosion  oorurred  last 
month  in  ihv  j>tokelioltl  of  I  ho  steamer  '  City  of  L""、ol"， ' 
whilst  in  harbour  at-  Adelaide,  resulting  iu  the  deaths  of  the 
tliird  engineer  and  five  firemen. 

Miner  Electrocuted.  ―  A  fatal  accident,  occurred  on  tlif 
2*2 ml  ult.  ill  Ha rdykos  Colliery,  Cambuslaiifr.  A  miner  was 
at  work  with  a  roal -cut ting  marhine,  and  was  left  alouf*  for 
about  five  minuWs.  On  tlie  return  of  another  minor  tl"' 
unfortunate  mau  was  found  to  have  beeu  elect rocut<>d.  The 
current  was  stopped  iniiuodiat^^ly,  and  efforts  wore  made  to 
restore  animation,  but  、vitliout  effect. 
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A  LARGE  BORING  AND  TURNING  MILL 

The    boring    and    turning    mill    illustratf^d    in    Figs.  1 
and    2    has    just    bee'ii    completed    by     Messrs.  George 
Richards  k  Co.,  Ltd.,  Broadheath,  near  Manchester.  The 
machine  is  of  ihe  extensio'n  type.     M  is  rapahlc  of  dealing 
with  work  up  to  24 ft.  diam.,  and  will  adiiiit  work  lOi't.  (l(>ep 
under  the  tools.      A  central  boring  reach  is  fitted  U)  the 
machine  to  <niable  boring  ofvorat ions  to  be  carried  (m  when 
the  uprights  are  moved  back  to  tlieir  extreme  position,  and 
the  machine  is  dealing  with  work  of  tlie  maximum  capacity. 
The    machine   is   of    massive    proportions   throu^lioui,,  and 
capable,  of  taking  lit avy  cuts  with  lii" 小 -s|)。（'（l  sleds.  The 
table  is  15ft.  diam.,  and  driven  by  a  spur 卩 var  lia\'iii<^  '200 
teeth ,  1^  diametral  pitdi.  Three 
motors  are'  attached  to  t lu^  inachinc 
for  the  various  operations,  the  main 
driving  motor  being  of  .「>(>  h.p.,  and 
giving  a  full  range  of  speeds  to  the 
table  varying  from  '238  of  a  revolu- 
tion  to    10-27    r.p.m.     A  10  h.p. 
motor  is  mounted  on  the  cross  girth, 
which  serves  the  double  function  of 
raising  and  lowering  the  cross  slide, 
and    providing    the    quirk  power 
traverse  to  the-  saddles,    rams,  and 
(centre    boring    reach .      The  third 
motor,  also    of    10    h  p.,    which  is 
mounted  on  the  oross  bed  at'  the  back 
of  the  machine,  is  for  the'  sliding  of 
the  uprights  along  the  side  beds.  The 
tool  bars,  which  are  octagonal  in  sec- 
tion, are'  of  steel,   and   have  quick 
power    traverse    in    all  dii'ections, 
those  on  the  main  cross  slide  having 
80in.  of  down  feed,  and  that  to  the 
boring   reach    40in.  of  down  feed. 
The    rams    are    balanced    by  the 
makers'      patent      spring  -  balance 
arrangement,    which     does  away 
entirely    with     the  objectionable 
feature'  of  chains  and  loose  balance 
weights.      Twelve  rates  of  feed  are 
given  to  the  machine,  varying  from 
■0301  in.  to  lin.   per  rev.  of  table. 
Almost  the  whole  of  the  feed  gear- 
ing is  of  steel,  and  slipping  clutches 
are  provided  to  prevent  breakage 
in  the  event  of  jamming.      In  con- 
nection with  the  driving  mechanism, 
which  is  placed  between  the  side 
beds,  an  interlocking  device  is  pro- 
vided  to  prevent   the  direct  and 
reduction    gearing   being  put  into 
operation  at  the  same  time.  The 
table  is  supported  by  a  large  annular 
surface    of    white  metal   when  on 
ordinary  speeds  and  cuts,  but  it  is 
so   arranged  that  when  it  becomes 
necessary  to  run  the  table  at  high 
speeds,      the-      weight      can  be' 
put  on    to   a    heavy    ball  bearing 
underneath  t'he  spindle.    This  is  accomplished  by  ilie  move- 
ment of  a  hand-wlieel  placed  in  a  convenient  position  at  the 
front  of  the  base,  and  which  is  given  a  gear  ratio,  such 
that  a  m an  can  easily    raise  the   entire   weight  of  table, 
spindle,    and   gear  ring   when  it  is  necessary  to   bring  the 
ball  bearing  into  operation.      This  arrangement  is  clearly 
shown  on  Fig.  2.    It  will  also  be  observed  that  the  spindle 
bearings  are  adjustable  by  means  of  large  bushes  and  adjust- 
ing rings  as  shown.        The  entire  weight  of  the'  finished 
machine  is  about  150  tons. 


DESIGN  OF  OIL-FIRED  OPEN-HEARTH  FURNACES. 

BY  W.  MACGREGOR. 

It  is  a  well -understood  fact  among  engineers  that  the 
design  of  a  furnace,  to  get  the  best  efficiency  from  the  fuf?l, 
depends  entirely  upon  the  nature  of  tlie  fuel  to  be  burned. 
Obviously,  as  we  are  to  deal  in  high  temperatures,  we  are, 
therefore,  to  pick  out  a  fuel  high  in  lie  at  value  and  design 
our  「m'na(、(i  to  suit  tlie  coiiibustion  of  t liis  fuel . 

J I  furnace  body  should 
I  I  Ih?  necessary  amount 


I II  (jrdf'i*  ">  get  the  highest  heal ,  < 
he  of  such  |>n)i)ort'ions  that  we  can  1 川 i 
f)f  r  1 1 1 '  I  in  t  III'  Miiallcst  pot^siblc  spacf, 


in  ordfT  t o  hum  a 


Constructed  l> 


Fatal  Carbide  Cylinder  Explosion. ―  While  the  Eev.  Stephen 
de  Couicy  was  fixing  up  a  lime  light  for  a  magic  lantern 
entertainment  at  Branscombe,  near  Stroud,  Gloucestershire, 
on  Boxing  Day,  the  cylinder  exploded  and  killed  hiiu 
instantly. 


Fig.  1. 一 a  Large  Boring  and  Turning  Mill. 
Messrs.  George  Richards  &  Co"  Ltd.,  Broadheath.  near  Mam-he>tfr. 

large  amount  of  combustible  in  a  small  space,  a  sliort.  flame 
is  necessary. 

The  factors  governing  the  short,  flame,  according  to  the 
fuel  experts  of  the  United  States  Navy,  are :  (1)  A  pure 
carbon  fuel  ;  (2)  initial  heating  of  the  air  which  furnishes 
the  oxygen  for  combustion  ；  (3)  intimate  mixture  of  the 
oxygen  with  the  fuel  or  diffusion  :  (4)  large  surface  of  the 
fuel  presented  for  impact  of  this  oxygen . 

The  first  factor,  tlie  nature  of  the  fuel,  is  settled  for 
us,  as  we  have  decided  upon  fuel  oil  with  a  probable  analysis 
as  follows :  Carbon,  83*26  per  cent.  ；  hydrogen,  12*41  per 
cent.  :  sulphur,  0,50  per  cent.  :  oxygen ,  3*83  per  cent. ,  with 
a  specific  gravity  at  60^  Fall,  of  0,926. 

The  heat  value  of  this  fuel ,  according  to  Du  Long's  for- 
niulie,  would  be  19,481  B.T.U.  s  j>er  poiin<l.  From  this  analysis 
we  can  easily  compute  the  quantity  of  air  required  for  com- 


6 


THE    MECHANICAL  ENGINEER. 


[January  5，  1912 


bustioii  and  1  ho  products  of  combustion  for  any  arnoui",  of 
fuel  burn ed. 

As  a  representative  size  of  the  small  open-heart li  furnace 
wc  will  choose  a  five- ton  furnace  as  an  example,  and  discuss 
the  conditions  that  will  determine  the  proper  furnace  pro- 
portions. We  are  to  melt  and  reduce  five  tons  of  metal,  and 
the  time  from  charging  the  beat  until  the  time  of  charging 
the  following  heat  we  will  assume  to  be  four  hours.  As  tlie 
oil  consumed  varies  so  much  in  different  furnaces,  we  will 
assume  as  an  average  fuel  consuinptioii  48  galls,  of  oil  per  ton 
of  steel  melted  in  this  time,  or  one  gallon  ])er  min ute. 

Considering  121bs.  of  air  required  for  burning  lib.  of 
carbon  and  34'781bs.  of  air  required  for  burning  lib.  of 
hydrogen,  we  have  from  the  analysis  of  the  fuel : 

9*9912Ibs.  of  air  to  burn  the  total  carbon  in  fuel . 

4"21611bs.  of  air  to  burn  the  total  hydrogen  in  fuel. 


Kjuul 


14-2073 

•16      Correction  for  oxygen  in  fuel. 
14'04731bs.  of  air  for  coinplele  combustion  of  111),  of  lir 
fuel. 

With  fuel  oil  of  7'721bs.  ])er  gallon,  we  have  14'047 
X  7'72  =  108'371b:S.  of  air  required  per  gallon  of  oil. 

「--「：- 一二 


The  volume  of  air  is  figured  at  a  temperature  of  72。  Fall., 
wliicli  will  be  about  the  temperature  of  air  entering  the  valve. 
The  increase  in  volume  of  air  at  different  points  along  its 
travel  due  to  its  increase  iu  temperature  must  be  the  govern- 
ing factor  iu  designing  the  ports,  flue  openings,  &c.，  and  as 
the  volume  of  this  air  increases  in  direct  ratio  to  the  absolute 
temperature,  it  follows  that  the  volume  occupied  at  any  point 
may  be  computed  when  the  temperature  at.  that  point  is 
known. 

In  the  case  of  the  air  valve,  due  to  the  reversing  feature 
of  the  furna<'e,  this  sliould  be  figured  rather  to  accommodate 
the  products  of  combustion  than  the  entering  air,  as  these 
are  at  a  higher  temperature  and  will,  therefore,  require  a 
greater  area  of  flue. 

The  temperature  of  the  valve  is  a  vital  point  in  the 
problem  of  design,  for  any  heat  beyond  this  point  toward 
the  stack  is  lost,  as  far  as  the  furnace  is  directly  concernod, 
and  can  only  be  used  in  the  field  of  econoinisers.  In  deter- 
mining the  size  of  the  valve,  we  will  first  have  to  determine 
the  velocity  of  the  products  of  combustion  through  the  valve 
due  to  the  draught  of  the  stack,  and  this,  in  coiisc^quence, 
gives  as  our  starting  point "~ the  design  of  the  stack 一 which  wo 
would  naturally  consider  as  our  finishing  point. 
: 二二：  二二：  A     number    of  eminent 


Fig.  2.— a  Lar.-.e  Boring  and  Turning  Mill.     Arkangement  of  Table.       (See  page  5.) 

With  air  at  1314  cub.  ft.  per  pound  we  have  108*37 
X  13'14  =  lj424'll  cub.  ft.  of  air  required  to  burn  one  gallon 
of  fuel  oil. 

Hence,  to  burn  one  gallon  we  must  admit,  theoretically, 
1,424  cub.  ft.  of  air  per  minute  into  the  furnace.  To  this 
we  must  add  the  amount  of  air  required  in  reducing  the 
carbon  and  silicon  in  tlie  metal. 

We  have  a  10,0001bs.  charge,  of  which  per  cent,  is 

pig  iron,  and  about  2 -J  per  cent,  carbon,  and  the  rest  steel 
scrap  and  billets  of  about  0'30  per  cent,  carbon,  to  be  reduced 
to  about  0*  18  carbon  at  the  time  of  tapping.  From  this  we 
get  the  total  carbon  content  of  the  batli,  56*51bs..  to  be 
reduced  to  181bs.  of  carbon,  or  56*5  ―  18  =  38*51bs.  of  car- 
bon, to  be  burned  out  in  about  two  hours  of  reducing  the 
charge.  As  157  6  cub.  ft',  of  air  are  required  to  burn  lib.  of 
carbon,  we  will  require  157*6  x  38"5  =  6,070  cub.  ft.  air  in 
two  hours,  or  50  cub.  ft.  per  minute.  All  of  this  passes  olV 
witli  the  products  of  combustion.  Tn  the  same  way  we  can 
determine  the  amount  of  air  required  in  eliminating  tlie 
silicon,  which  will  run  about  42  cub.  ft.  per  iniiuite,  A 
certain  amount  of  oxygen  is  also  takrii  up  by  the  manganetie, 
but-  this  is  so  t>mall  as  to  be  negligible. 

With  the  total  theoretical  amomit  of  air  required,  1,424 
+  50  +  42  =  1 ,512  cub.  ft.  per  minute,  we  aiv  in  a  pcsition  to 
(lot-orinine  the  proper  furnace  ])roportions  with  due  regard  to 
flu'  soooiid  circumstance  in  producing  the  short  W  a  mo. 


authorities  on  chimney  design 
have  chovsen  600""  Fah.  as  the 
most  economical  stack  temper- 
ature, and  Rankine  has  spent 
considerable  time  in  trying  to 
prove  it  in  his  work  on  "Steam 
Engines.''  I  have  never  seen 
an  open-hearth  stack  so 
low  a  temperature,  and  will , 
therefore,  base  my  calculation 
on  a  temperature  of  】 ，OOCr 
Fah.  as  being  more  nearly  uni- 
form with  current  practice. 
In  my  experience  with  small 
furnaces,  1  find  that  the  most 
satisfactory  stack  draught  to 
b.^  maintained  is  about  lin.  of 
water.  This  is  a  function  of 
the  height  of  the  stack  and  the 
difference  in  temperature  in- 
side and  outside  the  stack. 
With  this  difference  in  tem- 
perature and  a  draught  of  lin. 
of  water,  we  would  get  a  stack 
l】Oft.  】iigh,  and  hence  we  will 
assume  this  as  the  minimum 
height  to  be  desired.  The  velocity  of  gas  due  to 
the  pressure  head  corresponding  to  this  height  of 
stack  and  temperature,  allowing  a  25  per  cent,  friction  factor, 
is  a  little  less  than  15ft.  ]>er  second,  wliic-li  is  reconniiendod 
by  a  number  of  authorities  as  good  practice. 

We  have  based  our  calculation  so  far  on  the  theoretical 
amount  of  air  re(|Xiired  for  combustion,  but.  will  design  our 
stack  and  flues  as  in  the  case  of  power  plant  design,  for  an 
excess  capacity  of  100  per  cent.,  which  would  be  3,000  cub. 
ft.  of  gas  )>er  minute,  or  50  cub.  ft.  per  8econd.  This  divided 
by  the  velocity  of  15ft.  ])er  second  would  giw  a  sectional 
area  of  stack  of  S^fti.,  or  a  trifle  over  2ft.  diain.,  and 
we  will  assume  27in.  diani.  of  stack  as  best  suited  to  this 
furnace,  and  plenty  large  enough  to  )>ennit  of  any  crowding 
of  the  furnaoe.  This,  then,  will  also  be  the  size  of  the  valvo 
and  Hues  leadin^^  to  the  valve  from  the  clieck<*r  chambers. 

The  Sf^coiid  factor  governing  the  short  flame,  "  The  initial 
heating  of  the  air,"  is  introduced  by  moans  of  tlio  reversing 
feature  of  the  furnace  through  the  clieckiM*  chambers,  and 
these  chambers  should  be  so  designed  as  to  slow  up  the  travel 
of  tlie  products  of  combustion  in  order  that  tliev  may  ijivei 
tip  the  luajor  pai't  of  their  heat  to  the  clu'oker  brick,  or  that 
part  of  tlie  heat  which  is  not  required  to  produce  tlie  stack 
draught.  The  cubiral  cont<"its  of  these  cliamhers  should  not 
1>、、  loss  than  75  cub.  ft.  per  ton  of  stwl  incited  per  ht'at,  and 
])referahlv  in   t  lio  iioi^rl 山 oi，Hioo(l  of  1 00  cvh.   ft .   per  t  on . 
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These  chambers  should  bo  located  behind  the  furnace,  and 
not  immediately  under  the  furnace.  This  point  is  quite  a、s 
important'  in  small  furnaces  as  in  large'  ones,  as  they  operate 
at  a  liiglier  temperature,  and  we  should  get  the  benefit  of  a 
good  circulation  of  outside  air  under  the  hearth  of  the  fur- 
nace. These  chambers  should  be  long  and  narrow  or  deep, 
in  oil-burning  furnaces,  giving  a  very  long  travel  to  the  pro- 
ducts of  combustion  before  they  reach  tlie  valve,  as  on 
account  of  the  highly  volatile  nature  of  the  fuel  and  the 
slowness  with  which  many  of  the  hydrocarbons  mix  with 
oxygen,  a  great  deal  of  the  fuel  will  be  out  in  the  stack 
before  it  Las  undergone  complete  combustion. 

The  methods  of  gas  analysis  as  applied  to  steam  boiler 
practice  will  show  some  very  interesting  relations  in  this 
regard.  In  a  five- ton  furnace  which  I  have  been  operating, 
a  flue  gas  analysis  will  sliow  the  following  ：  ~ - 


CO 

0 

per  cent. 

per  cent. 

per  cent. 

At  the  roar  of  the  checker  chambers, 

24ft.  back  of  the  centre  line  of 

furnace     . .        . .        . , 

6-4 

3*1 

0-2 

Til  the  air  valve,  9ft.  further  back . . 

8-8 

0-3 

8-0 

In  the  stack,  16ft.  further  back    . . 

9-4 

0.3 

9*0 

With  a  decrease  in  temperature  between  the  first  and  last  point  from 
1，750°  Fah.  in  the  rear  of  the  chambers  to  930°  Fali.  in  the  stack. 


In  case  all  the  fuel  were  burned  before  it  reached  the 
stack,  the  sum  of  the  oxygen  components  of  the  flue  gas  would 
be  21  per  cent.,  as  there  is  21  per  cent,  by  volume  of  oxygen 
in  all  the  air  admitted  to  the  furnace,  the  volume  of  the 
carbon  element  being  so  small  as  to  be  considered  zero.  As 
a  matter  of  fact,  however,  the  sum  of  the  oxygen  components 
at  the  valve  is  only  17'1  per  cent.,  and  even  out  in  the  stack 
it  is  only  18*7  per  cent.,  which  shows  that  there  is  some  form 
of  hydrocarbon  gas  occupying  the  other  4  per  cent,  which  is 
getting  past  the  valve  unburned,  and  is  being  wasted  out  in 
the  stack .  This,  I  think,  shows  very  conclusively  the  neces- 
sity of  having  long  chambers  and  flues  in  oil-burning  fur- 
naces, to  ensure  complete  combustion  of  the  gaseous  fuel 
before  reaching  the  reversing  valve . 

These'  figures  are  based  on  atomising  the  fuel  with  com- 
pressed air  instead  of  with  steam,  as  with  steam  the  hydro- 
carbons are  slower  in  taking  up  oxygen,  and  a  gas  analysis 
at  the  valve  will  show  a  higher  percentage  of  hydrocarbon 
gas  unburned  at  the  valve,  and  a  corresponding  increase  in 
stack  temperature.  A  sample  of  gas  at  the  base  of 
the  stack  when  steam  was  used  for  atomising 
purposes,  showed  the  following  analysis  ：  CO^,  7'5  per 
cent.  ；  CO,  0'4  per  cent.  ；  and  oxygen,  9  5  per  cent.  ；  or  a 
total  of  17'4  per  cent,  of  oxygen  components  out  in  the 
stack ,  which  is  5h  pen  cent,  less  than  shown  at  tlie  base  of 
the  same  stack  with  air,  and,  therefore,  a  less  perfect  com- 
bustion. 

The  third  condition  governing  the  short  flame,  "  Intimate 
mixture  of  oxygen  with  the  fuel  or  diffusion  "  bears  directly 
on  the  size  and  arrangements  of  the  air  ports  and  the  furnace 
body.  The  size  of  the  ports  depends  upon  the  size  of  the 
reversing  valve,  or  vice  versa,  and  the  relation  between  the 
two  is  in  a  direct  ratio  to  the  absolute  temperature  at  the 
two  points,  these  temperatures  being  1，490。  Fah.  at  the  valve, 
and  2,800°  Fah.  at  the  ports,  or  in  a  ratio  of  1  to  2.  The 
ports,  therefore,  should  have  an  area  of  twice  tlio  area  of 
the  reversing  valve.  We  will,  therefore,  have  a  total  port 
area  at  one  end  of  the  furnace  of  about  7ft.  These  ports 
should  be  carried  out  the  full  width  of  the  furnace  to  prevent 
any  short  circuit  of  air  through  the  furnace  body,  as  the 
travel  of  gas  through  tlw  furnace  body  should  have  the  same 
velocity  at  all  points  to  get  the  proper  diffusion.  These  air 
ports  should  come  well  up  above  the  hole  in  the  monkey 
wall  through  which  the  oil  burner  enters  the  furnace,  so 
that  the  air  must  come  down  on  top  of  the  flame  rather  than 
underneath  it.  This  is  a  very  important  factor  in  designing 
a  hot  working  furnace. 

The  space  to  be  allowed  for  hearth  in  small  furnaces 
should  not  be  under  10  sq.  ft.  per  ton  of  charge,  and  the 
shape  should  approach  more  nearly  a  square  than  the  oblong 


shapes  in  general  use,  as  this  tends  to  give  a  better  effect  of 
t'bo  radiation  of  the  walls  unci  roof,  and  l)y  widening  tlie 
furnace  we  lessen  tlie  cutting  action  of  the  flame  on  tlie  side 
walls  and  keep  down  the  repair  bills. 

As  to  the  length  of  the  furnace  body,  this  filiould  he 
governed  by  the  length  of  the  oil  flame,  for  l.Iio  hottest  part 
of  the  flame  should  be  about  tlie  centre  of  the  furnace. 
In  my  experience  I  have  not  been  able  to  get  a  flame  that 
was  intense  enough  to  melt  down  a  charge  of  metal  any  less 
than  about  8ft.  from  the  tip  of  the  burner  to  the  hottest 
part  of  the  flame,  and  as  the  tip  of  the  burner  should  pass 
clear  through  the  monkey  wall,  which  will  extend  Din.  beyond 
the  ports  of  the  furnace  at  least,  we  will  get  as  a  minimum 
furnace  length  twice  the  length  of  the  flame  previously  men- 
tioned, plus  twice  the  width  of  the  ports,  plus  twice  the  thick- 
ness of  the  end  walls,  plus  twice  the  9in.  extension  of  the 
monkey  wall  beyond  the  ports,  or  a  total  of  about  22ft.  as  the 
minimum  length  of  the  outside  of  the  furnace  body. 

The  fourth  factor  governing  the  short  flame,  "  Large  sur- 
face of  fuel  presented  for  impact  of  oxygen,"  is  a  matter  of 
oil  burners  and  atomising  agents,  and  has  furnished  inspira- 
tion to  thousands  of  inventors.  The  problem  of  atomising 
this  fuel  oil  is  one  of  overcoming  tEe  surface  tension  of  the 
oil  and  breaking  it  up  into  very  fine  particles,  so  that  it 
will  present  a  greater  surface  for  contact  witli  the  oxygen, 
and  the  two  methods  in  nee,  superheated  steam  and  com- 
pressed air,  give  a  low  mechanical  efficiency. 

There  is  a  great  deal  of  discussion  at  the  present  time 
on  the  needless  waste  of  using  compressed  air  for  atomising 
purposes  when  superheated  steam  will  answer,  but  in  the 
small  casting  business  one  of  the  main  difficulties  is  getting 
the  metal  hot  enough  to  run  the  thin  sections  in  the  moulds, 
and,  since  by  its  very  nature  compressed  air  while  atomising 
the  oil  furnishes  at  the  same  time  oxygen  for  combustion, 
and  that,  too,  very  intimately  mixed  with  tli'e  oil,  it  is  quite 
evident  that  by  using  air  we  would  get  quicker  combustion, 
a  shorter  flame,  and  a  somewhat  hotter  furnace. 

In  conclusion,  I  will  say  that  in  operating  a  furnace 
designed  along  these  lines ,  it  will  not  be  a  difficult  matter  to 
get  out  six  five-ton  beats  in  24  hours,  and  still  have  the  metal 
hot  enough  to  pour  many  castings  weighing  a  fraction  of  a 
pound  each.  With  a  five-ton  heat  it  is  not  uncommon  to 
pour  as  high  as  175  moulds,  consuming  about  50  minutes  in 
pouring.  The  metal  must,  therefore,  be  extremely  hot  at 
the  time  of  tapping  the  】ieat. 

DENSITY  AND  EXPANSION  OF  ALUMINIUM. 

At  a  recent  meeting  of  the  Faraday  Society,  Dr.  F.  J.  Bris- 
lee  presented  a  paper,  entitled  "  A  Redetermination  of  the 
Density  and  Coefficient  of  Lineal  Expansion  of  Aluminium." 
The  earlier  determinations  of  the  physical  constants  of 
aluminium  were,  he  said,  made  upon  specimens  of  doubtful 
purity  and  unknown  composition.  In  view,  therefore,  of 
th-e  high  state  of  purity  of  the  metal  now  ou  the  market  re- 
determinations of  these  constants  became  desirable.  The 
metals  used  were  carefully  analysed,  and  were  found  to  con- 
sist of  about  99i  per  cent,  aluminium,  and  about  \  per  cent, 
each  of  iron  and  silicon.  The  density  det?rminatioiis  were 
made  upon  the  cast  metal,  hard-drawn  rod,  and  soft-anuealed 
rod,  and  both  the  ordinary  method  of  weighing  iu  air  and 
water  and  the  displacement  method  were  employed.  The 
results  obtained  averaged  2  708  for  cast  metal ,  and  2' 705  for 
hard  rod.  The  density  of  re-melted  aluminium  was  about' 
2°68.  These  values  differ  from  published  results.  The 
coefficient  of  linear  expansion  was  measured  directly  by 
determining  the  increase  iu  length  of  a  metal  rod  when 
heated  from  10。  to  100"^  C.  The  apparatus  used  was  illustrated 
and  described  fully  in  the  paper.  From  the  measurements 
made  the  variations  in  lengtli  of  a  rod  could  be  calculated 
from  the  formulae  : — 

Hard -dm  wn  A  htm  hi  Iu  m — 

L,  — L  (1  -0-000024320. 
Afinealed  A lumimium ~ - 

L,  — L  (1  -0  00002454^). 

The  paper  concluded  with  a  short  discussion  of  the  sources 
of  error  in  tlie  determinations. 
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A  LARGE   TWO-CYCLE   GAS   ENGINE  AND   SUCTION   GAS  PLANT. 

Messrs.  Mathe!:i  &  Platt,  Ltd.,  Salford  Ironworks,  Manchester. 


A  T  a  rvcont  visit  to  Messrs.  Mather  &  Piatt's  Sal  ford  Iron- 
works, Manchester,  we  had  the  .pleasure  of  witnessing  a  test 
undor  load  of  a  large  two-cycle  gas  engine,  which  the  firm 
are  supplying  to  a.  firm  in  South  America.  By  the  courtesy 
of  t,h。  firm  we  ； uv  able  to  give  a  few  interesting  notes  and 
illustrations  of  tlie  installation.  The  plant  will  consist  of 
two  engines  of  the  firm's  patent  standard  slov/ -speed  two- 
cycle  horizontal  ty|)(、  of  400  i.h.p.  eacli.  The  general  design 
of  the  engine  lias  been  already  fully  described  in  our 
columns*^',  and  its  main  features  are  shown  in  the  general 
view  and  section  through  the  cylinders  on  pages  8  and  9. 

The  engine  will  ba  operated  with  a  suction  gas  plant 
arranged  to  use  wood ― obtained  in  t he  locality— as  fuel  for 
generating  the  gas  required,  thelgas- producing  apparat  us^  being 
supplied  by  the  Power  Gas  Corporation,  of  Stockton-on-Tees. 

Tlio  engines  will  be  used  for  driving  both  a  spinning  mill 
and  a  dye-liouse  plant,  and  their  lay-out,  shown  on  page  10， 
is  such  that  either  engine  n\ ay  operate  either  of  the  drives, 
or  run  singly  at  night. 

The  flexibility  of  this  arrangement',  whilst  seldom  neces- 
sary in  power  installations  in  this  country,  is  obviously  of 
very  great  advantage  in  distant  countries  like  South  America 
or  where  continuity  of  service  is  imperative  under  all  con- 
ditions. The  dye-house  plant  will  bt'  driven  olect  rically  from 
an  alternator  shown  on  the  plan,  and,  as  stated,  the  gearing 
to  give  the  iiiaxiimii"  flexibility  is  interchangeable  for  eacli 
engim、，  thougli  iiorinally  the  two  cngim's  will  drive  the 
electric  generator  and  the  spinning  mill  together. 

Thp  suitability  of  a  two-cycle  gas  engine  for  mill  work 
hns,  the  firm  statv,  been  amply  proved  by  tlieir  extended 

Seo  ■•  Mechanical  Kugineer,"  March  3rd,  1911,  pa^e  258,  Vol.  XXVII. 


experience  under  all  conditions,  and  a.s  will  be  seen  from 
the ,  Moscrojj  diagram  obtained,  ami  wliich  \v<^  repi-oduoe 
herewith,  the  uniformity  of  speed  is  pijual  to  tliat  (山 taimul 
from  the  best  steam  engine. 

The  great,  siinpliritv  of  the  engine,  its  solidity,  slow 
speed,  and  general  similarity  in  design  io  the  well-tritul 
steam  engine,  which  is  one  of  its  most  prominent  constructive 
features,  has  rendered  it  peculiarly  suitable  for  tli e  installa- 
tion and  country  to  which  in  tliis  (、； use  it  is  being  dispatched. 

By  virtue  of  the  two-cycle  arrangement,  no  exliau>l 
valves  are  required,  and  the  equality  of  running  so  necessary 
for  mill  driving,  and  which  is  a  conspicuous  attribute  of 
the  engine,  largely  results  from  tlie  f act  that  every  stroke 
is  a     driving  stroke." 

The  gas  plant,  as  stated,  is  of  the  standard  design  for 
using  wood  as  fuel,  but  the  grate  is  so  arrantjed  as  to  lu、 
also  suitable  for  using  coke  or  anthracite,  should  occasion 
demand  :  and  the  cleaning  plant  is  ample  to  meet  the  con- 
ditions under  wliich  it  has  to  work. 

Tn  obtaining  the  necessarv  experieiict-  to  successfully  driv" 
a  mill  by  a  gas  engine,  troubles  and  failure  have,  \\n- 
doubt odlv,  been  experienced  by  all  large  gas-engine  makers, 
and,  unfortunately,  have  hung  like  a  cloud  over  the  merits  of 
this  type  of  prime  mover,  and,  to  a  large  ext<Mit，  preventtnl 
llunr  undoubtedly  econoiuioal  advantage  being  made  use  of. 
This  state  of  affairs,  however,  it  is  to  be  hoped,  is  rapid  I  v 
ceasing  to  exist,  now  tho  gas  ensfine  has  heeu  clearly  shown 
to  rank  as  a  reliable  primo  inover  for  mill  driving. 


All-steel  Railroad  Cars  in  the  States. ― At  the  beginnine:  of 
this  yea r  tlioiv  woiv  about  ； >.(*00  )3;issenger  cars  in  service  in 
the  United  States  built  of  all-srteel  construction.  The  total 
number  of  ])assenger  coaohes  is  about  54, GOO,  so  tliat  I  lit' 
mnnUer  of  steel  oars  is  about  5*3  per  cent,  of  tlie  total . 
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PROBLEM  OF  MACHINE  TOOL  STANDARDISATION. 

BY   L.    P.  ALFOUD. 

Standardisation  of  product  is  a  necessity  in  manufactur- 
ing. It  is  the  starting  point  in  every  attempt  to  produce 
great  quantities  of  parts  cheaply  and  uniformly.  The  ad- 
vantages are  readily  recognised.  There  are  similar  advaji- 
tages  in  the  standardisation  of  processes  and  took  used  in 
manufacturing,  and  this  broad  fact  is  the  reason  for  this 
paper.  The  problem  of  standardising  machine  tools  is  very 
important.  I  propose  to  treat  it  in  a  manner  to  establish 
the  principles  which  should  be  followed  to  obtain  the  desired 
uniformity  in  details,  rather  than  to  go  very  far  into  tho 
details  themselves,  except  by  way  of  illustration. 

But  turning  to  the  machines,  there  are  six  important 
principles  in  standardisation, 
which  I  have  formulated  as 
f  ollows : —— 

1 .  Standardise  correspond  - 
ing  designations  and  capaci- 
ties and  establish  a  method  of 
power  rating. 

2.  Standardise  devices  for 
holding  cutting  tools. 

3.  Standardise  devices,  for 
holding  work  and  fixtures. 

4.  Standardise  operating 
movements. 

5.  Standardise  parte  con- 
cerned in  the  setting-up  of 
machines  with  reference  to 
the  permanent  shop  equip- 
ment. 

6 .  A  ccept  the  geom  etric 
progression  as  a  fundamental 
requisite  in  designing  feeds 
and  speeds. 

The  application  of  none  of 
these  principles  will  introduce 
a  radical  change  in  design . 
The  first  principle  aims  at  a 
standardisation  of  coi resj^on cl- 
ing machine  designations  and 
capacities,  and  the  establish- 
ing of  a  method  of  power  rat- 
ing. In  1903，  action  was 
taken  by  a  number  of  milling 
ni  acli  i ne  m an u  f act  u rers  est  ab  - 
lisliing  the  maximum  feed 
travels  for  various  sizes  of 
knee-and-column   nulling  ma- 


have  Bome  means  of  distinguishing  between  the  relative  capa- 
city for  removing  metal  and  incclianica!  (efficiency  of  machines 
of  the  same  dimensional  capacity.  If  he  asks  for  bids  on  a 
20in.  10ft.  engine  lathe,  and  in  one  case  is  quoted  £120  and 
in  another  £90,  ho  should  have  ftome  moans  of  knowing  that 
the  difference  in  price  represents  a  differenc^i  in  metal- 
removing  capacity  of  the  tool.  Let  nie  call  attention  to  the 
phraseology  that.  T  have  used  in  connection  with  this  point  ； 
that  is,  to  ostablisli  a  nietliod  of  rating ―  not  to  efitablish  or 
standardise  ratings  themselves.  Development  i.s  giving  us 
light-powered  and  heavy-powered  machines  ；  each  kind  has 
its  field,  but.  there  should  be  some  way  to  differentiate  them 
except  by  name. 

The  second  principle  refers  to  standardisation  of  devices 
for  holding  cutting  tools.  The  small  tool  equipmrnt  of  a 
shop  represents  a  large  investment.       The  more  adaptable 


Matheh  &  Pi.ATT's  Patent  Two-Cyole  Horizontal  Gas  Engine.  Longitudinal  Section  through  Cylinder.    (See  page  6.) 


chines.  For  example,  the  maximum  feed  travels  for  a  No.  2 
universal  machine  were  fixed  as  follows :  Longitudinal,  25in  - ； 
cross,  Sin.  ；  vertical,  18in.  This  was  a  start  toward  standard- 
ising designations  and  capacities.  The  resulting  uniformity 
is  of  advantage  to  the  buyer  in  comparing  the  various  makes  of 
machines  designated  as  Nos.  1，  2，  3，  4,  &c. 

But  this  is  only  a  beginning.  To  develop  the  point  let 
me  ask  what  is  a  ]4in.，  6ft.  bed  engine  lathe  ？  To  answer 
my  own  question ,  I  don't  know.  From  data  that  lias  been 
prepared  comparing  some  of  the  dimensions  of  a  number  of 
14in.,  6ft.  bed  engine  lathes,  it  is  found  that  the  dia,metrical 
swing  over  the  bed  ranges  from  14-^in.  to  16-^ in.  :  the  swing 
over  the  plain  carriage  from  7Ain.  to  lO^in.  and  the  maxi- 
mum distance  between  centres  from  1ft.  6in.  to  3ft.  3 in. 

From  the  user's  standpoint,  it  is  as  important  to  know 
the  diameter  that  can  be  swung  and  turned  over  the'  carriage 
as  it  is  to  know  the  maximum  diameter  that  can  be  swung 
over  the  ways.  And  the  length  of  the  bed  is  of  no  more 
interest  than  the  height  of  the  lathe  hand  that  operates  it. 
A  similar  argument  can  be  presented  for  other  kinds  of 
haachines,  but  would  only  serve  to  unnecessarily  lengthen 
this  discussion.  Is  there  not  an  opportunity  to  bring  about 
reasonable  uniformity  of  corresponding  designation  and 
capacity,  making  these  descriptive  ？ 

Turning  to  tlie  question  of  power  rating ,  the  user  should 

*  Abstract  of  paper  presented  at  tbe  New  York  meeting  of  the  National  Machine 
Tool  Builders'  Association 


this  equipment  is,  the  fewer  pieces  there  need  to  be  in  use  ： 
the  great-er  the  number  of  hours  each  small  tool  can  be  at 
work,  and,  therefore,  the  greater  the  operating  efficiency  of 
the  shop.  The  interchangeability  of  lathe  tools  and  tool 
holders  throughout  the  tool  posts  of  all  lathes  of  a  given 
size,  the  interchangeability  of  nulling  cutters  and  their 
collets  among  machines  of  different  makes,  the  i'lterchange- 
ability  of  drill  chucks  throughout  all  the  drilling  machines 
of  a  given  department,  and  so  on,  represents  a  real  increase 
in  efficiency  wliicli  is  so  apparent,  merely  to  need  mention 
to  be  recognised.  To  show  that  this  principle  has  already 
influenced  design,  T  have  but  to  refer  to  the  taper  of  the 
Hole  in  the  spindles  of  nulling  machines.  For  the  No.  2 
milling  machines,  whose  dimensions  were  tabulated,  all  had 
the  hole  in  the  spindle  conforming  to  Brown  &  Sharpens  No. 
10  taper.  Similarly,  for  the  No.  3  milling  machines,  the 
spindle  taper  was  found  to  be  uniformly  Brown  &  Sharpe's 
No.  11.  Again,  the  Morse  taper  is  extensively  used  in  drill- 
ing-machine spindles  :  in  the  10  14m.  engine  lathes  investi- 
gated, the  】najorit'y  of  the  tools'  post-  slots  were  found  to  be 
made  for  Hn.  by  lijin.  tools. 

The  third  principle  proposes  to  standardise  devices  for 
holding  work  and  fixtures.  The  arguments  presented  in 
favour  of  standardising  tlie  devices  for  holding  cutting  tools 
apply  here  with  even  greater  force,  for  the  devices  and  fix- 
tures for  holding  work  are  more  expensive  as  individuals 
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than  are  separate  cutting  tools.  Consider  the  advantages  of 
having  chucks  interchangeable  throughout  all  of  the  lathes 
of  a  given  size  in  a  lathe  department,  or  consider  the  advan- 
tage of  uniform  T- slots  throughout  all  kinds  of  machine 
tools  of  relative,  similar  si^s.  A  milling  fixture  can  then 
he>  used  on  any  milling  machine  of  a  given  number,  holding- 
down  bolts  can  be  standardised  as  regards  the  sizes  of  heads, 
with  the  full  assurance  that  they  cau  be  used  on  a  milling 


machines.  Of  the  milling  machines  investigated,  the  table 
slots  were  uniformly  |in. 

The  fourth  principle  refers  to  the  standardisation  of 
operating  movements.  Rapid  repetition  work  depends  very 
largely  upon  the  sense  of  touch  of  the  operator.  Frequently 
lep&ated  movements  become,  to  a  great  degree,  involuntary. 
It,  therefore,  follows  that  a  standardisation  of  the  operating 
movements  of  macliins  tools  will  contribute  to  an  operator's 


L  VUGE  TWO  CYCLK  SUCTION  CUs-KVOINE  PLANT.  OPKRATKD  WITH  WOOD  FUEL,  FOR  SotTTH》、MKl" 夂 A    ,"、'  MkSSRS.  MaTHKR  A'  Pl.ATT    I.TD..  SALKORD  IuONWOKKS. 

ManchkstkU.      IMan  iiiul  Klevation.  showing;  general  HrrHn^Icinent  ot  Knjiino  and  (，"s  riant,    ih"'  pH**f  h.t 


machine,  or  drilling  machine,  or  planing  "lat'liin?,  or  lathe, 
as  the  cas3  may  be.  In  addition  to  the  enoniious  saving  in 
original  investment'  and  increased  flexibility  of  tlio  c(|wip- 
ni(、.nt,  there  is  an  attendant  saving  in  the  time  requirt'd  on 
tlu^  part  of  the  workmen  to  find  devices  that  can  b?  i!s:d. 
To  show  that,  something  has  b?en  done  in  reco^Miition  of  tliif^ 
principle.  I  have  but  to  refer  to  the  table  slots  of  milling 


speed  bv  inakiug  liis  motions,  to  an  exU^it,  involuntary  and 
p?rmitting  him  to  change  from  one  make  of  machine  to 
； motli-r  without  any  distiirhance  to  the  habits  that  he  has 
forinod.  On  all  staiulard  latlios,  the  same  direction  of 
motion  of  th'?  foot -stock  liandle  should  advance  the  spindle 
toward  tlie  lit»ad.  Similarly,  a  definite  direction  of  motion 
of  the  hand  wheel  on  the  carriage  should  advance  the  carriage 
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toward  the  head,  and  so  on,  for  the  other  hand-operated 
movements.  To  show  that  this  principle  has  been  recog- 
nised, in  the  engine  lathes  investigated  the  direction  of 
motion  of  th-e  operating  handles  was  uniform  to  produce  a 
corresponding  movement  of  the  operating  parts. 

The  fifth  principle  sets  forth  the  standardisation  of  parts 
concerned  with  the  setting-up  of  machines  with  reference  to 
permanent  shop  equipment.  There  are  only  a  few  points 
to  be  considered  here,  such  as  the  spread  of  the  bolt  holes 
in  the  feet  of  the  countershaft  hangers,  the  drop  of  the 
shipper  rod,  and  for  motor- 
driven  tools  the  dimensions  of 
the  motor-feed  pads.  I  need 
nob  dwell  upon  the  advan- 
tage to  the  user  in  being  able 
to  buy  a  machine  that  meets 
his  needs  from  a  machine 
tool  builder,  and  a  motor 
adapted  to  the  machine 
from  an  electrical  machinery 
manufacturer,  and  assemble  them  himself  with  every  know- 
ledge that  they  will  fit. 

The  sixth  principle  refers  to  an  acceptation  of  the  geo- 
metric progression  as  a  fundamental  requisite  in  determining 
relations  throughout  the  chosen  ranges  for  feeds  and  for 
speeds.  1  have  reason  to  believe  that  this  principle  is  very 
generally  recognised,  especially  among  those  producing  mill- 
ing machines.  But  there'  seems  to  be  a  wide  difference  in 
the  ratios  aimed  at.  Personally,  I  am  not  in  a  position  to 
make  any  definite  recommendation  along  these  lines,  other 
than  to  state  the  general  principle. 

To  make  my  argument  cofmplete,  it  is  evidently  neces- 
sary to  prove  that  a  lack  of  uniformity  exists  in  connection 
with  the  features  covered  by  the  principles  outlined  above, 
and  at  the  same  time  that  these  differences  are  of  such  a 
nature  as  to  indicate  that  uniformity  can  be  established. 
To  meet  this  requirement  one  of  my  associates  has  prepared 
the  accompanying  four  tables.  Two  refer  to  lathes  aiad  two 
to  milling  machines,  and  give,  respectively,  an  analysis  of 
many  of  the  features  capable  of  being  standardised  for  14in. 
and  20in.  lathes,  No.  2  and  No.  3  milling  Headlines. 

The  following  lists  of  f&atures  to  be  considered  for  stan- 
dardisation are  for  the  four  fundamental  machines ―】 athes, 
planers,  drilling  machines,  and  milling  machines.  This 
does  not  imply  that  standardisation  cannot  h?  carried  on  in 
connection  with  some  other  machines,  but  the  limit  of  time 
prevented  a  consideration  of  them.  However,  the  principles 
laid  down  are  of  such  a  nature  that  they  can  and  should  *oe 
applied  to  all  classes'  of  machine  tools  that  are  of  a  fixed  type 
and  made  by  a  number  of  builders.  The'  real  work  of  deter- 
mining dimensions  is  a  long,  tedious  task,  and  cannot  be 
done  in  a  weak-kneed,  faltering  manner.  Personal  experi- 
ence in  the  work  of  standardisation  has  taught  me  that  the 
difficulties  in  th&  way  are  always  magnified.  The  way  is 
easily  found  if  there  is  a  will  to  do.  What  follows  is  sugges- 
tive only. 

Designations  and  capacities  might  be  linked  together  by 
giving  three  dimensions :  First  ,  the  swing  over  th-e  ways  ； 
second,  the  swing  over  the  plain  carriage  ；  third,  the  maxi- 
mum distance  between  centres.  Thus,  a  14in.  6ft.  bed 
■engine  lathe  would  become,  say  a  14in.  by  Sin.  by  3ft.  engine 
lathe.  The  maximum  swing  over  the  ways  should  be  fixed 
for  each  nominal  swing  ；  the  other  dimensions  to  be  exact. 

As  a  suggestion  merely,  is  it  necessary  to'  have  so  many 
nominal  sizes  of  lathes  as  are  now  built  and  listed  ？  As  now 
arranged,  these  sizes  roughly  form  an  arithmetical  progres- 
sion, having  a  common  difference-  of  2in.  Hai&  anyone  con- 
sidered arranging  these  sizes  in  a  geometric  progression  with 
the  direct  purpose  of  reducing  their  number  ？  If  anyone  is 
interested  in  this  speculation,  let  him  start  a  progression 
with  lOin.  and  apply  the  ratio  of  1'2. 

A  standard  method  of  power  rating  might  be  to  give 
the  horse-power  of  the  driving  belt  for  the'  machine  :  this 
power  to  be  figured  by  means  of  a  determined  formula  with 
determined  factors  for  single,  double,  and  triple  belts.  This 
same  rating  could  apply  whether  the  machine  was  belt-driven 
or  motor-driven,  for  a  given  type  and  size  of  machine  is 


usually  built  for  both  metliods  of  applyiii"'  power.  This  will 
permit  a  careful  designer  to  develop  a  design  and  liavo  a 
proper  relation  between  power  and  rigidity.  It  will  also 
permit  the  user  to  compare  mechanical  efficiencies. 

For  each  nominal  size  of  lathe  tho  following  d flails  of 
designs  should  be  standardised  ：  The  diameter,  iliread,  and 
length  of  fipindle  nose  ；  taper  of  hole  in  spindle  ;  diameter  of 
hole  through  spindle  ；  taper  of  the  centres  ；  hole,  keyway, 
face,  pitch  and  kind  of  teeth  of  change  gears  for  the  ordinary 
screw-cutting  type  ；  number  of  threads  per  inch  of  tlic  lead 


Diagram  fbom  Moscrop  Recorder,  showing  begulabity  of  turning  op  Messrs.  Mather  &  Platt^ 

Gas  Engine.   (See  page  8.) 


Patent  Two-cyclk 


screw  ；  size  of  T-slots  in  wings  of  carriage,  direction  of 
motion  of  operating  handles,  controlling  movements  of  foot- 
stock  spindle,  carriage,  tool  block,  and  compound  rest. 

Features  of  vertical  drilling  machines  that  should  be 
standardised  for  each  nominal  size  are  :  Dimensions  of  a  table 
and  of  finished  surface  of  base;  distance  from  centre  of 
spindle  to  face  of  column  ；  method  of  power  rating  ；  dimen- 
sions of  the  spindle  nose,  taper  of  the  hole  in  the  spindle  ； 
number,  arrangement,  and  size  of  T-slots  in  the  table  and 
base,  maximum  distance  from  spindle  to  table  and  from 
spindle  to  base  ；  direction  of  motion  of  operating  handles. 

The  features  to  be  standardised  in  connection  with  planers 
are :  A  method  of  rating  ；  method  of  stating  capacity  ； 
number  and  size  of  T- slots  in  the  platen,  and  dimensions  of 
reamed  holes  in  platen  and  direction  of  motion  of  operating 
handles. 

In  the  planing  machine,  drilling  machine,  shaping 
machine,  and  lathe，  we  have  a  precedent  for  a  form  of  desig- 


SucTioN-GAs  Plant,  using  wood  fuel,  fob  400  h.p.  Patent  Two-ctcle  Gas 
Engine,  by  Messrs.  jNIathkh  tfe  Platt.  Ltd.,  Salford  Ironwouks, 
MANcnKSTER.    (See  paye  8.) 

nation  that  of  itself  indicates  capacity.  Is  there  any  good 
reason  why  milling  machines  should  not  be  styled  in  similar 
manner?  Ta  illustrate,  is  uot  a  designation  a  25iii.  by  Sin. 
by  ]  Sin.  universal  milling  machine  better  from  the  viewpoint 
of  conveying  information,  than  to  say  a  No.  2  universal  mill- 
ing machine  ？ 

Features  to  be  standardised  in  connection  with  milling 
machines  are  ：  Designation  and  capacity  :  a  method  of 
rating  ；  a  length  and  width  of  working  face  of  table  ；  maxi- 
mum distance  from  rertre  of  spindle  to  table  ；  thread  on  nose 
of  spindle  ；  diameter  of  nose  ；  taper  of  hole  ；  width  of  slot 
ill  clutch  end  ；  cliametCT  of  clutch  end  and  distance  from  face 


Dimensions  of  Ten  lA-inch  Lathes. 


SWING.  SPINDLE  DETAILS 
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Dimensions  of  Six  No,  2  Milling  Machines. 


SPINDLE  DETAILS.  TABLE  DETAILS.  COLUMN  DETAILS, 


Thread  on  nose. 

Taper  hole  in  spindle 

Width  of  slot  in  end 
of  spindle,  inches 

Distance  column 
face    to  spindle 
end,  inches 

Thread  of  draw- in 
bolt. 

Working  surface  of 
table,  inches 

Number  of  T-slots 

Size  of  T-slots, 
inches. 

Spacing    centre  to 
centre  of  T-slots, 
inches. 

1  Telescoping  screw. 

Width    of   face  of 
column,  inches. 

Angle    of    V  on 
column,  degrees 
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Dimensions  of  Ten  20-ijicJi  lO-foot  Bed  Engine  Lathes. 


SWING.  SPINDLE  DETAILS. 
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Dimensions  of  Six  No.  3  Milling  Machines. 

SPINDLE  DETAILS.  COLUMN  DETAILS. 
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of  column  to  end  of  spindle  nose  and  taper  of  liole  of  spindle 
of  vertical  attachment  and  index  head  ；  diameter  of  over- 
arm ； distance  from  centre  of  arm  to  centre  of  spindle  ； 
diameter  of  bore  for  outer  arbor  bearings  ；  width  of  face  of 
pillar  and  solid  angle  of  edges  ；  distance  face  extends  above 
spindle  centre  ；  number,  size,  and  spacing  of  table  slots  ； 
diameter  and  thread  on  draw-in  bolt;  general  position  and 
direction  of  motion  of  operating  handles. 

Thus  far  my  argument  has  been  directed  toward  standard- 
isation within  the  general  limits  of  a  given  size  of  a  given 
kind  of  machine.  We  must  also  consider  the  advantages  of 
inter-class  standardisation.  But  this  discussion  cannot  be 
carried  very  far  until  detail  dimensions  have  been  tentatively 
determined  upon  for  the  various  sizes  of  the  various  classes. 

The  establishing  of  a  standard  method  of  power  rating  has 
been  touched  upon.  It  is  evident  that  such  a  method  would 
apply  to  all  sizes  and  all  classes  of  machines. 

Turning  to  details  of  design,  a  |in.  T-slot  should  have  the 
same  dimensions  whether  it  is  in  a  milling  machine  table,  a 
drilling  machine  base,  a  planing  machine  platen,  the  wings 
cf  an  engine  laths  carriage  or  the-  table  of  a  shaping 
machiue. 

If  there  is  an  advantage  in  being  able  to  exchange  chucks 
throughout  the  individual  machines  of  a  lathe  department,  is 
there  net  an  add?d  advantage  if  thes?  same  chu cks  can  be 
used  on  certain  sizes  of  milling  machines?  To  put  it  a  little 
more  concretely,  why  should  not  the  spindle  noses  of  16in. 
engine  lathes  and  No.  2  milling  machines  be  identical,  and 
again,  why  should  not  the  noses  of  No.  3  milling  machines 
and  20in.  engine  lathes  be  the  same  ？ 

Turning  to  our  fourth  principle  of  standardisation,  should 
not  the  general  position  and  direction  of  motion  of  the  operat- 
ing handles  of  a  14m.  lathe  correspond  with  those  of  a  20in. 
lathe  ？  Should  there  not  be  similar  uniformity  between  a 
No.  2  milling  machine  and  a  No.  3  milling  machine,  and 
so  on? 

Referring  to  our  fifth  principle  of  standardisation,  should 
not  the  space  of  the  holes  in  the  feet  of  countershaft  hangers 
for  countershafts  of  approximately  the  same  weight  and 
subjected  to  the  same  stresses,  be  uniform  without  reference 
to  the  machines  they  are  used  with  ？  The  advantage  of  such 
standardisation  in  aiding  the  locating,  spacing,  and  setting-up 
of  countershaft  stringers  is  apparent.  Again,  should  not  the 
pads  for  the  feet  of  a  3  h.p.  motor  to  be  applied  to  a  lathe  be 
identical  with  those  for  a  similar  3  h.p.  motor  to  be  used  on 
a  milling  machine  ？ 

As  another  general  point,  no  screw  or  other  part,  should 
be  tolerated  that  has  a  travel  of  such  a  length  that  a  hole 
must  be  cut  in  the  floor  to  accommodate  it.  Machine  asers 
cannot  countenance  the  cutting  of  holes  in  shop  floors,  parti- 
cularly in  buildings  where  the  materials  of  construction  are 
fire  resisting.  ' 

It  may  seem  to  you  that  I  have  mentioned  many  points 
where  uniformity  already  exists.  If  such  is  the  case,  the 
work  of  standardisation  is  made  all  the  easier,  for  all  that  is 
necessary  is  for  your  association  to  adopt  them  formally  as 
your  standard. 

Finally,  I  wish  I  could  make  you  feel  the  enthusiasm  with 
which  this  matter  has  been  received  by  all  the  machine  users 
with  whom  I  have  discussed  it.  From  the  viewpoints  taken, 
it  has  been  evident  that  the  advantages  of  such  uniformity 
will  be  felt  not  only  in  large  manufacturing  departments  of 
machine  shops,  but  likewise  in  the  tool -making  room  and  in. 
the  job  shop.  Its  advantages  in  all  three  of  these  places  have 
been  ermohasized  to  me. 


Another  Oil-En^ainc-drivcn  Boat.  —  The  Gennaii  Petroleum 
Company  has,  we  learn,  placed  a  contract  for  the  building  of 
a  twin -screw  oil-carrying  boat  with  J.  Frerichs  &  Co"  Ltd., 
Osterholz-Scharmbeok  and  Einswarden  (Oldenl)iirg),  which  is 
io  be  propelled  by  crude-oil  motors.  The  vessel  will  have  a 
length  of  312ft.  between  perpendiculars,  44ft.  beam,  and  a 
moulded  depth  of  26-2ft.  Her  total  freight  capacity  is  to  be 
4,000  tons.  The  engines,  which  are  to  be  installed  at  the  aft 
end,  will  consist  of  two  of  Prof.  Junker's  type  of  reversibi- 
crude-oil  marine  motors,  of  approximately  1,500  h.p.,  giving 
the  ship  a  speed  of  10  knots.  An  auxiliary  boiler  will  be 
fitted  for  heating  and  other  purposes. 


BRITISH  STANDARD  SPECIFICATIONS  FOR  MATffRIAL  USED 
IN  RAILWAY  ROLLING  STOCK. 

From  the  Engineering  Standards  Committee  we  have  re- 
ceived a  copy  of  the  British  Standard  Specifications  for 
Material  used  in  the  Construction  of  Railway  Rolling  Stock 
(Report  No.  24,  Revised  1911),  which  hm  just  been 
published. 

Since  the  issue  of  the  first  revision  in  June,  1907,  the 
Committees  on  Locomotives  and  Railway  Rolling  Stock 
Underframes  have  from  time  to  time  had  brought  before 
them  points  which  have  arisen  in  connection  with  the  use  of 
the  standard  specifications,  and  the  present  issue  of  Report 
No.  24  embodies  the  committee's  decisions  in  regard  to  t hese . 
Some  of  the  more  important  modifications  to  the  specifica- 
tions are  as  follows  ： ― 

1.  The  prohibition  of  a  re-test  in  the  case  of  failure  under 
the  falling  weight  test  for  axles- 

2.  The  option  of  a  bend  test  in  the  specification  for  car- 
riage and  wagon  axles  (without  analysis)  if  there  is  any 
question  in  the  mind  of  the  engineer  as  to  the  axle  having 
satisfactorily  passed  the  falling-weight  test. 

3.  The  deletion  of  the  specification  (without  analysis)  for 
locomotive  tyres. 

4.  The  deletion  of  Class  B  tyres  (42-48  tons  ])er  square 
inch)  from  the  specificatiou  (with  analysis)  for  locomotive 
tyres. 

5.  The  addition  of  Class  C  tyres  (50-55  tons  per  square 
inch)  to  the  specification  (without  analysis)  for  carriage  and 
wagon  tyres. 

6.  The  deletion  of  Class  A  tyres  (35-40  tons  per  square 
inch)  from  the  specification  (without  analysis)  for  carriage 
and  wagon  tyres  - 

7.  The  insertion  in  the  tyre  specifications  of  a  formula 
for  the  deflection  under  the  falling-weight  test  based  upon 
the  thickness  and  internal  diameter  of  the  tyre  in  place  of 
that  previously  employed  whicli  was  based  upon  the  internal 
diameter  only. 

8.  The  division  of  the  specifications  for  laminated  springs 
and  spring  steel  into  separate  specifications,  dealing  respec- 
tively with  spring  steel  and  with  the  finished  springs.  With 
a  view  of  restricting  the  tensile  stress  on  the  plates  of  the 
finished  spring  under  the  scragging  test  to  a  figure  some- 
what below  70  tans  per  square  inch,  a  definite  deflection, 
depending  upon  the  length  of  the  top  plate  of  the  spring 
and  t'hickness  of  the  thickest  plate,  is  now  specified,  and  a 
table  of  the  required  deflections  is  inserted  in  the  specifica- 
tion. 

9.  The  addition  of  a  further  class  of  forgings  (Class  E) 
to  the  forging  specification. 

10.  The  reduction  of  the  tensile  strength  of  rivet  bars  to 
24-28  tons  per  square  inch. 

The  ccDTimittee  have  had  representations  made  to  them 
with  regard  to  the  use  of  the  t-erni  "  elastic  limit  "  in  the 
axle  and  forging  specifications,  and  tliis  term  lia.s  now  been 
altered  to  "  yield  point,"  a  definition  of  this  latter  toriii 
being  added  as  a  note  to  the  specifications  in  which  this  tenn 
is  employed. 

The  committee  recommend  that  in  specifying  materials 
to  any  of  the  specifications  contained  in  this  report,  both  the 
specification  number  and  the  numb?r  of  the  report  be  quoted, 
in  order  to  obviate  confusion  witli  other  reports  of  the 
committee. 

The  report  in  its  present  form  was  approved  by  the  sec- 
tional ccainiittees  concerned  in  October,  1911，  and  by  the 
main  committee  on  December  6th,  1911. 


Prizes  for  Military  Aeroplanes. 一 The  following  aro  the  prizes 
to  be  ofTe red  by  the  War  Ofiico  for  a  toiiiDotitioii  to  fulfil  the 
requirements  of  the  specification  for  a  military  aeroplane : 
A  first'  prize  of  £4,000  and  a  second  of  £2,000  for  aeroplanes 
made  in  any  country,  and  a  first  nrixo  of  '£1，'「)00，  two  second 
prizes  of  £1,000，  and  three  third  prizes  of  £500  for  British 
subjects  with  aeroplanes  】iianufWtured  wholly  in  Great 
Britain  except  the  engines.  The  War  Office  have  the  option 
of  purchasing  for  £1 ,000  any  machine  awarded  a  prize . 
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BALL  BEARINGS  FOR  HEAVY  LOADS.* 

BY  H.  GANSSLEN. 

As  presented  to  the  practising  engineer,  the  problem  of  fric- 
tion in  bearings  is  one  connected  principally  with  the  question 
of  economy  in  the  operation  of  machinery.  It  is  a  problem, 
however,  that  has  a  broader  meaning  as  well.  Reduction  in 
friction  brings  about  saving  in  fuel.  The  conservation  of  our 
fuel  resources  is  an  important  part  of  the  movement  towards 
the  conservation  of  all  natural  resources  that  is  attracting  so 
much  public  attention. 

The  economies  being  obtained  by  the  generation  of  power 
in  central  stations'  have  eliminated  a  large  number  of  small 


P 


Fig. 


Fig.  2. 


individual  power  plants.  This,  while  unfortunate  in  that  it 
works  hardshipH  on  the  small  producer,  is  undoubtedly  a 
development  along  logical  lines.  But,  in  the  most  economical 
steam  power  plant,  there  is  only  about  12  per  cent,  of  the 
energy  of  the  coal  made  available  for  driving  machinery. 
Out  of  this  amount  from  15  per  cent,  to  60  per  cent,  is  lost 
by  friction  in  transmitting  the  power  from  the  engine  to  the 
individual  machines  and  tools  of  the  plant.  Furthermore, 
there  are  friction  losses  in  the  various  machine  tools,  the  mag- 
nitude of  which  is  often  unknown  to  the  designer  ;  in  fact,  in 
many  cases  these  losses  are  not  even  conj>idered,  as  we  have 
grown  to  look  upon  them  as  a  necessary  evil.  The  element  of 
machine  design,  which  is  the  most  important  factor  in  the 
way  of  power  losses  by  friction,  is  that  of  shaft  bearings. 

The  writer  has  spent  considerable  time  in  engineering 
testing  and  research  work  connected  with  bearing  friction, 
and  the  subject  matter  of  this  paper  is  largely  the  result  of 
tests  made  by  the  writer  under  the  direction  of  Prof.  Stribeck, 
at  the  engineering  laboratory  of  Neu-Babelsberg,  near  Ber- 
lin. This  laboratory,  erect'eci  about  14  yearb.  ago  by  an  a^o- 
ciation  of  German  manufacturers,  was  designed  to  provide  a 
central  institution  where  engineering  investigations  having  a 
comniercial  end  in  view  could  be  conducted  thoroughly  and 
economically.  The  writer  is  indebted  to  Mr.  Henry  Hess,  of 
the  lless-Bright  Maiiufacturiiig  Company,  for  some  of  the 
illustrations  and  for  a 】x)rtion  of  the  information  given  in 
this  paper. 

As  early  as  the  limo  of  Aristotle  soim、  thought  was  being 
given  to  the  question  of  friction  in  bearings.  In  his  work, 
(Mititled  Mecliaiiical  Problems,"  Aristotle  treats  this  ques- 
tion in  discussing  rollers  and  wagon  \vlu\'l^.  In  the  writings 
of  T.eonardo  cla  Vinci  it  is  shown  that  the  angle  and  coefficient 
of  friction  are  inclopendent  of  the  size  of  the  sliding  surfaces. 
Various  later  writers  have  tronte'l  this  (im'stion,  but  ther(^ 
has  been  much  difference  of  opinion  on  important  points,  ； ui(l 
many  contradictory  statements  have  been  made,  and  only  in 
recent  years  has  it  been  possible  to  establish  principles  and 
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any  desired  load.  At  that  time  no  theory  of  design  existed 
other  than  certain  empirical  rules  derived  from  experience  in 
the  manufacture  of  ball  bearings  for  bicycles.  This  firm 
turned  the  matter  over  to  the  above-named  laboratory  for 
investigation.  These  investigations,  extending  over  several 
years,  were  made  and  general  principles  were  established. 
This  work  resulted  almost  irrmiediat'?lv  in  the  adoption  of  the 
ball  bearing  for  automobiles,  and  for  other  engineering  pur- 
poses .  Tests  were  made  at  the  same  time  on  representative 
types  of  roller  and  plain  bearings  with  a  view  to  determining 
their  friction  at  different  loads  and  speeds,  their  permissible 
loads,  and  other  features  and  merits. 

The  Ball  Bearing.  ―  Prior  to  this  time  there  was  no  engi- 
neering basis  for  designing  ball  bearings,  except  a  few 
formulas  on  the  Contact  of  Elastic  Bodies  "  by  i 丄 ertz,  and 
other  formulas  by  Auerbacli.  These,  in  some  respects,  con- 
tradicted each  other.  Manufacturers  of  steel  balls  stated  that 
the  permissible  load  on  a  ball  in  a  bearing  was  9.940  d' 么 lbs. 
where  d  was  the  diameter  of  the  ball  in  inches.  They  arrived 
at,  this  figure  by  breaking  a  ball  between  two  hardened  steel 
plates  in  a  testing  machine  and  taking  one -eighth  of  the 
breaking  load  as  being  the  permissible  load.  To-day,  it  is 
known  that  the  permissible  load  on  a  ball  in  a  bearing  is  about 
one-fourth  or  lefts  of  the  one  then  given.  This  fact  accounts 
for  many  failures  in  the  past.  We  know  further  that  the 
breaking  load  of  a  ball  cannot  give  any  information  as  to  the 
permissible  load  in  service  and  that  to  arrive  at  the  latter  we 
must  consider  the  occurrences  at  the  places  of  contact 
between  the  balls  and  ball  races,  or  balls  and  plates.  See 

Fig-  1,  . .  . 

After  several  years  of  investigation,  the  following  prin- 
ciple was  established  :  In  hardened  steel  balls  under  pressure 
the  average  stress  p,  Fig.  2,  as  well  as  the  maximum  stress 
/>0，  in  the  flat  surface  of  contact,  is  equal  for  balls  of  any 
size  if  the  loads  are  proportional  to  the  square  of  the  diameter 
(7  of  tJie  balls  ;  or,  to  formulate,  p  =  /v/- ,  where  h  is  a  co- 
efficient determined  by  tlie  kind  of  material  used  and  the 
shape  of  the  supporting  surface,  whether  plane  or  curved. 

The  balls  used  for  the  early  tests  reached  their  elastic 
limit  with  a  load  of  71  (P  lbs.  After  passing  that  load,  the 
sets  appeared  very  slowly,  so  that  at  a  load  of  568  </"  lbs.  the 
set  was  only  about  one-fiftieth  of  the  elastic  compression.  If 
a  hollow  support  is  used  having  a  radius  of  two -thirds  d  in 
place  of  the  flat  plate,  the  load  sustained  is  about  times 
that  of  the  previous  case. 

The  material  us。d  for  the  balls  and  races  、、'a、s，  aside  from 
the  design  of  the  bearing,  the  most  important  factor  in  the 
matter  of  success  or  failure. 

Tests. ―  The  regular  tests  of  the  material  comprise  the 
liardness,  toughness,  and  fracture    tests,    the   latter  being 
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inainlv  for  the  purpose  of  gt'tting  information  of  the  struc- 
ture or  trrain  of  tlir  material.  Later  oiu  a  vibration  t<>st 
was  addod,  and  all  these  tests  were  checked,  so  to  speak, 
l、v  a  runniiig  test  of  the  complete  bearin*;  at  different  loads 
aiid  sptH'ds  :  this  not  onlv  furnished  frictional  data'  but  often 
was  severe  enough  to  cause  destruction  of  the  bearing. 

Hardness.  ―  1  f  t \v<>  halls  of  tho  sanio  material  are  pressed 
t(>"','tl"'r  with  a  load  〃.  tlK、iv  is  formed  a  circular  plane  sur- 
face of  contact  of  radius  〃•  Tlie  area  of  this  surface  in- 
creases at  first  witli  imreasin*;  load  at  tlip  ratio  of  ^/P*,  ami 
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Shortly  after  passing  bhe  limit  of  proportionality  of  the 
material,  the  area  of  contact  grows  faster  and  the  stresses 
slower  than  at  first,  until  finally  a  point  is  reached  where  the 
area  hr  increases  in  the  same  ratio  as  the  load,  and  where, 
consequently,  the  stress  remains  constant  up  to  the  breaking 
point  of  the  ball.  This  stress,  which  indeed  Ls  a  very  note- 
worthy point,  is  called  the  hardness  of  the  ball  (see  Fig.  3). 
Good  balls  of  any  size  have  a  hardness  of  from  l，107，0001bs. 
to  l,206,0001bs.  per  square  inch.    Small  balls  have  usually 


$00 


"P" 

1  N 

Ton  J 

10 


15 


to 


Z5 


30 


35  4o 


Fig.  4.— Hardness  op  Poorly-habuened  ^in.  Balls. 

the  greater  aud  large  balls  the  lesser  hardness.  Balls  that 
are  not  thoroughly  hardened  clear  through,  but  have,  a  hard 
outer  shell  only,  show  a  decrease  of  hardness  after  the  latter 
has  reached  a  maximum,  as  indicated  in  the  diagram,  Fig.  4. 

Toughness. ―  If  the  load  on  two  balls  is  gradually  in- 
creased, a  stage  is  reached  where  fine  local  cracks  become 
visible  at  or  near  the  circumference  of  the  circle  of  contact. 
The  first  of  these  cracks  follows  that  circumference  exactly, 
and  at  its  very  inception  is  visible  only  under  the  micro- 
scope  and  after  the  surface  of  the  ball  has  been  treated  with 
an  acid.  This  load  is  still  far  below  the  breaking  load.  The 
larger  Mie-  load  and  tlie  compression  at  the  moment  when 
this  first  surface  crack  appears,  the  t/O uglier  is  the  ball. 
Toughness  is  defined  as  the  mechanical  work  necessary,  per 
unit,  of  the  cubic  contents  of  the  ball,  to  compress  the  ball 
between  two  otJier  balls  of  the  same  size  up  to  the  point 
wliei'e  the  first  surface  crack  appears.  Good  balls  must  have 
a  toughness  of  not  less  t.han  3*56  ft. -lbs.  per  cubic  inches, 
which  corresponds  t'o  a  load  of  about  fi,675  (P  lbs.  {<!  in 
inches).  This  re  fere  to  balls  of  any  size.  Exceptionally  good 
ones  haw  a  toughness  of  as  much  as  1  r86ft.-lb».  per  cubic 
inch. 

Breaking  Test. ― This  test  is  made  to  get  the  breaking  load 
and  especially  to  get  fresh  and  clean  surfaces  to  sliow  the 
grain  or  structure  of  the  material.  From  the  appearance 
of*  the  surface  in  case  of  hardened  ste-el ,  import  a  at  conclu- 
sions are  drawn :  it  ©hows  whether  the  ball  was  overheated 
in  forging,  annealing,  or  hardening  ；  whether  it  is  liard  clear 
through,  as  is  t'o  be  expe-ot-ed  of  a  good  ball,  or  wliether  it 


一 

Fig.  5.— Different  Forms  op  Ball  Bearing. 

has  only  a  hardened  shell  ；  and  in  the  latter  case,  whether 
the  hardness  diminishes  gradually  or  suddenly  toward  the 
centre.  The  ball  under  test,  is  usually  put  in  the  testing 
machine  between  t^wo  other  balls,  as  it  tlien  splits  along  a 
plane  through  the  centre.  The  load  at  the  breaking  point 
is  of  no  importance,  as  there  is  no  relationship  between  that 
load  and  the  admissible  load  on  a  ball  in  a  bearing.  The 
latter  is  better  determined  by  the  previously-described  tests. 
Two  extreme  cases  show  this  lack  of  relationship  ；  a  Jin.  ball 
showed  the  first  crack  at  7,820  <]-  lbs.,  and  broke  at  113,500 
(P  lbs.  ；  a  l|in.  ball  showed  the  first  crack  at  14,200  <l~  lbs., 
and  broke  at  49,700  <P  lbs. 


Sundry  Tests, ― Recently  t.liere  has  oome  into  use  a  bend- 
ing or  rather  a  vibration  test  of  the  ni aberial  entering  into 
the  manufacture  of  ball  bearings.  A  piecft  of  rod  of  the 
material  to  be  tested  is  subjected  to  a  series  of  rapid  liglit 
blows,  and  the  number  of  blows  given  before  certain  defects 
appear  on  the  surface  gives  a  criterion  as  to  bhe  suitability 
of  the  material.  A  convenient  means  of  testing  the  hard- 
ness of  a  ball  I" ace  without'  having  to  waste  it,  is  the  srUro- 
scope,  A  minute  weight  with  a  diamond  point  is  drop|)ed 
from  a  certain  height  on  to  the  object  to  be  tested,  and  from 
the  rebound  comparative  oonclusions  are  drawn  as  to  fitne88 
of  tlie  material  for  the  purpose  in  view.  Of  two  ball  races 
of  the  saime  hardness  (as  tested  by  the  use  of  a  fi le) ,  one  will 
show  a  smaller  rebound  than  the  other,  which  may  have 
been  burned  and  was  thereby  rendered  uselese,  or  at  leafit 
inferior  in  quality. 

The  Bearing. 一  We  now  turn  to  iho  bearing  itself  ；  in 
Fig.  5  are  shown  a  number  of  types  that  were  tested .  Tlve.se 
are  of  the  2,  3，  and  4  point  contact  tyj>e!.  The;  first  one 
was  adopted  as  the  standard  of  the  radial  bearing  on  account, 
of  it's  lowest  possible  coefficient  of  friction  combined  witli  its 
relatively  】ughest  admissible  load.  All  the  otlier  types  aro 
of  ihe  built-up  type,  and  are  therefore  provided  with  an 
adjustment.  ；  thus  making  tliem  possible  or  oven  |,r"h; 山 1*' 
of  (le^tructiou  by  inexperienced  attendant>s. 


Fig.  6— Typical  Bali.  Beartno. 

The  fewer  tlift  balls  iis-ed,  or  in  ot  her  words,  the  larger 
the  diameter  of  the  balls,  t'he  lem  will  be  the  friction  in  the 
bearing.  Tn  tlie  standard  bearing,  from  6  to  20  halls  are 
generally  used.    Referring  to  that  case  we  have  Fig. (') ： -- 

])" z  —51*  for  the  wliole  hearing  unit,  an d 

'j),、  =  kd'  for  tlio  inaxiKiiuin  load  on  any  one  ball. 

/'  is  th-e  total  Load  on  tlie-  bearing,  and  is  the  number  of 
bal Is  ；  k  is  a  coefficient-  -explained  above. 

From  tliese.  two  oqiiatioiis  the  following  equation  for  the 


design  of  tJio  standard  bearing  is  derived 


hi::- 


Where 


5 


〃  is  given  in  lbs.  and  <1  in  unite  of  ★in.,  and  tlie  radius  of 
curvative  of  the  race  is  two-thirds,  then  /  =33  for  those  alloy 
steals  that  have  pnwed  most  satisfactory  for  the  purjiose. 
The  constant  5  was  deduced  rnatheniatically.  More  accurately 
it  should  be  given  as  4'37,  assuming  that  there  is  no  play 
between  tii-e  balls  and  races,  and  that  the  latter  cannot,  get- 
out  of  shape  when  under  load.  Tn  using  this  constant  it 
might  appear  as  though  one-fifth  of  all  the  balls  participated 
equally  in  carrying  the  load .  In  reality,  of  course,  only 
the  ono  ball  directly  in  line  witli  the  direction  of  tlie  load 
has  to  carry  the  maxinuim  load  p  、、- 

In  Fig.  7  is  shown  a  friction  test  diagram  of  tlie  staiidartl 
radial  bearing,  giving  the  relation  between  load  and  co- 
efficient of  friction.  The  latter  is  practically  constant  for 
\\  idely-varying  loads,  so  that  at  one-tenth  of  the  rated  load  tho 
coefficient,  of  friction  increases  only  from  0'0015  to  0*0030. 
This  coefficient  refers  to  the  diameter  of  the  shaft  so  as  to 
make  it  directly  caiuparablo  to  the  one  given  in  the  same 
figure  for  plain  bearings.  The  shaft  diametfr  used  for  all 
tests  was  2?in.  Any  ball  bearing  which  under  its  rated  load 
has  a  coefficient  materially  larger  than  0*0015  is  inadmissible 
because  it  has  an  undue  amount  of  sliding  friction  and  its 
life  will  consequently  be  short.  Tlvere  is  no  chancre  in  the 
coefficient,  of  friction  owing  to  speed  ;  and  the  kind  of  lubri- 
cant, whether  thin  or  heavy,  is  also  witJioiit  effect.  This, 
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however,  does  not  mean  that  the  bearing  can  run  successfully 
without  oil,  or  with  oil  containing  acids  often  found  m 
certain  lubricants  ；  sucli  oonditious  are  disastrous  to  the  bear- 

ing'The  radial  bearing,  Fig.  8,  can  also,  be  used  in  places 
where  there  are  moderate  axial  or  thrust  loads  not  exceeduig 
one-third  of  the  radial  load  ；  as  the  races  are  uninterrupted, 
the  balls  being  inserted  to  fill  only  part  of  the  annular  space; 
the  clearances  are  then  filled  by  distant  pieces  which  also  act 
as  oil  carriers.    For  larger  thrust  loads  it  is  necessary  to  use 
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Fig.  7.— Fbiction  Test  Diagbam,  Comparison  op  a  Plain  and  Ball  Beari  i 


a  regular  thrust  bearing,  as  shown  in  Fig.  9.  Without 
going  into  details,  it  may  be  said  that  the  admissible  load  of 
this  bearing  decreases  with  increasing  speed.  This  fact  would 
indicate  that  there  is  a  certain  amount  of  sliding  friction 
prevailing,  owing  to  centrifugal  action,  in  contradistinction 
to  the  standard  radial  bearing.  The  distribution  of  the  load 
over  all  the  balls  is  of  the  greatest  importance,  and  the 
illustration  shows  the  means  employed  to  that  end.  The 
successful  ball  bearing  must  comply  with  the  following  re- 
quirement's : —— 

Desir/n :  The  carrying  surfaces  of  the  races  should  be  at 
right  angles  to  the  load  direction  and  be  curved  with  a  radius 
somewhat  greater  than  half  d  to  get  the  maximum  carrying 
capacity.  The  races  should  be  uninterrupted  :  that  is,  filler 
openings  for  the  balls  should  be 咖 itted. 

Mater 'ml:  Material  must  be  uniform  in  hardness  and 
toughness  not  only  as  to  the  different,  parts  of  a  bearing,  but 
also  as  to  the  particles  of  each  individual  part.  The  elastic 
limit,  hardness,  and  toughness  must  be  high  to  the  best 
obtainable  degree. 

Workmanship:  The  running  surfaces  must  be  true  as  to 
shape  and  size.  The  balls  in  one  and  the  same  bearing  nmst 
not  vary  in  diameter  more  than  O.OOOlin.,  both  individually 
and  collectively.  The  running  surfaces  must  be  ground  per- 
fectly, and  when  examined  under  a  microscope  of  low  power 
there  must  be  no  scratches  visible.  Ball-beanng  and  ball- 
making  machinery  have  been  perfected  to  such  a  degree  that 
t.l-ie  radial  clearance  of  an  assembled  radial  bearing  is  less 
tiian  O  OOOliii.,  and  the  axial  clearance  ranges  from  O'OOGm. 
to  O  OOOein.  according  to  the  size  of  the  bearing.  Ordinary 
commercial  balls,  as'  a  rule,  do  not  fulfil  these  exacting 
requirements,  and  no  one  but  a  specialist  can  make  ball 
bearing  comply  with  them  and  guarantee  results.  Their 
manufacture  requires  the  closest  supervision,  and  t  le  pnce 
cannot  be  expected  to  be  as  low  as  t.lmt,  of  a  ].laiu  bearing. 
Engineers,  of  course,  have  to  look  to  llie  (luestion  of  cost. 

Recent  shop  practice  lias  d('moiistrat,、(l  the  commercial 
outcome  of  the  above  theories  and  t.e«ts  by  Ihe  adoption  ot 
ball  bearings  under  almost  all  conditions  of  loads  and  speeds. 
The  earliest,  and  most  important  use  was  on  automobiles, 
where  power  economy  is  an  all-iniport.ant,  factor.  Hundreds 
of  thousands  of  ball  bearings  have  been  vised  for  this  pur- 
pose, as  in  the  actual  construction  of  grinding  machinery, 
cranes,  mine  hoists,  paper  machinery,  gun  carnages,  elec- 
trical luachinpTV.  marine  appliances,  line  shafts,  A'O. 

It  is  a  well-deinonstrat^^cl  fact  tluit  in  tlio  awi'ago  "lami- 


factmin<T  plant  there  is  wasted  in  the  line  and  countershaft 
bearings  from  20  per  cent,  to  60  per  cent,  of  all  the  power 
consumed.     A  few  years  ago  the  author  was  called  upon  to 
investigate  the  advisability  of  using  ball  bearings  in  place  of 
the  orcfinary  plain  bearings  for  the  line  and  countereliafting. 
ill  a  new  caii-makiug  plant,  where  about    135   hangers  for 
liiin.  and  2  f,,  in.  shafts  were  to  be  used.    The  excess  cost 
of  ball  bsariii'gs  over  plain  hangers  was  considerable.  It 
was  estimated  that  it  would  take  about  five  years  to  make 
the  calculated  power  saving  pay  for  the  excess  in  first  cost. 
It  was  decided  not  to  incur  this  expense,   especially  since 
power  cost  was  a  small  item  in  the  total  cost  of  production. 
The  assumptions  as  to  the  loads  on  the  bearings  were  weak, 
because  they  were  based  on  the  friction  of  individual  bearings 
as  tested  in  the  laboratory.    In  the  meantime,  more  accurate 
tests  were  made  as  to  the  total  friction  on  line  shafts  (see 
Transactions  A.S.M.E.,  1908).    These  tests  show  that  the 
actual  line  shaft  friction   is   very   much   larger  than  was 
figured  on  in  the  above  case,  and  that  the  saving,  therefore, 
as  estimated  was  too  small.    Furthermore,  the  ball  bearing 
to-day  is  lower  priced  than  at  that  time,  and  in  the  average 
case  now  it  is  a  well-paying  proposition.    The  results  of  the 
tests  point  to  a  saving  of  37  per  cent,  annually  as  a  return 
on  the  extra  investment.    In  view  of  the  fact  that  ball- 
bearing line  shafts  can  be  run  at  higher  speeds  than  plain 
ones  without  danger  of  overheating,  it  is  even  possible,  under 
certain  local  conditions,  to  get  tlie  first  cost  of  the  total 
equipment  as  low  as  with  plain  bearings,  or  lower.  Tins 
is  partly  due  to  the  use  of  smaller  belts,  pulleys,  shafts,  &c.， 
incidental  to  the  higher  speed.      On  account  of  the  low 
friction  there  is  no  overheating  possible,  and  line  shafts  in 
flour,  saw,   cotton,   powder,    and   other   mills   si 观 Id  be 
equipped  with  ball  bearings  because  of  the  lessened  danger 
from  fire  and  lower  insurance  rates.  . 

Plain  Bearings.  ―  Tn  Fig.  7  is  shown  two  curves  referring 
to  tests  with  plain  and  ball  bearings  In  a  similar  manner 
as  tliey  demonstrate  graphically  the  dependence  of  the  co- 
efficient of  friction  upon  the  specific  load,  it.  has  also  been 
proved  that  the  speed,  the  temperature,  tlie  lubricant,  and 
the  occurrences  during  the  dangerous  period  of  tlie  runinng- 
in  are  all  affecting  the  coefficient  of  friction  in  a  larse 
measure.  Under  the  best  obtainable  conditions  of  load, 
speed  &c  during  such  a  laboratory  test,  the  coefficient  of 
friction  is 'not  vastly  different  from  that  of  the  roller  and 
ball  bearing,  but  sucli  conditions  do  not  prevail  in  practice. 
The  friction  of  repose,  also  at  starting  and  slow  speeds,  is 


Fig  S.  -CoMuiNT.P  IUiuai.  vsn 
Thrvst  Bali.  He"ung. 


Fig.  9.— Thrust  Bkahisg. 


specially  higli  on  the  plain  bearing,  and  for  these  conditions 
u.  saving  of  tJie  ball  bearing  is  particularly  apparent- 
Roller  Bearing.  ―  Theoretical Iv  this  bearing  should  liave 
. .a.no  low  friction  as  the  ball  bearing  ；  but  the  th€oretu-al 
equireinents  set  forth  above  cannot  be  met.  The  materials 
and  workmanship,  as  well  as  the  accuracy  of  the  present 
commercial  roller  bearing,  are  far  below  the  requiremnU., 
and  consequently  the  coefficient,  of  friction  is  lai|er  than  that 
of  ball  bearing",  as  indicated  in  the  diagram  iMg. 】0.  In 
relation  to  load  and  speed,  this  diagram  show's  innnt.  of 
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similarity  to  the  plain-bearing  diagrams  already  shown .  <  >n 
account  of  the  relatively  soft  inaberials  that  it  has  been  foiiml 
practicable  to  use,  this  bearing  is  principally  u&ed  for  liglit 
loads.  This  sounds  ratlier  strange  in  view  of  the  cominoii 
reasoning  of  the  mechanic  as  to  the  larger  line  contact  of  a 
roller  over  the  point  contact  of  a  ball.  The  roller  bearing 
is  proportioned  in  a  maimer  analogous  to  the  ball  bearing  ； 

kl  d  2 

the  formula  used  is  P  =  ，  I  being  the  lengtli  of  roller, 

5 

and  tlie  other  symbols  having  the  same  meaning  as  in  the 
ball-bearing  formula.  The  coefficient  A,  must,  be  small,  as 
the  rollers  are  relatively  soft.  For  this  reason  the  bearing 
is  practically  as  long  as  an  ordinary  plain  bearing  of  ilio 
same  capacity.  On  the  other  hand,  the  ball  bearing  is  no 
wider  than  the  hanger  itself,  thus  making  available  va】ual)le 
f;])ace  for  pulleys  on  linej  shafting,  for  instance. 
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Fig.  10.— Friction  Diagrams. 
A,  Ball  Bearing  with  U  balls  ；  B.  Hyatt  Roller  Bearing  ；    C.  Kynoch  Roller 
Bearing  ；  D.  Roller  Bearing,  Hollow  CyliiKlti's  on  pins  ；  E,  Mossher;^  &  GronviUe 
Roller  Beai'iug. 

Conclusion.  ―  It  would  appear  that  to -day  there  are  very 
few  conditions  under  which  the  ball  bearing  cannot  be  used 
successfully,  assuming  that  the  requirements  and  conditions 
are  clearly  understood  by  the  maker,  and  that  the  bearings 
are  properly  mounted.  The  troubles  incidental  to  the 
runuing-in  of  the  plain  bearing  are  avoided  ；  the  friction  is 
as  low  the  first  day  as  it  will  be  after  years,  and  there  is  no 
wear.    Any  visible  wear  means  destruction. 

The  item  of  saving  power  is  in  most  cases  so  important 
as  to  pay  for  the  bearing  in  a  reasonable  time,  90  per  cent, 
of  the  friction  of  plain  bearing  being  often  saved  by  the 
ball  bearing.  Ball  bearings  require  very  little  space  on  the 
shaft  for  any  speed  or  load  as  compared  with  plain  or  roller 
bearings.  As  the  ball  bearing  does  not  beat,  there  is  no 
fire  danger  due  to  hot  boxes. 

There  were  many  failures  in  the  early  stages  of  develop- 
ment. Most  of  them  were  due  to  the  fact  that  there  was 
little  or  nothing  in  the  way  of  scientific  basis  for  design - 
Some  failures  occurred  when  mechanics  tried  to  make  ball 
bearings  for  their  own  use  without  the  necessary  knowledge 
or  appliances.  Failures  have  been  caused  by  insufficient 
allowance  for  belt  pull.  The  bearing  would  seem  to  be 
sufficient  if  figured  on  tlie  customary  basis  of  401bs.  to  601bs. 
of  belt  pull  per  incli  of  belt  width  ；  but  experience  has  shown 
that  belts  are  often  made  too  tight,  and  the  present  practico 
is  to  figure  on  3501bs.  per  inch  of  belt  width. 

The  theoretical  basis  for  the  design  of  ball  bearings  is 
now  well  established  :  but  the  exacting  requirements  confine 
tlie  manufacture  to  a  few  specialising  fimis.  Standard 
radial  bearings  are  made  in  units  up  to  15,00011>5.,  and 
thrust  bearings,  for  slow  speeds,  as  high  as  300,0001bs.  load. 
Special  bearings  for  practically  any  load  are  feasible. 


ELECTRIFICATION  OF  RAILWAYS.* 

IJY  K.  o'hUIEN. 

(Concluded  from  page  W'?,) 

It  is  not  generally  realised  by  tliose  not  intiuiately  connected 
with  railways  that  a  large  proportion  of  raaia  line  railway 
mileage  lies  in  the  neighbourhood  of  large  towns,  and,  as  a 
natural  corollary  to  this,  neither  is  tlie  unremunerative 
expenditure  realised  which  would  have  to  be  incurred  in 
providing  electrical  equipment  on  tho  overhead  system  for 
long  lengths  of  sidings  and  running  loops  which,  though  very 
necessary,  are  only  in  active  use  for  a  small  proportion  of  tlio 
day  ；  for  instance,  more  than  one-third  of  the  total  track 
mileage  of  the  Lancashire  and  Yorkshire  Railway  consists  of 
sidings,  exclusive  of  loops;  for  it  is  to  be  presuinod  that  any 
general  electrification  of  a  railway  would  include  the  opera- 
tion  of  goods  trains,  as  otherwise  not  only  would  a  renuniera- 
tive  night  load  on  the  power  house  be  lost,  but  extra  cost 
would  be  incurred  in  maintaining  both  locomotive  and 
electrical  establishments. 

This  question  of  the  nature  of  a  railway's  mileage  has  a 
profound  influence  on  th&  choice  of  a  system  of  electrification. 
It  is  not  merely  a  question  of  whether  tho  bulk  of  the  track 
mileage  is  main  line  or  suburban,  but  of  whether  the  bulk  of 
the  train  mileage  is  main  line  or  suburban,  passenger,  or 
goods.  If  the  London,  Brighton,  and  South  Coast  Railway  are 
satisfied  that  electrification  of  the  whole  of  their  main  line  is 
profitable  and  within  measurable  distance  of  attainment,  then 
it  is  possible,  considering  the  fact  that  the  bulk  of  their 
services  are  branch  passenger  services,  that  they  have  done 
wisely  in  choosing  the  single-phase  system  for  their  suburban 
passenger  services  ；  but  it  would  be  very  unwise  to  argue 
from  the  Brighton  results  that  the  single-phase  system  is 
applicable  to  the  Lancashire  and  Yorkshire  or  inapplicable  to 
the  South-eastern  Railway. 

Taking  definite  figures,  the  cost  of  a  straightforward  piece 
of  main  line  on  the  third-rail  system  may  be  taken  at  £800 
per  mile  of  single  track,  or  £1,000  per  mile  with  many 
junctions,  section  switches,  &c.  The  cost  of  the  overhead  line 
of  the  Rotterdani-Hague-Scheveningen  line  is  £1,200  per 
mile.  This  is  a  plain  straightforward  suburban  line,  free 
from  complicated  junctions,  and  in  a  level  country.  The  cost 
of  the  London,  Brighton,  and  South  Coast  Railway  electrifica- 
tion has  yet  to  be  revealed. 

A  figure  based  on  American  practice  works  out  at  £1,130 
per  mile  of  single  track.  The  more  rigid  requirements  of  this 
country,  however,  would  increase  the  cost  about  25  per  cent., 
i.e.,  the  cost  per  mile  of  straight  forward  single  track  for  over- 
head construction  would  be  £1 ,200,  or  about  £800  per  mile 
of  double  track  more  than  third-rail  construction,  and  this 
is  on  the  assumption  that  no  structural  alterations  are 
required. 

With  a  line  properly  sectioned  with  regard  to  the  power 
required,  the  cost  of  feeders  and  transformers  will  be  the 
same  in  both  cases,  and  the  power  house  equipment  will  also 
be  the  same,  therefore  there  will  be  a  surplus  of  £800  per 
mile  in  favour  of  the  third-rail  system.  Tliis  would  provide 
for  a  200  kw.  of  rotary  converter  power  and  foeders,  housed 
and  connected  up,  per  mile  of  double  track,  which  is  ample 
allowance  for  straight f o r\v ard  main  line  work.  The  Liverpool 
and  Soiithport  line  has  300  kw.  of  rotary  coiivei'ters  per  mile 
of  double  track,  but  1  liis  is  for  a  very  lieavy  and  frequent- 
suburban  service. 

For  main  line  work  the  systems  are  on  a  fairly  equal 
footing,  but  when  the  work  in  the  vicinity  of,  and  in  towns, 
and  tlie  sidings  and  loon  work  is  considered,  the  cost  per  mile 
will  be  less  for  the  third-rail  system,  but  will  be  much  greater 
for  the  overhead  system  on  account  of  the  physical  difficulties 
already  iiientioned.  It  may  bo  noted  that  in  the  case  of 
heavy  tliird  and  fourth  rail  construction,  say  using  an  801  bs. 
rail,  the  cost  of  the  working  conductor  material  is  about  60 
per  cent,  of  the  cost  of  track  electrification,  but  in  the  case 
of  higli-tension  ovorhead  construction  it  is  only  15  per  cent., 
the  tliird-rail  const iiu-tion  therefore  leii ds  itself  to  economy 
in  first  cost  in  dealing  with  sidings  and  loops,  referred  to 
above,  as  the  cost  per  mile  can  be  readily  reduced  by  using  a 
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lighter  conductor  where  traffic  is  light  and  high  momentary 
electrical  los&es  are  peitoi&sible. 

Anyone  who  has  seen  the  admirable  manner  in  which  a 
single-phase  electrification  has  been  carried  out  by  the 
Prussian  Government  on  the  Dessau-Bitterfeld  line  will  admit 
the  perfect  suitability  of  the  system  chosen  in  this  case  both 
from  the  standpoint  of  prime  cost  and  maintenance.  The 
commercial  soundness  of  electrifying  such  a  line  at  all  may  he 
doubted,  but  not  the  wisdom  of  choosing  the  single-phase 
system. 

The  greatest  difficulties,  however,  in  English  railway 
practice  occur  in  operation.  Two  considerable  advantages 
(assuming  equal  efficiency  in  all  respects)  are  claimed  for  the 


more  easily  dealt  with  than  to  the  overhead  conductor.  The 
most  likely  sources  of  accidents  to  a  overhead  network  will  be 
defective  insulators,  broken  wires,  or  disturbances  to  support- 
ing poles  due  to  derailed  vehicles,  instances  of  which  liave 
occurred  on  the  London,  Brighton,  and  South  Coast  Railway. 

The  work  of  repair  involves  at  least  the  use  of  ladders,  and 
probable  use  of  lifting  tackle.  It  is  not  always  proljal)le  that 
such  accidents  will  occur  within  a  few  yards  of  the  station 
where  platelayers  or  other  help  may  be  obtained,  and  the 
fact  that  trains  are  brought  to  a  standstill  in  tlio  section  bv 
the  accident,  and  are  blocking  tlie  line,  will  】ip<^essitat; 
tedious  manual  transport  of  heavy  train  rf^pair  material  to 
the  scene  of  the  trouble.     On  tlie  other  hand,  a  damaged  third- 
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single-phase  overhead  system  as  ronipared  with  the  third -rail 
system . 

(1)  The  working  conductor  is  inaccessible  to  the  public 
and  the  staff,  and  therefore  safe. 

(2)  It  is  unnecessary  to  have  sub-stations  in  the  case  of 
short  lines,  and  with  long  lines  the  sub-stations  can  be'  fairly 
widely  spaced,  and  do  not  require  attendants  permanently  on 
duty.  But  on  tlie  other  hand,  in  considering  the  electrifi- 
cation of  such  a  line  as  tlie  Lancashire  and  Yorkshire  on  the 
single-phase  system,  it  is  (certain  that  as  many  sectionalisi ng 
points  would  be  required  as  sub-stations  on  the  thinl-rail 
system.  The  signalman  could  hardly  be  expected  to  att+^iul 
to  tlie  switches,  so  that  permanent  attendants  would  almost 


rail  insulator  can  be  kno<  ke<l  out  by  the  blow  of  a  hammer, 
and  an  overturuecl  rail  can  be  ^ei  into  position  by  any  plate- 
layer  ；  in  fact,  by  using  a  few  boards  to  stand  on,  work  can 
be  safely  done  on  tlie  live  rail  at  any  time  without  interfering 
in  the  slightest  with  traffic.  Further,  the  iiispectiun  and 
repairs  on  the  overhead  line  offer  difficulties  which  are 
unknown  on  a  tramway  system .  The  block  system  of  signal- 
ling, the  frequent  train  service,  ami  the  necessity  for  inspec- 
tion and  repairs  being  done  from  some  arrangement  like  a 
tower  wagon,  will  preclude  all  iiispertioii  except  at  night,  and 
probably  on  tlie  busiest  section  of  the  line  where  it  is  most 
needed  the  inspection  will  only  be  possible  on  Sundays.  In 
addition  to  this  t he  section  iituler  examination  will  lie  blocked 
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certainly  be  required.  Reliability  and  safety  are  tho  first 
words  in  railway  operation. 

Third-rail  dangers  have  been  held  up  as  a  grave  disadvan- 
tage of  that  system,  but  in  reality  these  are  very  slight.  The 
permanent  way  of  a  railway  is  no  place  for  trespassers, 
whether  the  third  rail  is  there  or  not,  and  the  fact  that 
practically  no  accidents  have  occurred  to  railway  servants, 
and  that  all  railway  operations,  such  as  relayings,  &('.，  can  be 
and  are  carried  on  without  any  special  diflU'ulty  goes  to  prove 
that  the  third-rail  danger  has  been  very  much  magnified.  Its 
protection,  even  with  an  over-running  shoe,  is  easily  and 
cheaply  effected.  Though  fatalities  to  trespassers  have 
0(*rurred  in  t'W  early  stages  of  the  ilireot-riirrent  third-rail 
system,  no  less  than  three  fatal  accidents  to  railway  servants 
have  already  ocouiTed  on  the  short  lengths  of  single-phase 
line  in  this  country.      Accidents  to  the  Miinl-rail  are  much 


aiul  single  lino  working  necessitated.  Here  again  the  over- 
head system  compares  most  unfavourably  with  the  third-rail 
system ,  as  on  the  latter  inspection  and  repairs  can  be  carried 
on  without,  any  apprefiahle  delay  to  traffic.  It  may  be  noted 
here  that'  these  objections  would  not  a])])ly  witli  the  same  force 
oil  lines  devot^Hl  mainly  to  passenger  traffic.  A  further  point 
for  consideration  is  the  delay  likely  to  occur  in  the  repair  and 
inspection  gangs  assuring  themselves  that  the  line  is  safe  to 
work  on.  Again,  the  cost  of  maintaining  the  overhead 
girders  and  supporting  poles,  painting  them,  &c.，  is  nuich 
more  than  with  the  third  rail.  Suoli  diffirulties  as  those  out- 
lined will,  no  doubt,  overcome  at  a  cost,  but  there  seems 
to  be  (lifticulties  graver  and  】ess  easy  of  solution  than  those 
which  pivst"it— <1  tlieiiist^lves  to  the  designers  of  the  pioneer 
third-rail  syst-em. 

We  inav  now  consider  to  what  extent  econoniv  would  be 
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eflfecied  by  operating  main  line  goods  and  passenger  trains 
e'lert'rically.  The  diagrams  in  Figs.  V2  and  13  show  the  roal 
consumption  of  steam  trains  on  actual  run.  The  drawbar 
pull  and  speed  have  been  converted  to  kilowatts,  and  the 
aciual  equivalent  coal  consumption  calculated  for  electric 
traction . 

Com  paring  current  with  coal,  it  will  be  seen  that  only 
with  current  ai  0'4d.  per  unit  at  the  third  rail  is  electricity  mi 
an  equal  footing  with  steam  for  the  passenger  train.  With 
the  goods  service  the  difference  is  more  markerl,  rlue  to  the 
heavy  load  handled.  As  regards  the  other  item ,  drivers'  and 
guards'  wages,  repairs,  some  little  economy  is  effected, 

making  the  total  cost  of  opei*atiou  for  express  work  about  the 

0-6-6  0  (Two-MoToti  A.C.)  Electbic  L(>(''、.  for  Switzhrlanp. 
Diametor  of  Driving  Wheels  4ft.  5in 


TOTAL  90  TONS 

Mali 则 m  Speed  43  miles  ptr  hum  -     Normal  S|Kvd  IH  milea  prr  bour. 
， V … ■  .  .  '、     Normul  total  rated  H  P.  2.000.  、 
Maximum  Draw  Bar  Pull  24,1100  U".        Noimal  l>"w  Bar  I'n!l  22.000  11m- 
Wcifilit  of  Mechanical  iMniipiuent  including  brakes.  46  Ions. 
"         Electrical  ,.  "  ，，  " 

Fig.  14  (bl. 

same.  The  chief  advantages  to  bt、  reaped  would  Ix^  the 
possibility  of  pulling  longer  and  heavier  goods  trains  at  a 
higher  speerl  than  is  possible  with  the  largest  steam  loco- 
motive thai  can  be  designed  under  the  British  load  gauge, 
ami  also  the  diminution  of  coal  stand-by  losses  which  are'  very 
high  iu  goods  train  services.  On  congested  lines  like  the 
Ljincasliire  and  Yorkshire,  in  spitr  of  llic  difficulty  tliat  would 
arise  with  couplings  and  traders'  wagons,  owing  to  the  lioavior 
haulage  stresses,  some  considerable  advantage  might  be 
obtained,  ami  the  express  goods  service  so  ardenUy  desired  by 
the  public  iiiiglit  be  nearer  attainment. 

TABLE  VI. 
COSTS  OF  OPERATION. 
Exri^Ess  Passenger  Thain,  Livkupool  to  Manchester. 

Total  weight  of  train  1-12  tons.     Total  coal  used  17  rwts. 
Equivalent  B.O.T.  units  250. 
Steam.  Electric. 

s.  (1.                                                s.  fl. 

Coal,  J/J()()lbs                  8  G  Energy  iif(i2r)(l.  pcriinU   12  11 

Driver  and   stoker   at  Motor-niaii  and  guard 

I  Srul.  per  train  mile    5  6         at  '88(i  per  train  niilr  2  8 

Maint-eiiance  at  'J  72d.  Mainteimtic©  at  *」  05d. 

per  train  mile               8  5         per  motor-car   mile    G  0 

22    5  21  7 

Express  Goods  Thain,  Goole  to  Bkighouse. 

Total  weight  of  train  80】 to" 凡      Total  coal  used  40  ('wis. 
Equivalent  B.O.T.  units  910. 

Steam.  Electric. 

s.   (I.  s.  cl. 

Coal   ,  ■   20    0     Enprgy         '625d.  per 

Driver  anrl  stoker            8    4         unit   ■   47  5 

Maintenance                     8  10     Motor-man  &  assistant  2  10 

Maintciiaiu'e   …  6  8 


37  2 


56  n 


loading  gauge.  The  diagrams  in  Fig.  14  give  some  idea  of 
what  has  been  done  in  this  direction.  It  is  a  striking  sight 
to  see  the  ease  and  silenco  with  whirh  hoavy  trains  are 
hauled  through  the  Simplon  Tunnel  by  the  powerful  3  phase 
locomotives  cinployed  there.  Little  as  yet  is  known  about 
the  first  cost  and  repair  costs  of  these  monster  electric  loco- 
motives, but  it  in  probable  that  there  will  be  some  appreciable 
oconomy  as  compared  with  the  steam  locomotives. 

In  connection  with  these  diagrams  it  may  be  noted  that 
Figs.  14  (e)  (coal  loco.)  and  14  (f)  show  one  advantage  of 
single-phase  traction,  in  that  the  method  of  control  allows 
one  motor  to  be  used  without  the  heavy  rheostatic  losses  of 
direct  current. 

The  fact  is  that  under  suitable  conditious  the  steam  loco- 
motive is  a  very  economical  machine,  not  only  to  run  but  to 
keep  ill  repair,  and  the  application  of  superheated  steam  ha^s 
done  much  not  only  to  increase  running  economy,  but  to 
on  able  the  boiler  repairs,  which  are  the  most  costly,  to  be 
reduced.  A  very  cheap  supply  of  electricity,  at,  say,  ^d.  per 
unit,  is  a  prime  condition  of  successful  main-line*  electrifica- 
tion. Such  a  supply  is  not  an  impossibilUy,  but  it  is  only 
likely  to  be  obtainable  in  the  coalfields  or  where  water-borne 
coal  can  be  obtained. 

To  sum  up  the  conditions  in  the  neighbourhood  of  large 
towns  where  electric  traction  would  be  most  profitable  pre- 
clude the  adoption  of  overhead  construction,  or  the  single  or 
3 -phase  systems  ；  it  is  therefore  probable  that  the  direct- 
current  third-rail  system  will  gradually  be  brought  into  use 
by  the  more  progressive  railway  companies,  where,  as  before 
stated,  there  is  either  a  residential  neighbourhood  to  develop 
or  a  slower  means  of  transit  to  be  competed  with.  The  extent 
of  such  a  system  of  suburban  electric  transit  may  become  so 
large  as  to  make  it  profitable  to  work  the  local  goods  sendee 
from  the  same  power  house  as  the  passenger  trains;  further 
than  this,  two  large'  towns  fairly  adjacent,  such  as  Glasgow 
and  Edinburgh,  Newcastle  and  Darlington,  Liverpool  and 
Manchester  may  each  have  such  a  suburban  goods  and 
passeuger  electric  system,  and  this  may  lead  to  the  electrifica- 
tion of  the  main  line  between  two  such  cities,  and  this  in  its 
turn  to  the  electrification  of  an  entire  system .  Probably  a 
power  station  will  feed  about  25  to  30  miles  as  a  maxhm'm 
distance,  "'.，  there  will  be  about  60  miles  between  gene ratiii*; 
points ;  but  cheap  coal,  water,  and  land  will  be  principal 
(leci<linj4  factors.  Whether  one  phase  or  dire<'t-curreiit  third 
rail  is  used  batteries  will  be  installed  to  a  large  capacity, 
probably  sufficient  to  run  any  section  of  the  line  for  an  hour 

2-6-2  (Two-Motor  A.C.)  Elkctric  Loco,  for'  Pa^sknoer  Service. 


l£  49 


12  " 


The  eloctrir  locomotive,  however,  has,  as  ii'dirate 山 possi- 
bilities in  the  way  of  providing  a  sustained  hauling  po、vrr 
unobtainable  with  a   steam  locomotive  within  the  British 


12  98 

T0TAL63  92  TONS 
Maximum  Speed  16  miles  per  hour.    H.P.  per  MoUt 細. Total  780  H  P 
rm"i" 画 q  Tractive  KITort  ^^,610  lbs.  at  46  miles  per  hour.  ntul  8.820  t"t 
one  hour       37. (J  milt-s  per  h'>"r. 
Initial  Tmctive  KITort  (quiils  17.640  Ibb. 

Fig.  14  (c). 

on  a  mli，rr<l  schedule,  thus  acting  both  as  loa<l  equalisers  as 
well  as  a  stand-by. 

Thus  the  oleotrified  railway  of  the  future  appears  to  be  a 
continuous-current  third-rail  system  for  suburhaii  and  inter- 
urban  lilies,  with  possible  streU-hes  of  st raipfhtforward  main 
lints  *>n  the  single-phase  syst-eni.  This,  of  course,  precludes 
the  movement  of  the  suburban  motor-coaches  or  shunt  engine 
from  one  flist  rict  to  another  ；  but  this  movement-  rloes  not 
take  place  in  practice,  ami  this  is  no  practiral  objection. 
Goods  yards  will  only  have  their  entrances  electrified  and  will 
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t'lie  same,  and  the  receipts  were  not  iiicroased,  the  dividend 
would  fall  by  nearly  1^  per  cent.  Certain  econoniies,  how- 
ever, might  be  reckoned  on,  and  certain  expenses  would  bo 
increased,  otherwise  operating  costs  would  remain  much  the 
same.  It  would,  therefore,  be  necessary  as  a  result  of  the 
electrification  to  make  certain  of  an  immediate  incroaso 
of  about  5  per  cent.  =£300,000  in  total  receipts, 
t'lio  bulk  of  the  train  service  would  he  un- 
affected     in      speed     or     convenience     by     Iho  change. 


Storage 

Thin  1 -rail 

Battery. 

System, 

Wdcht  of  car  for  equal  seat  in  capavitv. . 

33  tons. 

26  tons. 

Averago  speed      . ,        •  •        •  • 

17  M.P.H. 

21  M.l'.H. 

、Vatt-hours  per  ton-nulo  at  thi、  car 

(i4  4 

<il 

Watt-hours  per  ton- mile  at  the  power 
station .  •        . .                  . . 

Kilowatt-hours  \x'r  rar-nult*  at  ]>owcr 

SI 

station  •  • 

207 

Tim  increase  would  have  to  come  iiiainly  from  the 
suburban  areas,  the  electrification  of  which  could  be  under- 
taken separately  at  a  vastly  lower  cost.  In  fact,  though 
pregnant  in  tlio  ！薦 ibilities,  the  electrification  of  an  entire 
system  would  be  a  financial  operation  of  stupendous  inagni- 


Increase. 

Decrease. 

Maintenance  of  、、a)-— 25  j)er  cent,  on 
wages            •  •        …        ， •        ■  • 
L (化哩 otivc  power,  coal  33  pei'  cent.      . . 
Working  wages, 】0  per  cent. . . 
Repairs      • ,        . ,        .  •        . . 

£20,(X>0 

£100,(X)0 

30,000 

£20,000 

£160,000 

tude  for  a  company,  and  fraught  with  tlie  possibility  of 
disaster.  If,  on  the  other  hand,,  the  electrification  brouglit 
with  the  absorption  of  all  supply  companies,  municipal  and 
otherwise,  in  the  area,  and  the  supply  of  electricity  for  power, 
light,  and  traction  for  the  whole  area,  from,  in  the  case  of  the 
Lancashire  and  Yorkshire,  even  six  power  stations,  the  possi- 
bilities of  success  of  the  operation  would  be  very  great. 
Undoubtedly  the  innate  conservatism  of  the  English  char- 
acter, and  the  fierce  opposition  which  would  be  shown  by 
existing 丽 dertakings  and  other  vested  interests,  would  involve 
parliamentary,  and  eventually  statutory  expenditure,  which 
would  cause  the  failure  of  any  such  scheme,  profitable  as  it 
would  be  to  the  community  if  it  could  be  carried  out. 

Ill  conclusion,  tlio  autlior  wishes  to  thank  Mr.  Barnes  for 
liis  valuable  assistance  in  the  preparation  of  llie  paoer. 

21-4  (A.C.  I.  Motor)  Et.ECTRic  Loco. 


be  worked  largely  by  storage  battery  locomotives.  Only  by 
this  means  can  the  prohibitive  cost  of  overhead  construction 
or  the  unnecessary  use  of  the  third  rail  and  the  comparatively 
useless  electrification  of  sidings  only  used  occasionally  by  a 
locomotive  be  avoided. 

The  financial  difficulties,  however,  will  be  very  great.  To 
illustrate  the  matter,  the  cost  of  electrifying  the  whole  Lanca- 
shire and  Yorkshire  Railway  system  might  be  considered.  The 
average  daily  train  mileage  is  about  48,000,  or  taking  this 

2-6-2  (Two-MoTou  A.C.)  Ki.EcrHu:  Lf"()- 


uiiiformly  distributed  over  the  day,  about  2,000  train-miles 
per  hour.  Taking  10  kw.  per  train-mile,  a  fair  figure  in  view 
of  til©  heavy  services,  the  mean  demand  will  be  for  about 
20,000  kw.，  and  the  maximum  demand,  say,  40,000  kw. 
This  demand  would  be  supplied  from  three  power  stations, 
serving  respectively  the  eastern,  western,  and  central  dis- 
tricts, each  containing  about  20,000  kw.  of  plant,  and  about 
60  sub-stations  containing  about  120,000  kw.  of  plant 
( = about  100  kw.  per  mile  of  single  track,  includiug  loops). 
The  present  locomotive  stock  would  be  replaced  by  about 
1,000  electric  locomotives  (probably  only  two  types  would  be 
used,  one  for  goods  and  oue  for  passenger  work,  and  could  be 
run  1,  2,  or  3,  in  multiple  unit  at  the  head  of  the  train); 
also  about  100  storage-battery  locomotives  for  goods  yard 
work,  and  the  cost  would  be  about  as  follows  : ― 

£ 

Power  stations,  60,000  kv/.  at  £12  per  kilowatt  ...     720, 000 

Fooders,  300  miles  at  £1,200  per  mile    300,000 

Sub-stations,  120,000  kw.  at  £6    720,000 

1,400  miles  of  track  at  £1,000  per  mile    1 ,400,000 

] ,000  locomotives  and  motor-cars  at  £2,000  each...  2,000,000 
1(》0  storage-battery  locomotives  at  £2,000  each  ...  200, 000 
Sundry  Extras   250,000 


£5,650,000 

Say  £5, 700, ()()()  in  — r(mml  li^fures. 
To  pay  4  per  ('('"t.  interest^  on  lliis  would  take  £228,000 
por  annum,  or  assiuniiig  lliat  tlie  cost  of  operation  remained 

H-WnKici.KD  CoDPLED  (A.C.  I.  MoTon)  Ei.EcTiuc  Loco. 
Foil  Goods  Service. 


TOTAL  59  TONS 


KiG. 】4  (e). 


29'  •  6  :  

； 56. -7/2-  

■*0    9'-     ―  = ~ 


15  0 


(0 


G  2 


TOTAL  70  84T0NS 
Ki«.  U  (f). 

APPENDIX  1. 

Storage  Eattkky  i-ou  Elkctkic  Thaction. 

Tlie  use  of  tlie  storage  battery  for  locomotive  purposes 
seems  at  first  sight  t"  sweep  away  a  luniiber  of  diffitulties 
and  costly  expenditure,  inasuuK-h  as  it  renders  each  traction 
unit  independent  of  third-rail  or  o\erhead  equij>inent,  hthI 
puts  it  on  the  same  footing  as  the  steam  locomotive.  TIr' 
weight  of  the  cells,  the  costly  inaintenaiuc,  and  the  necessity 
for  charging  stations  forbid  their  use.  however,  for  anvtliiiig 
except  sliunting  and  very  light  work.  ' 

A  car,  for  instance,  of  a  total  weight  of  33  tons  would 
liave  9  tons  of  cells,  and  2\  tons  of  motors  and  equipment, 
and  would  maintain  an  average  speed  of  1 7  "i.p.h.  Tli,' 
avoraijo  watts  per  toi 卜 mile  works  out  at  G4*4  at  tlie  rar,  and 
with  a  battery  efticioiuy  of  GG  per  cent,  tin's  would  1"' 
iiKieased  to  81  watt -hours  at  the  power  bouse.  A  car  with 
this  oqiiipiuoiil  would  run  50  mil(、s  betwocn  charges.  Tlic^v 

TABLE  VII. 


■—   34'  -  |i/8  

 38'-  3'  ― 

\Z  :b  14  8  14-2  14-2  J  12 

TOTAL  67  4  TONS 

l-Ri.  U  (d(. 
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against  train  resistance  and  acceleration  alone. 

Therefore,  work  clone  against  train  resistance  —  445  foot- 
tons,  and  this  is  equivalent  to  21  "Gibs,  per  ton ,  which  is  a 
close  check  to  figures  obtained  from  tests. 


a  gradient,  therefore,  if  the  speed  increases  sufficiently 
regeneration  takes  place  and  the  speed  of  the  train  becomes  a 
resultant  of  the  braking  duo  to  the  returned  energy  and  the 
effect  of  the  gradient.    This  is  of  rather  great  advantage  in 
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Maker. 

Whcclbase 
Arrange- 
ment. 

System. 

Overall 
Length. 

Weight. 

Tractive  Effnrt. 

No.  of 
Motors. 

H.l>.        ,、 . . 
Mot:?  Mechanism. 

Type 
of 

Collector. 

Service. 

Ft.  In. 

Tons. 

U  (b) 

Oerlikoii  Co. 

6-6 

S.P.A.C. 

40  H 

90 

Max.  28,(>()01bs. 

2 

1,000     3-25  :  Igear 

Bow 

(Lotfhbcrg  Ry.) 

All  drivers. 

Normal  22, (扇 lbs. 

and  rods 

" ('') 

iSienicns 

2-G-2 

S.P.A.C. 

43  2 

04 

(),tilOlbs. 

Bow 

Pa«senger 

40  M.P.H. 

丄 4  (d) 

Sicnioiis 

2-(>-2 

.s.r.A.c. 

67 -4 

2 

―  Rods 

Bow 

14  (c) 

Siemens 

8 

«.1'.A.C. 

5!) 

1 

- ~~  lludd 

Bm、. 

Coods 

All  drivers 

14  (f) 

Siemens 

2-4-4 

S.P.A.C. 
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70-8 

1 

―  Rods 

Bow 

(g) 

iSicnicns 

00 
is 

S.r.A.c. 

41  11 

！ )0-5 

一  Rods 

(！" Oils 

Farticulai'ii  of  Electric  Luconiulives  s;liuuii  diagranmiatically  in  Fi_i^.  14  (b— g). 


The  train  is  brought  to  rest  in  600ft.,  and  the  iiiiic  taken 
20  seconds.  The  work  absorbed  by  brakes  and  train  resis- 
tance is  the  accumulated  energy  887  foot-tons. 

The  work  absorbed  by  the  brakes  (taking  the  figure  of 
2r61bs.  per  ton  for  train  resistance)  is  776  foot-tons,  which 
is  equivalent  to  6'6  units  (8.8  li. p.  hours),  or  47  per  cent,  of 
the  energy  supplied. 

This  IS  for  a  one  mile  run  at  a  schedule  speed  of  30  ni.p.h. 
The  figure  decreases  with  the  length  of  run,  but  in  any  case 
tJis  loss  at  the  power  house  with  current  at  '625d.  per  unit 
amounts  to  5'2d.  per  stop.  The  saving  of  this  by  som。 
method  of  regeneration  by  which  the  energy  of  the  train 
could  be  reconverted  into  electrical  energy  and  returned  to 
the  liuGj  at  the  same  time  braking  the  train,  lias  been  a 
favourite  problem  amongst  ele€trical  engineers.  Several 
Kfbeiues  have  been  tried,  but  none  of  them,  except  in  small 
street  cars,  are  nearly  satisfactory.  The  motor,  which  is 
invariably  used  for  direct-current  traction,  is  the  series  type. 
A  more  simple  piece  of  mechanism,  and  one  suited  in  every 
way  for  the  severe  conditions  exposed,  it  would  be  hard  to 
design.  The  siugle-pliase  motor  is  built  on  similar  lines,  but 
with  some  complications  necessary  because  of  tlie  alternating 
current  being  used.  Unfortunately  the  series  motor  does  not 
lend  itself  to  regeneration.  In  the  systems  which  have  been 
tried,  one  of  tliem  used  a  sluiut  】notor  with  field  regulation, 
and  the  other  a  combination  of  series  and  sliuiit  motor  with  a 


mountain  raihvays.  It  cannot  be  iiiacle  use  of.  however,  in 
bringing  the  train  to  a  stop. 

To  sum  up,  the  real  difficulty  lies  in  the  fact  that  the 
energy  of  the  train  is  dissipated  by  means  of  the  propelling 
motors.  This  means  more  capacity  to  radiate  heat  is 
required,  and  luMice  the  motor  equipments  are  heavier  aiifl 
more  complicated,  and  what  is  gaiue<l  in  one  direction  is  lost 
in  another. 


The  Battleship  "  Orion." ― The  world's  first  supor-Droatl- 
iglil.  "  (>rum  was  foininissioned  at  Portsmoul li  on  Tues- 
day last.  TIk'  "  Orion  '•  is  a  sister  ship  to  the  "  Monaivh  " ― 
now  conn)letiug  at  Elswick ― and  to  tlie  **  Conqueror and 
**  Thunderer."  She  is  545ft.  long,  88"5ft.  iu  beam,  and  dis- 
places 2*2,500  tons.  On  her  trials  t'lu*  turbine  eiiijines  of 
27,000  li.p.  gave  lier  a  speed  of  2*2'31  knots.  The  annanient 
of  the  new  ship  consists  of  ten  13'5iii.  guns  in  live  oentie-liiie 
turrets,  with  24  4in.  quick-firing  guns  for  repelling  torpedo 
craft.  As  each  IS'oin.  gun  fires  a  shell  of  l,2501bs.,  the 
weight  of  a  single  broadside  is  r2,5001bs.  The  "  Orion  s  " 
main  belt  is  12iii.  thick.  The  full  cost  of  the  "  Orion  "  is 
not  yet  available,  but  without  her  guns  she  cost  £1,769,894, 
This  works  out  to  £78*7  per  ton  of  displaceineiit.  She  lias 
been  t-ompleted  in  25  months,  so  that  tlio  average  is  900  tons 
per  luontli,  or  piactk'ally  double  the  rate  of  building  iu 
1904-7. 


figures  when  compared  with  third-rail  traction,  as  shown  in 
Table  VIL,  prove  conclusively  that  tli;'  stoi'age  battery  is  not 
practicable  for  serious  electric  traction . 

In  addition  the  storage  battery  car  will  be  standing  id lo  a 
considerable  portion  of  its  time  whilst  the  cells  are  recliargiug, 
the  radius  of  operation  is  limited,  and  the  inainteiiaiice  per 
car-inile  for  the  battery  alone  is  as  higli  as  2^d.  The  storage 
battery  locomotive,  however,  has  a  field  for  shunting 
purposes. 

APPENDIX  11. 
Eegenekative  Control. 


sectional isod  fu'ld,  tlio  sections  Inking  pla<-cn  ui  paralh-l  for 
series  niiuiiiig  (d riving)  ami  in  series  for  shunt  riiniiiiig 
(regenerating).  The  loss  in  adaptability,  I  ho  iiuiiierou.s  com- 
plications and  consequent  reduction  of  reliability,  ami  tlir? 
liigh  cost  of  installation  have  load  to  the  abanrloiimfiit  of 
regenerative  systems,  hoca use  tlif*  saving  from  a  reduced  power 
consumption  was  not  sufficiently  great. 

2-8-2  (Two-MoTor.  A.C)  Electric  Loco,  for  Goods  Service, 


Referring  again  to  diagrams  2  and  3，  in  all  three  cases  a 
large  portion  of  the  energy  imparted  to  the  train  is  finally 
absorbed  by  the  brakes  in  bringing  the  train  to  a  stop -  Not 
only  is  this  energy  lost  as  far  as  useful  work  is  concerned,  but 
a  considerable  wear  takes  place  in  the  wheel  tyres  and  brake 
blocks,  which  manifests  itself  in  maintenance  costs.  Taking 
an  actual  case,  a  5-car  train,  weighing  166  tons,  required 
14*12  units,  or  19  h.p.  hours,  to  accelerate  it  up  to'  40  m.p.li., 
the  time  taken  being  98  seconds.  The  work  done  during 
acceleration  is  consequently  1 ,665  foot-tons. 

The  accumulated  energy  in  the  train  at  40  m.p.h.  is  887 
foot-tons. 

Therefore,  work  done  against  train  resistance  and  lost  in 
electrical  resistance  ―  778  foot-tons. 

Therefore,  allowing  80  per  cent,  efficient-y  between  shoe 
and  car  wheels  work  done  at  car  wheels  ―  80  per  cent,  of 
1 ,665  =  1,332    foot-tons,    which   represents   the'  work  done 


16  2  i6  2       |6  2  '2  79 

TOTAL  90  5  TONS 

Fig.  14  («). 


With  3 -phase  system  regeneration  in  ； i  modified  degree  is 
possible.  If  a  3 -phase  induction  motor  is  run  over  synchron- 
ous speed  it  will  return  energy  to  the  line.     In  running  <lown 
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Prices  per  Ton  of  Cleveland  Iron,  July  to  December,  1911- 


、 

i  1】 18  25   ]    B   15  i2'2  -29   5  12  19  26   3 】0  17  '24  31  7  14  21  28    5  12  19 
July.  Aug.  Sept.  Oct.  Nov.  Dec. 

The  American  Zinc  Industry.— An  American  Consular  report  states 
-, the  zinc-smelting  industry  of  the  United  States  made  a 
ml  output  ill  1910,  the  total  tonnage  ot  si)elter  amounting  to 
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INDUSTRIAL  AND  TRADE  NOTES. 

Light  Railway. ― Tl"'  hoji  rd  ot  Trade  hav"  rocontly  coiitiriiKHl  thi^ 
und€r-nientionc<I  Order  iTia<le  by  the  Light  Railway  Com- 
missioners : Groiit  NortluM-n  (Kirksknul  ainl  LittU^  Steeping)  Light 
H ailway  Order,  1911,  autliori^sin^  tlio  construction  of  a  light  rail- 
way from  Kirkst<、;i<l  to  Little  Stepping,  in  the  parts  of  Lindseyj 
ill  tlio  C-oiiriLy  of  Liiu-oht. 

United  States  Metallic  Packing  Company,  Ltd.— We  have  received 
1  roiii  this  firm  a  iH'jnitilul  and  artistic  u  all  calendar,  a  form  of 
；" lv<、'  tis<'""'nt  ill  wliicli  thoy  iipix>ar  io  iake  a  special  prido  and 
di.splay  groat  taste.  The  cak'iular,  wliicli  re-presents  a  vS  tat  lie 
entitled  "  The  JOclio,"  is  quite  a  work  of  art,  ami  one  of  tlie 
best  spiKiii 冊 ns  of  blocked  colour  printing  wo  have  seen.  It« 
artistic  merits,  in  fact,  will,  we  imagine,  in  many  cases,  lead  to 
its  appropriation  for  decorative  purpose  in  private  draw  in  g- rooms 
rather  tliaii  public  offices. 

Air  Compressors  and  Rock  Drills.— In  connection  with  the  Turin 
Kxix>sitioii,  whi<;h  clased  recently,  we  are  informed  that  the 
Iiigersoll  JIaiid  Company,  of  165,  Queen  Victoria  Street,  London, 
wei'e  the  only  firm  awarded  a  Grand  Prix  for  their  exhibit,  con- 
sisting of  air  compressors,  rock  drills,  liammer  drills,  and  otlior 
piieumatic  machinery  for  mining:,  quarrying,  and  metal-working 
purposes.  It  may  be  added  that  \kv^  uiachhies  exhibited  in  the 
case  of  Turin  were  of  standard  design  and  workmanship,  being 
taken  from  the  firm's  regular  European  stock. 


parts  of  the  ountry,  in  the  investigatioji  of  t/lv>  causes  of  such 
accidents,  and  t-Lo  inattor  was  imdei'  a  cry  caroful  consideration 
with  a  view  to  having  legislation  paswod  or  regulations  drawn 
lip  to  prevent  their  occurrence.  Sheriff  Welsh  sa id  the  jury 
Avon  Id  l)o  glad  to  liear  that,  and  the  jury  oxpres.s©d  their  satis- 
faction that  suc'li  stops  were  being  taken.  Directod  by  the  Slu'rifF. 
till?  jury  retiirnod  a  formal  verdict  in  oaoli  ca.so. 

Prices  per  Ton  of  Standard  Copper,  July  to  December,  1911. 
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that  the  zinc-smelting  industry  of  the  United  States  made  a 
record  output  in  1910,  the  total  tonnage  ot  si)elter  amounting  to 
201), 184.  From  foreign  ore  10,705  tons  "ere  prodnood,  and  from 
domestic  ore  252,479  tons.  The  total  production  of  spelt<M-  in 
1910  was  equal  to  the  output  of  63,3G7  average  retorts  opera tiiio; 
continuously  throughout  the  year,  or  about  72  per  cent,  of  the 
<vifocti\e  smelting  capacity  in  1910.  The  United  States  retained 
hi  st  place  in  the  world's  production  of  siK'lt<M'，  with  30*5  per  cent, 
ul'  tho  total  output. 

Messrs.  G.  Birch  &  Co"  Islington  Tool  Works,  I.sliiigton  Grove, 
Salfonl,  Mandiester,  has  been  incorporated  aB  a  private 
limited  company,  and  the  business  in  future  will  be 
carried  on  under  the  style  of  ir.  Birch  &  Co.,  Ltd.  Mr.  Ernest 
llollings,  who  is  a  practit^al  ongineer  witli  nioden*  \\  orksbop 
oxiKU'ieiice  as  works  inana jicr  for  an  eiuiiient  firm  of  oiiginoors 
a ikI  machine  tool  makers,  hofonu's  the  mana^inji  direotor  ；  ami 
the  scrvi(X5S  of  Mr.  T.  Fletcher  Kobinson,  the  manager  of  tlu"  old 
firm  sinco  tho  d<Miih  of  the  founder,  Mr.  George  Birch,  11  \ oa is 
iigo,  \ii\vv  l)t»cMi  rotiiinod  as  cliainniui  of  directors. 

Accidents  in  Shipyards.  At  (i loiMiock  Sheriff  Court  on  th"  22n(l 
'lit.,  ('iii|mr">s  umk'r  llic  Fatal  AcrifU'iits  Mnnuirv  (Scot IjiikI)  ,、"， 
1*105,  and  the  Fatal  Accidents  and  SiuUlcii  Deaths  Kiuiuirv  (Scol- 
IhikI)  Act,  190(i,  wore  liold  l>y  SluM-ilf  Wolsli  and  a  jury  into  tho 
ciiTuinstanms  tttteiulinj!;  a  soiios  of  six  fatal  aocidonts  wliicli 
(Mcurrod  in  tho  district  during  tlio  past  few  weoks.  Tho  <loMtlis 
、v(、ro  all  cansod  l)v  falls  vit rviiiy  distances  in  vessels  in  Givomx  k 
iim\  Port  (Jliisjiow,  and  took  w  ith    ono  <、x<">t"、n,  in  new 

vrsscis  in  "川 rso  ol'  const rncl ion 《、r  httin;:  out  i"  tho  (list ri<'(. 
Mr.  11.  •，.  、Vilso".  It.M.  "、，'.、  l"、ixH,t"r.  (； l;i.、p»、、 .  '、： "<1  th:it 
ho  and  ollior  iiisiK-etors  liacl  、  i、i"nl  slii|)l>iiiKliiig  v;inU  in  <lillVr，'"t 
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Hans  Renold,  Ltd.— For  the  purpose  of  getting  into  closer  toiu  li 
with  their  friends  in  Scotland,  this  firm  have  opened  an  office 
in  Glasgow  at  86,  St.  Vincent  Street,  and  appointed  Mr.  F.  M. 
Lawson,  Assoc.M.Inst.C.E"  A.M.I.Mecb.E.,  as  resident  engint^^- 
for  Scotland.  Mr.  Lawsori  has  for  some  time  hold  a  leading 
position  with  the  firm,  and  is  therefore  fully  qualified  to  advise 
on  all  matters  relating  to  chain  driving.  For  the  present  the 
Glasgow  office  will  deal  more  particularly  with  matters  requiring 
personal  attention,  but  when  enquiries  are  urgent,  they  may  I>e 
sent  there.  Tho  Glasgow  office  will  generally  only  concern  itsdf 
with  engineering  nintt<*rs,  and  not  with  cycle,  motor,  and  mortise 


Shipbuilding  Records  on  the  Clyde  and  N.E.  Coast.— A  groat  imr (、； iso 
in  the  figures  of  the  previous  year  marks  the  shipbuilding  ivturiis 
For  1911.  just  iss\iod.  for  botl/tho  Clyde  and  tho  North  east  Coa、t 
The  shiphuiklintr  industry  on  the  Clyde  has  had  a  record  yoar. 
The  total  tonnage  ot  tlio  year's  output  on  the  CMyde  is  G4().iMW». 
representing  403  sliips,  as  compared  with  tho  record  of  61 9,91  i)  ton*; 
in  1907,  and  with  392,000  tons  last  year.  Tho  output  from  tli" 
11  yards  on  the  lower  reaches  of  the  Clyde  is  218,322  tons.  M<\ssrs. 
Russell  &  Co.，  Port  Glasgow,  head  the  list  with  a  tonnage  of 
72,230,  repro^nting  14  vessels.  On' tho  Nortli-e;iM  (； oast  one  <»r 
two  returns  are  yet  to  be  niado,  but  tlu^  ^roat  l>ulk  are  now 
known,  and  the  fi<iuros  for  1911  show  an  increase  in  output  ot 
84  vessels  and  of  3G4,9G2  tons,  as  coinparod  with  last  voar's 
figures.  In  all,  30  firms  have  built  257  vessels,  with  a  tonna;:^ 
of  970.784  tons,  and  the  coinpleto  returns  w  ill  ra""  the  tonna;:^ 
to  ； 


Prices  per  Ton  of  English  Lead,  July  to  December,  1911. 
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Trade  with  South  Africa. 一 His  Maje.sty\s  Tnulc  Conimissioiior  for 
Smith  At  I  lea  ivport、  that  "，v(mii"K  <>ffi<  ial  returns  tho  total 
ot  ^oiuMal  mrrrlmidiso  and  ("""，•，""<、，"  storos  ii"i>ort"l 
into  S'""h  A trica  (hiring  tho  first  10  "、o，itl，s  of  H»ll  、、； 卜 
L;U.77I.»»»N).  u  liilst  tl"、  （'xi>o，tj<  of  ScMith  Afiimn  pr'xl'i'i'  "m"i" 
tlio  Miino  iHM  iml  w ero  valiitxl  at  1*  17. 1  Hi.^HIO.      Tl"'  lolal  Inn! 
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in  1911  shows  an  increase,  compared  with  1910,  of  a  little  over 
4  pel'  cent.  The  trade  with  tlie  Unite<l  Kingdom  is  hdkwod  to 
have  l)een  adv<^rsely  affected  to  some  extent  by  the  rccoiit  indiis 
trial  (listnrhances  in  this  country,  as  not  only  was  the  execution 
of  orders  delayed,  but  orders  for  macliinery,  &c.，  are  in  sonic 
instanres  said  to  have  been  placed  elsewhere  owing  to  the  lUKvor - 
tain  conditions  which  prevailed  here.  South  Africa  continiu's 
to  offer  an  expanding  market  for  British  luamifacturers.  Th"r(、 
was  a  falling- off  in  respect  of  mining  an<l  electrical 謹 cliiiuM'.v' 
but  this  would  seem  to  be  due  to  the  recent  completion  of  impor- 
tant mining  works  and  electrical  stations.  The  growth  of  tlio 
market  for  agricultural  macliinery  deserves  the  careful  attention 
nf  British  mauufacturers. 

Prices  per  Ton  of  Block  Tin,  July  to  December,  1911. 
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Trade  Circulars  and  Catalogues. —— From  the  Pulsometer  Engineer- 
ing Company,  Reading,  、ve  have  received  price  list  and  catalogue 
of  their  various  types  of  pi'.mps,  including  not  only  their  well- 
known  pulsometer,  but  also  numerous  designs  of  reciprocating 
ami  centrifugal  pumps  for  every  kind  of  service.  T.  Rowlands 
and  Co. J  Stirling  Chambers,  Sheffield,  send  us  particulars  of  some 
comparative  tests  carried  out  by  the  Boston  and  Maine  Railroad 
on  tit  a  n  i  inn  ，  treated ,  plain  open_hea,rth  ，  and  Bessemer  steel 
rails.  Alfred  Herbert,  Ltd.,  Coventry,'  send  us  an  illustrat-ed 
hooklot  descriptive  of  their  various  types  of  automatic  turning 
lathes  and  of  ttie  kinds  of  work  capable  of  being  clone  by  them, 
with  cost  of  same.  We  have  also  received  from  tlicm  a  waH 
caloiHln  r  for  191 2,  copies  of  wliich,  thoy  inform  us,  they  will  ho 
ploasod  to  send  to  interested  parties  on  request.  The  Sun  Electiio 
Company,  \A<].,  118,  Charing  Cross  lload,  London,  W.C.,  send 
us  two  cutalo^nos,  one  of  tlieii-     Kalkos  "  system  of  tin  nod  Itr-jiss 


Prices  per  Ton  of  Silesian  Zinc  Sheets,  July  to  December,  1911. 
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tnl)os  and  fittings  for  oleotrioal  oonneotioiis.  the  other  of  various 
ty|>es  of  electric  nuliatois  for  domestio  a nd  offico  nso.  Tlio 
Arinoi'duct  Company,  of  Fan'in{i;(lon  Avenuo,  send  us  f'atalogi"' 
and  !>ri('o  list  of  the  "  G ral  "  metallic  filament  lamp.  From  \V. 
(lie i pel  A:  Co.  we  have  rocoived  circiilars  relating  to  Okonitc^  ty]ie 
ami  aiumiiiiuiii  electric  eoiidiiftors.  The  Mirrlees  Watson  Com- 
pa ny,  Glasgow,  send  lis  particulars  of  combined  hydraulic  an<l 
steam  tnrhiim  power  plant  at  the  ITsine-  do  Tuiller<>  Dcmlogii<>  in 
France,  for  w  liicli  tliey  have  supplied  the  <^oiKlensing  plant.  Tiio 
same  firm  also  so-iid  us  particulars  of  the  Mirrlees- Lehlam'  air 
piniip.  M<^ssrs.  Habc'ook  &  Wilcox  send  us  sevei'al  circulars 
des<'iii)ti\o  ni'  sonu^  (look  orapo  installations  tlio\'  li;ivo  0(ni ii>]HH!. 
Fmni  W.  H.  Willcox  &  Co,,  Ltd.,  of  23,  Soutlnvark  St.vet, 
Loiuloii,  K.C,  and  the  lialdwin  Locomotive  Company,  Phila- 
delphia, wo  have  received  useful  speoimeixs  of  wall  oaloiRla r.s. 

Metal  Trade  Repo:t.— Tii  their  annual  review  of  the  iron,  steel , 
ami  kinilr*、l  tr:i，les，  Me' 誓 s.  Boiling  &  Lowo    nf  I'omirm,  stat<^ 


that  from  tho  iin(lenia])lo  evidenco  of  .statistics,  the  actnnl  results 
of  last  year's  tnidrng  in  tlio  iron,  stod,  nnd  kind  rod  iiidiistrk's 
ai-o  not  by  any  nioaris  saUsi'iictory  from  tiio  imiiit,  of  vi<nv  of  ilio 
ijxpoi'ter.  All  incrcjiso  in  tho  prices  ol"  ninny  commodities,  pU'iity 
of  work  ill  liand  at  most  of  tho  mills,  and  in  wo  me  <*ast».s  a  difiiculty 
in  obtaining  quick  delivery,  would,  they  continue,  point  to  u 
liighly  satisfactory  condition  of  things,  but  the  consumption  for 
sliii)))uil<linf4  and  other  rcqiii reinonts  at  home  would  appear  to 
he  mainly  msponsiblo  lor  this.  1"KU'e  ha,s  at  no  time  Ixkmi  any- 
thiiitr  approaching  a  boom,  hut  Jrcniuent  reports  of  ； i  prosixMoiis 
state  of  trade  have  reached  us，  which  、vo  think  ； iio  niislendiiifi;. 
The  coal  market  has  been  in  a  very  unsettled  state  during  Ww 
last  several  months.  Prices  have  been  abnormally  liigli,  and 
freights  in  most  directions  have  also  advanced  considerably.  As 
regards  pig  iron,  prices  were  fairly  level  during  the  first  nine 
months  of  the  year,  but  during  tho  last  few  weeks  a  sharp 
advance  has  taken  place,  aud  it  scorns  probable  that  iiltimakily 
a  liigher  range  of  valines  will  be  established  and  mauitainod. 
Until  the  dosing  weeks  of  the  year,  tho  copper  nmrkot  wore 
generally  a  somewhat  dull  and  listless  appearance,  but  towards 
the  end  of  November  there  was  a  sudden  sharp  revival,  arising 
from  a  recognition  of  the  substantial  strength  underlying  the 
situation.  This  iaii>elled  an  enormous  broadening  of  speculative 
interest,  and  with  heavy  stock  reductions  in  the  United  States, 
the  market  swung  sharply  upwards.  The  tin  market  has  been 
under  highly  speculative  control  all  through  the  year.  The  situa- 
tiou  of  the  article  itself  is  certainly  a  remarkably  strong  one, 
but  temporarily  the  outlook  is  somewhat  complicated,  as  regards 
tho  speculative  market,  by  the  hostility  shown  by  the  controlling 
parties  to  the  Standard  tin  contract. 


CORRESPONDENCE. 
Re  the  Vagaries  of  Corrosion  ：  A  Peculiar  Failure. 

To  the  Editor  of  '(  The  Mechanical  Engineer," 
Sir, —— That  the  corrosion  of  the'  plate  round  a  coin bustion 
chamber  stay  in  the'  steam  trawler  Clyne  Castle  '，  should  be 
regarded  as  uncommon  or  mysterious  appears  most  remark- 
able to  one  accustomed  to  the  inspection  of  marine  boilers. 
It  is  a  frequent  occurrence  at  the  bottom  stays  in  combustion 
chambers.  A  dozen  examples  could  be  seen  in  vessels  in  this 
port.  Generally  it  is  accompanied  by  grooving  of  the  stay. 
The  remedy  is  to  drill  out  and  fit  a  larger  stay,  or,  when  it 
has  gone  too  far  before  being  discovered,  to  fit  a  small  patdi 
and  the  new  stay  through  it. 

Yours  faithfully, 

G.  Pott. 

Gloucester,  December  28th,  1911. 

[Our  corrospoTident  has  missed  the  remarkable  feature  in  the 
case  referred  to.  Corrosion  of  stays  is  frequent  enough, 
as  he  remarks,  hut  it  is  quite  unique,  in  ou r  experience, 
for  a  single  stay  out  of  hundreds  to  be  eaten  away  like 
tlip-  one  in  question ,  and  for  no  trace  of  wasting  to  be 
found  elsewhere  in  the  boiler. ― Ed"  M.  ff.] 


Balancing  of  Locomotives. 

To  the  Editor  of  the  "  Mechanical  Engineer." 
Sir, -— With  reference  to  your  oon'espondent's  letter  in 
tlie  ksue^  of  I)ea' 川 ber  IStli  on  the  above  subject.  The  para 
graph  ill  tlie  "  1912  Pocket  Book  "  referred  to  is  not  intended 
U)  convey  any  suoh  idea  as  suggested.  Tlie  words  "  liaiinm-r 
blow  "  ooinnioiily  used  in  this  connection  are  iimierst"o(l  to 
mean  ' '  si  lock  ，，  to  llit'  rail.  CoiUsicU'riiig  the  balance  weiglit 
Hierely  as  a,  mass  tnoviiii;-  in  a  cycloidal  path  relative  1 1"' 
rail  or  revolving  round  the  wheel  oe litre,  tlie  "blow"  or 
'shock  ，，  it^  applied  mon、  gradually  to  the  rail,  by  spreading 
tho  weight  round  tlie  wlieel,  in  crescent  form,  than  would 
be  the  case  if  the  same  weight,  were  concentrated  at  its 
centre  of  gravity.  This,  I  believe,  is  generally  conceded  by 
locoim'otive  designers,  though  certainly  the  atteniiat^^d  crescent 
form  looks  better  and  lends  itself  to  steel  casting,  but  tlieee 
are  not  the  only  reasons  for  such  a  shape.  It  is  not  con- 
tended that  by  making  the  balance  weiglit  extend  well  rouiul 
tlie  wlieel,  tluj  amount  of  such  weight  can  thereby  be  reduced, 
because  the  oeiitrifugal  effect,  is  tlie  same  whatever  ite  shape. 
While  wel coining  the  criticism,  K  am  sorry  youv  corre- 
spondent should  have  thought  it  possible  to  read  such  a 
meaning  into  the  words  used.  1  hope,  however,  that  lie  will 
■  forward  liis  tinio-saving  cliart,  whicli,  T  an】  sure,  would 
interest  all  locomotive  readers  of  your  |ja|>eiv  Yours  faitli- 
fiilly,  ' 

Jan.  1st,  1912.  James  Clayton. 
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NEW  PATENTS. 

Specifimftoyis  of  th  c.  foil  air 'ni{f  arr  ikhv  puhlisht'd,  and  ire  shall 
hp  phased  to  forward  copies  post  free  on  rece.'rpt  of  10<f.  Aildress 
" Merhanical  Etif/ineer,^'  .5'?,  New  Bdtlcij  Strt  rt^  Manchester, 

MECHANICAL  1910. 

Piiriiyinf^  and  heating  of  boiler  feed  water,    llulsnioyer.    23.〕 (化 

Resoiio  apparatus  I'm'  mines.    Tvoi-niodei  A'  1  avi?^ .  '2(5106. 

Compound  le\-<M's.    Gill)ort.    28 17!). 

Var-iiil)lo  sjje^nl  <i,oii  w     Wethered.  28'>o9. 

Stand  pipos  lor  ston m  <2;enei*utors.     Mills.  2801)0. 

Safety  ； i pi)li:m('f>  tor  iiiino  and  hoists,    (iokling  t《' Edwards. 

1      露 i2. 

Means  i'oi-  the  protlnction  of  high  toni|K'rat  ni-e    iVed    waier  tor 

stoii  m  <i;o  tj  e    to  I's  ，    Pa  r  i* .    28649 . 
Alarm  apparatus  ioi*  preventing  oxplosioiis  aiul  poisoning  by  gases. 

Voii  Pausin«i;<M-.  28097. 
W ;mnFn<  turo      "； lU'r  gas.    (j!!iis<^o\v.  28855. 
Weld  less  metal  tul»es.    Astfalck.  28891. 
Evaporating  apparatus.    Studor.  28i)2o. 
Convoyer  l>elt,    Wilson.  28932. 

Water-cooled  oxliaiist  silencers.    Strot^a nofF.  28081. 
Marine  engine  governors.    Jaokson  A'  l{:uiis;iy.  ！ 29078. 
fijitlies  for-  turning  l)evt'l-fi;ea r  hlaiik.s.     Potter.    201  o8. 
Wntor  g:mgt>s  for  steam  l)oilers.    L!o.vd       Da  vies.  292G9, 
Kotn vy  pumps,  coiulcnsers,  or  compressors.    Rees,    29357 . 
Bar  liemling  macliine.    Hill.    294 37 . 
Spee (卜 mlut'ing  <2;ear,    Barnes.  20445. 

Apparatus  tor  pr(>(lm'injj;  oil-^^ns.  liiiidon.  Bn'don,  A'  Huidon. 
Fiiftion  <li'i\'o  lor  power  presses,     lit  、：、  ton  A'  1 1  ;i  it  ley.  29(i28. 

1911. 

CO 2  recorder.    AVoodroffe.  199. 

Cam  aotiijitod  parts  oF  ftiud-picssnic  oii,tj;iiies.    Do  Venllo.  205. 
、 、'； iter- level  rof^ulatois  lor  stoa ni  boilers.    Kitchen  A:  Storey.  881. 
Regenerators  used  in  the  nianufaotiu*e  of  gas.    Masoii.  382. 
Appa rn tus  for  the  regulation  of  stoa iii  boilor  fiii'nar(»s.  IMoLonn. 
478. 

Exliii list  silencers  ior  inotor-ca rs.     Wolsclcy  Tool  aiui  Motor- <  a r 

C^onipaii V,  and  Remington.  (i34. 
C'Urhiirotter  for  liquid- motors.    Rotliorliain  cV*  Johnson.    1  'M )4 . 
Carl)iiiett<*i*s  tor  iiitenial-comhustion  oiij^iiics.    lliow  n .  and  Brou  n 

:uk1  Harlow,  】,td.  1412. 
Si>oo(l  iiuiifutors.    Marks.  2237. 

IVIt'ans  jukI  apparatus  for  steam  generation  aiul  ioed-wator  lio;it- 

iri^.    Hone,  Wilson,  &  McConrt.  2404. 
Ha  ilw  ;iy  point  levers.    Veil  ere.    28 19. 
\ '； iIK)ur-l)urniii^"    aiiangements    for    s  ton  in 

Slioi>hor(l.  3330, 
( ':i  I'liurotters  for  iiit<M'na1-fonilnisti(Ki  <"i^nos. 

and  Tiinks.  34(;8. 
Construction  of  wliocis  a ihI   piiUt' -、 s  n I'  in;i lli^altlf 

I  War.  1115. 
iMiichiiK's  lor  grinding  rollers  r-inployod  in  roUt'r 

inaiu)  M ail  1 1 1'act u ri n tj;  C-oiri pa ny .  and  Sfliniidt . 
81 1  a  it  l)(^ariii<j!;s.     1 1  itchon.  5075. 

Steam  superheating  and  feed-watei-  hojitiii^.    Owon.    G2(»l . 

Co\  (Ts  for  vessels  containing  fluid   uiidor  pressiu  e.  (::ili"、v;tvs, 

Ltd.,  and  VUVm^^.  7296. 
Ijinino;  of  tulto  nulls.    Ki^hy  &  Hirrell.  7801. 
Grates  for  gas  produrers.    (jilas«i;ow.  8r):i7. 
Forging  prosses.     W'itkouski  iS:  S<'lnva rz.  9876. 
Wick  earhuretUM".     Witliors.  i)39o. 

Variable  hydraulic  driving  and   reversing  medi:u"、m. 

Universal  Rota ry  M acliino  Syndioat^.  Oril*). 
Reversing    valves   for   rompomifl     osoiliiitinii;  rvlin<l*M 

Ward.    950 1 .  ' 
(i  ra  tos  for  IxiiU'r  t  iiiiiacos.     NicKiMi.     1  I  ( 1 1  *_* . 
Ajipnratus  lor  r<'*xiilj»tiiiii  t\io  toiiipera t iiio  (if  Hiiids. 

Mason,  aiul  ('an»ltri<l*j;o  Sciontiric  InstniiiUMit  C'onipjui 
Valve  so  at  mount  int^s  for  li(|，ii(l  piston  oxplosioii  <Mij2;ines. 

Bros.  Dynamo  AVorks.  Ltd..  and  Ki<*HVr.  I'il.VJ. 
Re*ien<M;il(>r  lor  t  iirnafos.    Do  toy.  Vi--H. 
Railway         joints.     Wonula.  I'M 

Valve  itiecluniistn  lor  iiso  in  rociprocji t in^  oiifiinps.     Mi，rl;、  13171. 
Pow or  tnuisiniltin'i;    slial't in*:.       MiisiliiiuMilKiu  A"、t:ill  Miiinliott. 
134  (Hi. 

Signal  do  vires  for  spo(、l  indicators.    J)alil  iV  Martin.  1:W:>. 
Automatic   recording:   :ii>par:ihi、   lor    inoasurinu    jiaspou、  fluids. 

Simon.    1 1*218. 
Fil;ist  ic  Huid  liirliiiK^s.     \)o  Korriiiit  i.     1  1 2* IS. 
K\p;iusioii  joints  iov  pipe  linos.    Opitz.  14 
1*1  o|>ulsi()n  of  steamships.     Pfaiitz.  M). 

Apparatus  for   llie   nuunifurtiiro   of    hollow    cvlindricul  articles. 
Levi.  14703. 


'rating  systorns. 
('. Hinks,  Ltd., 


or  st<M 


Hoff 


Pit  tier 


(Midlines. 


Dai 
Siemens 


Tiib\ilar  heat  iiiton  lianj^inji:  appa  rains.    Sandl^rg.  15890. 
Ste:im  treiierators.    St^Miimuller.  I04;i»3. 

Cage  rings  for  hall  hea rings.    Schilliiiir.    17356.  、 
(iovoriiiiig   mechanism    for    elastic-  flu  id    turbines.  Vereinigte 

l)aiiipftnrl)in<*ii  Ges.  17015. 
limiil  con \eyor5i.    Prestw  ifli.  18.— "il. 
Ca rliiir(*tt<Ts.    Pearson  A:  IViuson.  187(W. 

Service  motor  oihth Uul  hy  liquid  ior  <()iitrollin*i:  the  parts  of 
iiKH-liauisni.     Ita];i  Fal)l>ric:i 山' Autr»ni<)l)iti.  I*)4.j4. 

Turning  tools  lor  ciittinfj;  off  len^tlis  oi  iiiotiil  In* rs,  Tavlor  and 
Taylor.    20213.  ' 

Valve-oontrol  systems  for  elastic-fluid  tnrhiiios.    Carroll.  20326. 

Chain  folates.    Radoniacher.  21:i58. 

(；; tiiK<、  glassoK.    Monro,  and  Aiiil»rose  Shardlow  S:  Co.  21ofi2. 
Ofvice  for  tVcMlin^  piKMirnn  t  ic  f<iii\  eyers.    Tlioi"!w>u.  22387. 
Safety  appliance  tor  pit  and  mi  no  o^vres.       (loMiiig  A'  Edw  aids. 
'26885. 

ELECTRICAL,  1910. 

Elef'tric-r-iirrfMit  rej^ulators.  Goodwin,  Haslop,  Sr  Brouni.  2861：^. 
Electric  transmission  of  power  ，'.v  polyphase  fu nonts.  Siemens 

Bros.  D\  iijiiiio  Works,  LUJ.  t>9Hi8. 
Tron-clad,  oil         k.  t'lcctric  swilclies.       Spagnoletti,    Ltd.,  and 

Elec'trio  signalling  syst<Mii.    Mathys.  20296. 
Priutinjj;  telograplis.    Matliys.  29297. 

Ale:ms  for  autoniatioallv  operntint^  olecti*ic  switches.    Jafks:on  and 

Pearson.  29441. 
Apparatus  tor  duplex  t"l。gr:ipli.v.     H*Mntl*\v  A:  Gott.  304(^2. 

1911. 

Moans  for  n»)orati!i<i  olofti  io  motors  drivin*:  motor  t  rain-.  M  iiller. 
1209. 

Elootrica !ly  re sist;mt  iniitcrial.     Joiios.  14.')^. 
J':l<i(tri('  iiirandescent  l:iiii|>.    Hlocli.  1707. 

Signalling  apparatus  for   use  with   iii""<，  or  polyjilmse  on rient . 

Ha  rdintiliam.  2120. 
Wireless  teloi^rapliy  and  telo|)hony.    Shoomaker  tV  Wilson.    24 -"iG. 


for 


loot  1 


Slator. 


.1  a  111**' 


nm. 


Hcla vs   for   ； nitoinatic   ('("it  rolK 

K 丄' ('triral  coiHiecti'r.    I  hir))iti.  and  \Valk«'r.  Ilonock^   A'  Co.  8704. 
Tt^lophoiie  systems.     Ui<  k<'rs.  I'JH'J. 
Kl<H'ti"i(*al  font;K*t-inakin<i;  (Unices.     I  Jay      'tl  1*2. 
Elof'tri<'itv  luotcrs.      C'huinl)or!:un  »V  HooklKMii,  I. id. ,  :i 
.5654." 

Kleetric  switchos.    Pa*ir.    01 '20. 

】':le('tii('  switchos.    British  Thomson- Houston  Company. 
Kl<'('tric  flame  a  re  lamps.    ScIuum-  A'  Ha  dlrcll.  8018. 
KliH'ti-ic  I'O^ulatiii^  arrangcim'iits.  Lako. 
lOleotrically driven  piiin))s.    M*Mrv\voatlu'r.  9717. 
Arc  lamps  with  parallol  olocticnles.    James.  15217. 
l':Wtii(,  s\vit<^hes.    Thiel.  1G078: 

Ciiciiit  a rraiitieinoiits  for  autoiniitie  tf lo])liono  oxrliaimes.  Sienien-i 

an<l  llalsko  Akt.-Oes.  1*)180. 
Systems  of  electrically  traiisniiiriiiit  powv^r  to  tlio  screw  shaft  oi 
" vessels.    Alln.aiiiia  Svcnska  Klt'ktriska   Aklirliola^et.  IfH 耻 
Regulator  for  dyiiuiuos.    Forjiuson.  2().*)8(>. 

Trolkn-  rollectors  for  electric  tr:"'ti'"i  systems.    Peffor.  22295. 


METAL  QUOTATIONS. 

TI  KSDAV,  .1  AM  AHV  2ml. 

Aluminium  ingot   63/-  per  cwt. 

"         wire,  according  to  sizes,  &c  from  10*J/-  ,, 

"         sheets       ，，  ，，  ……    M  12(1/- ，， 

Antimony   £'27/10/-  to  £-28/-/-  per  ton. 

Brass,  rolled   TgM.  per  lb. 

，，      tubes  (brazed)   9|d.  ，， 

，,         ,，     (solid  drawn)    8d.  ,， 

"         ，，     wire   7Jd.  " 

Copper,  Staiulanl   £02/17/0  per  ton. 

【io，i,  Cleveliin.i   50/4*  ,, 

,. Siotch    r>0/4J  ，， 

Lead,  Kii^Mibh    £16/-/-  ,, 

" Foreign  (soft)   £15/12/0  ，， 

Mua  (in  original  cashes),  >tui\\\    6d.  to  2/-  per  lb. 

,,  ，，  "      111 e ilium   2/6  to  4/-  ，, 

，，  ，，  ，，      large    4/6  to  8/6  ，， 

Quicksilver    £7/15/-  per  bottle. 

Silver    25 ^d.  per  oz. 

Spelter    £26/15/-  per  ton. 

Tin,  block    £204/-/ -  ，， 

Tin  plates   13/7 J  ，， 

ZiDC  sheets  (Sile8ian)    £30/10/-  ，， 

,，        (Stettin  ；  Vieilie  Montague)    £30/15/-  ，， 
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UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
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Head  Office : 
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The  "PERFECT"  VISE 


E.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

JUST  PUBLISHED. 

Second  and  Greatly  Enlarged  Edition  of 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ：：       ::  " 

By  W.  W.  F.  PULLEN, 

Whitwortk  Scholar  ；   Member  of  the  Institution  of  Mechanical  Engineers  ： 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free, 

CONTENTS. —Tables  and  other  Data.  Mechanical  Aids  to  Calciilfition.  Measure- 
ment of  Pressure.  IVJoasurement  of  Temreratnre.  Measurement  of  Speed. 
Measurement  of  rower  Output.  Measurement  of  Power  Input  with  D  \  Earuometer. 
Measurement  of  rower  Iniuit  with  Indicator.  Indicator  Kigs  and  Accessories. 
Hints  on  thu  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diafirani.  Other  FeaUirts  of  Steam  Kngine  Diagrams.  Tbe  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Enmno  Diagrams.  Testinji  Indicator  Springs. 
Measurement  of  the  Qxiality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  Tlic  Testing  of  Steam  Enuinep.  Fuel  Testing.  Tbe  Analysis  of  Flue 
Gases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Interual-corubustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 


Telegrams:  "•Scientific,"  Manchester. 
Telephone  No.  8628  Central. 


SUBSCRIPTION  RATES. 


United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  "  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  firot 
post  Wednesday  morning. 


The  Work  of  the  British  Engineering  Standards  Committee. 

An  interesting  summary  of  the  good  work  accomplished  by 
the  Engineering  Standards  Committee  is  given  in  the  seventh 
report  just  issued  for  the  year  ending  July,  1911.  Originally 
started  by  the  Institution  of  Civil  Engineers  to  consider  the 
advisability  of  standardising  various  kinds  of  iron  and  steel 
sections,  the  original  committee  became  at  once  allied  with 
the  Mechanical  Engineers,  the  Naval  Architects,  Iron  ami 
Steel  Institute,  and  later  with  the  Electrical  Engineers,  with 
tbe  result  that  the  scope  and  usefulness  of  the  investigations 
were  greatly  enlarged,  wider  experience  became  available, 
and,  thanks  to  the  cordial  co-operation  of  makers  and  users, 
reforms  which  a  dozen  years  ago  seemed  hopeless  of  attain- 
ment, though  universally  admitted,  are  now  accomplished 
facts.  The  work  is  a  magnificent  tribute  to  the  virtue  of 
self-help  and  of  the  efficiency  of  professional  and  business 
men  when  combined  for  a  common  object.  Its  range  has 
been  enlarged  from  time  to  time  as  the  advantages  have  been 
realised,  and  questions  relating  to  over  40  subjects  have  been 
or  are  under  consideration.  This  has  been  rendered  possible 
by  the'  delegation  of  the  main  work  of  collecting  and  dis- 
cussing data  to  numerous  sub-committees  comprised  of 
prominent  makers  aud  users  specially  concerned  in  the 
materials  or  products  dealt  with,  and  therefore  fully  cognisant 
of  the  pros  and  cons  of  any  standardisation  proposed  and  of 
the  extent  to  which  it  is  likely  to  be  successful  in  practice. 
Successive  Governments  have  recognised  to  some  extent  the 
national  character  of  the  work  by  granting  annual  sums  in 
aid,  but,  having  regard  to  its  important  character,  these  sums 
have  been  comparatively  small  and  inadequate  to  meet  tbe  costs 
entailed,  and  progress  would  have  been  seriously  curtailed 
had  it  not  been  for  the  generous  help  of  institutions  and 
leading  manufacturers.  As  it  is,  the  committee  has  been 
driven  to  supplement  its  revenue  by  sales  of  its  official  reports, 
a  procedure  which  restricts  the  publication  of  results  which 
oil  other  grounds  should  receive  the  widest  publicity.  Tbe 
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value  of  the  work  done  is  testified  in  numerous  ways  officially. 
The  Board  of  Trade,  Lloyd's  Register,  and  the  Bureau 
Veritas  have  each  amended  their  scales  respecting  ships  and 
boilers  in  several  particulars  so  to  conform  with  British 
standard  specifications  for  materials.  The  Railway  Clearing 
House  J  which  practically  controls  the  construction  of  private 
owners'  wagons,  has  adopted  them  as  far  as  possible,  as  also 
has  the  Department  of  Iron  Structures  at  the  War  Office 
and  the  London  County  Council  in  connection  with  steel - 
frame  buildings.  The  influence  of  the  committee  on  tramway 
rails,  the  sections  of  which  not  many  years  ago  were  at  the 
whim  of  every  local  tramway  engineer,  is  shown  by  the  fact 
that  no  less  than  70  per  cent,  of  the  total  tonnage  railed 
were  in  accordance  witli  the  standard.  Similar  beneficial  and 
wide-reaching  effects  have  been  brought  into  play  in  connec- 
tion with  locomotives,  bridges,  and  railway  rolling  stock . 
Equally  valuable  and  much-needed  reforms  have  been  secured 
in  many  engineering  details  bearing  on  the  work  of  the 
engine  builder  and  tool  maker,  and  comparative  order  in 
such  things  as  pipe  flanges,  screw  threads,  limit  gauges  now 
reigns  where  varied  practice  formerly  led  to  endless  annoyance 
and  loss,  when  repairs  or  the  coupling  of  the  outputs  of 
different  shops  had  to  be  effected.  It  is  impossible  to  estimate 
the  savings  of  one  kind  and  anoiher  that  have-  been  brought 
about,  through  the  labours  of  the  committee  in  various  direc- 
tions, but  they  must  be  enormous,  not  to  mention  the  comfort 
secured  to  both  makers  and  users  by  the  knowledge  that 
individual  caprice  in  respect  to  choice  of  materials  and  pro- 
portioning of  details  has  been  so  largely  eliminated.  The  fear 
that  standardisation  might  spell  stagnation  and  crystallisation 
of  ideas  has  been  disproved  by  facts.  The  scope  for  real 
design  has  been  in  no  way  lessened,  nor  is  there  any  likelihood 
it  will  be,  so  long  as  the  various  sub-committees  maintain 
their  present  catholicity  of  composition.  The  work  will 
inevitably  require  periodic  revision,  in  view  of  the  continued 
improvements  in  the  manufacture  and  properties  of  materials 
and  extended  experience  of  their  use,  and  evidence  of  this 
has  been  already  afforded  by  the  issue  of  several  revised 
specifications,  apart  from  which  there  are  many  questions 
calling  for  regulation  which  the  little  army  of  investigators 
liave  not  yet  been  able  to  touch  upon.  The  number  of  these 
ill  fact  promises  to  increase  rather  than  diminish  with  the 
growing  demands  of  engineering  science  and  the  need  for 
organised  efforts  to  meet  them.  The  Standard  Committee 
has  more  than  justified  the  expe<;tatioiis  of  those  who 
urged  its  formation,  and  as  a  permanent  institution  of 
national  importance  deserves  more  generous  public  assistance. 
The  Treasury  voted  a  sum  of  £3,000  for  the  years  1903-4，  and 
in  the  two  following  years  gave  a  grant-in-aid  equal  to  the 
amount  subscribed  by  supporting  institutions,  iiiaiuifacturers, 
and  others,  and  have  consented  to  continue  this  on  a  lower 
scale  to  the  end  of  next  year,  but  this  sum  is  a  mere  pittance 
for  work  of  such  far-reaching  importance,  and  when  the  time 
for  revision  arrives,  it  is  to  be  trusted  the  grant  will  not  only 
be  extended  but  enlarged.  No  similar  public  expenditure 
can  show  a  more  profitable  return  or  one  better  calculated 
to  secure  the  economic  utilisation  of  raw  materials  and  human 
efforts  ill  shaping  them. 


Original  Research  in  Mechanical  Engineering.  ―  The  】iisUtuti("i 

of  MiH-haiiiral  EiigiiU'crs  call  atlcnl  ion  to  ihv  fart  that  the 
second  award  under  the  Bi*yan  Donkin  Finul  will  bo  made 
in  February,  1913，  and  tho  Hinoiuit  a vaila bio  will  be  about 
£34.  All  applications  received  will  bo  considered  by  a  com- 
mittee, who  will  make  recommendations  to  tlie  council  upon 
the  apportionment  of  tl"、  sum  available.  In  the  event  of 
no  grant  being  made,  or  the  grants  made  amounting  to  less 
than  the  sum  available,  the  smrplus  will  bo  devoted  to  aiding 
the  ReseaiTli  Comiuittoes  of  tlie  Institution. 


TESTS  OF  OIL  CIRCUIT  BREAKERS. 

A  PAPER  describing  some  tests  of  oil  circuit  breakers  was 
read  by  Mr.  E.  B.  Merriam  at  a  recent  meeting  of  the 
American  Institute  of  Electrical  Engineers.  The  author 
stated  that  whenever  an  electrical  circuit  carrying  consider- 
able energy  was  opened  in  oil,  gases  were  generated.  These 
expanded,  and  rose  and  tended  to  force  the  oil  out  of  the 
containing  vessel.  They  also  formed,  with  air,  explosive 
mixtures,  and  either  exploded  or  burnt  for  a  considerable 
length  of  time  when  ignited.  It  was  important,  therefore, 
that  oil  circuit  breakers  be  provided  with  strong  oil-contain- 
ing vessels  in  order  to  withstand  the  high  initial  stresses 
which  were  often  present  under  certain  conditions,  and  also 
that  suitable  provision  be  made  for  retaining  the  oil.  In 
order  to  check  tests  made  on  moderate  capacity  circuits,  and 
to  study  the  operation  of  oil  circuit  breakers  and  current- 
limiting  reactances  on  circuits  of  large  capacity,  under  vari- 
ous conditions,  arrangements  were  made,  through  the 
courtesy  of  the  Coniirioiiwealtli  Edison  Company,  of  Chicago, 
to  use  one  of  its  generating  units  as  a  source  of  power  for 
the  tests.  The  tests  were  made  at  the  Fisk  Street  Station, 
using  a  3-phase  12.000  kw.,  9,000  volt,  25  cycle  turbo-alter- 
nator. 

Practically  all  the  tests  were  either  3-phase  or  single-phase 
short  circuits,  some  to  earth  and  some  between  phases .  The 
short  circuits  were  made  by  closing  a  triple  pole  circuit 
breaker,  and  the  switch  under  test  then  automatically  opened 
the  circuit,  being  tripped  by  instantaneous  relays  operated 
from  current  transformers.  About  150  tests  were  made  in  all. 

In  tests  for  the  effect  of  short  circuit  on  generator  it  had, 
the  author  stated,  always  beeu  noted  that  the  field  current 
of  the  alternator  rose  when  the  armature  was  short-circuited . 
Values  as  high  as  ben  times  the  field  current  at  rated  no 
load  voltage  of  the  alternator  were  observed  during  these 
tests.  This  phenomenon  was  dependent  upon  the  inter- 
action between  the  field  and  armature  coils,  and  the  inaxi- 
luuiii  value  which  the  field  current  attained  was  dependent 
upon  the  co- axial  relation  of  the  two  circuits  and  their  elec- 
trical constants.  It  was  also  noted  during  this  series  of 
teete  that  spite  of  fire  came  out  of  tlie  alt^rnat-or  field.  This 
was,  iu  his  opinion,  due  to  the  very  high  voltage  induced  in 
the  alternator  field  windings  when  a  short-circuit  current 
was  -established  in  the  alternator  armature.  Records  showed 
that  this  voltage  could  be  as  high  as  seven  times  normal, 
although  it  might  have  been  considerably  higher,  since  only 
a  few  measurements  were  made.  In  some  of  the  single- 
phase  tests  and  also  in  some  of  the  tests  whore  the  short- 
circuit  was  thrown  on  by  three  single-pole  circuit-breakers, 
it  was  noticed  that  the  voltage  of  tJie  phase  not  short- 
circuited  rose  to  a  very  liigh  value,  sometimes  as  high  as  two 
and  a  half  times  the  normal.  This  was,  he  said,  probably 
due  to  the  very  large  current  induced  in  the  field,  which, 
acting  on  the  unloaded  phase,  produced  a  voltage  rise.  The 
end  turns  of  the  alternator  did  not  move  during  any  of  these 
tests,  a  rigid  inspection  being  】iiade  at  frequent  intervals  to 
detect  any  such  movement. 

There  was  no  appreciable  drop  in  the  speed  of  the  alter- 
nator when  the  short  circuits  were  thrown  on.  probably  due 
to  the  current-linuting  value  of  the  reactances.  In  com- 
parative short -circuit  tests,  luado  witli  the  throttle  of  the 
turbine  open  and  with  the  throttle  closed,  practically  the 
same  ourrentii  were  ]n*(>ducvd  in  the  t-est  circuit.  A  number 
of  tests  were  made  by  eartliiiig  one  or  all  of  the  three  phases 
of  the  circuit.  In  all  such  cases,  the  author  notod  that  the 
olTects,  as  instanced  by  tlie  action  of  the  oil  circuit-breaker 
under  test,  wore  vorv  iiuich  more  violent  than  when  the 
short-circuit  was  between  phases.  Ho  also  uoted  that  when 
the  wator  rlipostats  were  connected  to  tlie  iesi  circuit  as  an 
initial  load,  tlioir  neutral  point  also  being  grounded,  tlio 
effocts  were  very  niucli  more  violent  than  when  tins  initial 
load  wat;  aW"t.  At  the  a)in])lotion  of  the  t^-^ts,  the  genera- 
tor was  immediatelv  placed  in  commercial  service,  and  was 
still  o|>oratiiig,  none  the  worse  for  the  severe  f^rvic^ 
diMiianded    of    it    t lin>ui:ln>ut    lliis  fiories.       This  showed 
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the  great  value  of  current-limiting  reactances  in  diminishing 
the  jar  on  a  generating  equipment. 

The  current-limiting  reactances'  used  in  these  t>este  con- 
sisted of  76  turns  of  1,000,000  cir.  mil  copper  cable  wound 
on  a  cement  core  and  supported  by  a  wooden  framework. 
Each  coil  was  made  up  in  three  layers.  Terminals  were 
brought,  out  at  the  top  and  bottom.  Tlie  result  was  a  cement 
cored  reactance  having  no  iron  in  or  about  it.  This  con- 
struction was  employed  since  the  introduction  of  iron  would 
not  appreciably  inci，ease'  the  current-limiting  value  of  the 
device.  The  author  found  with  the  particular  generator 
under  test  that  the  introduction  of  a  6  per  cent,  reactance 
ill  each  phase  halved  the  maximum  instantaneous  current 
and  reduced  the  torque  on  the'  turbine  shaft  to  about  one- 
seventh  of  what  it  would  have  been  without  the  reactance. 
The  6  per  cent,  reactance  referred  to  the  drop  across  the 
reactance,  which,  with  rated  load  current  through  it-  at  rated 
frequency,  would  be  6  per  cent,  of  the  rated  phase  voltage 
of  the  alternator.  Tbe  reactances  also  maintained  the  ter- 
minal voltage  of  the  alternator  when  a  short-circuit  was 
thrown  on  the  system  beyond  the  reactances,  and  permitted 
the  generator  to  recover  its  normal  voltage  after  a  short- 
circuit  had  been  removed  much  more  rapidly  than  would 
have  been  the  case  had  the  short-circuit  been  placed  directly 
across  its  terminals.  This  made  them  of  great  importance 
where  a  synchronous  load  was  connected  to  a  system,  since 
one  of  the  two  features  for  holding  a  synchronous  load  was 
the  maintenance  of  voltage. 

As  a  result  of  the  reduction  of  the  torque  on  tbe  turbine 
due  to  the  introduction  of  reactances,  there  was  practically 
no  drop  in  speed  when  a  short-circuit  was  thrown  on  it. 
Hence,  the  frequency  of  the  system  was  maintained  at  prac- 
fically  normal  value,  and  this,  together  with  the  maintenance 
of  the  alternator  voltage,  tended  markedly  to  improve  the 
operation  of  synchronous  apparatus  under  abnormal  condi- 
tions. Current-limiting  reactances  also  changed  the  power 
factor  of  a  short-circuit  and  distorted  the  wavei  form  of  tbe 
system.  The  stray  fields  of  these  reactances  were  not 
sufficient  to  distort  the  coils  in  any  way  and  at  a  distance  of 
several  feet  iron  screens  were  not  noticeably  attracted  nor 
were  they  appreciably  heated. 

During  the  tests,  it  was  noted  that  at  time 6  some  oil  was 
thrown  out  of  the  oil  vessels.  By  suitable  baffling,  the 
energy  imparted  to'  the  oil  by  the  expansion  and  explosion 
of  the  gases  generated  in  the  oil  vessels  was  absorbed  and 
the  operation  of  the  circuit-breaking  device  materially  im- 
proved and  its  rupturing  capacity  increased.  It  was  also 
found  possible  to  separate  the  gases  from  the  oil,  thereby 
permitting  the  gases  to  -escape  into  the  air  and  the  oil  to  be 
retained  in  the  oil  vessels.  In  a  commonly-constructed 
design,  a  small  distortion  of  the  oil  vessels  permitted  a  con- 
siderable quantity  of  oil  to  be  thrown  out.  This,  however, 
could  be  readily  prevented.  It  was  very  often  found  con- 
venient to  instal  oil  circuit-breakers  in  fire-resisting  compart- 
ments. By  means  of  -external  oil  div-ertem,  it  was  found 
possible  to  direct  the  ga&es  and  oil  thrown  out  of  the  oil  vessels 
to  the  lower  parts  of  the  cells.  In  reported  cases  on  other 
systems,  gases  from  oil  circuit-breakers  had  been  known  to 
ignite,  resulting  in  an  explosion.  Suitable  baffles  and  diver- 
ters  could  be  designed,  however,  to  take  care  of  these  con- 
ditions. 

In  all  the  tests,  the  t'emperature  of  the  oil  was  roughly 
noted,  and  in  no  case  was  it  found  to  have  been  raked  an 
appreciable  amount  after  short-circuit  was  opened.  This, 
the  author  thought,  was  due  t'o  the  intensely  local  action 
of  the  oil  circuit-breaker,  for,  when  the  contacts  parted,  the 
arc  which  was  drawn  produced  gases  which  formed  pockets 
in  tbe  oil.  The  larger  oil  vessels  were  of  greater  assistance 
in  opening  a  circuit.  Tlie  resulte  showed  that  the  stress 
developed  in  the  lOin.  diam.  oil  vessel  was  only  from  one- 
third  to  one-fifth  of  that  developed  in  an  Sin.  diam.  oil 
v-essel .  It  was  found  that  by  diminishing  tlie  velocity  with 
which  the  contacts  parted,  there  was  more  disturbance,  and 
the  rupturing  capacity  of  the  device  was  greatly  diminished. 
The  length  of  break  was  directly  connected  witli  the  velocity 
of  moving  conta>cts.     A  long  break  was  very  desirable,  inas- 


much as  it  gave  a  large  factor  of  safety  under  normal  operat- 
ing conditions,  and  a  much  greater  rupturing  capacity  in 
emergencies. 

The  tests  showed  that  tlie  oil  circuit-breakers  opened  all 
the  loads  or  short-circuits  without  producing  any  external 
disturbances  or  developing  any  undue  pressures,  and  their 
ultimate  rupturing  capacity  was  not  reached.  The  main 
current-carrying  parts  were  well  protected  from  burning  by 
th'e  arcing  contacts ,  and  these  1  at  tor  wore  not  materially 
injured  after  opening  and  clo.-ing  nunirroius  short-circuits. 
The  temporary  cell  structure,  although  made  of  inHa 川 imibl。 
materials,  was  not  injured  in  any  way,  and  practically  no 
stresses  were  developed  in  tli?,  cells.  During  some  of  tJi  ■ 
tests,  a  small  quantity  of  oil  came  out  of  the  oil  vctc^ols.  1: 
was  found  by  actual  rneasureineiils  that  only  5  p e i'  cent,  of 
the  oil  had  been  lost.  The  repeated  us.?  of  the  oil  in  tlij 
oil  vessels  did  not  apreciably  diminish  its  efficiency  and  tlic 
introduction  of  suitably-designed  oil  baffles  and  divertere 
overcame  the  tendency  for  the  oil  to  come  out  of  the  oil 
ves&els.  The  oil  diverbers  and  baffles  experimented  witli 
could  be  readily  applied  to  existing  circuit-breakers  at  com- 
paratively small  expense  and  with  practically  no  changes  to 
the  original  installation. 


METHODS  OF  DEALING  WITH  LOSSES  IN  STEAM  PLANT 
DUE  TO  CONDENSATION.* 

IJY  GEO.  WILKINSON,  M.I.M.E.,  AND  J.  RENDELL  WILKINSON,  B  SC. 

The  object  of  the  authors  is  to  briefly  outline  methods  of 
producing  and  using  steam  which  offer  advantages  over  the 
usual  methods,  such  advantages  varying  in  degree  according 
to  the  type  of  plant  in  operation  and  the  particular  uses  to 
which  the  steam  is  put.  In  steam  plant,  the  losses  due  to 
condensation,  which  are  common,  to  a  greater  or  lesser  extent, 
are  often  entirely  neglected.  We  propose  to  discuss  these, 
and  also  the  methods  of  dealing  wit  la  the  resultant  water  of 
condensation. 

Steam  rrap5.— The  common  meihod  of  removing  water  of 
condensation  is  by  means  of  steam  traps,  which  serve  as  an 
outlet  to  atmosphere  for  water,  but  automatically  close 
against  steam.  The  importance  of  keeping  steam  pipes  and 
steam-using  apparatus  free  from  water  is  clear  to  all  engineers 
versed  in  steam  practice.  The  prevalent  use  of  steam  traps 
discharging  water  of  condensation  into  the  atmosphere  cannot 
be  too  strongly  condemned,  as  the  water  so  discharged  not 
only  loses  bulk  by  evaporation,  but,  more  serious  still,  it 
loses  by  such  evaporation  a  heavy  percentage  of  its  heat. 
This  is  shown  by  the  following  figures  :  ~" 
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Often  the  steam-trap  discharge  is  allowed  to  run  to  waste, 
when  the  whole  of  the  heat  is  lost  ；  in  other  cases  the  water 
with  its  reduced  temperature  and  lessened  bulk,  is  piped  to 
the  hot  well,  during  which  time  it  loses  further  heat,  and 
also  imbibes  gases  and  scale-forming  constituents  from  the 
atmosphere. 

The  selection  of  steam  traps  should  always  receive  careful 
attention  ；  too  often  traps  are  installed  which  are  not  well 
fitted  to  the  duties  they  are  called  upon  to  perform.  Numbers 
of  British  makers  offer  standard  sizes  and  types  of  traps 
which  may  be  admirable  for  use  ou  liigli  pressures,  where  the 
amount  of  water  to  be  dealt  with  is  small,  and  where  it  is 
discharged  at  a  high  terminal  pressure.  They  are,  however, 
often  totally  unfitted  for  use  on  lower  pressure  systems, 
especially  where  condensation  is  spasmodic,  and  where  large 
amounts  of  steam  are  condensed  during  short  periods  which 
require  to  be  ejected  quickly  and  at  a  low  pressuro-  of 
emission. 

It  is  a  prevailing  custom  among  makers  to  offer  traps  of 
the  same  size,  type,  and  bore  for  all  working  pressures  and 


*  Abstract  of  paper  read  before  the  Association  of  En^'inceia-in-Chirge. 
Wednesday,  December  13th.  1911. 


28 


THE    MECHANICAL  ENGINEER. 


[January  12,  1912 


varieties  of  conditions,  with  no  information  as  to  size  of 
valve  or  carrying  capacity.  Such  a  custom  is  to  be  con- 
demned. The  size  of  the  inlet  and  outlet  is  no  criterion  of 
the  discharging  capacity  of  a  steam  trap  ；  this,  for  any 
pressure  of  emission,  is  governed  by  the  diameter  and  lift  of 
the  valve  alone.  The  writer  has  bought  traps  of  well-known 
makes,  in  which  the  valve  seats  were  found  to  be  exactly  of 
the  same  diameter  in  both  the  |in.  and  the  -^in.  traps.  The 
only  difference  between  the  two  was  that  the  former  had  a 
larger  body  and  was  more  costly  ；  aod  he  has  frequently 
found  it  necessary,  on  low-pressure  jobs,  to  bore  the  valve 
seatings  out  t0  four  or  five  times  the  area  of  the  standard 
size  before  the  traps  were  fit  to  perform  their  duties. 

Another  feature  which  should  be  considered  in  selecting 
traps  is  the  amount  of  heat-radiating  surface  presented  by  the 
trap  body,  and,  other  things  being;  equal,  the  trap  should  be 
selected  which  presents  the  smallest  surface  of  radiation,  as 
this  forms  a  serious  item  of  loss. 

Modern  steam  power  houses  are  fitted  with  steam  boilers 
working  at  pressures  ranging  from  1201bs.  to  2001bs,  per 
square  inch.  The  boilers  are  normally  fitted  with  super- 
heaters, which  add  anything  from  50°  Fah.  to  150°  Fall,  to 
the  sensible  temperature  of  the  saturated  steam,  and  the 
actual  temperature  of  the  steam  delivered  into  the  steam 
pipes  ranges  from  400'^  Fah.  to  60CP  Fah. 

Numbers  of  engineers  have  an  idea  that  because  they 
obtain  a  high  superheat  there  is  a  negligible  amount  of  con- 
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densation  in  the  steam  pipes,  anl  that  there  is,  therefore, 
little,  if  any,  call  for  drainage.  Moreover,  the  advent  and 
extensive  employment  of  steam  turbines  lias  tended  to  confirm 
this  impression,  because  such  prinio  movers  will  carry  through 
the  water  of  condensation  at  normal  rates  into  the  condensers 
without  noise  or  much  danger ;  but  the  reduced  efficiency  of 
operation,  and  the  increased  cost  of  fuel  thereby  entailed,  is 
a  heavy  price  to  pay  for  this  accommodation.  For  example, 
1  per  cent,  of  moisture  in  the  steam  will  lower  the  ofTirimcv 
of  the  turbine  2  per  cent. 

The  authors  are  able  to  give  the  following  data  as  to 
condensation  in  steam  ranges  ： — 

An  electric  power  station  in  the  Midlands,  witli  stoam 
at  1251bs.  pressure,  anrl  50''  Fah.  of  superheat,  is  fitted  with 
steam  pipes  having  a  total  area  of  1,200  sq.  ft.,  inclusive  of 
flanges  and  valve  bodies.  TIip  whole-  pipo  vnnge  is  housed  in 
substantial  buildings,  and  effectively  coverod  by  plastic 
asbestos  to  an  average  depth  of  2in.  the  water  of  condensa- 
tion discharged  from  the  five  points  of  drain  ago  on  Kovonibor 
1 1th,  1910,  was  357  galls,  in  21  hours. 

An  electric  power  station  in  the  North  of  England,  with 
steam  at,  1401bs.,  and  120°  Fah.  to  150^  Fah.  suporhoat,  is 
equipped  with  a  steam  range  liavin.*;  a  total  area  of 
1,384  sq.  ft.,  including  flanfjos.  valvo  bodies,  and  separators. 
The  whole,  pipe  range  is  liouscnl  in  substantial  buildings,  and 
effectively  covered  by  magnesia  to  an  average  depth  of  2in. 
During  six  successive  days  last  April ― the  reading  \^\u^ 
taken  rc2:ularly  every  three  hours  -  the  water  of  condensation 


from  the  range  averaged  17*1  galls,  per  hour,  or  410  galls,  in 
the  24  hours. 

In  a  large  electric  power  house  in  Scotland,  employing 
modern  high-pressure  boilers  and  superheaters,  the  water  of 
condensation  expelled  from  the  steam  range,  when  tested,  was 
1,198  galls,  ill  the  24  hours. 

It  is  found  that  the  amount  of  condensation  in  the  steam 
pipes  is  greatest  in  the  winter  time,  and  during  the  24  hours 
it  is  heaviest  when  the  lightest  load  is  being  carried  by  the 
station. 

Taking  the  average  for  the  three  power  houses  above- 
mentioned,  the  amount  of  condensation  is  655  gals,  a  day,  or 
239,075  galls,  a  year.  Assume  an  average  steam  pressiire  of 
1501bs"  or  a  sensible  temperature  of  366°  Fah.,  say  310。  Fall., 
in  excess  of  the  average  temperature  of  the  boiler  feed  water. 
The  total  useful  heat  represented  by  this  water  of  condensa- 
tion equals  741,132,500  B.Tli.U.'s  per  annum.  Should  the 
water  be  discharged  to  the  drains,  which  is  the  case  in  many 
instances,  the  whole  of  this  heat  is  wasted. 

In  power  houses  where  economy  of  operation  is  studied, 
the  water  of  condensation  is  often  entrained  to  the  hot  well, 
thus  saving  a  large  proportion  of  the  、vater，  and  a  certain 
proportion  of  the  heat.  This  arrangement,  while  being  in 
some  cases  better  than  allowing  the  hot  water  to  run  to 
waste,  is  not  economical,  for  the  following  reasons ~ - 

(1)  The  temperature  of  emission  from  the  steam  range 
carrying  steam,  at  1501bs.  pressure  approximates  to  366°  Fah.' 
while  the  maximum  temperature  of  the  water  in  the  atmo- 
sphere cannot  be  above  21 2\  The  additional  cooling  in  trans- 
mission to  the  hot  well  and  from  thence  to  the  feed  pumps 
will  further  increase  the  loss  indefinitely.  However,  taking 
the  high  figure  of  180°  Fah.  as  the  temperature  of  the  water 
passing  to  the  pumps,  and  a  feed  temperature  of  56。，  the 
heat  saved  per  pound  of  water  is  124  B.Th.U/s  out  of  a 
possible  (366—56)  310  B.Tli.U.'s.  In  other  words,  about 
60  per  cent,  of  the  heat  is  lost. 

(2)  Due  to  the  rapid  fall  in  temperature  from  366^  to 
212*^5  approximately  16  per  cent,  of  the  water  is  lost  in 
evaporation, 

(3)  As  nearly  all  modern  power  houses  are  fitted  with 
surface  condensers  and  eoonomisers,  it  is  often  wasteful 
practice  to  allow  the  higli-temperature  trap  water  into  the 
hot  well  because  of  the  heavy  flocrease  in  economiser  efficiency 
which  is  involved. 

This  heavy  continuous  loss  has  largely  escaped  attention 
hitherto,  and  it  is  difficult  to  get  data  with  regard  to  it.  The 
following  information  will,  however,  indicat-e  that-  the  loss  is 
more  serious  than  is  geiiorally  recognised  : —— 

Mr.  J.  R.  Fish,  of  Bolton,  in  a  recent  communication, 
gave  the  results  of  two  actual  tests  whicli  show  that  eoono- 
misers are  far  more  efficient  when  supplied  with  feed  wat^r 
at  a  low  t?nipprature  as  compared  witli  liigh-teniperature 
feed.  The  following  table  has  been  based  upon  tlio  jniblished 
figures  given  by  Mr,  Fish  for  the  same  eroiiomistT  taking 
feed  water  at  different  temperatures : ― 


Duration 
of 
Test. 

Dulv 
(galls 
per  hr.、 

[Initial 
lenip.  of 
Feed. 

Final 
!»:nip  of 
Feed. 

B.Th.U.'s 
extracted 
from 

furnace 
gases  per 
lb.  of  water 

Coat  Used  per 
hour  in 
Boiler  I-urnaces. 

No.  1 
No.  2 

m  hrs. 
lOS  hrs. 

11 

"0、、  Fah. 
120^  Fall. 

24.5°  Fah. 
2r»r'  Fah. 

185 
131 

S  c、vt.  2  qrs. 
8  cut.  2  qrs. 

These  figures  show  that  1,480,000  B.Tli.U.'s  were 
oxtract-od  from  the  spent  furnace  gases  per  hour  in  the  i  ase 
of  the  cool  feecK  against  1 .048,000  with  the  higlier  tempe- 
rature feed  ;  a  difTerence  of  432  000  B.Th.U/s  in  favour  of 
the  former,  or  41  per  cont .  lt;""  in  lioat  units,  or  a  saving  in 
fuel  of  4  to  5  per  cent. 

The  following  figures,  lakt  n  from  a  power  station  during  a 
normal  day's  workiii*;,  effectively  demoiist rai^  tho  point 
under  discussion.  The  t.eiii|>oratures  were  taktm  after  tho 
(  tiiulitious  had  been  established  for  two  hours,  so  that  the 
thermometers  had  settled  down  to  steady  readings.  Com- 
paring; food  at,  Sr,  Fah.  and  injector  feed  at  182'  Fah..  there 
is  a  clifTcreiu'e  of  10  per  ( ent.  effioioTicy  duo  in  favour  of  the 
former  case. 

It  should  be  explained  that  the  U  i  in  ，'rtiri，、"（y  duo  to 
economiser  ，，  is  here  used  in  au  approximate  sense,  based  on 
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tlie  rough  assumption  that  every  10。  Fall .  added  U)  the  water 
is  equivalent  to  an  efficiency  of  1  per  cent. 

la  giving  the  above  examples,  the  authors  do  jiot  suggest 
that  economisers,  as  at  present  made,  should  he  fed  with  cold 
water,  as  sweating  of  the  tubes  and  destructive  corrosion 
would  be  set  up  ；  also,  in  cases  where  the  furnace  draught  is 
feeble  and  the  cliinniey  inadequate,  to  extract  so  large  an 


A 


Fig.  -2.— The  Lifter.  Fig.  3. 

LosLEs  System  of  Drainage. 


- Thk  Feeder. 


amount  of  beat  from  the  gases  might  seriously  reduce  the 
draught  and  the  furnace  activity.  There  are,  however, 
undoubtedly  many  steam  plants,  especially  in  cases  where 
mechanical  di*auglit  is  employed,  where  such  a  modification 
could  be  readily  introduced,  and  the  result  would  be  a  sub- 
stantial saving  in  the  coal  bill. 

Further  dependable  evidence  is  furnished  by  the  largest 
firm  of  econoiniser  manufacturers  in  the  kingdom,  whose  tests 
showed  a  difference  in  econoiniser  efficiency,  all  other  things 
being  equal,  between  an  initial  feed  temperature  of  94。  Fah. 
and  202°  Fall.,  as  no  less  than  26  per  cent. 

In  1910，  when  visiting  one  of  the  large  power  houses  of 
the  city  of  Glasgow,  the  writer  took  tho  opportunity  of 
measuring  the  temperatures  of  the  feed  water,  and  found  the 
temperature  of  the  water  discharged  by  the  air  pumps  from 
the  surface  condensers  varied  from  110°  Fah,  to  120°  Fah . , 
and  the  discharge  from  the  steam  traps  which  entered  the 
water  duct  at  a  point  between  the  air-pump  discharge  and  the 
hot  well  was  lifting  the  temperature  of  the  water  to  no  less 
than  160。  Fah.,  i.e,、  it  was  adding  40°  Fah.  to  a  condenser 
discbarge  which  was  already  10°  Fah.  to  20°  Fah.  higher  than 
was  desirable  for  the  econornisers,  and  thus  the  econoiniser 
efficiency  was  very  substantially  lowered.  The  writer  was 
fortunate  enough  to  see  the  log  sheets  at  the  works  and  found 
that  the  temperatures  taken  accorded  closely  with  the  station 
records. 

In  view  of  the  facts  and  figau'es  given  in  the  preceding 
paragraphs  it  is  probable  that  if  all  the  heat  in  the  trap 
water  had  been  allowed  to  run  to  waste  the  net  result)  would 
have  been  a  gain,  due  solely  to  tlie  improved  efficiency  thereby 
realised  in  the  econornisers. 

Incidentally,  the  authors  may  point  out,  as  the  foregoing 
facts  prove,  that  exhaust-steam  heaters  are  often  connected 
up  in  an  inefficient  manner.  If  such  heaters  raise  the  feed 
water  to  a  high  temperature,  they  should  not  be  put  in  series 
between  the  feed  pumps  and  the  econornisers,  but  in  parallel 
with  the  econornisers,  and  the  relative  amount  of  water  passed 
through  each  apparatus  properly  adjusted. 

In  cases  where  the  normal  temperature  of  tlie  hot  well  is 
too  low  to  prevent  sweating  and  corrosion  of  the  econoniiser 
tubes,  it  is  far  better  practice  to  raise  the  initial  tempera- 


ture of  the  feed  water  by  connecting  a  small  pipe  from  the 
economiser  discharge  to  the  punip  suction.  Tlio  small  amount 
of  hot  water  wliicli  flows  tlmm^rli  lliis  pipe  raises  ihc  tcinjx?- 
r;itim'  of  tlio  feed  water  the  required  amount,  and  the  whole 
of  the  Ileal  in  the  feed  water  is  thus  derived  from  the  spent 
furnace  gases,  while'  the  ('coiioiuisor  is  maintained  in  opera- 
tion continuously  at  its  liighest  efficiency. 

The  authors  trust  that  the  foregoing  observations  demon- 
strate the  necessity  of  better  methods  of  dealing  with  water 
of  condensation.  Either  to  allow  it  to  dribble  through  the 
prime  movers  to  the  condensers  or  to  drain  to  the  hot  woU  is 
a  method  to  be  condemned. 

The  obvious  and  only  efficient  method  of  dealing  with  the 
problem  is  to  return  the  steam  temperature  water  to  the 
boilers  immediately  condensation  takes  place.  This  can  be 
done  by  simple  and  reliable  methods  ；  bub,  due  to  want  of 
appreciation  and  enterprise,  many  engineers  in  tliis  country 
are  still  content  to  continue  the  old  and  wasteful  methods. 

Between  30  and  40  years  ago  the  first  automatic  method 
was  invented  in  America  and  put  upon  the  market  under  the 
name  of  "  The  Steam  Loop,"  which  automatically  returns  to 
the  boiler  any  condensed  water  which  may  be  formed  in  the 
steam  pipes'  without  the  aid  of  mechanism  or  complication 
of  any  kind. 

Due  to  tli6  limited  capacity  of  the  steam  loop,  and  to  the 
fact  that  a  separate  loop  is  required  for  every  point  of 
drainage,  a  further  development  of  the  device  took  place  also 
in  America,  and  was  put  upon  the  market  under  the  name  of 
"The  Holly  System."  It  was  introduced  in  Great  Britain 
inany  years  ago,  but  has  not  succeeded  in  establishing  itself 
in  many  power  houses  in  the  country. 

In  1906  during  extensions  in  the  Harrogaie  Electric  Power 
House  it  became  necessary  to  improve  the  steam  pipe 
drainage.  After  a  series  of  experiments  and  investigations 
carried  on  under  actual  working  conditions,  the  authors 
succeeded  in  evolving  a  simple  automatic  device,  which  is 
dependable  under  all  working-  conditions.  This  device  has 
since  become  known  on  the  iiiarket  as  the  "  Wilkinson 
Thermal  Column."  This  column  is  illustrated  in  Fig.  1，  and 
it  consists  of  two  chambers  A,  the  lower  or  sump  (the 
standard  pattern  of  which  is  fitted  to  take  six  entrainment 
pipes),  and  E，  the  upper  chamber  or  receiver.  The  former  is 
fixed  ill  such  a  position  that  the  water  of  condensation  drain- 
ing from  the  steam  range,  separators,  steam  jackets,  &c.，  can 


Fig.  4  — The  Controller.   Loslks  System  op  Drainagk. 

freely  flow  thereto,  by  gravity,  through  entrainment  pipes 
B  and  check  valves  cv.  The  sump  is  connected  by  a  rising 
pipe  C  and  valve  d  to  the  receiver  E，  which  is  fixed  above  the 
boilers,  so  that  the  water  of  condensation  can  quickly  gravi- 
tate therefrom  tli rough  tlie  connecting  pipe  P  and  non-return 
valves  cv  back  to  tlie  boilers. 

The  principle  on  which  the  thermal  column  works  may 
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not  be  quite  clear  at  first  sight.  Its  operation  is  due  to  the 
fact  that  directly  a  body  of  steam  is  cut  off  from  the  source 
of  supply  it  cools  rapidly,  and  the  pressure  drops.  For 
instance,  steam  at  ISOlbs.  pressure  has  a  sensible  temperature 
of  366。  Fall.  ；  at  361°  Fall,  it  has  a  pressure  of  lOlbs.  less, 
which  is  sufficient  to  lift  a  column  of  water  (in  round 
figures)  20ft. 

Bearing  these  facts  in  mind,  it  will  be  noted,  on  reference 
to  Figi.  1，  that  when  there  is  no  water  of  condensation  in  the 
sump  A,  steam  has  free  access  up  the  rising  pipe  C.  As  the 
drayiage  water  enters  the  sump  through  the  check  valves  and 
inlets  B,  the  bottom  of  the  rising  pipe  C  becomes  immersed, 
and  the  rising  pipe  C  and  the  receiver  E  are  cut  off  from  the 
source  of  steam  supply.  The  steam  in  the  receiver  _E 
instantly  drops  in  pressure,  and,  due  to  the  full  steam  pressure 
in  the  sump  the  water  rises  up  the  pipe  C  and  drops  over 
into  the  receiver  E.  Directly  the  water  in  the  sump  A  has 
passed  into  the  receiver  E，  steam  follows  up  the  rising  jDipo  C， 
and  establishes  equilibrium  of  pressure  beiwe'en  the  receiver  E 
and  the  boiler.  The  water  is  then  free  to  gravitate  through 
the  pipe  P  and  the  check  valves  rr  into  the  boilers. 

The  receiver  E  is  of  such  capacity  that,  notwithstanding 
the  periods  during  which  it  is  discharging  its  contents  to  tlie 


Fig.  5.— Kqui-Sump.     Losles  System  of  Drainage. 

boiler,  the  normal  amount  of  condensation  water  formed  in 
the  steam  range  during  each  cycle  is  incapable  of  filling  it. 
In  other  words,  the  amount  of  water  collected  in  the  sump 
and  entraining  pipes  during  the  period  when  the  receiver  is 
discharging  to  the  boiler  and  being  refilled  is  less  than  the 
receiving  chamber  will  hold. 

The  apparatus  is  so  sensitive  tliat  the  hoat  radiation 
through  good  "  non-conducting  "  covering  inaterial  is  sufficient 
to  ensure  its  effective  working  and  the  automatic  return  of 
the  condonsod  steam  direct  to  ilie  boiler.  The  enu'ionfv  is 
so  high  that  the  condensed  steam  can  be  lifted  from  tlio  sump 
and  returned  to  the  boilers  with  a  niaxiiniun  drop  in  tempe- 
rature of  less  than  oiio  (Fah.)  per  foot  of  lift'.  In  a 
well-arranged  hi*jh-pr0vssurc  plant  tho  tomiioraturo  loss  is 
about  half  this  amount.  There  is  no  outlet  to  atnu>sj)J)ore, 
and  the  whole  of  the  water,  at  a  tenincrature  closely  approxi- 
mating to  that  of  the  steam,  is  within  a  very  short  time  of  its 
actual  condensation  in  the  steam  range  silently  carried  back 
direct  to  the  boiler. 

The  cover  of  the  receiver  is  fitted  with  an  automatic  air 
and  relief  valve.  F，  which,  while  holding  tight  af^ainst  st<*aiii, 
allows  the  small  amount  of  air  nccunmlating,  to  escape  to 


atmosphere.  The  automatic  valve  F  is  designed  so  that 
should  the  receiver  become  flooded  and  the  water  rise  into 
the  inner  tube  of  the  automatic  relief  valve  it  causes  the  tube 
to  contract  slightly.  This  liberates  a  thin  film  of  water,  the 
kinetic  energy  of  which  water  serves  to  throw  the  valve  full 
open,  and  the  discharge  is  then  exceedingly  rapid.  The 
steam  which  follows  after  the  excess  water  is  discharged  is 
unable  to  maintain  the  valve  open,  and  it  immediately  snaps 
down  upon  its  seat,  and  the  flow  of  steam  is  stopped.  This 
relief  valve  is  called  into  operation  only  when  there  is  an 
exceptional  rush  of  water. 

The  thermal  <-olumn  may  be  left  with  confidence  to  dis- 
charge its  functions  continuously?  provided  the  automatic 
relief  valve  on  the  overhead  receiver  is  operated  by  hand  for 
a  f&w  moments,  say  twice  a  week,  to  prevent  its  getting  set 
fast.  This  is  necessary,  as  the  valve  may  not  be  called  upon 
to  operate  more  often  than  once  in  six  months,  or  even  louger. 
This  apparatus  is  at  work  successfully  dealing  with  all  the 
water  of  condensation  in  power  houses,  having  working 
pressures  of  from  251bs.  to  2001bs.  per  square  inch. 

Two  objections  have  been  advanced  against  the  use  of  this 
system  of  drainage,  and  they  have  both  proved  groundless  in 
practice.  The  first  is  that  to  keep  the  small  entraiiiment 
pipes  and  joints  tight  will  be  a  matter  of  some  difficulty.  The 
inconsistency  of  this  contention  is  apparent  when  we  consider 
the  aggregate  length  of  small  piping"  used  in  superheaters,  and 
the  larger  amount  of  comparatively  weak  cast-iron  piping 
employed  in  economisers,  the  end  boxes  of  whicli  are  kept 
watertight  by  the  employment  of  circular  back-tapered  cast- 
iron  discs.  No  trouble  is  incurred  on  tlie  entrainmeiit  piping, 
provided  it  is  built  up  iu  lengths  and  the  socket  connootions 
are  screwed  dry  and  brazed.  The  various  sections  should  be 
bolted  together  by  means  of  flanges  of  substantial  thickness, 
jointed  with  good  mastic  and  corrugated  metal  jointing  rings. 

The  second  objection  sometimes  advanced  is  that,  due  to 
drop  of  steam  pressure  in  various  parts  of  tlie  steam  range  on 
heavy  loads,  the  drainage  to  a  common  sump  will  not  be  free 
and  depeudable.  Experience  uuder  practical  working  condi- 
tions proves  this  objection  to  be  groundless,  as,  while  it  is  true 
that  there  are  differences  in  pressure  on  a  high-pressure  steam 
range,  sucli  pressure  variation  within  wide  limits  does  not 
interfere  with  free  drainage  to  a  common  sump. 

It  must  not  be  forgotten  that  the  strain  is  subject  to  rapid 
pulsations  due  to  the  spasmodic  requirements  of  the  prime 
mover  and  the  action  of  the  governors  on  the  engines.  Also, 
tlie  steam  piping  is  iu  a  vibratory  condition.  These  two 
elements  are  sufficient  to  ensure  drainage  from  all  points  to 
the  sump. 

The  greatest  variation  of  steam  pressure  which  has  come 
under  the  authors'  notice  is  upon  a  steam  range  working  at 
1401bs.  ；  in  this  case  a  steam  turbine  of  1,000  kw.  derives  its 
supply  from  the  extreme  end  of  the  steam  ring,  ami  a  small 
auxiliary  steam  engine  derives  its  steam  supply  from  the 
remote  side  of  this  big  plant.  The  drop  of  pressure  on  the 
auxiliary  steam  engine  when  the  1.000  kw.  plant-  is  in  opera- 
tion approximates  to  81  bs.  or  lOlbs.  per  square  inch.  Never- 
theless, tlio  separator  on  tlie  small  plant  drains  freely, 
although  there  is  a  head  of  less  than  ISins.  between  it  and 
the  sump. 

Altliou^li  losses  due  to  rontlensatioti  in  tlie  power  house 
are  serious,  in  tlio  fact-orv  wo  find  far  heavier  losses  from  tliis 
cause.  The  diflit'ultv  in  dealing  effectively  and  efticiently 
with  the  problem  is  also  greater,  due  to:  (1)  The  more 
t'xt-ensive  distribution  of  stoain.  (2)  The  widely  and  fre- 
quent Iv  varviiii!;  prcssim's  and  toinjx^rat ures  at  which  the 
wator  of  condensation  is  expelled  at  tlie  niunorous  drain  ape 
points.  (3)  The  constantly  varying  amount  of  condensation  ； 
the  drainage  system  hoinp  often  called  upon  to  deal  promptly 
with  lioavv  roiulonsation  at  irregular  periods. 

Like  (liffirulties  are  also  ofton  found  in  workhouses, 
asvliuns,  public  institutions,  and  hotels.  Suoh  buildings,  for 
the  most  part,  have  three  stoani  ransjos,  from  each  of  which 
considorablo  ouantities  of  water  of  oondonsation  are  dis- 
charged.   An  average  example  is  as  follows  ： ― 

(a)  Prt、syim、  in  the  stoain  boilers  of,  say,  801  bs.  per  square 
inrli,  used  for  driviiii:  iiiacliiiiery. 

(h)  A  ranpe  at  301bs.  per  square  inch,  supplied  through 
a  reducin£r  valve,  and  used  for  heating,  calorifiers  for  liot 
water,  and  the  like. 


January  12,  1912] 


THE    MECHANICAL  ENGINEER. 


31 


(c)  A  third  range  at  from  51bs.  to  lOlbs.  per  square  inch 
used  in  the  kitchens  for  cooking  purposes. 

Many  attempts  have  been  made  to  produce  apparatus  to 
collect  the  watei'  of  condensation,  and  automatically  deliver 
it  to  the  boilers  without  exposure  to  the  atmosphere.  Few 
have  survived,  and  the  systems  which  are  in  use  have  found  a 
limited  field  of  application,  as  none  of  them  meet  all  the 
conditions  involved  in  the  problem.  The  best-known  systems 
are  the  Bundy  or  Morehead  lifting  pump  steam  trap,  the 
Pratt  return  steam  trap,  and  the  automatically-controlled 
feed  pump  with  superimposed  receiver. 

The  disadvantages  of  existing  return  trap  systems  are 
that  in  the  vast  majority  of  cases,  there  is  insufficient  head 
available  to  lift  the  water  above  the  boiler.  The  employment 
of  two  return  traps  then  becomes  necessary.  The'  lower  trap 
lifts  the  water  to  the  upper  one,  which  in  turn  discharges  to 
the  boiler.  This  arrangement  appears  satisfactory  at  first 
sight,  but  practice  reveals  an  inherent'  disadvantage.  In 
actual  working,  the  two  traps  get  out  of  phase.  Imagine  the 
top  trap  to  be  filled  before  the  bottom  one  is  quite  empty. 
The  lower  trap  remains  standing  while  the  upper  one  dis- 
charges to  boiler.  The  latter  then  takes  the  remainder  of 
the  contents  of  the  lower  trap.  In  turn,  the  upper  trap  is 
then  held  up  until  the  lower  one  has  again  filled,  and  become 
capable'  of  completing  the  filling  of  the  upper  one.  This 
out-of-phase  effect  very  materially  reduces  the  capacity  of  the 
return  system.  Again  the  "  idle  "  period  of  the  bottom  trap 
occurs  during  its  discharge  stroke,  i.e,  when  the  trap  contains 
live  steam.  The  result  is  a  soakage  of  heat  into  the  trap  and 
its  contents,  all  of  which  is  lost  in  the  form  of  steam 
exhausted  to  atmosphere  during  the  next  filling  stroke.  This 
makes  the  "  out-of-phase "  filling  stroke  longer  than  the 
normal  one,  and  so  further  loss  of  capacity  is  involved,  in 
addition  to  the  heat  loss. 

In  the  majority  of  cases  in  factory  practice,  the  points 
drained  are  subjected  to  different  and  constantly-varying 
pressures  of  discharge.  Nevertheless,  in  existing  return  trap 
systems  a  common  closed  sump  is  used,  to  wliichi  the  drain 
pipes  are  connected.  The  inevitable  result  is  a  "  backing  up  " 
of  water  in  those  parts  of  the  steam  plant  which  at  the  time 
have  the  lowest  discharge  pressures.  This  "  backing  up " 
effect  is  bad  in  three  ways :  (a)  It  is  wasteful,  for  the  appa- 
ratus in  which  it  has  taken  place  must  he  drained  by  running 
the  water  to  waste,  (h)  There  is  also  indirect  waste  due  to 
the  reduced  efficiency  of  the  flooded  apparatus,  (c)  There  is 
risk  of  positive  damage  due  to  water-liammer. 

It  is  claimed  that  where  the  steam  pressure  is  high  enough 
to  raise  the  water  of  condensation  above  the  boilers,  one 
return  apparatus  is  sufficient.  If,  however,  any  part  of  the 
plant  drained  be  out  of  use  it  is  subject  to  the  pernicious 
backing-up  effect  just  described.  It  is  impossible  to  keep  all 
the  check  valves  tight,  and  when  a  machine  wliicli  has  bepn 
out  of  use  for  a  time  is  opened  up  it  is  often  found  to  be  full 
of  cold  water.  Before  commencing  to  work,  this  water  must 
be  run  to  waste  ，  its  heat  being  already  dissipated .  The 
remedy  for  this  trouble  is  the  use  of  a  closed  sump  placed 
below  the  level  of  the  lowest  point  drained.  To  obtain  this 
result,  however,  it  is  necessary  to  have  a  sump  which  will 
automatically  prevent  a  serious  back  pressure  from  being 
exerted  on  the  drainage  pipes. 

The  "  Losles  "  system  has  been  designed  by  the  authors  to 
overcome  the  several  defects  in  existingf  return  systems.  The 
apparatus  is  illustrated  in  Figs.  2-5.  The  essential  parts  are  : 
A  bottoin  receiver  or  "Lifter"  (Fi^.  2)  ；  a  top  receiver  or 
"Feeder"  (Fi^.  3)  ；  a  "  Controller  "  (Fig.  4)  ；  an  "  Equi- 
Sump  "  (Fig.  5). 

Fig,  2  shows  a  sectional  view  of  one  type  of  "  Lifter."  It 
consists  of  a  cylindrical  chamber  A  of  niild  steel,  in  which 
hollow  metal  floats  B  and  are  suspended  from  the  lever  C 
carried  in  the  cover  D.  As  will  be  seen,  the  valves  are  of  the 
mushroom  type,  and  the  spindl&  of  the  steam  valve  E  abuts 
upon  the  lever  C  at  a  point  between  the  floats  suspension  and 
the  fulcrum  -  The  exhaust  valve  F  is  carried  upo"  a  hard 
steel  ball  G  riding  upon  the  other  end  of  the  lever  C.  Thus, 
the  vertical  motions  of  the  valves  are  free,  notwithstanding 
that  they  are  both  operated  by  a  lever  turning  upon  a  centre 
pin.  The  general  arrangement  is  such  that  all  the  parts  can 
be  withdrawn  and  replaced  in  a  few  moments  by  removing  the 
end  plate  H  without  breaking  the  cover  joint.  The  extension 
of  the  exhaust  valve  carries  a  "balance  weight  I. 


The  adjustment  is  such  that  when  the  float  B  is  submerged 
to  the  level  corresponding  with  tlie  bottom  of  the  dip  pipe  J， 
it  is  sufficiently  buoyant  to  force  open  the  steam  valve  E  until 
its  upward  inovemenb  is  arrested  by  the  exhaust  valve  F 
coming  into  contact  with  its  seat.  This  admits  steara,  which 
forces  the  water  at  a  great  velocity  into  the  feeder  located 
above  the  boilers.  When  the  water  level  has  fallen,  and  the 
bottom  float  is  partly  denuded  of  water,  the  dual  float 
becomes  heavy  enough  to  pull  the  exhaust  valve  F  off  its  seat 
against  tlie  steam  pressure,  and  at  the  same  time  allows  the 
steam  valve  E  to  close.  The  steam  in  the  lifter  at  once 
exhausts  to  atmosphere  or  into  the  feed  tank  through  a  silent 
heater,  when  the  caloric  is  usefully  absorbed  by  the  feed 
water.  The  water  enters  the  lifter  clear  of  the  dual  float 
through  the  non-return  valve  K，  and  flows  to  tlie  feeder 
through  the  non-return  valve  L.  The  floats  have  sufficient 
displacement  to  open  large  steam  and  exhaust  valves  while 
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Fig.  6. 一 Diagram  op  Connections.   Losles  System  of  Drainage. 

the  inlet  and  outlet  pipes  are  much  bigger  than  hitherto  used, 
the  result  being  that  a  high  duty  is  obtained. 

The  feeder  consists  of  a  steel  chamber  A，  shown  in  Fig.  3. 
It  contains  no  moving  parts  ；  it  is  fitted  with  a  pipe  B  at  its 
upper  &iid，  which  serves  alternately  for  the  admission  and 
discharge  of  boiler  steam.  At  its  lower  end  a  larger  pipe  C  is 
fitted,  which  serves  alternately  as  the  water  inlet  from  the 
lifter,  and  the  water  discharge  pipe  to  the  boilers.  The 
feeder  is  also  fitted  with  a  small  horizontal  pipe  E，  the  inner 
end  of  whicli  is  closed.  This  pipe  carries  a  core  of  metal  of 
rather  less  diameter  than  the  bore  of  the  pipe  and  the  inter- 
vening space  contains  water.  The  function  of  this  pipe  is 
described  in  connection  with  the  valve  box. 

Fig.  4  shows  the  controller,  whicli  serves  to  deliver  and 
exhaust  steam  to  and  from  the  feeder  in  synchronism  with 
the  lifter.  This  controller  may  be  fixed  in  any  convenient 
and  accessible  position.  It  consists  of  a  back  plat 亡 A，  which 
may  be  bolted  up  in  any  convenient  oosition.  This  plate 
carries  the  valve  box  B，  the  weighted  lever  C，  the  liftint; 
cylinder  B，  the  catch  E，  and  the  releasing  diaphragm  F.  In 
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the  valve  box  B  is  a  steam  valve  G  and  an  exhaust  valve  H. 
The  pipe  I  enters  between  these  two  valves,  and  communicates 
with  the  top  of  the  feeder  (Fig.  3).  This  pipe  serves  to  con- 
vey steam  to  or  from  the  feeder,  according  as  the  steam 
valve  G  or  exhaust  valve  H  is  open.  The  lifting  cylinder  D 
contains  a  plunger,  and  is  connected  by  a  small  pipe  with  the 
lifter  (Fig.  2).  The  catch  E  is  controlled  by  the  diaphragm  F 
and  the  spring  J.  The  diapliragm  is  connected  by  means  of 
the  pipe  I  to  the  pipe  E  in  the  feeder  already  mentioned. 
(See  Fig.  3). 

The  function  of  the  controller  is  to  ensure  the  synchronous 
working  of  tlie  lifter  and  feeder,  which  it  does  as  follows  : 
The  weighted  lever  C  is  adjusted  to  keep  the  steam  valve  G 

Economiser  Efficiency  on  Low  Loads  toith  one 
Two  Economisers  in  parallel,  vi 


in  temperature  would  mean  a  corrcspondiug  rise  in  pressure. 
In  order  io  prevent  this,  the  thermal  regulator  G  is  adjusted 
to  open  the  valve  F,  admitting  cold  water,  which  absorbs  the 
excessive  heat.  By  means  of  the  screws  I  tlie  maximum 
temperature  in  the  feeder  is  adjusted.  The  deflector  J  is  to 
throw  the  cooling  water  clear  of  the  thermal  regulator  G. 
In  some  cases,  owing  to  the  low  emission  pressure  of  the  water 
of  condensation,  no  pressure  may  be  allowable  in  the  equi- 
sump,  and  in  that  event  the  relief  valve  D  is  dispensed  with, 
but  air  is  prevented  from  entering  the  equi-sump  by  a  water 
trap  in  the  relief  pipe  or  other  equivalent  device. 

Fig.  12  shows,  in  diagrammatic  form,  the  arrangement  of 
a  complete  "  Losles  "  system.    If  the  steam  pipe  supplying 
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open,  and  the  exhaust  valve  H  shut.  This  allows  the  feeder 
to  deliver  its  contents  to  boiler.  The  feeder  cannot  fill  with 
water  until  the  lever  C  is  lifted,  allowing  the  steam  valve  G 
to  shut  and  exhaust  valve  H  to  open.  Two  conditions  must 
be  satisfied  before  this  can  take  place,  if  synchronism  is  to 
b.3  obtained  ：  (1)  The  lifter  must  be  ready  to  fill  the  feeder. 
(2)  The  feeder  must  be  sufficiently  empty  to  take  the  lifter's 
contents. 

The  two  conditions  are  satisfied  by  the  action  of  the 
cylinders  D  and  the  diaphragm  F  respectively.  "When  tlie 
lifter  is  ready  to  discharge  to  the  feeder  it  communicates  its 
steam  .pressure-  to  the  cylinder  D，  which  will  lift  the  lever  C 
provided  the  catch  E  is  also  raised.  When  the  feeder  is  suffi- 
ciently empty  to  take  the  contents  of  the  lifter,  the  pipe  E  in 
the  feeder  (Fig.  3)  is  exposed  to  the  steam,  and  the  water  it 
contains  is  evaporated.  ―  The  pressure  so  generated  is  com- 
municated to  the  diaphragm  F,  and  raises  the  catch  E  against 
the  spring  J.  This  satisfies  the  second  condition  essential  to 
synchronism.  AVhen  the  lifter  has  passed  its  contents  to  the 
feeder,  it  opens  its  exhaust  valve.  Tliis  drops  the  pressure 
in  the  cylinder  D，  and  allows  the  lever  C  to  drop  back  into  its 
original  position.  The  fresh  charge  of  water  in  the  receiver 
cools  the  pipe  E  (Fig.  3)，  condenses  the  steam  therein,  and  the 
catch  E  is  then  able  to  return  to  its  first  position.  The  cycle 
then  recommences. 

Tn  any  particular  case-  the  speed  of  the  operation  is  limited 
either  by  tlie  filling  hear!  to  tlie  boilor  or  the  fillin"'  head  to 
the  lifter.  The  former  is  proportional  to  the  lioight  of  tlie 
feeder  above  the  boiler  ；  the  latter  to  the  niiiutmini  pressure 
of  discharge  in  the  drainage  system. 

Fig.  5  shows  cJ  sectional  view  of  one  type  of  the  equi-sump, 
which  allows  the  traps  at  points  of  difTering  pressures  to 
drain  into  one  common  return  svstem  without-  waste  of  heat 
or  loss  by  evaporation.  It  consists  of  a  closed  tank  A，  pre- 
ferably covered  by  lieat-insulatiii"'  material,  into  wliich  all  tlio 
drainage  pipes  discharge  at  B,  below  the  level  of  tlie  pipe  C, 
which  conveys  the  contents  to  the  lifter.  Each  drainage  pipe 
is  provided  with  a  iion-retuni  valve,  ami  those  which  convey 
water  of  condensation  at  very  liigh  teninoratures  are  prefer- 
ably fitted  with  silent  water  heaters.  A  relief  valve  D  in  the 
cover  of  the  feeder  is  set  to  maintain  a  pressure  rather  less 
than  the  iiiiniinum  discharge  nrossiiro  in  the  ^stoam  plant 
drained.  Tlio  pipe  E  from  iliis  reliof  valve  is  ttM'iinnat od  in 
the  boiler  feed  tank  below  the  level  of  the  water.  Sliould  tlio 
Tetnrn  system  he  mit.  out  of  action,  the  water  of  ('omlensation, 
instead  of  hacl<iiie^  u，）  iho  drain  pipes,  finds  a  vent  through  tlio 
relief  valve  into  the  feed  lank. 

A  cold  water  supply  is  connected  with  the  equi-sump 
through  the  valve  F,  which  is  controllod  l)y  tlie  automat ir 
thornral  regulator  G.  The  drainage  \vat<n\  flow—  into  the 
snnip-  mav  he  so  hot  as  to  cause  the  teniiJoratuiv  of  ilw  、vat。r 
■vvitliin  the  sump  to  rise  above  that  rorn'spoiuling  to  the 
pressure  at  which  the  relief  valve  D  will  blow.    Such  a  rise 


the  "Losles"  apparatus  is  effectively  drained,  so  that  the 
water  of  condensation  from  the  live  steam  supply  pipe  is 
passed  into  tlie  lifter  with  the  feed  water  instead  of  being 
allowed  to  find  its  way  through  the  steam  valve,  the  plant 
becomes  a  reliable  meter-feed  pump.  When  so  used,  a  speed 
counter  is  fixed  011  the  controller,  and  a  sensitive  reducing 
valve  is  fixed  on  the  steam  supply  pipe  to  the  lifter,  so  that 
the  steam  pressure  upon  the  lift-er  may  be  uniform  and  inde- 
pendent of  the  usual  fluctuations  of  steam  pressure  in  the 
boilers.  When  so  used,  the  ordinary  feed-water  tank  takes 
the  place  of  the  equi-sump. 

THE  PEEL-CONNER  SYSTEM  OF  TELEPHONY. 

Last  week  the  Postmaster-General  afforded  an  opportunity 
to  several  Press  representatives  of  inspecting  the  new 
" Avenue  "  telephone  exchange  in  Loudon.  This  exchange 
has  been  equipped  by  the  P&el-Couner  Telephone  Works, 
Ltd.,  of  Salford  and  London,  on  a  p】au  which  has  been  in 
use  for  some  time  in  the  United  States,  but  has  not  been 
adopted  previously  in  this  country.  The  peculiar  charat- 
teristic  of  the  new  method,  which  is  known  as  the  ancillary 
jack  system,  consists  in  the  fact  that  each  call  from  a  sub- 
scriber is  notified  to  three  teams  of  operators  instead  of  to 
one  only,  and  any  of  these  can  respond,  so  that  the  oppor- 
tunities for  "  getting  tliroug-h  "  quickly  are  tripled.  This 
result  is  achieved  in  the  following  manner  :  Each  subscriber  s 
circuit  is  equipped  with  three  (instead  of  oue)  call  lamps 
and  answering  plug  sockets  or  "  jacks  "  located  at  widely 
separated  points  on  the  switchboard.  One  of  the  three  jacks 
is  the  primary  and  the  other  two  are  anoillaries,  being 
secondary  and  tertiary  respect  ively.  Tho  primary  jack  cor  re- 
sponds to  the  single  jack  of  the  ordinary  ^^yst^^m  and  the  call 
is  normally  responded  to  by  the  operator  in  whose  position 
the  jack  occurs  in  the  primary  section.  If  this  operator  is 
l)iisy  and  the  operator  at  tho  position  where  tlie  jack  couu'S 
in  the  secondary  set  is  disengaged,  the  latter  operator 
responds :  and  similarly  with  the  tertiary  section.  Tho 
se^'ond  and  third  operators,  acting  under  their  inst ructions, 
will  wait  long  iMiouj^h  to  ^ive  tinio  for  the  ])riiiiarv  jack  \o 
be  used ,  ami  tluMi  if  it  is  not  brought  into  artion  one  of  tho 
ancillaries  will  be  employed.  When  two  lamps  glow  siimil 
taneously  in  front  of  a  distMigaged  operator,  one  a  primarv 
lain])  ami  the  oIIhm*  an  ancillary,  she  will  answer  the  call  of 
tin*  primary  lamp  in  prefereiue  to  the  other.  The  tri]ilr 
sets  of  jacks  and  lamps  are  arranged  in  parallel,  and  tin 
insertion  of  the  answering  plug  in  any  one  of  tlie  tlireo  jacks 
extiiiiiuishos  all  tliree  lamps.  】kit  if  two.  or  even  all  thiw. 
\V(M*o  rouplod  up  siiiuiltaneouslv  no  harm  would  result.  Not 
only  should  this  systoni  lead  to  a  more  prompt.  res})onse 
calls,  but  the  distribution  of  the  traffic  should  be  rond^^red 
more  even  and  the  work  of  the  operators  】na(le  】nore  uniform 
At  iu£[ht  and  (luriii^  other  slark  tiinos  tho  work  can  Ix^  con- 
lentrated  on  to  oiu^-third  of  the  swiUh board,  the  ancillary 
jarks  and  lamps  in  the  section  used  being  treated  as  primaries 
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INTERNAL-COMBUSTION  ENGINE  FOR  HEAVY  FUEL  OILS. 

In  internal-combustion  engines  for  burning  crude  and  the 
heavier  fuel  oils,  and  in  which  the  fuel  is  sprayed  into  the 
engine  cylinder  about  the>  time'  that  the  piston  arrives  at  the 
inner  end  of  the  compression  stroke,  a  charge  of  air  previously 
admitted  into  the  cylinder  being  compressed  during  the 
aforesaid  compression  stroke  to  a  very  high  flogree  of  com- 
pression wliicli  raises  tlio  temperature  of  the  air  to  a  sufficient 
extent  to  iguit©  the  fuel  as  soon  as  ifc  is  sprayed  into  tlio 
cylinder,  it  has  been  customary  to  introduc^e  tho  fuel  into  an 
atomiser  preparatory  to  its  entrance'  to  the  cylinder,  atid  to 
discharge  tho  fuel  from  ilio  atomiser  by  highly-compressed 


that  whon  tho  engine  piston  B  is  at  or  about  the  inner  end 
of  its  compression  stroke,  the  spring  is  released  by  the  action 
of  the  cam,  with  the  result  that  the  plmi^^or  C  forces  tlie  fuel 
uuder  heavy  pressure  (for  example  from  I3,0001bs,  to  6,0001bs. 
per  square-  inch)  through  the  small  apertures  S  in  the  form  of 
a  spray  into  the  engine  cylinder  A，  wliereupou  the  compressed 
charge  of  air  therein  ignites  the  fuel  in  tliB  usual  manner. 
Ill   tlie-   alternative   arrangement   shown   in    Fig.    2，  a 
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Interxal-combdstion  Engine  for  Heavy  Fuel  Oils. 
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air  which  enters  the  atomiser  from  a  storage  tank  connected 
with  an  air  compressor. 

In  the  arrangeinent  illustrated,  which  has  been  designed 
and  pateute^l  by  James  McKeclinie,  of  Vickers,  Ltd.,  Naval 
Construction  Works,  Barrow-in-Furness,  the  air  compressor 
and  storage  tank  are  dispensed  with,  ami  a  simple  and  efficient 
device  for  introducing  the  fuel  into  the'  cylinder  in  the  form 
of  spray  substituted,  which,  it  is  claimed,  materially  sim- 
plifies the  construction  of  the  engine,  and  reduces  the  cost  of 
manufacture. 

Fig.   1   is  a  sectional  elevation  of  the  fuel-introducing 
I   apparatus,  Fig.  2  is  a  detached  view  of  a  pneumatic  arrange- 
ment for  operating  the  fuel-introducing  plunger,  and  Fig.  3 
, is  a  sectional  elevation  of  a  modified  arrang^emeiit  of  fuel- 
i Introducing  apparatus.    A  indicates  the  engine  cylinder,  B 
the  piston,  C  the  fuel-introducing  plunger,  and  D  a  powerful 
coiled  spring.    As  shown  in  Fig.  1，  the  spring  D  encircles  a 
rod  G  which  forms  a  continuation  of  the  plunger  C.  This 
spring    is    confined    between    a    disc    H    carried    by  the 
rod    G    and    a    cross    piece    that    is    connected    to  the 
、 plunger   casing   I   by  the  bolts    shown.     The   upper  end 
[ of    the    rod    G-    terminates    in     an    open    frame  that 
i-  carries  a  roller  J  for  engagement  with  a  cam   K  mounted 
upon  a  shaft  that  is  driven  from  any  convenient  part  of  the 
I  engine.    The  charge  of  fuel  to  be  forced  into  the  cylinder  A 
is  admitted  into  a  chamber  L  from  a  measuring  pump  E  that 
is  separated  from  the  chamber  by  a  n  on -re  turn  valve  M. 
This  punip  comprises  a  plunger  N  that  is  operated  from  an 
eccentric  O  on  a  shaft  P  which  is  driven  from  any  convenient 
[ parb  of  thei  engine,  the  inlet  valve  Q  of  the  pump  being  con- 
！   trolled  from  a  stepped  cam  R  that  is  slidably  mounted  upon 
f  a  key  on  the  shaft  P  and  is  provided  with  a  number  of  lifting 
surfaces  of  unequal  lengths  for  regulating  the  amount  of  time 
r  that  the  inlei  valve  is  to  remain  opf ii  during  the  downward 
■  or  delivery  stroke  of  the  plunger  N.       The  cliaiiibor  1j  is 
arranged  in  open  comnuuiicat  inii  witli  the  cylinder  A  through 
a  number  of  small  apei'tui'es  S，  the  arrangement  beiiig  such 


pneumatic  spring  is  substituted  for  the  metal  spring  shown 
in  Fig.  1.  For  this  purpose  the  rod  G  is  fitted  with  a  piston 
T  that  is  enclosed  within  a  cylinder  U  c om in u nic a t i ii g  through 
a  pipe  V  and  iion-retiirn  valve  with  an  air  reservoir  to  which 
air  is  supplied  under  pressure  by  means  of  a  pump.  The 
action  in  this  case  is  the  same  as  that  already  described,  the 
air  admitted  under  pressure  to  the  cylinder  U  being  further 
compressed  therein  as  the  cam  K  raises  the  plunger'  C  to  the 
upper  end  of  its  stroke.    As  soon  as  the  stepped  portion  of 


Fig.  3.  — Intkrnal-combustion'  Engine  for  Heavt  I：  oel  Oils. 

the  cam  clears  the  roller  J,  the  compressed  air  in  the  cylinder 
U  acting  upon  the  piston  T  instantaneously  forces  the  plunger 
C  to  the  lower  end  of  its  stroke,  with  the  result  that  the  fuel 
admitted  from  the  measuring  pump  E  to  tho  pump  casing  I 
below  tho  plunger  C  is  sulijofterl  to  heavy  pressure  and 
suddenly  ejected   in   the  form   of   a  spray  into  the  engiuo 


Hi 


34 


THE    MECHANICAL    ENGINEER.  [January  12，  1912 


cylinder  A  through  the'  apertures  S.  Any  hammering  action 
of  the  piston  T  upon  the  lower  end  of  the'  cylinder  U  is 
prevented  by  a  by-pass  W  which,  enables  compressed  air  to 
pass  from  the  upper  portion  of  the  cylinder  to  the  lower 
portion,  and  thereby  to  form  an  air  cushion  for  the  piston 
as  the  latter  reaches  the  lower  end  of  its  stroke. 

In  some  cases  it  may  be  desirable  to  admit  the  fuel  to  the 
engine  cylinder  through  a  mechanically-operated  needle  or 
other  appropriate  valve.  In  the  example  shown  in  Fig.  3,  F 
represents  a  valve  that  enters  the  chamber  L  and  normally 
closes  the  outlet  thereof  to  the'  engine  cylinder.  This  valve 
is  situated  within  a  casing  carried  by  the  upper  end  of  the 
engine  cylinder  and  is  connected  with  a  lever  X  to  which  a 
rocking  motion  is  imparted  at  the  appointed  time  through  the 
intervention  of  a  cam  Y  fixed  upon  a  shaft  Z  that  is  driven 
from  any  suitable  part  of  the  engine.  The  chamber  L  is 
placed  in  direct  communication  with  the  fuel-actuating 
plunger  C，  and  such  plunger  is  actuated  by  a  coiled  metal 
spring  although  a  pneumatic  spring  may  be  substituted 
therefor  if  so  desired.  The  mechaiiically-operated  valve  F 
takes  the  place  of  the  cam  for  releasing  the  spring  D  and, 
owing  to  the  fact  that'  such  valve  closes  the  fuel  passage  to 
the  engine  cylinder,  any  fuel  delivered  by  the  plunger  N  of 
the  fuel-measuring  piunp  raises  the  fuel-actuating  plunger 
C  against  the  pressure  of  the  spring  D  and  itself  becomes  sub- 
ject to  heavy  pressure.  As  soon  as  the  valve  F  is  opened,  the 
spring  D  at  once  forces  the  plunger  C  to'  tli€  lower  end  of  its 
stroke,  thereby  discharging  the  fuel  into  the  engine  cylinder 
in  the  form  of  a  spray  through  the  apertures  S.  Any 
hammering  between  the  disc  H  and  tlie'  top  of  the  plunger 
casing  I  is  prevented  by  enclosing  the  disc  in  a  cylinder,  the 
air  within  the  cylinder  below  the  disc  H  acting  as  a  cushion 
as  the  disc  approaches  ilie  top  of  the  casing  I. 

DEOXIDISERS  FOR* COPPER  ALLOYS. 

BY  C.  VICKERS. 

When  copper  is  raised  to  a  red  h^at  it  possesses  such  a  power- 
ful affinity  for  oxygen  that  an  external  coating  of  oxide  or 
copper  rust  is  formed.  If  tlie  heating  i&  continued  and 
increased  to  the  melting  point  of  the  copper,  the  coating  of 
oxide  may  become  so  thick  that  the  metal  in  tlie  interior  may 
be  coin  e  liquid  and  run  out,  leaving  a  shell  the  form  of  the 
original  piece  of  metal.  If  tlie  shell  thus  formed  is  stirred 
into  the  meltied  portion  it  will  be  absorbed  and  held  in  the 
metal,  which  thus  becomes  a  mixture  of  dross  and  copper, 
greatly  inferior  in  strength  and  other  qualities  to  the  original 
metal,  and  which  will  produce  spongy  castings. 

To  reduce  oxidation  to  fclie  minimum,  the  metal,  whether 
coppeir,  brass,  or  bronze,  is  never  allowed,  in  well -regulated 
shops,  to  melt  down  without  attention,  but  every  oflort  is 
directed  towards  bringing  it  to  a  melted  condition  with  the 
minimum  amount  of  exposure  t'o  the  atmosphere  or  furnace 
gases.  Therefore,  when  melting  commences,  tlie  metal  is 
pushed  down  into  the  melted  portion  of  the  metal  as  soon  as 
po$>siblei,  and  the  surface  of  tlie  bath  is  always  kept  covered 
with  charcoal.  Notwithstanding  these  precautions,  however, 
enough  oxygen  is  always  absorbed  by  capper  to  make  it 
impossible  to  obtain  sound  sand  castings  without  some  pre- 
liminary treatment  of  tlie  metal .  This  treatment  may  con- 
sist of  a  reduction  of  the  oxygen  by  poling  or  stirring  witli  a 
stick  of  hard  wood,  or  by  the  addition  of  zinc,  pliospliorus, 
silicon,  magnesium,  or  oilier  elements  of  similar  effect. 

Poling  or  stirring  must  generally  bo  supplom<^i1iod  by  the 
addition  of  .some  deoxidising  element',  such  a、、  fiilioon ,  &(\，  to 
eliminate  porosity,  although  a  smaller  amount,  of  iho- 
deoxidiser  is  required  wlien  tlie  metal  is  so  treated.  Tho 
various  elements  which  liave  boon  mentioned,  and  others,  such 
as  manganese,  iron ,  sodium,  &c\,  aro  known  as  deoxidisers, 
and  their  application  in  brass  foundry  practice  is  compara- 
tively recent.  By  their  ikso  alloys  have  boon  greatly  improved 
and  adapted  for  "、； uiv  purposes  for  wliicli  iliov  otherwise 
would  have  been  unfitted.  On  the  oihvv  liaiul,  tliov  aro 
also  responsible  for  many  diflunilties  with  wliicli  tlio  modom 
brass  founder  has  to  contend,  and  in  tliis  arliclo  tho  pffects 
of  the  various  deoxidising  eleim"its  on  tlio  oxt<^rnal  appear- 
ance of  the  castings  will  be  dealt,  with,  in  order  to  give  some 
idea  of  what,  may  be  the  cause  of  the  difficulty  when  trouble 
is  encountered,  due  to  some  impurity  which  may  have  acci- 


dentally entered  the  metal.  Phosphorus  is  probably  the  best 
known  and  the  most  generally  used  of  all  the  deoxidisers.  It 
was  first  used  in  copper  and  brass  by  Parkes,  of  Birmingham, 
Eiig"  who  took  out  patent  covering  its  use  in  1849，  but  its 
value  in  copper  and  tin  alloy  was  not  understood  until  a  much 
later  date.  Phosphor  bronze  was  first  made  commercially  in 
1873，  as  a  result  of  the  investigations  of  Montellore,  Levi, 
and  Kunzel,  and  since  that  time  the  u&e  of  phosphorus  has 
been  firmly  established. 

Phosphorus.  ―  The  external  effects  produced  by  phos- 
phorus on  castings  vary  according  to  the  quantity  used,  but 
when  the  percentage  of  phosphorus  is  high  the  castings  will 
be  black  in  colour,  and  the  metal  so  fluid  that  it  will  soak 
into  the  sand.  Consequently,  if  some  precautions  are  not 
taken  to  prevent  this  by  making  the  mould  impervious  to  tho 
metal,  or  by  pouring  the  metal  near  the  congealing  tempera- 
ture, tlie  castings  will  be  so  rough  as  to  be  often  unrecognis- 
able. When  phosphor  bronze  is  cast,  the  difficulties  encoun- 
tered, other  than  those  arising  from  excessive  fluidity,  are 
due  to  the  s】ag  which  is  continually  rising  to  the  surface  of 
the  metal  in  the  crucible,  and  is  very  difficult  to  ski  in  off. 
Therefore,  some  form  of  skimming  gate  should  be  adopted, 
whenever  possible,  in  pouring  these  alloys,  to  prevent  the 
slag  from  entering  the  casting.  In  the  case  of  very  heavy 
castings,  even  after  every  precaution  has  been  taken,  defects 
may  frequently  be  found  on  the  upper  parts  of  the  castings, 
due  to  the  formation  of  little  slag  pockets.  This  may  be 
largely  overcome  by  pouring  as  cool  as  possible  and  letting 
the  bronze  stand  in  the  crucible  until  cooled  to  the  proper 
temperature.  This  is  preferred  to  cooling  by  the  addition  of 
gates,  &c.，  so  that  as  much  slag  as  possible  may  rise  to  the 
surface  before  the  metal  is  poured.  Phosphorus  in  scrap 
metals  may  sometimes  cause  inconvenience,  but  it  is  by  no 
means  as  harmful  as  some  of  the  other  deoxidisers. 

Iron.  ―  Iron  is  generally  an  accidental  im purity  in  modern 
alloys,  although  sometimes  it  is  used  intoitionally.  It  is  not 
generally  classed  as  a  deoxidiser,  although  it  can  be  used  as 
such  in  the  form  of  tin  plate  or  yellow  pnissiate  of  potash. 
Its  effect  on  bra?s  castings  is  well  known.  It  produces  an 
unsightly  black  colour  and  undue  shrinkage  when  used  to 
excess.  In  this  case  prevention  is  better  than  cure,  and  the 
iron  should  he  removed  be  for?  the  brass  is  melted,  whether 
in  the  form  of  chips  or  scrap  metals.  When  iron  finds  its 
way  into  the  metal  accidentally,  the  castings  must  be  scrapped 
if  much  machine  work  must  be  done  on  them,  or  if  fine 
finish  is  rtMiiiired.  The  metal  can  only  be  used  by  mixing 
it  again  with  new  metal  or  by  running  it  into  cheap  castings. 

Aluminium. —— Bronze  or  composition  castings  con- 
taminated with  aluminium  possess  a  disagreeable,  bright, 
bluish  white  colour,  and  when  this  is  removed  by  dipping  or 
tuimbliiig,  dark  spots  are  frequently  faintly  discernible, 
which ，  when  machined,  will  often  turn  out'  to  be  blow-holes 
under  the  skin.  The  metal  will  be  found  more  difficult  to 
machine,  as  the  effect  of  lead  in  the  mixture  to  l)roduce 
short  chips  is  counteracted  to  a  large  extent  and  the  castings 
will  oft-en  be  drossy  and  porous.  In  the  case  of  yellow  brass, 
aluminium  is  extensively  used  for  the  production  of  email, 
thin  castings,  such  as  saddlery  hardware,  refrigorator  trim- 
mings, pluiiibprs'  ftM'niles,  etc. ,  as  it  promotes  fluidity,  sup- 
])ressos  vAnc  oxide  smoke,  and  permits  the  use  of  an  increased 
quantity  of  zino  in  tho  alloy,  tlius  making  it  possible  to  use 
a  cheaper  metal  wit.li  suj^erior  results. 

To  obtain  tliese  results  only  a  small  quantity  of  aluminium 
is  required,  and  this  ir»MU'rally  amounts  to  a  fraction  of  1  por 
t'eijt.  Only  suflk'ient  ahuniniiuii  is  usod  to  produce  a  bright, 
palo  fjold  colour  on  the  castings,  and  even  this  amount  cannot 
be  used  if  tho  caMinus  are  to  withstand  high  pressuros,  as 
tho  alinuiniuni  will  cause  the  castings  to  leak.  Tt  is  liable, 
also,  to  caupo  drossiiig  adjac^^nt  to  the  gato,  i^|>ecially  if  the 
ca^^tincs  are  at.  all  thick  in  section,  so  that  tho  "se  of 
aluiniiiinin,  oven  ； us  a  flux  or  dwxidiscr  in  yellow  l>rass,  is 
Un、i" 乂  1.  If  used  in  larger  quanlitios.  ami  tho  alloy  is 
loack^d,  tho  gold  colour  will  be  turned  into  a  dark,  bright  l)lui'， 
vrririiig  on  purple  in  f^pots,  and  the  metal  will  be  so  rotten 
tliai  ircau  oasilv  bi-  brokiMU  i^voalinc;  largo  crvst-als  when 
fractured.  When  this  occurs,  either  by  design  or  by  acci- 
dent, the  metal  cannot,  be  brought  back  to  its  original  con- 
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ditiou  by  re-melting,  but  must  be  used  cautiously  with  new 
metal.  Alumiui&ed  brass  is  very  difficult  to  use  in  a  satis- 
factory way,  as  lieats  of  new  metal  are  ruined  by  a  very 
small  percentage,  and  lOlbs.  of  yellow  brass  or  manganese 
bronze  containing  one-half  of  1  per  cent,  of  aluminium  is 
all  that  can  b©  safely  u&ed  in  lOOlbs.  of  red  metal . 

Aluminium,  therefore,  should  be  carefully  excluded  from 
all  brass  or  bronze  castings,  with  the  exception  of  small,  thin, 
yellow  brass  work,  such  as  previously  mentioned,  otherwise 
much  annoyance  and  loss  may  result.  Accidents,  however, 
will  happen  occasionally,  and  some  of  the  ways  by  which 
this  metal  may  be  introduced  into  alloys,  where  it  works 
harm ,  are  by  the  use  of  scrap  containing  aluniiuiuln,  sucli 
as  manganese  or  aluminium  bronze,  which  cannot  readily  be 
detected.  Carelessness,  however,  is  probably  the  most 
frequent  cause  of  losses  from  aluniinium  in  castings,  and 
when  aluminium  castings  are  made  together  with  brass  and 
bronze  in  the  same  shop,  the  use  of  skimmers  and  furnace 
tools  previously  used  fo'.，  aluminium  must  be  constantly 
guarded  against,  as  the  latter  metal  sticks  to  the  tools  in  a 
thin  film,  which  is  sufficient  to  cause  considerable  trouble. 
Aluminium  cannot  be'  fluxed  out  of  bronze  or  brass  in  the 
foundry,  and  the  only  way  to  use  it  is  to  proportion  it  with 
new  metal. 

Silicon.  ―  Silioon  is  a  product  of  tlie'  electric  furnace,  and 
is  used  in  the  brass  foundry  in  the  form  of  an  alloy  with 
copper,  known  as  silicon -copper.  Ifc  is  extensively  used  as  a 
deoxidiser  for  making  copper  castings,  and  is  very  effective, 
producing  fine  castings  of  a  deep  red  colour,  very  soft  and 
ductile,  and  of  much  higher  conductivity  than  is  possible 
with  zinc  or  phosphorus. 

In  bronze,  however,  its  range  of  usefulness  is  curtailed 
more  than  aluminiam,  as  it  cannot  be  used  in  alloys  that 
contain  lead,  whether  yellow  brass  or  bronze.  When  no  lead 
is  pre&ent,  however,  both  bronze  and  brass  cast  well,  and 
silicon  is  occasionally  used  for  making  trolley  wheels,  either 
with  copper  or  in  combination  with  tin.  The  ext'emal 
appearance  of  yellow  brass  castings  is  similar  to  that  produced 
by  small  percentages  of  alununiu[m(,  when  lead  is  not  used. 
The  presence  of  lead,  however,  imparts  to  tine  castings  a 
white  coating  when  taken  from  the  sand,  and  when  this  coat- 
ing is  removed,  by  brushing  or  tumbling,  the  surface  of  the 
casting  will  be  found  to  be  pitted  with  innumerable  holes 
filled  with  a  white  powder.  The  same  effect  is  also  produced 
on  bronze  when  lead  is  present,  and  a  very  small  quantity 
of  silicon  will  cause  this  result.  The  percentage  may  -even 
be  so  small  that  the  castings  fail  to  show  the  white  coating, 
and  merely  leave  a  white  impression  behind  t'helm  whon 
removed  from  the  sand.  A  closer  inspection,  however,  will 
generally  reveal  superficial  dirt  spot©  on  the  surface  of  the 
castings,  and  these,  when  machined,  will  frequently  turn  out 
to  be  blow-holes. 

This  difficulty  is  not  as  likely  to  occur  accidentally  as  the 
difficulties  caused  by  aluminium.  When  it  does  happen, 
the  appearance  of  the  metal  when  mo  It-en  will  be  similar  to 
that  caused  by  the  p res? nee  of  aluiminium,  and  the  casting 
qualities  as  regards  fluidity  will  be  the  same.  When  the 
castings  are  poured  into  sand  moulds,  aluminium  will  impart 
a  lustrous,  bluish  white  colour  that  can  only  be  removed  with 
difficulty  by  long  tumbling  or  pickling  with  acids,  while 
silicon  produces  a  chalky  coating  that  may  be  rubbed  or 
brushed  off,  and  in  this  way  the  trouble  maker  can  be 
detected .  Silicon,  thereforo,  should  never  be  added  to  scrap 
metal  as  a  deoxidiser,,  as  it  is  liable  to  cau&e  trouble  and  loss, 
and  its  use  should  be  confined  to  making  strong,  high  zinc 
alloys,  free  from  lead ,  and  for  making  copper  castings. 

Manganese  imparts  a  brown  colour  to  castings,  which 
will  vary  in  depth  according  to  tlio  quantity  of  manganese 
used .  It  also  interferes  with  the  fluidity  of  the  metal,  so 
that,  the  castings  are  fillod  with  cold  shuts.  This  may  be 
I  corrected  by  t'lit、，  addition  of  a  very  small  percentage  of 
aluminium ，  or  by  phosphorising  the  metal .  Wben  scrap 
contains  niaiigan ese  no  trouble  results  unless  the  percentage 
is  sufficiently  high  to  cause'  cold  shut  castings,  and  this  is 
easily  corrected  by  either  aluminium  or  phosphorus. 

Magnesium.  ―  Magnesium,  in  large  amounts,  imparts  a 
j  black  colour  to  the  castings,  and  so  affects  the  Ihiidity  that, 
the  alloy  will  not  fill  the  】）iould.  It  is  not  fou nd  in  scrap 
h  brass  in  sufficient  quantity  to  cause  any  trouble,  and  when 
added  as  a  deoxidiser  must  b©  used  in  small  doses,  otherwise 
pte  effects  will  be  harmful. 一 "  The  Foundry." 
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ACTUATING  MECHANISM  FOR  TOOL  SLIDES  OF  SHAPING 

MACHINES. 

In  shaping  Diacliiiios  wherein  the  tool  is  carrie<l  in  tli(!  <>ml 
of  a  reciprocating  ram  or  slide  mounted  in  a  saddle  adapted 
to  travel  to  and  fro  along  a  bed  in  a  direction  at  right  angles 
to  that  of  the  reciprocation  of  tlie  tool  slide  it  is  usual  for  the 
tool  slide  to  have  a  slow  forward  or  cutting  motion  and  a 
quick  return  movement  in  the  saddle,  the  latter  being 
traversed  along  the  bed  by  means  of  a  rotary  screwed  spindle 
to  impart  the  feed  to  the  tool  or  cutter.  A  design  of 
actuating  mechanism  for  the  tool  slide  has  recently  been 
patented  by  C.  J.  Fish,  Polygon  Works,  Park  Street,  Wel- 
lingborough, and  is  shown  in  the  illustration  herewith.  The 
bed  is  of  ordinary  construction  and  the  saddle  A  fit's  and  slides 
thereon  by  means  of  V  slides.  The  tool  slide  B  has  the  usual 
form  of  tool  ho  Id  en  and  is  fitted  into  the  saddle  A  and  moves 
ihereiji  by  means  of  V  slide's.  The  slide-actuating  mechanism 
is  arranged  at  the  side  of  the  tool  slide  B  and  is  located  iii  a 
horizontal  position  on  the  saddle  as  shown ,  this  mechanism 
comprising  an  osc-illating  arm  C  pivoted  at  D  to  a  part  of  the 
saddle  A，  the  opposite  end  of  the  arm  being  connected  by 
means  of  a  pivoted  link  E  with  a  bolt  F.  This  bolt  is,  upon 
loosening  its  nut,  adjustable  to  different  positions  along  a  slot 
in  the  slide  B,  and  it  may  be  fixed  in  any  position  by  tighten- 
ing the  nut.  This  adjustment  permits  the  position  of  the  tool 
slide  B  to  be  varied  in  the  saddle.  The  arm  C  has  a  slot  G 
in  which  works  a  crank  pin  H  on  a  rotary  disc  J.  The  crank 
pin  has  a  roller  K  io  engage  the  slot  G  and  is  adjustable  to 
different  positions  along  a  slot  L  in  the  face  of  tlie  disc  J,  so 
that  its  circle  of  rotation  is  either  enlarged  or  reduced  for  the 
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Actuating  Mechanism  for  Tool  Slides  of  Shaping  Machines. 

purpose  of  increasing  or  decreasing  the  length  of  movement 
imparted  to  the  tool  slide  B.  The  crank  pin  H  fits  and 
fastens  within  the  slot  L  and  may  be  tightened  and  released 
therein  by  the  nut  shown.  The  disc  J  is  mounted  upon  a 
spindle  and  rotates  in  the  direction  shown  by  the  arrow,  so 
that  when  the  crank  pin  H  imparts  the  cutting  stroke  to  the 
slide  it  is  on  that  side  of  the  disc  furthest  from  the  fulcrum 
D  of  the  oscillating  arm  C，  but  when  imparting  the  return 
stroke  the  crank  pin  engages  the  arm  C  nearer  the  fulcrum 
of  the  latter  and  consequently  the  return  movement  of  the 
slide  is  accelerated. 

Fixed  on  the  spindle  of  the  disc  J  is  a  worm  wlieol  M 
located  underneath  the  saddle  A，  and  gearing  with  this  wheel 
is  a  worm  N  mounted  upon  a  shaft  O.  The  worm  is  arranged 
between  the  sides  of  a  bracket  P  carried  by  the  saddle  A  and 
is  si  id  able  along  but  rotated  by  the  shaft  O.  The  worm  is 
connected  to  the  shaft  O  by  means  of  a  feather  which  engages 
a  longitudinal  groove  in  the  shaft  so  that  it  is  rotated  thereby, 
but  is  free  to  slide  thereon .  The  worm  N  is  caused  to 
travel  in  company  wiih  the  saddle  A  to  and  fro  along  tlio 
driving  shaft  O  by  means  of  the  bracket  P.  With  this 
arrangement  the  worm  N  always  bears  the  same  relationship 
to  the  worm-wheel  M  and,  by  the  rotation  of  the  shaft  0， 
drives  t-lio  worm-wheel  and  disc  irrespective  of  the  niovemeut 
of  the  saddle  A  along  the  macbino  bed. 
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CONTINUOUS  SYSTEM  OF  PIPE  MOULDING. 

In  maTiy  classes  of  work  it  would  be  difficult,  if  not  wholly 
impracticable,  to  put  into  operation  a  system  of  continuous 
moulding  and  casting.  There  are,  however,  cases  where  there 
is  ample'  scope  for  the  employment  of  such  a  system.  In  the 
manufacture  of  cast-iron  pipes,  for  example,  the  large 
number  and  tonnage  of  exact  duplicates  to  be  cast  makes 
continuous  work  particularly  desirable,  and  the  simple  shape 
of  the  pattern  and  core  makes  it  comparatively  easy  to 
arrange  a  continuous  system  for  this  purpose.  In  a  recent 
issue  of  "  Engineering  News  "  the  following  particulars  and 
illustrations  are  furnished  of  the  Herbert  system  of  pipe 
casting  installed  at  the  new  plant  of  James  B.  Clow  &  Sons, 
Coshocton,  Oliio.  Circular  lloor  or  turn  able  systems  have 
been  tried  with  some  success;,  but  in  general  are  open  to  the 


Fio.  1.— Plan  View  of  Coshocton  PirE  Foukuby.  showing  Ski^uenck  of 

OrKllATIONS. 

objection  ihat  a  delay  or  accident'  a  I  ti  ny  (,，"、  flask  may  hold 
u】） the  entire  plant.  The  Herbert-  syst-em,  it  is  claimod,  does 
away  with  this  difficulty  entirely,  and  at  the  same  time  int  ro- 
duces improved  methods  of  】iiouWing，  drying,  and  coring . 
The  most  important  single  feature  of  the  Herbert  system  is 
the  moulding  machine,  in  which  tlie  pattern  itself  is  made  to 
ram  or  press  the  sand  into  shape.  The  flask  is  stvuml  in  a 
vertical  position  above  the  marliiiie  and  the  sand  is  shovelled 
in.  The  pattern  is  then  forced  up  tlirougli  ilio  sand  from 
below  by  an  hydraulic  ram,  thus  fonuiiig  tho  inouUI. 

The  whole  process  of  moulding  and  casting  m  tli，'  ll'、'  l"、rt 
system  is  performed  wit!;  the  flasks  stanrlin^  (、m't  m  a  pit 
The  pit  is  made  largo  enough  to  contain  four  rows  of  'J5  or 
30  flasks  each,  and  is  deep  enough  so  that  the  upper  ends  of 
the  flasks  protrude  only  2ft.  or  3ft.  above  the  main  floor 
above,  from  wliic-h  most  of  the  work  is  done.  The  flasks  are 
lield  upright  in  parallel  rows  by  rails  ninniiii:  ItMipthwiso  of 
the  pit,,  which  rails  are  supported  on  a  suitable  framework 
erected  between  the  rows  of  flasks.  The  rails  are  on  the  level 
of  the  main  floor,  and  the  flasks  are  Imn?  u})on  tlieiii  eaoh  on 
a  separate  truck.    The  entire  train  of  flasks  ou  any  one  line 


of  rails  can  be  moved  aloug  the  track  at  once  by  means  of 
hydraulic  rams  mounted  at  the  end  of  the  line. 

The  moulding  machine  is  set  up  vertically  in  a  subpit  at 
one  end  of  the  main  pit  (see  Fig.  2)  so  that  its  upper  end  is 
at  a  convenient  height  to  receive  the  lower  ends  of  the  flasks 
as  they  are  pushed  towards  it  along  the  rails  above.  The 
moulding  machine  is  installed  in  duplicate,  that  is,  with  two 
cylinders  side  by  side,  so  that  two  flasks  can  be  rammed  at 
the  same  time.  To  correspond,  there  are  two  racks  above, 
along  which  two  rows  of  flasks  are  moved  towards  the 
machine.  There  are  two  other  tracks,  parallel  to  the  first 
pair,  to  which  the  flasks  discharged  from  the  moulding 
machine  are  transferred.  The  flasks  move  in  opposite  flireo- 
tions  on  the  two  pairs  of  tracks.  After  passing  over  the 
machine,  where  the  mould  is  formed,  each  pair  of  flasks  moves 
on  to  a  transfer  car  just  beyond  the  end  of  the  track  or 
runway.  This  car  carries  the  flasks  across  in  line  with  the 
adjacent  pair  of  tracks,  on  which  they  are  started  back  toward 
the  opposite  end  of  the  runway.  At  the  commeucemeut  of 
this  return  trip  the  moulds  are  blacker),  after  which  tliey  pass 
over  burners  fed  by  producer  gas  whereby  the  blacking  and 
moulds  are  thoroughly  dried.  Upon  reaching  the  further 
end  of  the  runway,  each  pair  of  flasks  passes  again  on  to  a 
transfer  car,  which  takes  them  across  to  the  first  pair  of 
tracks.  Here  the  cores  are  iusert-ed  and  the  flasks  pushed 
further  along  ready  to  be  poured.  After  pouring,  the  (、orp 
bars  are  drawn,  the  flasks  opened,  and  the  ne\vly-<'ast  pipe 
lifted  out.  In  removing  the  pipe  the  sand  is  shaken  out  of 
the  flask  and  falls  through  a  grating  to  the  mixing  and 
tempering  plant  in  the  pit  below,  whence  it  is  returned  by  a 
bucket  elevator  to  the  moulding  machine  ready  to  be  iise<l 
over  again. 

The  Clow  plant  has  been  in  use  for  some  month?  manu- 
facturing 4in.  and  Gin.  pipe.  Both  of  these  sizes  are  made 
in  the  same  flasks,  using,  of  rourse,  different  patterns  and 
cores.  The  same  pit  is  to  be  used  also  for  3iii.  pipe,  hut  a 
different  set  of  flasks ― of  smaller  diameter ― will  be  us(m1  for 
this  size.  A  duplicate  installation  is  now  nearing  completion, 
which  will  turn  out  8in.,  lOin.,  and  12in.  pipe.  The  two 
installations  occupy  wliat  is  really  a  single  pit  about-  90ft .  by 
50ft.  in  plan  and  12;ft.  deep.  They  are  separated,  however, 
by  a  platform  at  the  main  floor  level  (12  A  ft.  above  the  bottom 
of  the  pit).  This  platform  is  about  IBft.  wide  and  exteiuls 
the  whole  】eiigtli  of  the  pits.  The  trarks  for  tlip  rars  on 
which  the  core  bars  are  returned  to  the  (、ore  room  aro  laid  on 
this  central  floor,  or  platform,  which  supports  also  the  skids 
along  which  the  pipes  cast  are  rolled  to  the  rloaning  sliod. 
The  plan  view,  Fig.  1，  gives  an  idea  of  tlie  gonoral  arraii<;e- 
iiient.  In  each  pit,  the  pair  of  tracks  next  the  central  floor 
is  used  for  coring,  pouring,  shaking  out,  and  moulding,  wliile 
the  outer  pair  of  tracks  is  used  for  drying  the  moulds. 
Betwoeii  the  two  pairs  of  tracks  is  a  3ft.  walk  or  gati*:way. 
The.  length  of  each  trark  from  end  to  vuA  of  the  pit  is  7'Jft. 
and  the  drying  tracks  (two  in  each  pit)  are  kept  full  of  flasks. 
In  the  3iii.  to  Gin.  pit  there  are  36  flasks  on  each  drying 
trark.  The  other  two  tracks  have  oarh  only  24  flasks,  so 
that  the  total  number  of  (siiiizlo)  flasks  in  this  pit  is  1120. 
The  capacity  of  the  pit  is  30  pipes  per  hour,  or  *^00  pij^os.  prr 
(lay  of  two  10-hour  shifts. 

Tho  moulding  inachinr  is  perhaps  the  川" si  ossontial 
feature  of  the  Herbert  system,  sinoo  it  permits  the  flasks  to 
be  readily  rammed  in  the  }x>sitio:i  in  which  they  are  to  be 
poured,  and  】nor^K)ver  pennits  tho  mould  to  be  completed  in 
about.  *2i  iniinit^s.  Tlie  f(，nii  of  flask  used  is  shown  in  Fig.  4. 
It  is  made  of  I'ast  iron  divided  in  half  loiipit udinally.  Tlie 
Iwo  halves  are  held  together  liy  dowels  and  l  ottor  keys.  The 
lon»;th  of  the  flask  is  about  13ft.  The  flasks  for  6in.  pipe 
liavo  an  inside  diaiiirt-or  of  0 j in.,  and  a  wall  tlii«knoss  "f 
about  .\in.  Tlieso  saino  flasks  ar*^  used  also  for  \u\  pipfv 
Ea<*h  flask  is  susj>eiKiod  vertirally  fro，"  the  rails  of  th^^ 
1  luiwav  botweeii  tlie  two  axlos  of  its  trucks,  which  aro 
attarluMl  at  a  point,  about  l\Ut.  fro，"  llio  flask  s  upper  end. 
On  the  onds  of  the  axles  are  flango<l  wliools,  which  roll  on  thr 
rails  of  the  runway.  The  track  gauge  is  2tHin-  Ea<*h  half 
of  the  flask  is  hung  separately  on  two  small  rollers  arran"'ed 
to  roll  transversely  along  the  axlos  of  tlie  main  wlieols. 
Tliose  rollers  aro  brouirht  into  ！) lav  when  tho  (wo  halves  of 
the  flask  are  separated  for  shaking  out.  About  1ft .  l>el'，、v 
the  point  at  which  tlio  trucks  aro  attached,  the  llask  has  a 
pair  of  buffers  extending  parallel  to  the  rails  of  the  runway 
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fore  and  aft.  These  buffers  serve  to  kee p  the  flasks  spaced 
the'  proper  distance'  apart  (2fb.  centre  to  centre  for  the  flasks 
for  Gill,  pipe),  and  transmit  f roi»i  flask  to  flask  the  pusli  of  the 
hydraulif  ram  which  moves  them  along  the  runway.  A 
second  pair  of  buffers  near  the  lower  end  of  tlie  flask,  which 
can  be'  plainly  seen  in  Fig.  3，  serves  to  uiaintaiu  the  spacing 
at  the  lower  ends. 

Immediately  above  the  moulding  machine  a  section  of  the 
runway  t rack  long  enough  to  ac<"onuno<late  one  flask  is 
arranged  to  be  lowered  a  few  inches  and  raised  to  position 
again  by  means  of  hydraulic  plungers.  The  empty  flask  is 
rolled  oil  to  this  drop-section  of  the  track  and  lowered  into 
position  at  the  upper  end  of  the  inoukliiig  machine,  where  it 
is  secured  by  keys  pushed  into  slots  in  the  four  dowel-pins 
projecting  from  the  top  of  the-  machine.  A  light  metal  tube 
( U)  i^aiige),  known  as  a  measuring  tube,  is  then  lowered  into 
the  Hask  by  a  man  on  the  platform  above.  The  two  tubes 
for  the  two  cylinders  of  the  machine  are  hung  side  by  side  on 
lOpes  passing  over  pulleys  and  are  oounterbalanred  so  that 
they  "ail  be-  easily  raised  or  lowered  to  tlie'  proper  position. 
The  lower  end  of  the  tube  carries  a  hollow  chilled-iron  cone 
about  18in.  long,  which  fits  over  the  conical  end  of  the 
pattern. 

When  the  measuring  tube  has  been  put  in  place,  sand  is 
shovelled  into  the  flask  around  the  outside  of  the  tube.  The 
sand  is  then  levelled  off  with  a  special  strike  at  tke  upper 
end  to  fix  definitely  the  quantity  of  sand  in  the  flask.  The 
pattern  itself  consists  simply  of  a  oast- iron  cylinder,  having 
the  proper  diameter  for  the  pipe  to  be  cast.  For  Gin.  gipe 
the  pattern  diameter  is  7Jui,  The'  outside  diameter  of  the 
fiieasuring  tube  is  somewhat  smaller  than  that  of  the  pattern 
(6^in.  diam.  for  Gin.  pipe),  so  that,  when  the'  pattern  is 
forced  up  through  the  mould  by  the  hydraulic  ram  of  the 
moulding  machine  pushing  the  chilled-iron  cone  ahead  of  it, 
the  sand  is  compressed  to  the  desired  consistency.  Two  or 
more  measuring  tubes  of  different  size  are  kept  on  hand  for 
each  diameter  of  pipe.  If  it  is  found  that  the  mould  is  being 
rammed  too  hard,  due  to  possible  variations  in  the  quality 
of  the  sand,  a  tube  of  slightly  larger  diameter  can  be'  used. 
With  the  larger  tube  there  will  be  less  room  for  sand  between 
it  and  the  flask,  and  thus  with  less  sand  in  the  flask  the 
mould  will  not  be  rammed  quite  as  hard. 

It  was  found  that  when  the  maximum  or  base  diameter  of 
the  cone  was  made  the'  same'  as  that  of  the  pattern,  the  sand 
was  not'  sufficiently  compressed.  For  when  the  main  pattern 
was  drawn  downward  out  of  the  mould,  the  sand  would 
expand  apparently  by  its  own  elasticity  so  that  the  bore  of 
the  mould  would  be  left  slightly  smaller  than  the  pattern. 
This  difficulty  was  satisfactorily  adjusted  by  making  the  base 
of  the  cone,  in  the  case  of  6iu.  pipe,  t^in.  larger  in  diameter 
than  the  pattern.  Then  as  the  cone  passes  up  through  the 
mould  the  sand  expands  behind  it  enough  to  snugly  hug  the 
pattern,  and  when  the  pattern  is  drawn  the  mould  remains 
of  the  correct  diameter. 

A  sectional  view  of  the  moulding  machine  is  shown  in 
Fig.  3.  One  cylinder  is  shown  with  the  pattern  at  the  top 
of  its  stroke,  and  in  the  other  cylinder  the  pattern  is  just 
starting  upward.  Just  before  the  main  pattern  which 
carries  the  cone  completes  its  stroke,  the  pattern  for  the 
socket  of  tlie  pipe  is  pushed  upwards  by  the  main  ram ,  and 
thus  rams  the  socket  end  of  the  mould.  The  socket  pattern 
is  held  up  in  the  mould  by  four  small  hydraulic  plungers 
until  after  the  main  pattern  is  lowered  through  the  mould, 
when  finally  the  small  plungers  let  down  the  socket  pattern, 
and  the  operation  of  moulding  is  completed.  The  main 
pattern  slides  with  a  close  fit  through  the  annular  socket 
pattern.  The  height  at  which  the  socket  pattern  stands 
before  it  is  pushed  upward  can  be  adjusted  by  means  of 
screws  interposed  between  it  and  the  four  plungers.  If  it  is 
found  that  the  socket  is  being  rammed  too  hard,  the  screws 
can  be  adjusted  to  slightly  raise  the  socket  pattern.  There 
will  then  be  less  space  for  sand  at  the  lower  end  of  the  flask, 
and  the  socket  mould  will  consequently  not  be  rammed 
so  hard. 

After  the  socket  pattern  has  been  raised  by  the  ram,  the 
measuring  tube  with  its  cone  is  removed  from  the'  upper  end 
of  tlie  main  pattern  and  in  its  place  is  put  the  spigot  pattern, 
which  is  shown  in  Fig.  3.  The  spigot  pattern  is  designed  to 
form  also  the  mould  for  the  riser  and  the  gates  through  which 
the  molten  metal  subsequently  enters  the  mould.    It  likewise 


Fig,  2.— Skctional  Elevation  and  Plan  at  end  of  Pit,  showing  Location  of 
pipe-mouldikg  machine. 

along  on  to  the  transfer  car  and  started  back  on  the  return 
track. 

For  moulding  the  large  pipe  (Sin.  to  12in.)  a  slightly  diffe- 
rent machine  will  be  used.  It  is  the  same  in  its  general 
principles,  in  that  the  mould  is  formed  by  a  pattern  pushed 
up  through  the  sand  from  below,  but  the  larger  ratio  of 
diameter  to  length  necessitated  a  change  in  the  arrangement 
of  the  pattern  and  its  hydraulic  ram.  The  ram  is  made 
hollow  and  is  open  at  the  bottom.  Instead  of  sliding  in  a 
cylinder,  it  is  telescoped  over  a  stationary  hollow  pillar. 
Water  is  admitted  into  the  pillar  at  the  bottom  to  force  up 
the  ram.  This  construction  is  intended  to  ensure  a  more 
perfect  alignment  of  the  pattern  during  its  passage  through 
the  mould.  It  has  the  further  advantage  of  not  requiring  so 
deep  a  sub-pit.  The  pattern  is  made  hollow  like  the  ram 
but  is  of  larger  diameter  and  is  telescoped  over  the  I'am  and 
secured  to  it  by  suitable  fastenings  at  it's  open  lower  end, 
which  fits  against  a  flange  or  collar  on  the  ram.  The  diffe- 
rent sized  patterns  can  be  attached  to  the  same  ram.  A  small 
space  is  left  between  the  outer  wall  of  the  ram  and  the  inner 
wall  of  the  pattern,  and  steam  is  admitted  to  this  space  to 
heat  the  pattern.  It'  is  found  that  better  moulds  are 
obtained  with  a  hot  pattern,  the  sand  being  left  more  evenly- 
packed  and  smoother  than  when  the  pattern  is  used  cold. 

Vapour  rises  from  the  flasks  on  the  transfer  oar  just  after 


forms  the  guide  for  tho  upper  end  of  the  core.  lb  is  fastened 
to  the  top  of  thei  main  pattern  by  a  key  inserted  in  the  slot. 
The  hydraulic  pressure  is  then  removed,  allowing  the  ram  and 
patterns  to  descend  by  gravity  until  stopped  by  the  contact 
of  tlio  spigot  pattern  with  the  upper  end  of  the  flask.  This 
operation  rams  the  upper  end  of  the  mould.  The  ram  is  now 
raised  again  so  as  to  "  draw  "  the  spigot  pattern,  which  is 
then  removed,  and  tlio  main  pattern  is  drawn  by  simply 
letting  it  descend  lo  its  initial  position.  The  drawing  of  the 
niaiu  pattern  sleeks  the  mould. 

The  socket  pattern  is  held  in  position  while  the  main 
pattern  is  drawn  out  and  acts  as  a  stripping  plate  to  prevent 
the  breaking  of  the  lower  corners  of  the  mould.  Finally, 
the  socket  pattern  is  lowered  and  the  mould  is  complete 
except  for  the  cores'.  The  flask  is  next  detaclied  from  the 
top  of  the  machine  and  raised  with  the'  drop-section  of  the 
runway  track  to  the  original  position.    It  can  then  be  pushed 
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they  leave  the  moulding  machine.  This  is  due  to  the  drying 
of  the  sand  by  the  heat  remaining  in  the  flask.  The  hot  sand 
and  flasks  help  also  to  dry  the  blacking,  which  is  put  on  by 
a  man  on  the  moulding  machine  platform  just  as  the  flask 
begins  its  trip  along  the  return  track.  The  blacking  is 
applied  with  the  help  of  a  plunger  which  is  lowered  through 
the  mould.  The  plunger  is  inserted  in  the  upper  end  of  the 
mould  and  the  proper  quantity  of  blacking  poured  in  above 

0.  t,    2,     .   4.    5.   ^  it.     The  plunger  is  then  lowered  by 

1,  -  -J  、丄 - I     【    t     1  means  of  a  length  of  window  cord 

and  the  blacking  goes  with  it  down 
the  mould,  coating  the  walls  as  it 
passes.  The  plunger,  or  (lasher,  is 
simply  a  cylindrical  wooden  block 
fitting  loosely  in  the  barrel  of  the 
mould.  To  the  top  of  the  block  is 
secured  a  rubber  disc  of  slightly 
larger  diameter,  which  acts  as  a 
packing  ring  to  hold  the  blacking 
above  the  dasher. 

After  the  moulds  have  been 
blacked,  the  flasks  pass  on  along  the 
runway  to  the  drying  burners. 
These  burners  are  fed  with  producer 
gas.  The  same  producers  furnish 
gas  also  for  the  core  ovens,  the  ovens 
where  the  pipes  are  heated  before 
being  coated  with  tar,  and  for  gas 
engines  which  can  be  used  to  supply 
power  for  the  entire  plant.  The 
burners  are  spaced  2ft.  apart  t 
correspond  with  the  spacing  of 
i~TWl  the   flasks     The  flame  is  adjusted 

to    a    height    of    about    1 8iii . ， 


end  of  the  flask  is  kept  covered  by  a  perforated  metal  plate 
to  restrict  the  flow  of  air  up  through  the  mould.   (See  Fig.  5.) 

The  time  required  for  drying  a  mould  is  the  controlling 
feature  of  the  rate  at  wliicli  tlie  whole  process  can  be 
operated.  A  Gin.  mould  can  be  dried  in  about  one  hour  ami 
40  minutes.  Since  there  are  25  burners  under  each  of  the 
two  parallel  return  tracks,  the  flasks  can  be  advanced  one  step 
(equal  to  the  distance  between  burners)  at  intervals  of  about 
four  minutes.  The  whole  row  of  flasks  is  iiiove<l  at  once,  as 
already  mentioned,  by  means  of  hydraulic  ranis  at  the  end 
of  the  runway.  Thus,  on  the  two  drying  tracks  there  are 
two  rows  of  flasks  advancing  at  the  rate  of  one  flask  every 
four  minutes.  In  other  words,  the  flasks  are  delivered  in 
pairs  at  four-miuute  intervals,  that  is,  at  the  rate  of  one 
flask  in  two  minutes,  or  30  flasks  per  hour,  and  the  output 
of  the  pit  cannot  be  increased  beyond  this  point  without 
iustalling  longer  drying  tracks  with  more  burners.  After 
leaving  the  last  burner,  the  flasks  are  pushed  on  to  the  second 
transfer  tab】e，  which  returns  them  to  the  first  track . 

Before  the  main  core  can  be  inserted  the  bottom  plate  and 
socket  core  must  he  put  in  place  at  the  lower  end  of  the 
】iiould，  which  up  to  this  time  has  been  left  open.  The 
bottom  plate  is  shown  in  place  in  the  mould  in  Fig.  4.  The 
socket  core  is  madei  with  sand  built  up  around  the  projection 
in  the  middle  of  the  bottom  plate.  These  cores  are  made 
by  a  man  working  at  a  bench  set  up  in  the  pit  at  this  end 


Vui.  a.  、  Fio.  4. 

Herbkrt  I'lPE-Mour.ruNG  Ma-  Sectional  View  op  Flask  and  Mould  with 
CHINK.    Sectional   view  with  Casting  in  place. 

Flasks  iu  position  ftir  niould- 
XDH.  (Left-liaiid  Husk  r*'iuly 
for  laniuiiug.  Kigbt-haud 
flask,  mould  completed.) 

that  it  rises  a  foot  or  more  into  the  lower  end  of  tlio  mould. 
The  condition  of  I  lie  moulds  is  ins ！"、  （'t("l  hy  t  lio  li^ht  of  the 
ilanie.  The  volume  of  gas  is  gra(lualo<l  so  I  liat  the  burners 
furthest  from  the  blacking  platform  givt、  mmv  heat  than 
the  first  burners.  Thus  tho  lieat  is  ^Madually  incn^asod  as  tlio 
moulds  beooine  drier.      During  the  drying  process  tho  h|)|um* 


Fig.  o.— View  showing  AIetuod  oi-  Rk moving  Pipes  fbom  the  Flasks 
Ai'TEK  Casting. 

of  the  runway  and  are  dried  in  an  oven  close  at  hand.  As 
shown  in  Fig.  4，  the  projection  at  the  oentre  of  the  bottom 
plate  has  a  conical  socket  wliioh  oaU^hos  tlie  lower  end  of  the 
main  core  and  holds  it  in  position  in  the  centre  of  the  mould. 
Tlie  lower  ond  of  the  core  is  roiio<l  to  fit  this  socket. 

Tlu、  main  (ores  are  lifte<l  from  the  cars  on  w^iich  they 
come  out  of  the  ovens  by  a  3-ton  crane  and  lowered  vertically 
into  the  moulds.  The  fact  that  the  flasks  are  held  vertical 
by  their  buffers  makes  it  easy  to  lower  the  cores  quicklv  into 
position  without,  danger  of  spoiling  the  mould.  The  up]>or 
end  of  tlie  core  is  centred  in  the  mould  by  a  collar  formed  on 
the  core,  which  fits  into  a  groove  made  for  this  purpose  bv 
the  spigot  pat  torn. 

As  scxm  as  tlie  core  has  been  iuserted  the  mould  is  ready 
to  bo  pourod.  TIio  "umber  of  moulds  to  be  poured  at  one 
time  depends  upon  the  relation  between  the  capaoitv  of  tlie 
ladle  and  the  weight,  of  iron  required  for  earli  pipo.  Tho 
ladle  used  at  Coshocton  holds  about  3,000Ibs.  of  iron,  wliirli 
periniks  the  pouring  of  eight  or  10  Gin.  pipe  at  one  time. 
The  ladle  is  brought  from  the  cupola  by  a  5 -ton  travelling 
<'rano  and  loweml  into  position  beside  tho  runwav.  Tlie 
ladlt、  is  ti))p*Ml  by  hand  by  one  man  by  moans  of  a  geared 
liand  whivl.  Tho  cinptv  ladle  is  returned  by  tlie  crane  to  tli，' 
rupolji,  whoro  it  can  bo  exchangod,  if  more  iron  is  want^^d 
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at  once,  for  a  second  ladle  whicli  Las  been  filled  in  the 
meantime. 

After  the  pouring",  the  5 -ton  crane  returns  to  the  runway 
to  draw  the  core  bars  from  the  moulds.  The  bars  are  drawn 
in  pairs  by  means  of  the  yoke  shown  attached  to  the-  crane 
hook  in  Fig.  5  (which  shows  the  same  yoke  in  use  for  shaking 
out  the  pipe) .  The  cor©  bars  are  placed  by  the  crane  on  a 
push- car  running  on  a  track  close  beside  the  runway.  WIkmi 
the  car  is  loaded  it  is  pushed  by  hand  back  along  its  track 
to  the  core  strikes,  where  the  core  bars  are  again  put  into  use. 
After  the  core  bars  are  drawn,  chains  are  lowered  through  the 
centre  of  a  pair  of  moulds  and  attached  to  the  pipe  at  the 
lower  end.  The  chains  loosen  some  of  the  sand  remaining  in 
the  pipe  as  they  pass  through.  The  flasks  are  then  opened 
and  the  pipes  are  lifted  out  by  the  crane,  as  shown  in  Fig.  5. 
Holding-down  rails  are'  provided  to  prevent  the  flasks  being 
lifted  from  the  pit  if  the  cor©  bars  or  castings  should  stick. 

The  operation  of  removing  the  casting  at  the  same  time 
loosens  the  sand  in  the  flask.      The  fcand  falls  through  a 


Chufe 


Fig.  6  — Sectional  Elevation  along  Centre  Line  of  One  Pit,  showing 
Sand-tempering  and  Mixing  PijANT  and  Elevator. 

grating  and  shaking  screen  into  the  trough  of  the'  tempering 
and  mixing  machine  from  'which  it  is  conveyed  by  a  bucket 
elevator   to  the   rotary  screen   on   the   moulding  inacliine 
platform.    A  clay- wash  mixer  is  mounted  in  the  pit  close  to 
the  boot  of  the  bucket  conveyer  so  that  clay  wash  can  be 
added  to  the  sand  at  tins  point  as  required.    The  a  r  range - 
r  111  en  t  of  the  sand-liandling  plant  is  shown  in  Fig.  6. 
j       The  flasks  are  closed  up  again  by  hand  after  being  shaken 
|l  out,  and  are  pushed  by  hand  the  short  remaining  distance  to 
the.  moulding  machine.       Ball  bearings  were  used  on  the 
wheels  of  the  Gin.  flasks  at'  Coshocton,  but  have  not  proved 
altogether  satisfactory.      In  the  new  plant  for  the  larger 
sizes  of  pipe  Hyatt  roller  bearings  have  been  used.  Some 
trouble  is  experienced  in  opening  and  closing  the  flasks  at  the 
pit  first  pub  in  operation,  on  account  of  the  sticking  of  the 
transverse  rollers.    The  rollers  are  sometimes  locked  rigid  by 
cast  iron  spilled  from  tile  ladle  in  pouring.      This  trouble 
has  been  dispensed  with  in  the  newer  plant  by  housing  the 
transverse  rollers  under  protecting  shields  or  casings. 
'     The  pipes  lifted  from  the  moulds  are'  put  down  by  the 
crane  across  a  pair  of  skids  about  8ft.  apart,  along  which 
I  they  are  rolled  out  of  the  pipe  foundry  to  the  cleaning  shed. 
While  passing  along  the  skids  the  pipes  are  cleaned  by 
tapping  and  scraping,  after  whicli  they  are'  passed  along  to 
the  cutting-off  lathe.      This  lathe  is  so  arranged  that  the 
pipe  drops  into  position  on  the  lathe  bed  as  it  rolls  in  along 
bhe  skirls.    About  two  minutes  is  required  to  cut  off  each 
ypipe.    The  lathe  at  the  same  time  turns  the  bead  on  the 
spigot  end  of  the  pipe. 

From  the  lathe -bouse  the  pipes  pass  along  the  skids  to  the 
:ar  tanks.  They  are  first  railed  into  an  oven  and  heated  by 
producer  gas  to  a  temperature  of  300°  or  400°  Fah.  The 
leated  pipes  are  dropped  into  a  tank  filled  with  molten  tar 
-vhicli  has  been  recovered  as  a  by-produci>  from  the  gas 
l^jroducers.    In  lifting  the  pipes  from  the  tar  tank,  one  end 


is  held  higher  than  the  other  so  that  the  surplus  tar  runs  out 
of  they  pipe,  leaving  it  neatly  coated  inside  and  out.  The 
tarred  pipes  an，  rolled  along  the  skidway  to  the  tx'sting-liouse, 
where  they  are  subjecttul  to  an  liydraulic  pressure  of  3U01bs. 
per  square  inch.  After  passing  this  test,  the  pipes  are  rolled 
on  to  a  scale  and  weighed.  The  weight  of  each  pipe  is 
marked  upon  it  with  white  paint,  and  it  is  then  rolled  out: 
into  the  shipping  yard. 

The  number  of  men  needed  to  operate  the  pipe-casting 
plant  is  32，  16  in  each  pit.  Four  of  these  work  at  the 
moulding  】nacliine，  two  at  platform,  and  two  in  the  pit 
below.  Two  men  are  required  for  the  blacking ― otio  on  tht^ 
platform  and  one  in  the  pit.  One  man  makes  the  socket 
cores.  One  man  operates  the  3 -ton  crane  for  placing  the 
cores,  and  another  the  5 -ton  crane  used  for  pouring,  drawing 
the  core  bars  and  shaking  out.  Two  men  are  required  at 
opening  and  reclosing-  the  flasks,  two  operate  the  push-car 
that  takes  the  core  bars  back  to  the  core  strikes,  and  one  man 
rolls  the  completed  castings  along  the  rails  leading  to  the 
cleaning  shed,  the  others  assisting  generally. 

The  several  hydraulic  rams  used  at  the  moulding  machine 
and  for  moving  the  flasks  along  the  runway  and  for  operating 
the  transfer  cars  are  supplied  with  water  from  a  single 
hydraulic  accumulator,  where,  it  is  stored  at  a  pressure  of 
SOOlbs.  per  square  inch.  The  accumulator  piston  is  24in. 
diam.  and  has  a  stroke  of  ]2ft.  Water  is  supplied  to  tho 
accumulator  by  a  3 -throw  double-acting  pump  driven  by  a 
100  h.p.  electric  motor.  The  other  power  required  in  tlie 
pipe-casting  pit  is  that  for  a  5  h.p.  motor,  which  drives  the 
imcket  elevator  and  the  sand-mixing  p】ant>，  and  for  a  2  h.p. 
motor  on  the  clay-wash  mixer. 

The  core  ovens  and  core-forming  machines  are  con- 
veniently located  beyond  the  end  of  the  casting  pit.  At  the 
end  of  the  building  farthest  from  the  pit  are  placed  the  mills 
for  grinding  the  core  mud.  One  mill,  of  the  ordinary  Chilian 
type,  driven  by  a  20  h.p.  motor,  is  provided  for  each  pit. 
From  the  mills  the  mud  is  taken  to  the  first  core  strike.  The 
core  bar  is  first  wound  with  hay  and  then  coated  with  mud 
while  being  rapidly  revolved  in  the  machine. 

A  straight  edge  or  strike  is  used  to  give  the  mud  coating 
a  true  cylindrical  shape.  An  extra  ring  of  hay  wound  on 
the  bar  near  one  end  iforms  the  foundation  for  the  collar  on 
the  core  whicli  later  serves  to  centre  it  in  the  mould.  A 
dozen  cores  at  a  time  are  transferred  on  a  suitable  car  into 
the  first-coat  oven.  From  this  oven  they  pass  to  the  second 
core  machine,  where  another  coat  of  mud  and  a  finishing  coat 
of  blacking  is  applied.  Then,  after  being  baked  in  the 
second-coat  oven,  the  cores  are  ready  for  use  and  the  core 
bars  are  rolled  out  on  the  tracks  close  to  the  end  of  the 
casting"  pit,  where  they  can  be  conveniently  picked  up  by  the 
3 -ton  crane. 


TAPER  SHANKS  AND  SOCKETS  FOR  DRILLS. 

Devices  for  -securing  drills,  reamers,  and  other  tools  in  their 
sockets  have  been  proposed  in  which  the  internal  studs 
engage  in  helical  grooves  in  a  cylindrical  tool  shank  so  as  to 
drive  the  tool  against  an  end  abutment  in  the  socket  ；  also 
devices  having  external  driving  projections  engaging  the 
spiral  grooves  of  a  twist  drill  below  a  tapered  shank  which 
is  secured  in  a  tapered  socket.  In  both  of  these  securing 
devices  the  studs  or  projections  are  intended  to  be  used  as 
the  main  driving  means  and  to  take  the  greater  part  of  the 
torque.  In  the  designs  illustrated  herewith,  the  in- 
vention of  the  Pratt  &  Whitney  Company,  of  Hartford, 
Conn.,  U.S.A. ，  the  socket  and  shank  are  so  arranged  that 
tlie  studs  take  no  substantial  direct  part  in  the  drive  of  the 
tool,  but  serve  merely  to  cause  the  slightly-tapered  faces  of 
the  shank  and  socket  to  bind  tightly  together  for  driving, 
with  a  grip  automatically  increasing  on  increase  of  resistance 
being  met  with  in  the  coume-  of  the'  work,  and  for  this  pur- 
pose the  helical  groove  is  formed  in  the  tapered  portion  of 
the  tool  and  the  stud  is  inside  the  tapered  socket  so  that  any 
torque  upon  the  tool  which  cannot,  be  met  by  tlie  surface 
grip  on  the  tapered  sbank  brings  about  a  screw  motion  in- 
stantly increasing  the  grip  without  throwing  any  appreciable 
portion  of  the  work  on  the  stud.  Or  the  relative  positions  of 
the  stud  and  groove  may  be  reversed.  It.  is  essential  for 
the  efficiency  of  this  -action  that  the  stiul  and  groove  be  actu- 


40 


Tim    MECHANICAL  ENGINEER. 


[January  12,  1912 


ally  inside  the  socket  ho  that  the  stud  cainiot  exert,  any  bending 
action  oil  the  tool.  The  groove  in  the  tapered  shank  may  in 
th'e  case  of  a  twisted  drill  be  formed  by  a  continuation  of 
the  twist,  at  a  red u cod  pitcli.  Where  tapered  socket  sleeves 
aro  employed  b。twe:"i  tlu^  driving  spindle  and  the  tool  sliank 


FIG. 


FIG  2 


FIG  3 


FIG. 


Taper  Shanks  and  Sockets  for  Drilt.b. 

they  may  bo  provided  with  an  external  longitudinal  groove 
making  a  driviiii^  ergagenient  with  the  stud  in  the  outer 
Bockefc. 

Fig.  1  is  an  elevation  of  the  drill  and  sleeve.  Fig.  2  is  an 
elevation  of  the.  drill  showing  tli©  sleeve  in  section.  Fig.  3 
is  a  longitudinal  section  of  the  sleeve,  and  Figs.  4  and  5  are 
elevations  of  a  modified  fonii  of  drill  and  _ 
sleeve.  In  the'  arrangement  shown  in  Figs.. 
1  and  2  the  drill  is  constructed  from  a  piece 
of  twisted  】neta】，  the  convolutions  of  whio'ii 
extend  along  the  tapered  shank  A  of  the 
drill  and  form  helical  grooves  C  therein.  In 
this  type  of  drill,  owing  to  the  grooves 
being  already  formed  in  the  shank,  it  is 
only  necessary  to  provide  an  internal  pru- 
jection  in  the  socket  of  the  sleeve  or  machine 
spindle  to  complete  the  holding  device. 
The  projection  comprises  a  tapered  stud  B 
which  is  inserted  into  a  correspondingly 
tapered  hole  in  the  sleeve  or  machine  spindle 
from  the  interior  of  the  socket. 


A  NEW  MOULDING  FLASK. 

Much  trouble  is  f'xpeneiiccd  in  making  tliiii  cast  ings  of  】arg(^ 
area  on  account  of  warping.  Due  to  unequal  cooling  in 
different  parts  of  the  casting,  it  may  twist  or  warp  so  badly 
as  to  become  worthless.  Many  contrivances  have  been  tried 
by  foundrymen  for  preventing  this  warping,  but  none  has 
met  with  enough  success  to  be  generally  adopted.  According 
to  "  The  Engineering  News/'  Mr.  Henry  E.  Thompson,  of 
253，  Clinton  Avenue,  Newark,  N 丄， has  patented  a  device 
which  is  claimed  to  completely  solve  tlie  problem  for  a  large 
das?  of  castings.  This  consists  of  a  cast-u'on  moulding  flask 
equipped  with  a  Jiuiiiber  of  "  straddling  abutments " 
resembling  small  jack  screws,  which  are  damped  to  the  flask 
"?，  both  in  cope  and  drag,  and  screwed  clown  to  such  a 
position  as  to  bear  against  the  casting  and  hold  it  to  shaj)e 
while  cooling.  Tlie  abutments  are  adjusted  to  the  proper 
position  by  bringing  them  up  against  the  pattern  before  the 
sand  is  put  in.  Thus  the  bearing  heads  of  the  screws  are 
fusil  with  the  surface  of  the  mould  when  tlie  sand  is  rammed 
around  them.  Tlio  atvompanying  illustration  shows  a  sec- 
tional view  of  a  mould  with  the  abutnients  in  place  bearing 
against  the  casting. 

•  In  preparing  the  mould,  the  pattern  is  placed  on  a  mould- 
ing board  and  the  drag  set  over  it  as  usual.  The  divided 
bases  of  the  abutments  are  then  slipped  over  the  cross  bars 
and  the  jacks  are  roughly  adjusted  to  tlie  surface  of  the  pat- 
tern before  clamping  them  to  the  bars  with  the  set^sorews 
shown  in  the  illustration.  By  tuniing  tlie  screws,  tlioy  are 
then  brought  into  easy  contact  with  the  pattern ,  and  the 
drag  is  filled  witli  sand  and  rammed.  After  turning  over 
the  drag  and  adjusting  the  cope,  a  second  set  of  abutments  is 
attached  to  the  copf^  bars  and  Ijiought  up  against  i\u*  pattern 
as  before. 

To  prevent  the  formation  of  fins  around  the  edge  of  the 
casting  at  the  parting  line,  thin  plates  of  】iietal  are  used  to 


In  applying  the  arrangement  to  a  drill 
or  other  tool  having  a  solid  tapered 
shank,  one  or  more  helical  grooves  may 
be  milled  iliereiii  to  provide  tlie  desired  positive 
nection  with  tlie  internal  projection  or  projections  in 
the  tape'red  socket  of  the  macliine  spindte  or  tapered 
sleeve.  In  the  example  shown  in  Fig.  4，  the  】ielical  groove 
C  extends  from  a  flat  surface  that  is  formed  on  the  solid 
shank  of  the  drill.  The  tapered  sleeve  may,  if  desired,  also 
be  formed  with  one  or  more  grooves  such  as  D  (Fig.  5)  ex- 
tending along  its  outer  tapered  surface  to  form  a  driving 
conneciion  with  the  internal  projection  or  projections  of  a 
surrounding  sleeve,  or  of  the  socket  in  the  machine  spindle. 
Each,  of  the  tool  shanks  or  si ee vets  may  be  provided  witli  tlie 
customai'y  tang  E  or  F  respectively,  to  enable  it  to  be  used 
in  connection  witli  a  machine  spindle  or  sleeve  that  is  formed 
witli  a  transv<^i*so  slot  for  enf^agoment  with  such  tang,  the 
transverse  slot  G  shown  in  tlio  drawings  being  more  particu- 
larly intended  to  receive  a  tapered  key  by  means  of  which 
tlie  drill  can  Ix^  dislodged  from  the  sleeve. 


Section  thuough  Moulding  Fl,ask,  showing  Casting  held  in  Place  by  Scrkw  ABCTMKNXfl. 


separate  the  edges  of  the  cope  and  drag  during  moulding. 
These  separators  are  removed  before  closing  the  flask  after 
the  patU'rn  has  been  drawn  out,  and  as  a  result  the  two  parts 
of  the  mould  are  pressed  tightly  together  when  it  is  closed. 
Bolts  are  used,  as  shown  in  the  illustration,  to  olanip  the  two 
parts  of  the  flask  togctlicr  and  ensure  a  firm  backing  for  the 
abutments. 

As  shown  ill  t  he  cut,  the  flask  bars  art'  of  I  lie  usual  taper- 
ing se<'ti()"，  but  wide  flat-bottoiiied  grooves  are  provided  at 
intervals  along  each  bar  to  m'eive  tlie  bases  of  the  ahutiiient-s. 
In  the  lower  edge  of  the  bars  are  holes  corresponding  with 
the  middle  of  each  groow  to  receive  the  points  of  the  main 
screws.  This  permits  the  s<Te、v  lieads  to  be  brought  up  close 
to  the  bars.  The  bases  of  the  abiitinont>s  are  made  of  malle- 
able iron,  and  tlie  screws  of  wrought  iron. 


Leeds  Boiler  Explosion  Formal  Enquiry. —— The  fonnal  investiga- 
tion ordered  by  the  Board  of  Trade  to  be  held  regarding  a 
boiler  ox|)losion  whidi  occurred  at  Lane  Side  Mills,  Leeds, 
is  fixed  for  hearing  in  the  Town 下 Tall,  Leeds,  on  Wednesday, 
the  ITth  insfc.,  at  11  a.m. 


Junior  Institution  of  Engineers. — A  meeting  of  tlm  Institu- 
tion will  be  held  on  Friday  evening,  January  19th,  at  8.30 
p.m. ,  at  the  Tnstitutioi]  of  Electrical  Engineers,  Victoria 
Knihankineut,  when  a  paper  on  '•  The  Sighting  of  Small  Arim 
and  A rtillerv/'  by  Sir  George  Greenhill,  M.A.,  will  be  read. 
On  Saturday  niorninc:.  January  20th,  at  9 . 30  a.m.,  a  visit 
will  be  paid  to  1  lit'  works  of  t Wf 个"、 ni  Elertrio  (\>m]>any. 
Ltd.,  Woohvicli 
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POWER  REQUIREMENTS  OF  A  STEEL  TUBE  MILL 

ItY  A.  S.  AHRENS, 

In  the  last  few  years  remarkable  progress  has  been  made  in 
the  application  of  electric  power  to  rolling  nulls,  including 
both  the  main  and  auxiliary  drives.  This  progress  has  been 
general,  and  electric  drive  is  now  being  considered  for  practi- 
cally every  type  of  mill.  Among  these,  tube  or  pipe  mills 
occupy  a  prominent  place.  In  the  tube'  mills,  e&pecially  those 
using  the  welding  process,  progress  has  been  very  rapi(】  ami 
there  are  several  mills  of  this  kind  entirely  motor-driven, 
steam  finding  a  place  only  in  the-  generating  station. 

One  of  the'  first  tube'  iiiills  to  adopt  elect'ri<，  drive  was  that 
of  the  Spang-Clialfant  &  Co,，  Pittsburg.    At  this  plant  small 


50  Hp 


reversed  from  100  to  150  times  an  hour.  Tho  frequent 
reversing  of  lai'go  motors  is,  of  course,  objectionable  both  on 
account  of  the  strains  on  the  motor  ami  on  account  of  the 
heavy  rushes  of  current  in  the  transmission  system.  In  the 
Spang-Chalfanb  plant  this  motor  ist  of  the  mill  type  con- 
struction, with  a  squirrel-cage  rotor,  and  runs  continuously 
in  one  direction.  It  has  a  (hjuhle  shaft  extension,  each  end 
being  connected  through  an  in 山 icticm  clutch  and  a  set  of 
gears  to  the  drum  which  <1  rives  tlie  cables.  Thus,  for  the 
operation  of  the  buggy  in  the  forward  direction,  one  clutch 
is  energised,  while  for  reversing,  tho  socoiul  clutcli  is  used. 
On  account  of  the  use  of  induction  clutrlit's,  with  the  motor 
in  continuous  operation ,  the  load  is  pi(  l<('fl  up  very  gradually 
without  excessive  peaks. 

The'  50  h.p.  motor  on  the-  scarfing  rolls  runs  at  575  revs, 
per  minute  and  operates  continuously  in  one  direction,  there 
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Fig.  1.— Diagkam  of  a  Typical  Lap  Welp  Tube  Mill. 

tubes  are  made  by  the'  butt-welding  and  large  tubes  by  the 
lap-welding  process.  Unless  otherwise'  stated,  the  descrip- 
tion and  illustrations  here'  given  cover  the  making  of  18in. 
pipe  by  the  lap-welding  process,  and  'I'm.  pipe  by  the  butt- 
welding  process.  The  stock  from  which  the  pipes  are  made 
consists  of  rolled  steel  plates  of  suitable  length  and  width, 
called  skelp.  The  travel  of  the  material,  through  the  diffe- 
rent processes,  from  the  skelp  to  tlie  finished  pipe,  cut  off  to 
exact  length  and  threaded,  is  shown  diagraniinatically  in 
Fig.  1.  . 

The  service  requirements  of  motors  for  this  kind  of  work 
are  exceptionally  severe.  Many  of  the  motors  must  operate 
in  dose  proximity  to  the'  furnaces,  and  h&nce  are  subjected  to 
high  temperatures.  The  passage  of  the  metal  through  the 
rolls  must  be  continuous,  as,  if  a  pipe  gets  stuck,  a  consider- 
able delay  may  result.  For  this  reason  no  circuit  breakers 
or  fuses  are  provided,  and  motors  are'  chosen  of  rugged 
mechanical  structure  and  large  torque,  and  are  expected  to 
continue  in  operation  in  spite  of  adverse  circumstances.  The 
heating  effect  of  the  load,  in  most  cases,  need  not  be  con- 
sidered, as  it  is  very  intermittent  in  character  and  as  the  mills 
usually  are  rolling  pipe  of  a  smaller  size  than  the  maximum 
for  which  the  motors  are  selected.    On  the  other  hand,  the 


Fig.  2.— Graphic  IMeter  Record  of  Motor  Biuving  Scarfimt  Kolls. 

possible  high  initial  temperature  of  the  motors  must  be  con- 
sidered in  determining  the  allowable'  temperature  rise. 

On  account  of  the'  s&vere'  operating  conditions,  excessive 
heat,  and  large  amount  of  dust  and  dirt,  induction  motors 
with  squirrel-cage  secondaries  are  used  almost  exclusively. 
Practically  all  of  the  motors  drive  through  largo  gear  reduc- 
tions, and  in  the'  majority  of  cases  they  run  continuously  in 
one  direction,  the  operation  and  reversing  of  the'  rolls  being 
accomplished  by  means  of  clutches.  Although  the  load  is  of 
a  very  intermittent  character  in  most  instances,  the  peaks 
are  nearly  always  of  too  great  duration  to  allow  the  satis- 
factory use  of  flywlieols. 

The  charging  buggy  of  tlie  bending  roll  furnace,  is  driven 
by  a  non-reversing  motor  of  20  h.p.  running  at  875  revs,  per 
minute.    This  motor  is  applied  to  a  drive  which  must  be 
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Fig.  3.— Gkaphic  Meter  Record  of  Motor  on  Welding  Kolls. 

being  no  occasion  for  reversing  the  rolls.  During  the  time 
between  passes,  which,  as  shown  by  the  curves,  Fig.  2, 
averages  about  4i  minutes,  the  motor  operates  under  a 
friction  load  of  about  50  per  cent,  of  full  load.  The  load 
period,  while  a  plate'  is  passing  through  the  rolls,  lasts  about 
10  seconds.  Tlie  power  required  varies  with  each  piece, 
depending  on  how  near  to  exact  width  the  skelp  is.  The 
power  also  varies  with  the  size  of  the  skelp,  the  curve  in 
Fig.  2  being  taken  while  skelp  for  18in.  pipe  was  being 
scarfed,  the'  capacity  of  the  mill  being  24in.  pipe.  Although 
the  load  on  this  motor  is  very  intermittent  and  the  peak  load 
occurs  for  only  4  per  cent,  of  ihe  total  time,  a  flywheel  cannot 
be  used  to  advantage  as  the  time  required  for  the  skelp  to 
pass  through  the  rolls  is  too  long.  The  motor  must,  there- 
fore, be  depended  upon  to  pull  th^  piece  through  the  rolls 
under  all  conditions.  This  motor  operates  in  very  close 
proximity  to  the  furnace  and  to  the  heated  skelp. 

It  is  possible,  especially  for  pipes  of  small  or  medium  size, 
to  scarf  the  skelp  in  special  motor-operated  scarfing  shears, 
although  this  method  is  not  common.  In  this  case  also  the 
load  is  very  intermittent  in  character,  th&  power  load  occupy- 
ing about  45  per  cent,  of  the  total  t'ime'  of  operation.  The 
actual  amount  of  power  at  the-  peaks  depends  entirely  on  the 
amount  of  metal  removed,  and  is  independent  of  the  size  of 
pipe  being  made. 

After  leaving  the  scarfing  rolls,  the  skelp  is  carried  for- 
ward on  the  transfer  rolls  to  the  draw  bench.      Here  it  is 


Fig.  4.— Gkaphic  Kecord  of  Motor  Driving  Bab  Puller. 

attached  to  an  endless  chain  by  means  of  mechanical  toiigs  or 
jaws  and  is  pulled  through  the  bender  on  the  draw  bench, 
where  it  is  formed  in  a  die  around  a  mandrel  into  circular 
shape,  with  the  edges  overlapping  but  not  closed.  The  motor 
and  the  chain  operate  continuously,  the  friction  load  being 
equal  to  about  15  per  cent,  of  full  load.  About  eight  seconds 
are  required  for  the  bending  operation.  The  pipe  is  then 
rolled  down  an  incline  to  the  transfer  buggy  in  front  of  tlie 
welding  furnace. 

The  transfer  buggy  is  a  m oto r - opera te d  t  ruck ,  carrying  a 
trough  to  receive  the  pipes  from  tlie  draw  benoh,  and  hold 
them  while  the  truck  is  moved  back  and  foi'tli  in  front  of 
the  welding  furnace,  under  the  weldiiior  furnace  pushers.  It 
is  driven  by  a  5  h.p.  direct-current  mill  type  motor,  which  is 
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oquipjx'd  wiili  a  soloiioid-opcrat-o-rl  stop  bralco  in  series  witli 
the  motor.  The  buggy  is  in  continual  operation,  it  being 
estimated  that  the'  brake  is  set  over  1,000  times  per  hour. 

The  2)usliers  feeding  the  pipe  into  the  welding  furnace 
j)resent  an  application  essentially  similar  to  the  cliarging 
buggy  in  that  induction  clutches  are  used  to  allow  a  iion- 
reversing  motor  to  be  used  for  service  which  requires  frequent 
reversing.  The  application  has,  however,  been  worked  out 
to  greater  detail.  Tlie  pusher  consists  of  three  endless  cables, 
revolving  on  drums.  From  each  cable  is  suspended  a  frame- 
work, having  a  holder,  in  which  one  end  of  a  steel  bar  is 
f)la('ed,  the  other  end  engaging  the  pipe  while  it  is  still  in 
the.  transfer  buggy.  Tlie  drums  which  drive  the  cables  are 
n)()inite<l  on  a  shaft,  which  is  in  turn  geared  to  t'wo  sliafts 


])roduf;od  is  very  irrogular,  as  shown  by  ilio  curvo  in  Fig.  4 . 
The-  peaks  occur  wlieii  tho  bar  is  Ix'iii"'  riiii  to  Iho  rolls,  and 
again  when  the  bar  is  returne<l.  • 

The  pipe  is  lifted  from  llio  racks  in  front  of  the  welding 
furnace  by  a  set  of  liydi'auHrally-opei'ated  levers.  If  inspec- 
tion shows  til  at  ilie  weld  is  perfect,  the  pipe  is  rolled  down  an 
incline  to  the  live  rolls  feeding  the  size  rolls.  If  tlie  weld  is 
not  perfect,  the  pipe  is  raised  on  an  hydraulically-operated 
turn-table,  and  turned  end  for  end  before  rf'timiing  to  the 
welding  furnace.  This  gives  a  back  lap  wliicli  produces  a 
more  perfect  weld  than  would  be  possible  with  two  rollini^s  in 
the  same  direction. 

After  Wielding,  tlio  pipi^  still  white  hot,  is  rmi  tlirougli  tlie 
size  rolls,  wliicli  reduce  it  to  correct  oxti'nial  sizo,  and 
through  the  cross  rolls  wliere,  with  a  wliirlini^-  motion,  it  is 


Fig,  5.— Graphic  Record  of  Motor  Driving  Pipk  Cutting-off  Machines. 

revolving  in  opposite  directions,  each  driven  by  a  motor  of 
75  Ji.p.  running  at  (Sr)0  revs,  per  minute.  By  means  of  the 
clutches  any  drum  can  ]>e  driven  in  any  direction,  only  one 
(hum  beiiig  oire rated  at  a  time. 

The」  pi|>(\  wliioh  is  still  ai  a  red  lieat  from  the  bending 
operation,  is  hrouglii  to  a  welding  temperature  in  a  furnace 
oi'  llie  SieiiK^ns  regeiieraiive  type.  It  is  then  puslie<l  from  the 
jiirnace  in  ii  suita])le  position  to  enter  the  welding  rolls,  being 
directed  by  ti-oughs  in  the  floor  of  the  furnace.  A  300  h.]). 
motor  running  at  450  revs,  per  minute  is  geared  to  th&  rolls, 
with  a 】arge  flywheel  ('cmnec£ed  to  the  main  gear,  as  shown  in 
Fig.  8.  By  "loimting  tlie  flywheel  in  this  manner,  it  operates 
at  a  much  liigliei'  speed  tliaii  if  (connected  directly  to  tlie  rolls 
and  a  much  smaller  wheel  can  be  used  to  produce  the  same 
flywheel  effect.  The  distance  between  tlie  bending  and  weld- 
ing furnaces  is  very  small  in  this  plant,  making  it  impassible 
to  mount  the  flywlieel  Ix^iwefMi  t-lip  gears  and  the  motoi-. 

Tlie  pipe  is  in  the  rolls  about  three  seconds,  during  which 
time  the  load  on  tho  motor  is  increased,  as  shown  in  Fig.  3，  to 
six  times  the  friction  load .  At  the  time  the  curve  was  taken 
about  18  pipes  were  being  welded  ptn'  hour  or  on©  in 
3 1  minutes.    The  peak  load  is  on  the  motor  about  Tj^yth  of 
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Fig.  6.— Diagram  of  a  Typical  Butt- wf-ld  Tube  Mill. 

the  cycle.  It  will  bo  seen,  therefore,  that  this  duty  is  of  the 
most  intermittent  kind,  and  tliat  tlie  】notor  】mist  be  selected 
for  its  ability  to  stand  the  momentary  overload  rather  than 
for  its  continuous  capacity.  From  the  standpoint  of  produc- 
tion also,  the  momentary  overload  capacity  of  the  motor  is 
givoii  important  consideration.  If  a  pipe  sticks  and  becomes 
cold,  valuable  time  is  lost  in  releasing  it  from  the  mill,  and 
this  must  be  avoided  if  at  all  possible.  There  are  no  pro- 
tective devices  in  the  circuits,  ami  a  motor  is  installed  large 
(Miough  to  pull  ihv  pipe  through  under  practically  any  condi- 
tions. This  fact  accounts  for  the  comparatively  low  average 
load  shown  by  some  of  the  curves.  It  should  be  not<?d,  also, 
that  the  welding  roll  motor,  as  well  as  several  others,  is 
situated  very  near  the  furnace,  which  makes  it  necessary  to 
give-  tlie  ('apacity  of  the  motor  special  consideration  ；  the 
toniperature-  of  the  surrounding  air  is  over  ]00、、  Fall,  even 
in  wiiit-er. 

Tim  bar  puller,  whicli  is  driven  by  a  1 0  motor 
ninning  at'  8r)0  revs,  per  minute,  consists  of  small  re  vol  vine; 
rolls,  which  grip  the  bar  ami  pull  it'  ono  way  or  tlie  other, 
the  reversing  being  done  bv  a  ineclianical  clutch.    The  loafl 
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Fig.  7  —Graphic  Record  of  Motor  ox  Butt-welukk. 
sfcraightened.  It  is  conveyed  to  the  size  rolls  l)y  the  live 
rolls.  To  ensure  accurate  sizing,  the  pipes  are  usually  passed 
through  the-  rolls  iliree  tiniPS,  the  reversing  of  tlie  rolls  Im^Iiil' 
accomplished  by  means  of  a  clukh.  This  operation  also 
requires  the  reversing  of  the  live  rolls,  which  is  done  by 
reversing  the  motors,  thus  producing  a  very  peaked  load  on 
the  motors.  The  motors  for  driving  the  live  rolls  are  o( 
10  b. p.  runuing  at  950  revs,  per  minute,  and  the  motor  for 
driving  the  sizing  rolls  50  h.p.  running  at  590  revs,  jjer 
minute.  As  shown  in  Fig.  10,  the  load  om  the  sizing  rolls  is 
similar  to  tliat  at  the  welding  rolls,  though  tho  jK^aks  are  not 
so  severe.  Due  to  the  greater  duration  of  the  peaks,  a 
flywheel  would  be  of  no  assistance  in  smoothing  out  the  load 
curve.  For  this  applif-atiou  a  motor  with  a  large  start  in*: 
torque  and  liberal  over-load  capacity  is  ivquireil.  Tlie  <'ioss 
rolls  are  driven  through  a  double  reduction  gear  by  a  separate 
motor  of  10  h.p.  running  at  850  revs,  per  minute  for  each 
roll.  To  ensuro  simultaneous  operation,  l)oth  "lotors  aro 
controlled  from  llio  same  switch,  no  starting:  box  beiiii/ 
necessary. 

A  nunil>er  of  vory  interesting  features  may  be  broiiglit 
out  ])y  ail  analysis  of  powor  cm've  for  these  motors,  shown 
i,i 】^g.  9.    It/will  ]>o  noticod  tliat  the  power  on  the  motor 

drops  off  for  an  instant  as 
the  pipes  en ter  the  rol \s , 
and  then  rises  to  the  full 
load  value.  This  is  pro- 
bably due  to  the  fact  that 
the  velocity  of  the  pipes 
along  the  live  rolls  is 
greater  than  their  linear 
velocity  through  the  cross 
rolls.  Tliup  the  pressure  on 
tlie  gi'ars  is  temporarily  re- 
1  ieved ,  until  the  ii  i  oto  r 
catches  up  in  speed.  The 
sm'ceediiig  peaks  are  caused 
by  the  inertia  of  the  ])i|>e 
as  the  rotary  motion  is 
started,  and  by  revenging 
the  motors  while  the  pip©  is  in  the  rolls,  wiiicli  oocure 
twice  with  each  pipe.  During  the  time  that,  thifi 
curve  was  taken,  one  of  the  pipes  pot  stm'k  iu  the  rolls. 
This  is  a  condition  wliich  is  liable  to  oivur  at  any  time,  and 
which  the  】】ioU)r  must  he  able  to  handle.  In  this  particular 
case,  the  sticking  was  nob  caused  by  any  fault  in  the  pipe,  but 
occurred  because  the  power  was  tlirowii  off  temporarily. 
When  tlie  power  camo  on  tlie  lines  again,  the  motors  start<ul 
up  with  the  pipe  in  tlie  rolls,  requiring  very  heavy  starting 
current.  The  power  was  well  within  tW  capaoity  of  the 
"lotor,  however,  in  this  partioular  case,  as  iho  pij>o  was  only 
lin.  (liani.,  wliilo  t Iio  capacitv  of  tho  rolls  is  8in  pipe. 

Aft-or  the  ]npo  has  pas^<l  through  tho  n'oss  rolls,  it  has 
the  correct  inside  and  outside  diametor,  and  is  approximat-oly 
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Fig.  9.— Gkaphic  Recokd  of  Motor  Driving 
Uppkr  Koll  of  the  Cross  Kollk. 


straight.  It  is  then  run  oub  on  the  racks  and  allowed  to  cool. 
Beforo  boing  cut  off  k>  standard  length  and  tlireadodj  the  pij)o 
is  passed  tlirougU  ； i  sti*aiglitening  macliinc  of  the  press  type, 
with  a  flywheel  】m)unted  on  the  cam  shaft.  Two  cylindrical 
<lies,  about  12\n.  in  length  and  of  tliG  same  diameter  as  iho 
pipe,  are-  pressed  firmly  around  tlio  pipe  every  6iii.  to  J  "2iu,  of 
it's  length,  iTiiioving  all  iuequaJities. 

The  pi])e  ('ut'ting-off  aud  t'hi(、a<lii，g  jiiacliiiio  r('pr('sp"t's  a 
filial  application  which  r(Mi[uiros  tlu'  most  J'uggod  rliaractor- 
istics  on  the  part  of  tlie  motor.  Tlie  record  shown  by  the 
curve  ill  Fig.  5  was  take"  while  cutting  18i".  t'uhcs  at'  an 
average  cutting  speed  of  38ft.  per  minute.  The  averagfr  load 
Oil  the  motor  while  cuttiug  is  shown  by  the  curves  to  I)e  nbout 
6  kw.  The  starting  Vomliticms  aro  t'xceplioually  severe,  liow- 
ever,  as  the  motor 
is  started  simply  by 
closing  a  switch. 
The  motor,  which  is 
of  10  h.p.  running  at 
590  revs,  per  minute, 
was  reversed  for  the 
reaming  operation 
while  running,  caus- 
ing a  very  heavypeak 
and  was  again  re- 
versed to  set  the  ma- 
chine for  the  next 
pipe.  This  manipu- 
lation iti,  of  course,  very  se^vere  on  ilio  mol'or  windings  find  on 
the  gearing.  All  pipe  over  3in.  diani.  in  in  axle  by  tlie  lap -weld- 
ing process  as  described.  With  smalle-r  pipe  it  is  possible  to 
combine  several  of  the  operations  into  one  by  butt- 
welding  the  joiuU^i.  The  diagram  of  a  but  "weld  mill, 
Fig.  6，  shows  the  greater  simplicity  of  this  arrangement. 
The  front  corners  of  the  skelp  are  cut  off  with  the  shears 
before  it  is  placed  in  the  furnace,  to  assist  iii  starting  it 
through  the  mandrel.  In  place'  of  being  heated  twice,  the 
skelp  in  the  butt-welding  process  is  brouglit  at  once  to  a 
welding  temperature,  and  the  bending  and  welding  are 
accomplislied  in  one  operation.  The  forward  end  is  grasped 
by  a  tong  grip  wliicli  is  attached  to  a  traveilling  chain  and  is 
drawn  through  ih©  bell  very  niucli  as  in  the  lap -weld  bending 
process.  The  difference  consists  in  the  fact  that  tlie'  mandrel 
is  so  sliapcnl  that  tlie'  edges  of  tlie  skelp  are  forced  together 
under  considerable  pi'essiir(\  causing  them  to  weld.  No  ball 
is  used,  as  with  small  sizes  of  pipe'  it  is  unnecessary. 

The  power  requirements  for  a  motor  for  butt-welding  are 
very  similar  to  those  for  tlie  draw  bench  in  the  lap-wekl 
bending  process,  in  that  the  motor  operates  continuously  in 
one  direction.  No  flywheel  is  used,  because,  as  shown  in  the 
power  curve,  Fig.  7， 
the  interval  between 
peaks  is  hardly 
sufficient  at  times  to 
allow  a  flywheel  to 
regain  its  speed. 
For  this  reason ,  and 
also  because  of  the 
fact  that  a  delay 
caused  by  lack  of 
sufficient  power  to 

pull       the       pipe  Fig. 

through  the  bell 
is  liable'  to  become  very  costly,  the  motor  must  be  selected  of 
ample  overload  capacity,  and  with  very  large  starting  torque. 
After  welding,  the  pipes  are  run  tlirougli  sizing  and  cross 
rolls,  and  cut  off  to  size  and  threaded  the  same  as  the  lap- 
M'elded  pipes. 

Owing  to  the  large  capital  investments  and  liigli  labour 
costs  it  is  absolutely  essential  in  the  iiiajiufacture  of  steel 
products  that  work  proceed  with  tlie  greatest-  possible  con- 
tinuit-y.  No  iiiteriuptions  are  tolerated  that  can  possibly  bf* 
avoided.  The  service  is  very  severe,  and  in  the  majority  of 
cases  is  continuous  24  hours  per  day.  However,  electric 
motors  have  demonstrated  their  ability  to  iue<^t  these-  condi- 
tions. Ill  the  casoi  of  the  above  plant,  the  motors  have  been 
onerating  almost  coiitiiiuons] y  since  their  installation  over 
three  years  ago.  Owing  to  tlioir  nigged  ami  liberal  design 
tliey  have  required  practically  no  repairs  and  uo  attention. 


―' >  M.I 
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10.— Graphic  Kecorb  of  Motor  Driving 
Sizing  IIolls.   Sizing  18in.  Pipe. 


exoc])t  a  regular  i""|K'(,Uuii  of  bearings,  oil,  &c.  I  u  ]';k'I., 
two  lap-weltl  mills  only  three-  men  are  required  to  attciirl  the 
motors,  one  bcuiig  the  cliief  chx^trician,  aiiotJicr  lii.s  awsisiaril, 
who  is  a  inec'lianic,  and  the  third  an  oiler.  These  men  also 
attend  to  the  cranes  and  jiiake  any  necessary  cliaiigcs  in 
wiring,  &(:.  One  advaiiiage  in  olectri dnvo,  wliiVli  should 
not  bo  overlookod,  is  iliai  by  jiieans  of  gi-aphic  meters, 
installed  on  ilic  motor  circuits,  a  peniwiiiont  graphic  moifl 
rail  l>c  obtaim'rl  of  the  (JifTcmii:'  oponitioiis  ； i<coni|>lish(Ml  Ijy 
11 10  Diotov-drivcii  machines.  I  n  t  his  way,  data  n'sp'Hiii"' 
amount  of  power,  cost,  of  work,  <'fficit"iry  of 川 adiiMcs  ；) ikI 
operators  ('； ui  1"'  DijlaLin-d  as  ))y  no  other  iiietliofl,  ； i 
t^lianges  and  iinpi'uvriiieiils  Uiarle  accordingly. ― "  TIr'  Ek'ctric 
Journal. " 


MODERN  USES  AND  APPLICATIONS  OF  RADIUM.- 

ijv  nuGu  LiKBEK,  vn,i>. 

When  I' rut*.  Iloiitgcn  (ILs(x)v('rt'd  the  Rontgi'ii  ('r  X Hay,  it 
was  generally  believed  ihut  the  powerful  aud  pciictr;itiiig  rays 
omitted  by  the  so-called  Rtiiitgen  tulxj-  were  produced  or 
omitted  by  the'  bright  fluorescence  wbicli  consiaiiMy  appeared 
when  tlio  Koiitgeii  tubo  was  in  operation.  This  belief  in  the 
creatiou  of  these  powerful  rays  by  tho  fluorescence  caused 
most  of  the  j^liysicists  who  wero  investigating  this  field  to 
experiment  wiili  a  great  jnauy  fluorescent  materials  in  order 
to  detenniiie  whetlier  similai'  powerful  rays  wero  oinittod  by 
any  such  materials.  Among  these  investigators  was  Prof. 
Becquerel,  of  Paris,  who  one  day,  after  experimenting  with 
some  fluorescent  uranium  salts,  not  being  able  to  finish  】iis 
experiments  thai  day,  placed  the  uranium  salts  in  a  drawer 
of  his  desk .  After  several  days,  upon  opeuing  tlie  drawer 
aud  seeing  the  uranium  salts,  he  detenniuecl  to  continue  liis 
experiments.  When  lie  removed  the  uranium  salts  lie  sa w 
that,  by  accident,  tliey  had  been  resting  during  this  pcriwl 
upon  a  pliotographic  plate  contained  in  a  securely-si'Hle<l 
envelope,  suck  as  is  generally  used -for  X-Ray  and  similar 
purposes.  Becquerel  then  determined  to  develop  this  plate 
for  curiosity's  sake,  and  found  to  his  great  delight  that  the 
plate  had  been  strongly  affected  by  radiations  of  some  kind. 
This  led  to  further  experimentation  with  uranium  materials, 
leading  finally  to  the  discovery  of  what  are  now  known 
universally  as  the  Becquerel  rays 

Madame  Curie  then  took  up  the  investigation  of  these 
uranium  salts  and  soon  found  that  pitqhblende,  the  ore  from 
which  uranium  is  extracted,  emitted  the  same  radiations  as 
the  uranium  salts,  only  in  a  far  larger  proportion.  Madame 
Curie  then  obtained  from  the  Austrian  Government',  which 
controls  the  Bohemian  pitchblende  mines,  some  of  the  refuse 
of  the  i^itchblende  ore  after  the  uranium  had  been  extracted, 
and  sh©  found  that  this  refuse  was  far  more  radioactive  than 
either  the  uranium  or  pitchblende  themselves.  This  con- 
vinced Madame  Curie  that  pitchblende  contained  sometliiiig 
wliicli  emitted  powerful  rays,  apparently  independent  of  the 
uranium.  Further  investigation  led  to  the  discovery  of  what 
Madame  Curie  at  that  time  believed  to  be  a  new  elenieut, 
which  she  named  polonium,  after  tlie  country  from  wliirh  she 
came.  This  polonium  emitted  a  very  large  quantity  of 
radiations,  which,  however,  were  of  very  low  ]K?iietratiug 
power.  It  lias  since  been  found  by  Prof.  Ernest  Rutherford, 
at  that  time  of  McGill  University,  now  of  Manchester,  that 
polonium  is  not  a  primary  radioactive  element,  but  simply  a 
disintegration  product  of  the  radium  emanation,  to  which  I 
shall  refer  later. 

Madam©  Curie  continued  her  investigations  and  soon 
found  that  the  pitchblende  refuse  contained  still  another 
element  wliicli  emitted  the  same  radiations  as  polonium, 
besides  various  other  radiations  of  far  greater  penetrating' 
power.    Tliis  elements  Ma<laino  Curie  mum、（l  radium. 

Experiiiieutatiou  at  lirst  led  physicists,  especially  also 
Madame  Curie,  to  believe  that  radium  emitted  three  kinds 
of  rays,  which,  for  convenience,  were  called  the  alpha,  beta, 
and  gamma  rays.  The  alpha  rays  are  of  very  low  penetrating 
power.  They  are  absorbed  even  by  tissue  paper  or  very  thin 
sheets  of  aluminium.  The  beta  rays,  which  greatly  reseni])le 
the  Goldstein  or  Cathode  rays,  are  of  far  greater  penetratin*r 
power.  Lastly,  tlio  ganuna  rays,  wliicli  i^reatly  reseinblo  ilio 
Routgeii  or  X-Kays,  are  of  tnMiieiidous  penetrating  power.  I 

*  Abstract  of  a  paper  read  beforo  the  Franklin  Instltuto.  Sept.  11th,  1911. 
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personally  have  been  able  to  obtain  fine  photographs  with 
ihese  rays  th rough  12in.  of  steel. 

The  study  of  this  new  element  was  then  universally  taken 
up  by  physicists  all  over  the  world,  and  especially  have  the 
investigations  of  Prof.  Ernest  Rutherford  been  exceedingly 
fruitful.  Rutherford  soon  found  out  that  radium  itself  emits 
but  one  radiation,  and  that  is  the  so-called  alpha  ray .  But, 
besides  this  radiation,  radium  emits  a  certain  gas  which  is 
called  the  emanation.  These  emanations  were  found  to  decay 
rapidly,  and  while  decaying  form  a  new  product,  which  pro- 
duct also  disintegrates  or  decomposes  and  in  doing  so  forms 
another  product,  which  likewise'  is  subject  to  the  same  change, 
and  so  on.  The  various  disintegration  products  themselves 
emit  certain  radiations,  and  the  process  of  this  disintegration, 
as  deteniiined  by  Rutherford,  is  as  follows  ： —— 

Radium,  as  stated  before,  emits  the  alpha  rays,  which  in 
reality  are  small  particles  of  matter  that  can  be  detected  when 
the  naked  radium  is  exposed  to  a  zinc  sulphide  screen,  as  the 
bombardment  of  tile  screen  by  these  particles,  which  travel  at 
a  remarkable  velocity,  produces  scintillations  which  look  like 
millions  of  shooting  stars  or  sparks  under  a  magnifying  glass. 
Through  the  constant  giving'  off  of  particles'  the  radium  atom 
gradually  breaks  up,  but  this  is  so  slow  that  only  one-half  of 
the  atom  is  broken  up  in  about  1,300  years.  Besides  these 
alpha  particles,  radium  emits  a  certain  gas,  which,  as  the 
writer  has  stated  before,  is  called  the  emanation.  The 
emanations  are  very  unstable,  one-half  of  them  breaking  up 
in  about  3*8  days.  The  emanations  themselves  emit  only 
alpha  rays,  and,  as  said  before,  rapidly  decay,  and  while 
decaying  form  a  new  disintegration  product,  which  Ruther- 
ford has  named  radium  A.  Radium  A  is  the  】nost  unstable 
of  all  the  emanation  disintegration  products,  one-half  break- 
ing up  in  about  three  minutes.  Radium  A  emits  only  alpha 
rays,  and  when  breaking  up  forms  another  product,  which  is 
called  radium  B.  Radium  B  emits  no  rays  and  is  trans- 
formed in  26  minutes,  whereby  is  produced  radium  C，  which 
is  the  most  remarkable  of  all  the  disintegration  products,  for 
radium  C  emits  all  three  kinds  of  rays,  namely,  the  alpha, 
beta,  and  gamma  rays.  Radium  C  is  also  transformed,  and 
during  this  transformation  the  alpha  particles  which  are 
emitted  are  expelled  with  inucli  greater  velocity  than  the 
alpha  particles  of  the  other  radium  products.  These  alpha 
particles  are  absorbed  only  after  traversing  7  cm.  of  air,  while 
the  alpha  particles  of  the  other  radium  products  are-  never 
able'  to  penetrate  more  than  4  8  cm.  of  air.  Besides  these 
alpha  partkles,  the  beta  and  gamma  rays  are  emitted,  which 
are  of  very  niucli  greater  penetrating  power.  Radium  C， 
when  decomposing,  forms  a  radioactive  residue,  which  is 
called  radium  D.  Radium  D  is  far  more  stable  than  the 
other  radium  products,  but  it  does  not  emit  any  rays. 
Radium  I)  also  decomposes  and  forms  radium  E，  wliirh  emits 
only  beta  and  gamma  rays.  The  life  of  radium  E  is  short, 
and  its  disintegration  product  is  radium  F.  Radium  F  is  the 
final  radioactive  product  of  radium.  It  is  an  element  of  high 
atomic  weight  and  is  identically  the  same  product  as  that 
which  Madame  Curie  discovered  at  first  and  nanio<l  poloiiiuin. 
Ifc  is  also  the  same  product  which  Prof.  Marckwald,  of  Berlin, 
disoovorod  and  named  radio-tellu riuni.  Radium  F  emits  only 
alpha  particles,  but  a  far  larger  quantity  of  these  tlian  is 
emittod  by  any  of  the  other  radium  proihu'ls.  Rafliuni  F  is 
half  transformed  in  143  days. 

If  a  quantity  of  radium  euiaiiat  ions  is  Id't  in  a  glass  tube 
for  some  time,  the  glass  will  bo  covered  l)y  a  radioactive 
deposit  which  *'an  b。  dissolved  in  clilut。（l  ll?SO 广  If  this 
solution  is  kept  for  a  long  time,  say  about  a  year,  the  activity 
of  same  will  be  found  to  have  steadily  increased.  If  polisluvl 
bisnuitli  discs  are  flipped  into  such  a  solution,  this  radium  F 
may  be  deposited  upon  thoin  (、l(vtro-('h(、mi('all、，，  and,  upon 
removing  the  discs,  will  give  off  only  the  alpha  rays  but  no 
trace  of  beta  rays,  and  this  very  fact  led  Marckwald  to  believe 
that  he  had  discovered  a  now  (^lenient,  wliidi  lie  r;il1(、(l  radio- 
tollurium. 

Besides  radium,  there  have  boen  fouml  otlirr  radioactive 
elements,  especially  tlioriiuu .  Tlioriiuii  is  tlio  oleinonl  from 
which  the  so-callo<l  Wclsbach  ^as  mantles  are  luado,  An("l"、r 
radioactive  olonient  has  Ixmmi  I'ouml  which  is  known  as 
emanium  ；  it'  lias  boon  named  nnaiiium  on  account  of  \  lip 
great  quantity  of  emanations  it  emits. 

As  provioiislv  stated,  radium  is  found  in  pit(*lil)loinU\  I  lie 
ore   from    which,  in    Bohemia,  the    urauiiuii  is  cxlraotcd. 


Uranium  is  used  very  extensively  in  the  manufacture  of 
Bohemian  glassware.  After  the  uranium  had  been  extract-ed 
from  the  ore,  the  so-called  refuse  was  thrown  away,  and  only 
since  the  discovery  of  radium  has  this  refuse  become  an 
extremely  valuable  product. 

However,  radium  does  not  appear  only  in  pitchblende, 
but  it  appears  in  any  ore  that  carries  uranium,  as  radium 
itself  is  only  a  product  of  the  decomposition  of  uranium,  and 
the  quantity  of  radium  which  is  contained  in  the  ore  is  in 
direct  proportion  to  the  quantity  of  uranium  contained  in 
that  ore  and  can  be  correctly  measured  thereby.  We  have 
pitchblende  in  the  United  States,  and  it  is  found  especially 
in  Gilpin  County,  Colorado.  Carnotite  is  also  found  in 
Colorado  and  in  some  other  States.  Both  of  these  minerals 
carry  large  quantities  of  uranium,  and  consequently  radium. 
Furthermore,  minor  quantities  of  radium  have  been  found  in 
the  so-called  monazito  sands  of  North  and  South  Carolina. 
These  are  the  same  sands  from  which  also  the  radioactive 
element  thorium  is  extracted. 

When  radium  was  first  introduced  io  the  scientific  world, 
it  appeared  as  a  greyish-yellow  powder,  in  small,  irregular 
crystals,  and  on  account  of  its  tremendously  high  cost  was 
contained  in  small,  hermetically-sealed  glass  tubes  or  vials. 
It  must  be  remembered  that  radium  itself  emits  only  the 
alpha  rays  and  emanations.  The  emanations  and  their  sub- 
sequent disintegration  products  also  give  off  alpha  ravs，  and, 
later,  beta  and  gamma  rays.  The  alpha  rays  are  of  exceed- 
ingly low  penetrating  power  and  the  emanations  are  of 
practically  no  penetrating  power ；  but  of  all  the  radiations 
given  off  by  radium  and  its  subsequent  disintegration  pro- 
ducts fully  95  per  cent,  consist  of  the  alpha  pai'tk'】es，  whereas 
the  remaining  5  per  cent,  consist  of  combined  beta  and  gamma 
radiations.  As  radium  formerly  was  contained  ouly  in 
hermetically-sealed  glass  tubes,  all  the  alpha  radiations,  all 
the  emanations,  and  even  a  part  of  the  beta  radiations  were 
absorbed  by  the  glass  tube,  and  therefore  when  radium  was 
applied  in  such  tubes  only  a  very  small  percentage  of  its 
total  radiations,  that  is,  a  part  of  the  beta  rays  and  tlie 
gamma  rays,  could  be  utilised  for  physiological  and  other 
purposes.  This  led  the  writer,  after  due  experimentation, 
to  invent  aluminium  containers,  that  is,  small  containers  of 
exceedingly  thin  aluminium  sheets,  wliirh  could  be  lienneti- 
cally  sealed  by  a  suitable  device.  These  containers  had  the 
advantage  over  the  glass  tubes  in  that-  they  would  permit  all 
of  the  beta  and  all  of  the  gam  in  a  rays  to  penetrate  them  ； 
but  even  these  extremely  thin  aluminium  containers  would 
absorb  all  the  emanations  and  all  of  the  alj)lia  rays  or 
particles.  At  that  time  it  was  despaired  of  ever  being  able 
to  utilise  the  alpha  rays  and  the  emanations  as  valuable 
therapeutic  agents.  After  long  experimentation,  a n d  know- 
ing and  approfiaiiug  fullv  the  iniportanre  and  necessity  of 
obtaining  radium  in  such  a  form  that  accoss  could  he  had  to 
the  oinanations  as  well  as  to  the  alpha  radiations,  aiul 
especially  considering  the  fact  that  even  in  naked  radium  we 
are  a  bio  to  utilise  only  those  alpha  radiations  and  emanations 
which  are  emitted  by  the  direct  outside  layers  of  a  radium 
particle,  as  those  emanations  and  alpha  radiations  eniitt^l 
bv  the  under  layers  are  unable  to  penetrate  the  u|)por  layers, 
and  knowing  that  for  the  utilisation  of  these  alpha  particles 
and  emanations  tl"、  radium  to  be  utilised  would  have  to  be 
witli  prac'ticallv  no  uiulor  layers,  the  writer  suciecded  in 
finally  oonstructiiit;  what  aro  now  known  as  "  radium  coat- 
ings.      Radium  coatiiitrs  are  manufactured  as  follows : —— 

Radium  is  dissolved  in  a  suitable  ！!^ olveiit.  This  suitable 
solvent  iniisb  of  necessity  vary  in  aocordance  witli  tlie  suh- 
staiirp  which  is  to  bo  roaled.  Thus,  if  a  metallic  substance  is 
to  bp  coattxl,  tlie  solvent-  should  contain  a  oortain  )>ioportion 
of  an  acid  whifh  is  ahlo  to  affort  the  surface  of  (he  iiiatorial 
to  be  coated .  If  roUuloid  (wliich  tlie  writer  preferably 
ejiiploys)  is  used ,  the  solvent  should  roiitai"  such  ingredients 
wliicli  ； 1  ro  capablo  of  softoninp  aiid  affecting  tlio  surface  of  \he 
celluloid,  and  for  this  purjioso  the  writer  oiuploys  laiijoly 
etluM%  wood  alcohol,  ain^tono,  aiiivl  atvtate,  &r.  After  t lie 
radium  lias  be<"，  thorouglily  dissolved  in  these  solvents,  the 
pr(""、r  dissolving  of  which  requires  coiisidprable  care  and 
ox])(M'ioiU'o,  as  thr  slicrlitost  amount  of  ropiduo  vuild  ontail 
a  coniiiarativoly  large  tiuanrial  loss,  tho  iiiat<M  ial  X-o  Iv  coatod, 
usually  oithor  rods  or  discs,  is  dipped  into  tho  so'ut ion.  Or, 
if  (li|n>in£j  is  not-  advisable,  that  part  of  tlio  Tt»nt<»: ial  wliirh 
is  to  be  coated  is  covered  with  a  small  quantity  of  tho  radium 
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solution  by  means  of  a  pipette.  As  stated  before,  this  radium 
solution  contains,  dissolved  therein,  the  radiutii  usually  in  the 
form  of  either  radium  bromide  or  radium  chloride  of  varying 
activities.  Naturally  the  radium  solution  should  be  spread 
as  evenly  as  possible  upon  the  surface  to  bo  coated.  TIkmi 
the  solvent  is  allowed  to  evaporate,  wliicli  leaves  the  ra<liuiii 
spread  in  a  thin  film  all  over  the  article  to  be  coated.  Since 
in  the  case  of  celluloid  the  solvent  has  the  tendency  to  soften 
and  dissolve'  part  of  the  surface  of  the  article,  the  deposited 
radium  is  thoroughly  enil)ed(kd  in  the  surface,  whereby  is 
fulfilled  one  of  the  principles  desired,  namely,  to  profluce 
practically  nothing  but  a  surface  of  radium  with  as  little 
radium  as  possible  in  underlying  layers.  However,  if  radium 
were  used  in  this  form  for  pliysiologiral  purposes,  it  would  be 
of  very  little  value,  for  if  these  radium-coated  rods  or  discs 
were  brought  in  contact  with  any  liquid  or  would  be  inserted 
into  a  diseased  part  and  come  in  contact  with  the  blood  or 
juices  of  tlie  hum  an  or  animal  body,  the  radium  would  com- 
pletely dissolve  and  it'  would  cause  a  complete  loss  of  the 
material.  It  was  therefore  necessary  to  protect  the  radium 
film  against  loss  through  solution  or  mechanical  friction,  &c. 
This,  however,  was  a  very  difficult  problem,  because  of  the 
fact  that  the  main  object  was  to  obtain  full  access  to  the 
alpha  radiations  and  the  emanations,  for  if  the'  writer  had 
simply  coated  these  so-produced  instruments  with  a  protective 
coating  the  alpha  radiations  and  the  emanations  would  cer- 
tainly have  been  absorbed  by  the  coating,  owing  to  their 
extremely  low  penetrating  power.  It  therefore  was  necessary 
to  construct  a  coating  which  would  answer  both  purposes, 
namely,  be  thin  enough  so  that  the  alpha  particles  aiul  the 
emanations  could  penetrate  same,  and  at  the  same  ti me  be 
tough  and  protective  enough  to  protect  the  radium  filament 
from  solution  in  the  liquids  with  which  it  might  come  in  con- 
tact and  from  mechanical  destruction  by  friction,  &c.  The 
writer  finally  succeeded  in  doing  this  by  gradually  applying 
coatings  of  specially-prepared  collodion  solutions.  These 
collodion  solutions  must  vary  in  accordance  with  the  material 
which  has  been  coated  with  the  radium,  the  main  substance 
being  so-called  gun  cotton  dissolved  in  alcohol,  aniyl  acetate, 
ether,  &c.，  to  which  must  be  added  various  other  ingredients. 
The  writer  finally  succeeded  in  obtaining  a  coating  that  pro- 
vided an  absolute  protection  to  the  radium  film  and  at  the 
same  time  was  sufTu'iently  thin  to  permit  the  alpha  radiations 
and  the  emanations  to  penetrate  it.  This  penetration  of  the 
thin  coating  was  readily  proven  as  follows  :  since  the  alpha 
radiations  are  readily  visible  to  the  eye  when  they  are 
brought'  in  contaci  with  zinc  sulphide,  whereby  they  produce 
scintillations,  as  is  beautifully  demonstrated  in  the  Crookes 
spinthariscope  :  the  same  scintillation  effect  took  place  when 
the  coated  rod  or  disc  was  placed  upon  the  surface  of  a  zinc 
sulphide  screen  and  was  observed  under  a  fairly  good  magni- 
fying glass  in  the  usual  manner. 

That  the  emanations  are  able  to  penetrate  these  coatings 
was  proven  in  the'  following  manner  :  A  rod ,  properly  coated 
and  protected,  was  placed  within  a  glass  tube,  which  was 
fairly  well  closed  and  sealed  at  both  ends  by  rubber  stoppers. 
After  this  coated  rod  was  left  in  the  glass  tube  for  several 
hours  (preferably  12  to  24  hours)  a  certain  quantity  of 
emanations  collected  within  the  tube .  When,  therefore,  an 
air  current  was  slo^vly  forced  througli  the  glass  tube  it 
carried  the  emanations  with  it,  and  the  presence  of  the 
emanations  was  proven  by  means  of  an  electroscope. 

The  method  of  measuring  radioactive  materials  by  an 
electroscope  depends  upon  two  well-established  principles: 
first,  that  like  electricity  repels  ；  secondly,  that  radium  rays 
as  well  as  radium  emanations  ionise  the  air.  lonisation  of 
the  air  means  that  the  air  is  made  a  good  conductor  of 
electricity,  as  dry  air  otherwise  is  a  non-conductor  of 
electricity. 

In  the  case  of  the  Brauii  e】ectro&c(?pe，  an  aluminium  rod 
is  suspended  in  a  metallic  case,  which,  for  convenience,  is 
closed  off  in  the  back  and  front  by  glass.  This  aluminium 
rod  is  susixMuled  in  this  case  by  means  of  a  piece  of  am  her 
surrounded  by  hard  rubber,  both  of  which  are  non-coiidiu-tors 
of  electricity.  Suspended  and  well  balanced  on  this  aliinii- 
nium  rod  is  an  aluminium  needle  Avhich  moves  very  freely. 
At  tlie  lower  end  of  the  aluminium  rod  is  an  aluminium  scale. 
When  the  suspended  alumiiuum  rod  is  charged  with  electri- 
city, be  it  positive  or  negative,  this  electricity  will  instantly 
be  conducted  into  the  aluminium  needle,  and  the  aluminium 


rod  iiiul  the  aluminium  noodle  will  ropol  oach  other.  Jlow- 
ever  only  the  aluminium  nocrlle  can  move,  and  will  ascciul  tlio 
scale  and  will  remain  there  until  the  electricity  contained  in 
the  aluminium  rod  ami  the  needle  escapes,  which  escape 
would  bo  extreiiu'ly  slow  in  a  perfectly  d ry  room.  If  wo  now 
bring  radium  or  radium  rays  or  emanations  in  the  vicinity  of 
the  electroscope,  these  will  ionise  the  air  surrourKling  the 
electroscope  and  cause  the  electricity  in  the  suspended  rofl 
and  needle  gradually  to  escape.  The  more  powerful  the 
radium  is,  or  tlic  larger  the  quantity  of  radiations  arul  emana- 
tions given  off,  iJie  quicker  will  the  air  he  imiised,  the  quicker 
will  be  the  discharge  of  electricity,  and  1  ho  quicker  also  will 
be  the  descent  of  tlie  needle  down  tho  scalo.  By  tlie  rapidity 
of  the  descent  of  this  needle  is  rnoasurod  the  quantity  of 
radium  or  the  radioactivity  at  our  disposal. 

The  emanations  should  collect  within  a  glass  tube  in  wliich 
the  coated  rod  has  been  contained  for  some  time,  if  the 
writer's  theory  is  correct  thai  thos(*  Pinanaiions  penetrato  tin* 
coating.  An  air  ciurent  blown  througli  such  a  glass  tube 
carries  with  it  tlie  stored-up  radium  emanations,  and  by 
bringing  these  emanations  or  the  air  charged  with  the  emana- 
tions ill  contact  with  the  electros (； ope  ilie  electricity  contaiiie^l 
therein  always  readily  escapes  through  the  ionised  air  aiul  the 
needle  of  the  electroscope  falls  more  or  less  rapidly. 

A  still  more  efficient  means  of  proving  that  the  emana- 
tions penetrate  the  coating  is  by  spreading  the  raflirun 
solution  on  the  inside  of  a  tube.  For  sucli  purposes  the 
writer  uses  preferably  celluloid  tubes,  internally  coated  with 
a  thin  radium  film  having  the  same  protective  coating  as 
described  before.  The  tube  is  closed  by  means  of  rubber 
stoppers  with  glass  stop-cocks,  and  all  the  emanations  col- 
lected within  this  tube  will  follow  an  air  current  if  forced 
through  it. 

If  tlie  writer's  theory  is  correct  and  the  emanations  can 
penetrate  the  protective  coating,  these  emanations,  as  stated 
before,  collect  within  the  tube.  Then  when  the  air  is  blown 
through  the  tube  it  carries  with  it  the  emanations.  When 
this  so-charged  air  is  pei'iintted  to  strike  the  top  of  the 
electroscope,  the  surrounding  air  becomes  ionised  and  the 
electroscope  needle  descends,  making  it  a  very  simple  but 
conclusive  experiment). 

Thus,  where  formerly  a  glass  tube  containing  a  fairly  large 
quantity  of  radium  was  required,  which  was  very  expensive 
indeed,  we  can  obtain,  by  means  of  these  coatings,  the  saiue, 
^nd  even  far  better,  results  with  only  a  small  proportion  of 
the  quantity  of  radium  formerly  required.  Furthermore,  we 
have  access  now  to  all  the  emanations  and  the  radiations  for 
physiological  or  any  other  purposes  desired. 

The  writer  wants  to  direct  attention  to  the  following  :  If 
the  beta  and  gamma  rays,  as  has  been  asserted,  are  those  of 
the  greatest  influence  for  physiological  purposes  or  in  the 
treatment  of  diseases  such  as  cancer,  lupus,  &c.，  w©  must 
remember  that  these  radiations  are  produced  only  by  the 
disintegration  of  the  radium  emanation.  If  we  now  are  able 
to  take  a  rod  or  disc  or  any  other  instrument  properly  coated 
with  radium  and  insert  this  into  the  diseased  part,  the 
emanations,  whose  disintegration  produces  these  rays,  will, 
instead  of  escaping  into  the  tube  and  there  being  absorbed, 
now  escape  into  the  diseased  part,  to  be  retained  there,  to 
disintegrate  there,  and  their  subsequent  products  to  produce 
these  beta  and  gamma  rays.  Not  only  will  these  beta  and 
gamma  rays  act  upon  the  diseased  part  while  the  instrument 
is  being  applied,  as  was  the  case  with  the  glass  tube,  but  the 
radium  emanation  will  be  retained  within  t.lio  tissues,  will 
continue  to  disintegrate,  form  its  disintegration  products, 
and  continue  to  act  upon  these  diseased  parts. 

An  extensive  series  of  experiments  has  been  conducted  bv 
Prof.  C.  Stuart  Gager,  formerly  of  the  Department  of 
Botany,  Columbia  University,  and  now  of  the  University  of 
Missouri,  to  determine  the  effect  of  radium  rays  and  emana- 
tions on  plant  life,  and  especially  cell  formation.  He  has 
sliowii  conclusively  that  in  certain  forms  and  under  certain 
(•( 川 （litioiis  radiinii  rays,  and  especially  the  emanations 
oinittod  from  a  coatod  tube,  are  able  to  retard  the  growtli  of 
plants  and  cell  formation.  Under  other  conditions,  he  verv* 
largely  increased  the  growth  as  well  as  the  cell  formation,  all 
depending  upon  the  various  methods  employed. 

One  important  factor  has  to  be  considered  in  connection 
with  tlieso  radium  coatings,  and  that  is  the  following  :  It  is 
a  well-known  fact  that  the  waters  of  the  famous  mineral 
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springs,  especially  those  of  Europe,  have  certain  healing  and 
beneficial  qualities.  It  also  has  been  established  beyond  a 
doubt  that  if  these  waters  are  trausported  their  healing  and 
beneficial  qualities  are  almost  entirely  lost  after  a  few  days. 
It  now  lias  been  demonstrated  that  all  of  ihesje  well-known 
waters  and  springs  contain  more  or  less  radioactivity,  that 
is,  not  primary  radioactivity  by  having  a  radioactive  material 
dissolved  therein,  but  what  is  called  secondary  radioactivity, 
sudi  that  has  been  imparted  to  these  waters  by  having  them 
charged  willi  the  gas  or  the  emanations  emitted  by  radium. 
After  having  proven  this  beyond  a  doubt,  it  has  been  the  aim 
of  a,  great  many  of  our  foremost  investigators  to  artificially 
produce  waters  which  would  contain  emanations  absorbt'<l 
therein.  For  this  purpose  the  celluloid  tube-  coated  on  the 
inside  with,  radium  has  been  used  very  successfully,  and  it)  is 
a  matter  of  very  simple  experimentation  to  prove  tlie 
efficiency  of  this  device  and  fui*thennore  to  prove  the  coiiteuts 
of  radioactivity  in  such  waters.  All  that  is  required  is  that 
the  air,  by  means  of  a  rubber  bulb,  be  forced  through  the 
i'libe  wliicli  has  remained  closed  for  several  hours,  and  tlio 
rscapiiig  air  which  has  been  charged  with  emanations  allowed 
slowly  to  ooze  through  a  column  of  water,  which  should  be 
partaken  of  as  quickly  as  possible.  The>  writer  has  ]K?rsonally 
seen  some  very  remarkable  and  beneficial  changes  produced 
iu  cases  of  a  most  desperate  nature. 

The  celluloid  tube  coated  on  the  inside  also  has  been  used 
with  great  success  in  the  treatment  of  throat  aud  lung  affec- 
tions, the  patient  being  required  once  or  twice  a  day  to  inhale 
the  air  wliicli  slowly  passes  through  the  tube  and  which  is 
charged  with  the  emanations. 

The  writer  also  has  succeeded  in  applying  the  radium 
coatings  to  microscopic  slides.  A  small  part  of  the  slide  is 
coated  with  the  radium  solution  and,  after  evaporation  of  the 
yolveiit,  is  coated  with  a  collodion  especially  prepared  for 
this  purpose.  These  slides  have  proven  very  efficient  and  of 
importance  for  biological  investigations,  as  they  can  be  con- 
veniently placed  under  the  microscope.  Bacteria,  cell 
formation,  &c.，  can  be  placed  upon  them,  and  thus  the  effects 
of  the  radium  rays  and  emanations  upon  various  microbes  and 
cell  organisins  can  be  conveniently  studied  under  the  micro- 
scope. 

In  a  great  many  cases  it  has  been  found  impossible  to 
apply  the  radium  either  in  the  form  of  coatings  or  in  a  tube. 
This  occurs  because  of  the  seat  of  the  disease  and  the  necessity 
of  repeated  treatments.  In  order  to  provide  for  such  cases, 
the  writer  has  devised  what  is  known  as  radium  gelatine. 
This  is  a  sterilised  solution  of  a  gelatine  which  contains  a 
small  quantity  of  radium  and  which  will  coagulate  when  it 
becomes  cold.  However,  before  becoming  cold,  it  is  charged 
with  as  large  a  quantity  of  emanations  as  possible.  This 
coagulated  solution  is  heated  several  times,  thereby  liquefy- 
ing it,  ami  (wh  tiiiie  it'  is  again  charged  with  emanation:^,  so 
that  there  is  finally  obtained  a  radioactive  product  which 
contains  primary  as  well  as  secondary  radioactivity.  This 
gelatine  is  injected  into  the  diseased  parts  in  liquid  form  or 
is  instated  by  moans  of  tampons,  &('.  Exoerioiice  has  shown 
that  it  is  readily  absorbed  by  the  surrounding  diseased  tissues, 
and  the  radium  rays,  the  decaying  emanations,  ^nd  the 
disintegration  prorlucts  are  tlius  brought  into  play  upon  these 
tissues. 


Fatal  Oil  Engine  Explosion. ―  An  inquest  was  held  at  Netlier- 
toii  touching  the  death  of  an  engine  fitter,  who  was  fatally 
burnt-  by  au  explosion  in  connection  with  an  oil  engine  in 
Netherton  Pit.  Michael  Harrison,  engineer  at  the  colliery, 
said  he  examine-cl  the  engine  about  three  hours  after  the 
accident,  but  could  l\ud  nothing  wrong  with  it  eitlier  exter- 
nally or  internally.  In  fact,  lie  fmiml  ovcryt hing  iu  or(l(、r. 
Witness  described  how  the  engine  was  worked,  and  exj^iTssed 
tbe  opinion  that  some  explosive  mixture  had  got  into  tlie 
exhaust  pipe,  and  had  exploded  in  the  return  air-way.  AVhon 
he  asked  the  deceased  how  it  liappoiied.  lie  replied  that  the 
engine  was  missing  fire,  and  he  was  shutting  t-lie  oil  off，  and 
til  at  was  all  the  explanation  lie  gave.  The  oil  us<*d  was  what 
Mie  inakers  of  the  <、ngine  reronniuMulod.  The  jury  found 
i  hat-  deceased  met  liis  doalli  by  an  <\\ phisioii  of  v;ii),)ris，、<l 
parairui  oil  aii<I  air.  wlneli  liad  ;u-cuniul;itr(l  oiilsiflo  of  tlu' 
regulator. 


CAUSE  AND  PREVENTION  OF  BLOWHOLES  IN  COMPOSITION 
AND  BRONZE  CASTINGS. 

The  two  principal  difficulties  encountered  in  making  composi- 
tion or  bronze  ca.stings  are  :  (1)  Dross  or  dirt  in  the  castings  ； 
(2)  blowholes  or  pinholes  in  the  iiietal.  Dross  iu  the  cai>tings 
is  usually  a  case  of  bad  gating  or  pouring,  or  defect  iu  mould- 
ing. Blowholes  or  pinholes  are  always  tlie  msult  of  bad 
melting.  Let  it  be  understood  that  blowholes,  however 
large,  and  pinlioles,  however  small,  are  the  same.  Pinholes 
are  simply  blowholes,  and  cause  is  the  same  as  that  of 
larger  ones.  It  is  a  iiiLsiakoii  idea  that  blowholes  are  cauBt'd 
by  wet  sand  or  rapid  ]x>uring.  It  will  never  be  found  that 
they  are  the  cause.  Blowlioles  are  fonn-ed  in  the  ca^sting  by 
gas.  During  the  melting  of  tlio  composition  or  brouze,  this 
gas  is  absorbed,  and  while  the  metal  is  cooling  in  the  mould , 
it  ifi  expelled  with  ilie  formation  of  the  blowholes.  If  a  small 
quantity  of  g-as  is  absorbed,  then  small  blowholes  (pinholes) 
result.  If  a  large  quantity  is  absorbed  during  the  jiioltiiig, 
then  a  large  quantity  is  given  out  iu  the  cooling  of  the  molten 
metal  in  the  casting  with  the  result  that  large  blowholes  are 
produced.  Such  is  tlie  theory  and  facts-  of  tlie  cause  of  blow- 
holes iu  sand  casting,  but  there  are  other  agencies  which  enter 
the  pToblem  and  render  the  gas  absorption  great  or  small. 
Some  foiindryiiien  fcay  that  scrap  metals  do  not  cause  thf  in 
t'lie  trouble  with  blowholes  that  they  experience  with  new 
metals,  and  this  may  be  true  if  the  melting  is  carried  on 
imperfectly.  The  reason  for  this  is  tbe  fact  tliat  pure  coj^per, 
when  melted,  absorbs  ga^ses  far  more  rapidly  tliaii  tlie  com- 
position or  bronze  after  made.  This  will  be  subsequently 
explained. 

The  ideal  method  of  melting  metals  is  in  a 
vacuum,  and  this  is  now  carried  on  in  the  niaim- 
facture  of  electric  lamp  filaments  of  tuiigs"'n  and  tan- 
talum. All  gases  in  the  metal  before  ineltiiig  arc 
then  extracted,  and  there  is  no  opportunity  for  more  to 
enter  ；  but  this  method  can  be  applied  only  to  melting  very 
small  quantities  of  metals.  The  next  best  method  is  to  melt 
tlie  metal  without  fuel,  as  in  the  electric  resistance  or  induc- 
tion furnace.  There  are,  then,  no  gases  present,  and  air 
is  the  only  one  in  contact  with  the  iiietal.  Oxidation  takes 
place,  of  course,  and  on  this  account  the  process  is  inferior 
to  vacuum  melting.  In  the  other  melting  process,  or  the  so- 
called  "regular"  one,  the  metal  is  melted  with  a  carbouaceous 
fuel  of  some  kind,  and  this  fuel,  when  burned,  forms  prodiicte 
of  combustion  that  are  the  cause  of  the  blowlioles.  There  is 
rarely  complete  combustion  in  a  melting  furnace,  aud  on  this 
account  a  variety  of  gaseous  products  are  formed.  These  may 
be  carbon  monoxide,  hydrogen  gas,  and  various  gaseous 
hydrocarbons.  Large  quantities  of  carbon  dioxide  gas,  of 
course,  are  formed.  In  addition  to  these  gases  there  is  always 
more  or  less  sulphurous  products. 

In  melting  metals  in  an  open  flame  furnace,  such  as  a  rever- 
htM-atorv  furnHCo,  tlie  surface  of  tlio  metal  <*xposed  to  the 
produces  of  combustion  is  so  great  that  thorc  is  a  much 
larger  gas  absorption  than  in  the  case  of  melting  iu  crucibles, 
where  the  surface  exi>osed  is  nuich  smaller.  This  fact  why 
crucible  melting  always  gives  the  best  and  soundest  castings. 
Every  foundryman  kiiows  that  if  metal  is  melted  in  direct 
contact  with  the  flame  or  fire,  the  resulting  metal  i^^  not  as 
good  as  though  a  covering  of  some  kind  is  used  to  protect  the 
surface.  Either  a  flux  or  diaivoal  is  used,  and  this  serves  to 
protect,  the  surface  of  the  molten  metal  while  the  melting  is 
going  on  and  prevent  the  absorption  of  gases. 

It  is  a  singular  t'a<'t  that  pure  metals  absorb  "'a^es  nuuli 
iiiore  rapidlv  and  vigorously  than  alloys.  Souio  "leUh^  do 
not  absorb  gases  very  readily,  while  others  are  apparently 
eagtM'  to  take  them  up.  Low  meltiiiir  luctals,  em'li  tin, 
lead,  or  zinc,  do  not  have  the  property  in  any  marked  degree, 
while  ineUls  which  m^lt  at  a  higher  temperature,  like  copper 
or  silver,  absorb  theui  rapidly.  Copper,  j^orliajis,  is  the  metal 
wliich  has  the  property  in  t-he  most  marked  doi:ree,  and  f^eems 
to  absorb  gas  more  ea^orly  than  any  other,  even  sur])a*nij: 
silver  in  ihis  rt")，、d .  Tt  is  for  this  ri、aw"i  that  cupper  alloys 
aro  so  apt.  to  i-out-aiii  hlowlioU*^  ami  that  \n\vv  co\)\Kn'  cfustings 
are  so  dillicult  to  east  sound  and  solid. 
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In  melting  copper  by  the  ordinary  means,  that  is,  with  1-1  le 
usual  coal,  coke,  oil.  or  gas  furnace,  t'〗i。  aiiiouiit  (>f  gas  ； ihsorhcd 
depends  upon  three  things :  (1)  The  temperature  of  the  inetal  ； 
(2)  the  charactea:  of  the-  covering  ；  (3)  the  length  of  time 
in  the  fire  after  melting.  If  copper  is  lioatod  far  above  it8 
melting  point,  the  amount  of  gas  absorbed  is  much  grcai/cr 
than  if  nob  allowed  to  rise  higher  than  the  actual  melting.  Tn 
other  words,  the  hotter  the  copper  the  more  gas  will  be 
absorbed.  The  character  of  th&  covering  on  the  molten  metal 
also  has  a  direct  in  flu  en  oe  upon  the  amount  of  gas  absorbed 
during  the  melting.  The  worst  possible  condition,  of  course, 
is  to  melt  the  metal  witlioub  any  covering  at  all,  as  there  is 
then  every  chance  for  gas  to  become  absorbed.  Many  of  the 
wo'rst  cases  of  blowholes  and  oxidised  metal  are  caused  by 
this  one  thing.  The  covering,  in  the  case  of  copper,  should 
be  charcoal,  or  its  equivalent.  A  flux  of  some  kind  can  be 
used,  but  on  new  metals  it  does  not  give  as  good  results  as 
charcoal.  Charcoal  is  now  universally  used,  and  has  these 
advantages :  (1)  It  is  a  strong  reducing  agent,  and  tends  to 
reduce  any  oxide  of  copper  that  may  form  ；  (2)  it  contains  no 
sulphur  ；  (3)  it  oove'rs  the  metal  mechanically,  and  prevents 
access  of  the  productsi  of  combustion.  It  is  a  noteworthy 
fact  that  in  brass  rolling  mills,  where  the  finest  quality  of 
brass  is  made  and  new  metals  used  entirely,  charcoal,  and 
plenty  of  it,  is  employed  in  melting.  If  melfcers  would  bear 
this  in  mind,  and  keep  their  copper  well  covered  as  soon  as 
melting  begins,  then  there  would  be  far  less  difficulty  experi- 
enced with  blowholes. 

Coal  or  ooke  will  not  answer  as  a  covering  far  molten 
metals  for  the  reason  that  they  contain  sulphur  which  pro- 
duces blowholes  and  dirty  metal.  There  is  nothing  so  good 
as  charcoal,  and  it  should  he  rather  fine  (about  the  size  of 
coarse  gravel)  in  order  to  obtain  t'lie  best  results.  When  too 
coarse^  it  does  not  prote'ct  the  m'et'al  sufficiently,  and  when 
too  fine,  it  is  apt  to  blow  off. 

The  length  of  time  the  copper  is  allowed  to  remain  in  the 
fire  after  melting  has  a  very  important  bearing  upon  the 
amount  of  gas  absorption  and  it's  production  of  blowholes. 
The  longer  it  is  left  the  more  gas  will  be  absorbed.  For 
this  reason,  the  sooner  metal  is  poured  after  it  lias  melted 
and  arrived  at  tlie  right  heat  the  better  the  casting.  Leaving 
metal  in  the  fire  too  long  after  melting  is  a  very  common 
error,  and  is  responsible  for  many  cases  of  blowholes.  Not 
only  does  the  metal  tlien  have  more  opportunity  for  absorb- 
ing gases,  but  the  temperature  usually  rises  so  that  they  are 
more  vigorously  absorbed .  It  should  always  he  the  rule  to 
pour  inetal  as  soon  as  it  is  melted.  Moulders  are  responsible 
for  this  condition,  as  they  may  not  have  their  ( '  lieat "  ready 
for  pouring  when  the  metal  is  melted  and,  therefore,  it  is 
allowed  to  remain  in  the  fire  until  ready.  This  results  in  the 
metal  remaining  melted  too  long,  and,  possibly,  becoming  too 
hot.  As  previously  mentioned,  pure  metals  absorb  gases 
more  readily  than  alloys,  and  for  this  reason,  in  making  new 
composition  or  bronze  from  new  copper,  greater  care  is  re- 
quired tlian  in  melting  metal  already  mixed.  However,  alloys 
absorb  gases  readily,  and  what  has  been  said  about  melting 
copper  applies  equally  as  well  to  copper  alloys,  such  as  bronze, 
brass,  or  composition. 

To  assist  the  brass  founder  in  melting,  the  following  rule's 
may  be  adopted  for  the  production  of  the  best  quality  of 
metal  and  sand  castings.  They  will  apply  equally  as  well 
to  the  melting  of  the  brasses  and  bronzes  as  to  pure  copper. 

1 .  Melt  ill  such  a  way  and  with  such  a  heat  that  all  the 
metal  becomes  liquid  at  about  the  same  time.  This  avoids 
overheating  or  "  burning  "  one  portion  of  the  metal  before 
the  rest  has  begun  to  melt.  A  moderate  heat  is  preferable  to 
a  high  one,  even  though  the  melting  is  a  trifle  prolonged,  as 
it  avoids  overheating  the  exposed  portions  of  the  metal. 

2.  Do  not  allow  portions  of  the  metal ,  such  as  ingots  or 
gates,  to  project  above  the  top  of  the  onicible.  When  this  is 
done,  such  portions  are  overlieated  and  "  bvinied  "  before  the 
bottom  portions  begin  to'  melt.  It  is  better  to  use  less  metal 
in  the  crucible  at  the  beginning  so  as  to  avoid  this  and  have 
all  portions  covered  with  charcoal. 

(3)  Warm  the  metal  up  before  feeding  into  the  crucible, 
after  that  in  it  has  melted,  so  that  it  will  melt  more  readily 


when  iTiirfxliK-od  into  tho  crucible.  Th"  niotal  may  bo 
wariiKHl  oil  top  of  tlio  furnace,  and  as  lon<(  as  incllini/  does 
not  tako  place  there  is  m)  gas  absorption. 

(4)  Put  some  charcoal  into  the  cruc'il)]c  as  soon  as  tlio 
辦 tal  begiiis  to  melt  ami  add  more  from  time  to  time,  if 
necessary,  so  as  to  keep  the  surface  of  the  inetal  free  from 
exposure.  If  a  portion  of  the  molten  metal  is  exposed,  then 
liarm  will  result.  A  covering  of  charcoal  to  a  deptli  of  al'mit 
an  inch  is  usually  necessary. 

(5)  As  soon  as  copper  (if  new  metals  aro  used)  is  melted 
and  has  arrived  at  the  right  heat,  add  the  zinc,  tin,  lead,  or 
other  metals  to  be  used.  Far  more  liann  results  in  allowing 
copper  to  remain  melted  for  any  length  of  time  than  mixed 
metals,  as  it  alxsorbs  gases  »o  readily.  This  is  why  it  is 
necessary  to  add  the  alloying  metals  to  the  copper  so  soon. 
It  may  be  said,  in  this  (connection,  that,  this  feature  is  oiio 
frequently  overlooked  by  melters  ami  is  responsible,  for  much 
bad  metal. 

(6)  Stir  thoroughly  after  adding  the  alloying  metals  and 
allow  the  heat  of  the  metal  to  rise  to  the  required  pouring 
temperature.  A  good,  thorough  stirring  is  required  for  the 
perfect  mixing  of  the  metals. 

7.  When  the  right  heat  has  been  obtained  on  the  metal, 
pour  it  into  the  moulds  and  do  not  allow  it  to  remain  in  the 
fire  any  longer  than  is  necessary.  Good  castings  depend 
upon  this  point. 

8.  Do  not  allow  the  heat  of  the  metal  to  rise  far  above 
the  pouring  temperature  and  then  cool  down  with  gates  or 
scrap.  Metal  that  has  once  been  overheated  is  injured,  and 
cooling  with  gates  or  scrap,  while  reducing  the  temperature, 
will  not  overcome  the  injury  done  in  overheating.  Metal 
that  has  not  been  allowed  to  rise  above  the  required  tem- 
perature is  always  better  than  that  which  has  been  ovorlioated 
and  cooled  down  with  gates. 

9.  In  conclusion,  do  not  allow  moulders  to  keep  their 
melted  metal  in  the  fire  while  their  heat  is  being  put  up. 
The  moulds  should  be  ready  at  the  same  time  as  the  metal,  or 
before.  Better  metal  will  result  if  the  moulders  have  to  wait 
for  it. — "  The  Brass  World." 


THE  INSTITUTE  OF  METALS. 

The  London  meeting  of  tlie  Institute  of  Metalo  will  be  held 
next  week  at  the  Institution  of  Mechanical  Engineers, 
Storey  s  Gate,  Westminster,  S.W.,  on  Tuesday,  Janu- 
ary 16t,li，  at  3  p.m.,  and  on  Wednesday,  January  17th, 
at  10-30  a.m.  On  the  first  day  of  the  meeting ― January 
16th,  at  3  p.m. ― members  will  assemble  at  the  Institution  of 
Mechanical  Engineers,  by  the  courtesy  of  that  Institution, 
when  the  president  of  the  Institute  of  Metals  (Sir  Gerard 
Mimtz,  Bart.)  will  present  the  report  of  the  council  on  tlio 
work  of  the  Institute  during  the  past  year,  and  other  routine 
business  will  be  transacted.  The  thii'd  annual  dinner,  which 
will  be  attended  by  many  distinguished  scientists  and  Govern- 
ment officials,  will  be  held  the  same  evening.  The  whole  of 
the  business  of  the  second  day  of  the  meeting ― January  17th 
- "~ will  be  compressed  into  a  morning,  afternoon,  and,  pos- 
sibly, an  evening  session,  to  be  held  at  the  Institution  of 
Mechanical  Engineers,  commencing  at  10-30  a.m.,  when  the 
following  papers  will  be  read  and  discussed  :  (1)  "  A  Metallo- 
grapliic  Hydroscope,"  by  Prof.  Dr.  Carl  A.  F.  Benedicks; 
(2)  "  A  Study  of  tlie  Properties  of  Alloys  at  High  Tempera- 
tures/' by  Dr.  G.  D.  Bengougli,  M.A.  ；  (3)  "  Further  Experi- 
ments on  the  Inversion  at  470°  C.  in  Copper-zinc  Alloys," 
by  Prof.  H.  C.  H.  Carpenter,  M 丄， Ph.D.  ；  (4)  "  The 
Influence  of  Oxygen  on  Copper  Containing  Arsenic  or  Anti- 
mony/' by  R.  H.  Greaves ；  (5)  "The  Influence  of  Tin  and 
Lead  on  the  Micro -structure  of  Brass,"  by  F.  Johnson. 
M.Sc.  ；  (6)  "A  Contribution  to  the  History  of  Corrosion  ： 
Tho  Corrosion  of  Condenser  Tubes  by  Contact  with  Electro- 
Negative  Substances,"  by  Arnold  Philip,  Assoc. R.S.M" 
B,Sc.  :  (7X  The  Nomenclature  of  Alloys/'  by  Dr.  W.  Roseii- 
liain,  B.A.  ；  (8)  "The  Behaviour  of  Certain  Allovs  Wlien 
Heated  in  Vacuo/'  by  Prof.  T.  Turner,  M.Sc.  Full  par- 
ticulars regarding  the  Institute,  toe^other  with  forms  of  appli- 
cation for  ineinbfM'sliip  and  visitor  s  tickets  for  next  week's 
meeting,  can  be  obtained  from  Mr.  G.  Shaw  Scott,  M.Sc.， 
tlie  se<:retarv  of  the  Tnstitntf^  of  Metals,  Caxton  House,  West- 
minster, S.W. 
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AN  IMPROVED  DESIGN  OF  OIL  ENGINE. 

The  accompanying  illustrations  show  an  arrangement  of  in- 
ternal-combustion engine  of  the  type  in  which  liquid  hydro- 
carbon is  injected  at  or  near  the  end  of  the  compression 
stroke  into  a  cliarge  of  air  compressed  into  a  vaporiser  con- 
nected to  the  cyliiuler  of  tlie  engine  by  a  more  or  kss  con- 
tracted neck  or  passage.  The  engine,  which  has  been 
patented  by  D.  Roberts,  J.  W.  Young,  and  C.  James,  of 
Spittlegate  Iron  Works,  Grantham,  lias  been  designed  with 
tli'e  object  of  obtaining  a  higher  efficiency  and  greater  power 
than  has  been  possible  with  engines  of  this  class,  while  fur- 
ther the  claim  is  made  that  it  permits  of  the  satisfactory 


reciprocates  a  plunger  M  caused  to  move  on  its  up  or  suction 
stroke  by  a  spring,  the  upward  stroke  being  limited  by  a 
stop.  The  plunger  is  depressed  by  means  of  the  striker  N， 
which  is  held  by  a  spring  against  the  face  of  the  operating 
cam  O  mounted  upon  the  cam  shaft  P.  This  cam  O  shown 
in  Fig.  6  is  formed  with  five  faces,  namely,  the  faces  U,  V, 
W,  X,  and  Y.  The  face  U  is  concentric  with  the  axis  of 
the  cam  shaft  P,  and  is  designed  to  provide  an  idle  period 
for  the  pump  plunger,  in  order  to  give  the  valve  time  to  seat 
itself  at  the  end  of  the  suction  stroke  :  the  second  face  V  is 
snail-shaped,,  and  k  designed  to  bring  the  striker  N  gently 
into  contact  with  the  pump  plunger  M.    The  third  face  W 


l'，iG.  1.— IMPBOVED  Design  of  Oil  Engine. 

employment  without  loss  of  efficiency  of  a  greater  range  in 
grades  of  liquid  hydrocarbon  than  has  been  hitherto  possible. 

Referring  to  the  illustrations,,  Fig.  1  shows  a  sectional 
elevation  of  a  portion  of  a  single  cylinder  horizontal  engine 
adapted  to  operate  on  the  four-stroke  cycle,  and  a  section 
through  the  vaporiser.  Fig.  2  shows  a  side  elevation  and  an 
end  view  of  the  engine.  Fig.  3  is  a  vertical  section  through 
the  vaporiser  valve  box.  Fig.  4  is  a  similar  section  of  tlis 
fuel  oil  pum p.  Fig.  5  shows  side  and  end  elevations  respec- 
tively of  the  governor  cam ,  and  Fig.  6  is  similar  view  of  the 
fuel  puiii])  operating  cam.  The  air  inlet  valve  D  and  the 
exhaust  outlet  valve  E  are  arranged  on  the  cover  of  the 
cylinder  as  shown.    The  axes  of  these  two  valves  are  disposed 


Fig.  3. 


Fig.  4. 
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Fig.  2.— Improved  Design  op  Oil  Engine. 

at  right  angles  to  the  longitudinal  axis  of  tlie  engine  and 
are  located  in  a  vertical  plane.  The  vaporiser  F，  which  is 
of  spherical  shape,  is  provided  over  tlie  major  portion  、vith 
a  water  jacket,  the  unjacketed  portion  being  at-  tlie  lower 
part  of  the  vaporiser  and  constituting  tho  igniter.  This 
igniter  is  heated  up  by  an  external  lamp  when  the  engine  is 
first  started.  At.  its  outer  end  th?  vaporiser  F  is  fonnod 
with  a  neck  A，  the  axis  of  which  coincides  with  tlie  longi- 
tudinal centre  line  of  the  engine  and  \  aporisor.  and  whicli  has 
attached  to  it  the  valve  box  K  fitted  wit h  a  horizontal  clieck- 
valve  and  a  vertical  relief-valve,  the  fuol  IxMng  tsupplied  to 
the  valve  box  through  a  pipe  which  extends  from  the  pump  L 
(see  Fig.  2).    Tlie  jninip  comprises  a  cylinder  in  \vh ich  there 


is  the  actual  delivery  face  and  effects  tlie  forcing  stroke  of 
the  pump  plunger  M.  X  is  an  extension  of  the  face  "\V  which 
merges  into  the  fifth  face  Y，  whicli  is  again  of  a  snail-sliape 
and  permits  the  gradual  or  slow  return  or  suction  stroke  of 
the  plunger. 

Upon  the  cam  shaft  P  there  is  also  mounted  the  cam  Q， 
shown  detached  in  Fig.  5，  tliLs  cam  serving  to  actuate  the 
vertical  valve  in  the  vaporiser  valve  box  K.  This  cam  is 
mounted  upon  tlie  shaft  P  by  means  of  a  key  upon  the  latter 
which  engages  in  the  spiral  keyway  B  in  the  cam  designed 
to  be  moved  axially  along  the  shaft  P  by  means  of  the 
governor  R  which  controls  the  cam  by  means  of  the  link  and 
lever  mechanism  S.、.The  axial  movement  of  the 
cam  causes  the  same  to  rotate  relatively  to  the 
shaft,  so  that  its  position  is  varied  as  the  speed 
of  the  engine  fluctuates,  thus  controlling  the 
operation  of  the  relief  valve  in  accordance  with 
the  fluctuating  speed.  The  cam  shaft  P  has  also 
mounted  upon  it  the  cams  Z  and  T，  which 
respectively  control  the  air  inlet  valve  D  and 
exhaust  outlet  valve  E  through  the  medium  of 
the  mechanisms  G  and  H. 

In  operation,  assuming  that  the  engine  has 
been  started  by  the  preliminary  heating  of  the 
hot  part  of  the  vaporiser  F，  the  fuel  is  supplied 
by  means  of  the  pump  L   to   the  vaporiser 
valve  box  K,  and  is  injected  therefrom  through 
the  neck  A  axially  into  the  spherical  vaporiser, 
whereby  it  is  projected  into  the  charge  of  air 
which  has  been  compressed  into  the  vaporiser 
by    the    compression   stroke    of    the  piston. 
The  explosive  charge  thus  produced  is  ignited 
l、y  tlie  hot  part  of  the  vaporiser  and  the  working  stroke  of  the 
piston  takes  place,  and  is  succeeded  by  the  exhaust  stroke  in 
the  ordinary  manner. 


A  New  Submersible  Boat.  -Tlie  Admiralty  have,  we  learn, 
placed  a  contract  with  the  Scott's  Sliipbuildint;  and  Engineer- 
injT  Company,  Greenock,  for  the  building  of  a  submersible  boat 
of  the  '  Tiiiureiiti  *'  tvpo.  The  new  submersible  will  be  of 
the  twin-screw  typts  with  twin  6-cylinder  Fiat  engines  in 
one  eugine-rooni,  with  oleotric  motors  for  propelling  the  boat 
when  submerged.  The  torpedo  tubes  will  be  forward 
under  the  bow  and  the  storage  tubes  above  it. 
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THE  ELECTRIFICATION  OF  THE  SHELTON  MILLS.* 

BY  AV.  H.  LAKE. 

As  the  members  of  this  institute  have  considered  the  elec- 
trically-driven mills  at  Slielton  of  sufficient  interest  to  war- 
rant a  visit  of  inspection,  the  writer  trusts  that  a  short 
statement  of  the  cousiderationK  which  led  to  the  adoption  of 
electric  driving,  with  a  brief  description  of  the  details  of  the 
plant  and  of  the  results  so  far  attained,  may  also  prova 
interesting.  The'  first  question  that  arises  is  why  electric 
driving  was  considered  desirable  in  this  instance  ？  It  was 
recognised  that  electric  driving  was  not  of  necessity  the'  most 
economical,  and  it  was  adopted  only  after  careful  considera- 
tion of  the  special  circumstances  of  the  case . 

The  word  Economical  iu  this  connection  is  used  to  imply 
economy  in  pounds,  shillings,  and  pence ~ that  is,  in  finan- 
cial units,  and  not  in  heat  or  electrical  units.  The  tendency 
amongst  engineers  engaged  in  the  production  and  perfection 
of  machiuery  is  to  put  forward  the  most  efficient,  and,  in 
many  cases,  the  most  -expensive  plant.  The  function  of  the 
purchaser's  engineer  is  to  analyse  the  alternatives  offered ,  and 
it  may  involve  the  rather  ungrateful  duty  of  rejecting  the 
more  efficient  and  more  cfoetly  in  favour  of  the'  lees  efficient 
and  cheap-er  in  order  to  obtain  the  best  return  on  the  capital 
expended. 

The  circumstances  of  the  present  case  were  as  follows :  At 
Slielton  Works  are  four  mills,  a  sheet  mill,  16in.，  12in.，  and 
lOiii.  mill,  which  are  employed  in  rolling  both  steel  and 
iron,  but  more  of  the  former.  The  engines  of  the  mills  and  of 
the  auxiliary  machinery  in  connection  with  them  were  sup- 
plied with  eteain  from  nine  boilers  in  connection  with  the 
heating  furnaces  and  five  hand-fired  Lancashire  boilers. 
Til  ere  was  an  obvious  and  immediate'  saving  to  be  made  by 
dispensing  with  the  coiisumptiou  of  the  fuel  burned  under 
the  hand-fired  boilers  and  the  labour  in  connection  witli  it. 

Two  methods  of  doing  this  suggest  themselves.  First,  to 
improve  the  efficiency  of  the  mill  engines  so  that  the  steam 
consumption  would  be  reduced  to  half  its  present  amount. 
This  method  would  not  have  materially  improved  the  con- 
sumption of  tlie  wasteful  steam  auxiliaries,  and  would  have 
necessitated  new  furnace  boilers  to  provide  steam  at  a  higb-er 
pressure,  unless  the  bold  example  set  by  Messrs.  Duulop,  of 
Glasgow  J  had  been  followed,  and  steam  turbines  adopted  for 
driving  the  mills  through  gearing.  It  would  also  have 
suffered  from  the  defect  of  perpetuating  the  furnace  boilers 
instead  of  forming  a  preliminary  step  towards  their  removal, 
along  with  the  adoption  of  improved  methods  of  heating. 
The  second  method  is  to  link  up  sufficient  of  the  mills  to  a 
source  of  power  derived  from  waste  heat,  if  such  be  avail- 
able. 

Three  sources  of  power  presented  themselves :  First, 
til©  power  rendered  available  by  the  uso  of  blast- 
furnace gas  engines.  To  make  uso  of  this  would  have 
involved  the  replaoeiment  of  some  of  the  blastfurnace 
blowing  plant  at  Etrurla  Works,  and  to  obtain  the 
full  advantage  offered  by  this  method  would  have 
involved  also  the  electric  driving  of  Etruria  Mills.  In 
conjunction  with  this  possible  source  of  power,  the 
fuel  cost  of  the  present  method  of  working  was  considered,  in 
oon junction  with  tlie  capital  expenditure  required  for  tlie 
necessary  alteTation,  and  with  the  time  that  must  elapse 
before  the  plant  could  be  in  full  operation.  This  point  is  of 
especial  importance  in  old  and  cramped  works.  Given  room 
for  extension  and  convenient  traffic  arrangements,  a  great 
amount  of  new  work  can  be  put  through  in  a  comparatively 
short  time.  In  a  works  which  is  already  sufficiently  con- 
gested by  the  normal  processes  of  manufacture  it  is  not  pos- 
sible to  carry  out  a  radical  and  extended  series  of  improve- 
ments quickly  without  serious  and  costly  int&rference  with 
the  ordinary  conduct  of  the  business.  It  be'came  clear,  on 
examination,  that  in  this  instance  the  saving  to  be  obtained 
by  this  method  of  working  would  not  warrant  tlie'  necessary 
expenditure  of  capital. 

The  second  possible  source  of  waste  neat  was  a  forge 
which  would  provide  a  surplus  of  steam  over  its  own  require- 

*  Abstract  of  paper  read  before  the  Staffordshire  Iron  and  Steel  Institute, 
December  16th,  1911. 


ments,  but  at  a  low  press  lire  on  account  of  the  age  and 
luature  of  the  bailers.  Here  was  a  source  of  waste  heat,  which 
could  be  used  at  a  low  pressure  in  steam  turbines  to  generate 
electricity  for  driving  the  mills  and  other  purposes, 

Tlie  third  source  was  the  exhaust  steam  from  the  revers- 
ing mill  engines  at  th^  Etruria  Works,  which  was  discharged 
into  the  atiiiOispherc,  the  whole  output  of  wliich,  over  and 
above  that  required  for  heating  tlie  feed  water,  was  available 
for  generating  electricity.  As  this  source  was  distant  670 
yards  from  the  Slielton  Worlw,  only  electrical  meariK  were 
suitable  for  the  traiismisc^icni  of  the  power.  This  third  source 
had  tlie  advantage  over  the  second  lluit  more  steam  in  all 
was  available,  and  that  the  working  was  more  constant  than 
ill  the  second  case.  It  happened  also  that  further  supplieB 
oi  electrical  en&rgy  were  required  at  Etruria,  so  that  a  largex 
generating  station  could  be  installed  than  would  have  been 
justifiable  by  the  immediate  requirement's  of  tlie  Slielton 
Works. 

These  circumstances  provided  the  following  ideal  condi- 
tions for  the  application  of  electric  working  :  (1)  An  ample 
supply  of  beat,  otherwise  wasted,  as  a  source  of  power.  (2) 
A  demand  for  current  sufficient  to  warrant  the  installation 
of  a  unit  of  good  size,  thereby  keeping  down  the  capital  cost 
per  kilowatt  installed.  (3)  A  good  load  factor,  so  that  the 
cost  per  unit  generated  would  be  moderate'.  (4)  The  engines 
driving  the  mills',  which  it  was  desired  to  replace,  were  of 
an  uneconomical  cliaracter.  (5)  There'  were  a  great  many 
engines  on  small  auxiliary  machines  and  in  scattered  work- 
shops which  could  be  most  profitably  converted  to  electric 
driving,  (6)  A  works  so  cramped  that  the  relief  from  the 
necessity  for  dealing  with  the  fuel  for  and  the  aebes  from  the 
hand-fired  boilers  was  an  appreciable  b&nefit. 

It  is  generally  asserted  that  with  electric  driving  an  in- 
creased output  is  to  be  anticipated  on  account  of  the  better 
speed  regulation  of  the  mill,  and  this  is  certainly  the  case 
as  compared  with  under-powered  steam  engines  which  slow 
up  comiderdbly  when  overloaded.  The  smaller  speed  varia- 
tion brings  the  average  sp&ed  of  the  mill  near  the  maximum , 
and  this  superior  regularity  aids  t.liie  men  in  obtaining  quick 
working.  To  a  very  large  extent/  this  advantage  can  be 
obtained  with  steam  driving  of  adequate  power  for  the  work 
to  be  performed,  and  though  an  engine  of  very  large  over- 
load capacity  is  not  usually  efficient  on  light  loads,  it  may 
be.  economical  if  the  st&am  is  sufficiently  cheap.  In  the 
present  instance  an  increase  in  output  of  fully  25  per  cent, 
is  obtained  on  certain  sect  ions,  and  the  range  of  these  sec- 
tions will  be  increased  when  improvements  in  the  heating 
furnaces  wliicli  are  in  view  have  been  carried  out. 

The  average  kilowatt-hours  consumed  per  ton  of  finifihed 
material  in  these  two  mills  during  the  three  months'  work, 
iucluding  the  current  consumption  for  running  the  auxiliary 
machines,  have  been  about  90.  The  savings  in  labour  and 
fuel  on  the  mill  and  other  outlying  boilers  have  fully  met 
anticipations. 

The  generating  station  is  treated  as  a  separate  depart- 
ment, the  current  to  each  department  being  measured  and 
charged  for  at  a  uniform  rate.  The  principal  features  of 
the  generating  plant  are  as  follows: ― 

At  the  steel  works  at  Etruria  are  two  simple  two-cylinder 
reversing  rolling-mill  engines,  working  non-condensing,  the 
finishing  ■engine  with  cylinders  50in.  by  5ft.,  and  the  cogging 
with  cylinders  42in.  by  5ft..  The  steam  for  these  engines 
is  provided  by  seven  8ft.  6iii.  by  30ft.  Lancashire  boilers, 
hand-fired,  and  two  boilers  similar,  but  8ft'.  diani.,  fired  by 
waste  heat  from  the  heating  furnaces.  The  working  steam 
pressure  is  1201bs.  per  square  inch,  but  it  is  naturally  sub- 
ject to  some  variation.  Four  auxiliary  engines  discharge 
their  exhaust  steam  to'  tlie'  mains,  but  three  of  these  will 
probably  be  changed  over  to  electric  driving.  The  exhaust 
steam  is  discharged  from  the  cogging  engines  to  a  vessel  made 
of  ail  old  boiler vsliell  and  formerly  used  as  a  direct-contact 
feed  heater.  A  -20111.  relief  valve  is  fitted  at  the  top  of  this 
to  prevent,  excessive  back  pressure.  The  steam  passes 
tb rough  a  2ft.  6m.  diani .  riveted  steel  main  suspended  in 
tlie  roof  of  the  mill,  to  grease  separators  at  the  back  of  the 
finishing  mill  engines.    The  steam  from  both  engines  passes 
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from  that  point  through  a  3ft.  diam.  riveted  steel  tube  sus- 
pended in  tlie  roofs  over  the  stock  banks  and  across  the 
canal  to  the  accumulator,  which  was  made  to  designs  supplied 
by  Mr.  P.  J.  Mitch  el  L  The  accumulator  is  ca))al)l(»  of 
bridging  intervals  in  the  supply  of  exliaust  steaiu  of  one 
nuiiubo  when  the  turbine  is  working  on  full  load.  The  ex- 
liaust mains  have  been  arranged  with  a  fall  in  tlie  direction 
in  which  the  steam  travels.  The  accuinulaior  is  iho  lowest, 
point  in  the  system  and  the  short  riveted  steel  main  from 
the  accumulator  to  the  turbine  rises.  The  system  is  con- 
sequently self- draining. 

The  generator  is  a  1,000  kw.  Westingliouee  impulse^bladed 
mixed- pressure  turbo-alternator  running  at  3,000  r.p.ni,  and 
generating  current  at  5,500  volte.  The  turbine  is  arranged 
to  change  over  from  exhaust  steam  to  live  steam  before  the 
pressure  in  the  accumulator  falls  below  atmospheric  pressure, 
so  as  to  avoid  possibility  of  trouble  from  leakage  of  air  into 
the  exhaust  mains  and  engines.  The  machine  will  deal  with 
an  overload  of  15  per  cent,  on  exhaust  steam  when  exhaust- 
ing to  a  28in.  vacuum,  and  will  deal  with  overloads  up  to  50 
per  cent,  with  live  steam  or  a  mixture  of  live  and  exhaust 
steam  by  opening  up  additional  nozzles  by  hand.  The  volt- 
age is  maintained  steady  by  a  Tirrill  regulator. 

The  liigh  and  low  pressure  throttle  valves  are  controlled 
by  a  powerful  governor  through  a  relay  actuated  by  oil 
pre^^sure,  and  additional  control  for  the  low-pressure  valve 
is  provided  by  a  relay  controlled  by  the  pressure  of  steam  in 
the  exhaust  mains. 

The  condenser  is  of  the  surface  type,  of  5,500  sq.  ft.  tube 
surface.  The  cooling  water  is  circiilated  through  the  con- 
denser and  over  the  cooling  tower  by  a  motor-driven  centri- 
fugal pump.  The  air  pump  is  of  the  Leblanc  type,  and 
along  with  the  water  extraction  piunp  is  driven  by  a  separate 
motor.  These  motors  are  worked  by  continuous  current  at 
500  volte,  so  that  they  can  be  started  up  before,  starting  the 
turbo-alternator,  by  current  from  tlie  old  generating  station 
which  provides  the  week-end  supply. 

In  installing  a  generating  plant  of  this  description  tlie 
effect  on  tke  existing  plant  has  to  be  taken  into  consideration. 
It  is  principally  affected  by  changes  in  two  directions :  (1) 
Back  pressure.     (2)  Arrangements  for  feed  heating. 

With  regard  to  the  back  pressure,  even  with  exhaust 
mains  of  ample  dimensions,  sucli  as  those  adopted  in  this 
case,  there  is  generally  an  appreciable  increase  in  tire  average 
back  pressure,  which  increases  the  steam  consumption  of  the 
main  engines.  Tlie  method  adopted  for  compensating  for 
the  effects  of  this  was  the  addition  of  clowntake  Kuperlieat-ers 
to  the  s&wen  hand-fired  boile'rs.  These  are  of  the-  double-flow 
type  and  are  fitted  in  tine  downtakes  at  the  back  of  tlie 
boilers  without  protective  dampers  and  without  by-pass 
valves.  The  superlieat  obtained  at  the  boilers  is  about 
120。  Fall. 

As  to  the  feed  water,  the  old  method  of  heating  ibis  was 
by  direct  contact  in  the  shell  behind  the  cogging  engines. 
The  objections  to  this  method  are  that  it  uses  the  exhaust 
steam  when  there  is  none  to  be  spared,  and  thereby  reduces 
the  pressure  in  Lli-e  oxhaiist  mains  below  the  atniospbere,  and 
some  of  the  air  dissolved  in  the  feed  water  passes  over  to 
the  turbine  witli  the  exliauKt  steam  and  reduces  the  vacuum. 
The  new  nietliod  of  dealing  with  the  feed  water  is  as  follows : 
A  portion  of  the  feed  water  is  discliarged  from  the  surface 
讓 denser  as  distilled  water.  The  remaining  portion  is  tak(Mi 
from  the  circulating  water  sysiein  through  a  Wright's  beater 
softener.  Steam  is  supplied  from  tlio  awnuinilatm'  to  the 
heater  through  a  control  valve  specially  designed  to  maintain 
a  very  slight  jnTssure  in  the  heater.  This  valve  is  controlled 
by  a  bell,  with  its  edge  (lippmg  in  waier  in  tlie  same  nia"m、i' 
as  a  gas  governor  ；  it  is  practically  free  from  friction  and 
very  sensitive. 

In  a  plant  of  thus  description  tlio  amount  of  exhaust 
steam  is  very  fluctuating,  and  is  periodically  so  great  that 
til-  combined  requirements  of  the  turbine  and  the  】>owers  ot 
abfiorption  of  the  largest  feasible  accumulator  leave  a  good 
deal  to  blow  to  wasto.  Tt  was  clearly  (U'^rablo  to  muke  as 
iiiuch  use  as  i>ossil)lr  ..f  the&e  peaks  in  tlio  supply  of  exlKUist 
steam,  and  by  using  these  to  lioat-  the  fe<^d  water,  to  inininnso 
tho  drain  on'iho  svetom  in  the  intervals  when  oxliaust  steam 


is  not  available.  To  attain  thm  ond,  two  tanks  each  of  650 
galls,  capacity  were  iiustalled,  and  tlie  make-up  water  on  its 
way  from  the  circulating  water  system  to  the  beater  soft'eH、。r 
J  masses  first  through  one  of  these  and  then  tlirougli  the  other. 
Into  each  of  these  tanks  there  dips  a  perforated  steam  pipe 
from  til©  accumulator,  and  the  head  of  water  over  the  outlets 
of  the  steam  pipe  is  sucli  that  tlie  pr-esKure  of  steam  in  the 
accumulator  overcomes  this  head  just  before  it  lifts  the  relief 
valve  on  the  accumulator  itself.  Consequently  every  peak 
in  the  supply  of  exhaust  steam  raises  the  temperature  of  tlie 
water  in  the  two  tanks  practically  to  boiling  point,  and  so 
the  demands  fo'r  steam  to  pass  to  the  water  softener  by  means 
of  the  automatic  valve  mentioned  are  reduced.  During  the 
time  the  water  takes  to  pass  through  the  two  tanks  thf^re  are 
generally  a  sufficient  nuiiiber  of  peaks  in  the  supply  of 
exhaust  steam  bo  raise  itft  temperature  to  about  200"^  Fall.  A 
reducing  valve  has  been  fitted  which  passes  live  steam  into 
the  accumulator  when  the  pressure  falls  below  f  of  a 】b.  per 
square  inch. 

This  arrangement  provides  the  following  conditions :  (a) 
When  there  is  no  exhaust  steam  the  feed  water  is  heatod  by 
live  steam  and  the  water-softening  process  continues  uninter- 
ruptedly, (h)  When  titer e  is  only  a  little  exhaust  steam,  but 
not  sufficient  to  raise  the  pressure  in  the  accumulator,  the 
feed  beater  will  take  it  and  the  turbine  will  work  on  live 
steam .  This  is  the  more  economical  method  iu  view  of  the 
very  efficient  use  of  live  steam  obtained  with  the  turbine,  (r) 
When  the  exliaust  steam  comes  over  in  normal  quantity  the 
turbine  takes  all  it  requires,  the  surplus  steam  heate  a  storage 
of  feed  water,  and  consequently  in  the  intervals  of  tlie 
exliaust  steam  supply  the  steam  given  off  by  the  water  in  the 
accumulator  is  entirely  available  for  the  turbine,  as  the  tem- 
perature of  the  water  passing  from  tlie  thermal  storage  tank^ 
to  the  heater  softener  is  practically  tlie  same  as  that  at  wliich 
it  leaves. 

As  the  distilled  water  leaves  the  wat^r  extraction  pump 
of  the  condenser  it  passes  through  a  heat  storage  vessel 
similar  to  the  others,  and  thence  flows  to  join  the  softened 
water  from  the  heater  softener.  The  whole  feed  wator  in  tlio 
present  instance  has  to  fiow  some  distanc<^  acrcss  the  canal,  so 
the  temperature  is  given  a  final  "  boost"  by  the  exhaust 
steam  from  the  feed  pump.  The  actual  teini>erature  varies 
at  the  feed  pump  between  190°  and  200，  Fall. 

The  present  output  obtained  with  this  generating  plant,  is 
at  the  rate  of  3,600,000  units  per  annum,  allowing  for  50 
weeks'  working,  or  a  load  factor  over  the  whole  year  of  about 
41  per  cent.  The  plant  Ls  charged  with  the  fuel  it  uses  in  the 
intervalB  when  there  is  no  supply  of  exhaust  steam.  The 
works  cost  of  generation,  that  is,  fuel.  、vag€^，  stores,  and  oil' 
works  out  to  just  about  one-tenth  of  a  i>enny  per  unit.  Tlie 
selling  price  of  tlie  current  at  the  station  will  depend  on 
the  charges  to  he  met  far  depredation,  inaiiiUMiance,  and 
interest  on  capital. 

In  the  discussion  on  Mr.  C.  A.  Ablett/s  ]>ai>er,  read  in 
1909  before  tlie  Institution  of  Engineers  and  Shipbuilders  in 
Scotland,  10  per  cent,  to  cover  interest  and  depreciation  was 
accopted  without  criticism.  Adding  2  per  cent,  to  this  for 
maintenance,  tliereby  bringing  the  total  to  12  per  cent.,  as 
allowed  by  Mr.  Hoo^liwiiikel  in  his  \)i\\Kn\  read  before  the 
Sheffield  Society  of  En^^iiie-ers  and  Metallurgists  in  1908,  the 
current  can  be  charged  from  tlie  station  at  one-fifth  of  a 
penny  per  unit.  It  is  to  be  roiiioinherecK  however,  that  thore 
is  no  stand-by  plant  installed,  and  the  provision  of  thih  would 
put.  lip  the  standing  charges,  and  the  selling  price  of  the 
current,  would  rc<|uiro  to  he  iiurea.^od  to  0  25  of  a  penny. 
Tlu、  extra  covst  would  ati  insuraiico  promium  against  failure 
of  supply.  ， 

Tlio  3  i)lia.<iO  5.500  volt  r\u  rent  nH|inrod  for  Sheltoii  Works 
is  t.ransniitUHl  bv  an  ovorhead  lino  consisting  of  bare  ahi- 
iniiiiuni  t;trandod  conductor.  Tlie  terminal  poles  are  of  ""1 
stnu'tiiral  work,  ami  the  iut^rmediato  poles  of  creosot<^d  tim- 
At  each  teniiiual  the  lino  is  wiiiioctvd  to  multiple-gap 
lightning  arresters,  and  passes  into  a  trifurcatiiig  box.  from 
、v?"('li  tlio  cunvnt  is  taken  throu^li  a  llm-e-core  paper-insu- 
1:",、(1  (loublo-arniourod  cable. 

In  the  Slid  ton  Piib-statioii  the  current    is   controlled  by 
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high-tension  Bwitchg&ar,  in  a  cubicle  (similar  to  tliat  in  tlio 
generating  station,  and  is  traiisforniecl  and  convcrled  to  500 
volte  continuous  current  by  a  500  kw.  WeKtingJioui^e  rotary 
couvea-ter.  The  rotor  of  this  machine  is  so  made  that  its 
place  can  bo  taken  by  the  rotor  ol'  the  converter  in  tlie  power 
station  in  case  of  breakdown. 

The  12iu.  mill  consists  of  one  stand  of  tliri'c-liigli  bolting 
rolls,  and  one  stand  of  finLshiiig  rolls  worked  aoniclunuw  two 
and  soiuetiiiies  three  high.  The'  lOin.  mill  consists  of  two 
stands  of  thre&-bigli  rolls  and  two  stands  of  two-high.  Each 
of  these  milh  is  driven  by  a  350  b.li.p.  coiitinuoUvS-current 
compound-wound  variable-s^peed  motor,  capable  of  this  output 
continuously,  25  per  omit,  overload  for  one  hour  and  100  per 
cent,  overload  momentarily.  Tlio  speed  is  variable  by  shunt 
field  rheostat  from  450  to'  720  r.p.ni.  The  power  is  trans- 
mitted to  the  mills,  and  the  speed  reduced,  by  a  rope-drive^ 
consisting  of  12  Igin.  (liam.  ropes.  The  rope  flywheel  of  the 
lOin.  mill  is  10ft.  6iii.  diam"  weighs  10  tons,  and  runs  from 
150  to  240  r.p.ni.  The  12in.  mill  has  the  old  flywheel  of  the 
engine  9ft.  Sin.  diam.,  weighing  15  tons,  and  a  rope  pulley 
14ft.  Gin.  diam.,  weighing  seven  tons，  and  runs  at  90  to 
150  r.p.m. 

The  adoption  o'i'  the  rope  drive  may  appear  open  to 
criticism,  particularly  in  the  case  of  the  higher-speed  mill. 
The  points  of  advantage  are  :  (1)  The  two  motors  are  exactly 
duplicate  except  for  the  rope  pulleys.  (2)  The  cost  of  the 
equipment  is  smaller  by  keeping  up  the  speed  of  the  motors. 
(3)  The  arraiigeineat  of  the  mills  was  favourable  to  the  rope 
drive,  and  allowed  of  both  mills  being  changed  over  to  electric 
driving  without  any  loss  of  time,  and  in  such  a  way  that  it  is 
possible  to  revert  to  steam  driving  quickly  in  case  of  need. 
This  provision  is  not  intended  as  a  reflection  on  the  reliability 
of  electrical  equipment,  and  is  only  being  retained  until 
arrangements  have  been  made  for  some  stand-by  source  of 
electrical  energy.  The  disadvantage  of  the  rope-drive,  the 
loss  of  power  in  the  ropes,  is  to  an  appreciable  extent  oflfoet 
by  the  greater  efficiency  of  the  higher-speed  motors.  The  dis- 
advantage of  fluffy  matter  coming  off  the  ropes  and  settling 
on  tbo  motor  windings  has  been  met  by  providing  a  guard  of 
steel  plate  which  encloses  the  rope  pulley  on  the  motor,  and 
confines  any  dust  stirred  up  by  the  ropes  to  the  rope  race. 

Between  the  flywheel  of  the  lOin.  mill  and  the  mill  itself 
there  is  interposed  a  disengaging  coupling  of  the  writer's 
design,  by  which  the'  mill  can  be  instantaneously  disconnected 
from  the  flywheel.  This  has  already  been  of  service  on  several 
occasions  by  preventing  the  extension  of  slight  mishaps  at  the 
rolls  into  something  more  serious. 

The  motors  have  proved  of  ample  power  for  the  service 
required  of  them .  As  a  matter  of  fact,  the  engines  never  did 
indicate,  and  were  incapable  of  indicating,  even  the  normal 
output  of  the  motors.  The  motors  are,  nevertheless,  in  no 
way  too  large.  When  working  with  the  steam  engines  the 
drops  in  speed  we're  very  great  on  some  of  the  passes,  and 
the  time  of  recovery  correspondingly  great.  Consequently 
the  indicated  hor&e-power  was  no  criterion  as  to  the  size  of 
motor  required. 

As  regards  the  method  adopted  of  driving  by  direct 
current",  the  question  may  be  asked  why,  when  the  re  a  re 
methods  available  for  working  rolling  mills  direct  from  an 
alternating-current  supply  and  providing  the  necessary  varia- 
tions in  speed,  wa*s  it  considered  desirable  to  resort  to  con- 
version to  direct  current.  This  method  was  considered  to 
meet  most  fully  the  special  circumstances  of  the  case -  In 
the  Sheltoii  Works  there  were  already  motors  at  work  on  a 
500  volt  D.C.  system.  '  Some  of  these  were  employed  in  work- 
ing cranes,  and  others  for  similar  service  were  in  view.  For 
intermittent  working  of  this  description  the  D.C.  motor  can- 
not be  excelled  for  convenience. 

The  direct-current  system  with  rotary  converter  also  pro- 
senbed  the  advantage  that  the  Slielton  converter  could  be 
made  a,  duplicate  of  the  machine  installed  in  the  generating 
station ,  and  in  case  of  urgent  necessity  t li is  latter  iiiachinc 
could  be  dispensed  with  and  its  parts  used  to  keep  the  Slioltoii 
Mills  going  in  case  of  breakdown  of  the  rotary  there.  Thv 
direct-current  system  of  working  also  allowed  the  adoption 
of  several  series  of  duplicate  motors  in  the  smaller  sizes  for 
use  throughout  tbe  whole  works.  This  duplication  is  at  tinier 
a  source  of   considerable  convenience.    These  conveniences, 


however,  are  not  obtained  witliout  some  sacrifice.  Some  of 
t'lie  metliods  available  for  working  the  mills  by  altc'riiating 
current  direct  give  a  liigiier  efficiency  at  full  load  and  more 
inarkeflly  so  at  lialf-load,  and  arc  not  more  costly  to  install. 
丄丄 ad  it  been  decided  to  adopt  the  3-phase  current  without 
conversion  for  the  electrification  of  the  Shelkm  Works  no 
clifTiculty  would  liavc  boon  experienced  in  obtaining  plant  to 
meet  the  n'quiranents  in  bi)eed  variation. 

The  rotary  converter  is  of  500  kw.  capacity  with  overload 
capacity  of  25  per  cent,  for  two  hours.  It  is  starb'd  up  from 
llitj  original  direct-current  supply  to  Slielton  Works  and  Ls 
usually  run  without  stop  from  Monday  morning  until  Satur- 
day afbeiriioon.  Thti  power  to  run  the  lOin.  mill  light  is 
50  kw.  to  90  kw.,  and  Uic  12iii.  mill  45  kw.  to  80  kw. 

Whilst  any  accurate  comparison  must  lake  into  considera- 
tion all  the  circunisbances  of  a  particular  case,  a  rough  com- 
parison between  good  steam  engines  and  electrical  plant  may 
be  of  in  be  rest.  Tiie  cost  of  steam,  may  be  taken  at  one  penny 
per  lOOlbs.  inclusive  cf  all  boiler  plant  charges,  interest, 
depreciation,  upkeep,  fuel,  water,  and  liandluig  coal  and 
a&lxes,  taking  fuel  at  6s.  per  ton. 

Tlie  engines  installed  at  the  Tins  ley  Rod  Mills  weTC  esti- 
mated to  use  151bs.  of  steam  per  i.h.p.-lio ui-  at  their  mofct 
economical  load,  or  121bs.  of  superheated  steal".  These  are 
large  engines.  It  may  not  unfairly  be  at^sumecl  that  with 
smaller  engines  of  about  tlie  power  under  consideration,  and 
with  the  large  amount  of  light  load  running  which,  may  occur 
in  a  non-reversing  rolling  mill,  a  good  compound  condensing 
engine  will  require  201bs.  of  steam  per  i.h.p.-hour  inclusive 
of  losses  in  steam  pipes. 

If  further  it  be  assumed  that  the  mechanical  efficiency  of 
the  engine  is  about  the  same  as  tbe  efficiency  of  tlie  motor, 
one  electrical  li.p.-liour  will  be  required  for  on©  i.h.p.-hour  iu 
the  engine.  One  i.h.p.-hour  with  the  steam  couvsuniptiaii 
assumed  will  cost  one -fifth  of  a  penny.  To  obtain  one  elec- 
trical h.p.  for  this  the  current  mu&t  be  purclia&ecl  at  about 
0*27  of  a  penny  per  unit. 

The  main  engines  are  not  the  only  ones  requiring  con- 
sideration. The  engines  usually  employed  for  auxiliary 
machinery  will  certainly  use  two-and-a-half  times  the  steam 
per  111. p. -hour  assumed  for  the  main  engines,  and  probably 
mo-re.  Consequently  it  will  pay  as  compared  with  steam  to 
drive  them  electrically  by  power  costing  two-tliirds  of  a  penny 
per  unit.  Probably  it  will  almost  always  pay  to  drive  such 
iiiacliiuery  electrically  with  current  at  0*75  of  a  penny  per 
unit,  as  the  cost  runs  up  so  enormously  when  a  boiler  has  to 
be  kept  going  to  drive  one  or  two  machines  for  some  special 
purpose  at  a  week-end. 

If  the  current  consumption  of  t-lie  auxiliary  machinery  ie 
20  per  cent,  of  the  total,  this  20  per  cent,  will  he  worth  0'75 
of  a  penny  per  unit,  so  that  electricity  at  about  0"36  of  a 
penny  per  unit  for  both  mills  and  auxiliary  inachinery  will 
make  the  cost  of  power  work  out  about  the  samo  as  for  steam . 
In  some  cases  it  will  be  most  economical  to  work  the  mills  by 
steam  and  tbe  small  machinery  electrically.  Current  can, 
however,  be  purchased  more  cheaply  as  the  quantity  taken  is 
increttsed,  and  when  it  is  generated  in  a  works  generating 
station,  the  cost  of  production  diininishes  with  the  increased 
output,  so  that  tbe  possible  reduction  in  cost  affects  the  choice 
between  a  partial  and  complete  electrification. 

The  co&i  of  upkeep  of  electrical  niacbinery  k  not  great, 
nor  is  the  upkeep  of  either  a  good  old  or  a  good  modern  stoam 
engine  of  reasonable  size  great.  The  upke<?p  of  small  engines 
usually  found  on  auxiliary  machinery  is  undoubtedly  very 
iiiucli  liit^^her  tliaii  that  of  electrical  motors  for  the  same  work. 
The  rough  figures  given  abovo  liave  reference  only  to  the  case 
ill  which  the  steam  is  raised  by  coal  firing  ；  the  conditions  are 
obviously  entirely  alto  red  by  available  free  steam  or  other 
form  of  waste  lioat.  Fm't'lm -，  some  of  the  later  developments 
in  electrical  driving  appear  in  certain  cases  to  allow  of  an 
output  much  higher  than  van  be  obtaiiunl  with  any  form  of 
•steam  driving  in  which  a  flywheel  is  used  :  and  this  point  will 
re([uire  consideration  where  conditions  are  such  as  to  permit 
of  working  tlu*  mill  up  to  the  utmost,  limit-  of  its  capacity. 

Tlie  writer  wishes  to  express  his  indebtecliu-'ss  to  Mr.  W. 
Simons,  general  manager  of  the  Slielton  Works,  for  bis  per- 
mifcfcion  to  publish  these  particulars. 
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VALVE  CASTINGS  AND  DEFECTS. 

BY  A.  NAPIER. 

It  is  no  uacoinmon  occurrence  to'  meet  enquiries  as  to  the 
methods  of  overcoming  the  trouble  of  excessive  wastage  in 
the  casting  of  valves.  Frequently  valves,  will  be  cast  and 
appear  good  until  tested,  when  defects  and  leakage  will 
develop,  resulting  from  weak,  porous  places  at  some  point. 
The  founder  may,  and  often  does,  labour  under  the  disadvan- 
tage of  having  his  mixture  specified,  in  wliicli  case  it  is 
necessary  to  enquire  whether  his  treatment  of  the  metal,  first, 
is  the  cause  of  the  trouble. 

Some  mixtures  are  more  subject  than  others  to  tli'e  trouble 
of  segregation  of  particular  constituents,  and  exceptional  care 
is  necessary  to  prevent  this  feature  producing  brittlenesis  and 
weak  places  in  the  castings.  A  slight  alteration  in  the  mix- 
ture, or  the  accidental  introduction  of  a  small  aanount  of  an 
undesirable  constituent,  may  lead  to  a  different  structure  in 
the  alloy,  under  casting  conditions  which  formerly  gave  good 
results.  Shrink- holes  in  the  thicker  portions  of  th-e  castings 
are  a  defect  that  should  be  met  by  tli'e  moulder  in  the  placing 
and  size  of  the  risers,  while  dross  and  scum  in  the  metal ― a 
fruitful  source  of  trouble' ~~ is  a  matter  for  the  melter.  In 
view  of  the  extent  to  which  foundry  writers  have  pressed  the 
point  of  oxidation,  it  would  seem  unnecessary  to  again  do 
more  than  mention  it :  but  experience  shows  that  oxidation  of 
the  metal  through  improper  melting  and  exposure  to  the 
atmosphere  and  the  furnace  gases  is  a  daily  occurrence.  Many 
defects  in  valves  are  directly  traceable  to  careless  melting ― 
sometimes  to  a  negl'ect  to'  take  into  account,  when  melting 
scrap,  the  loss  of  certain  constituents  during  previous  melt- 
ings. . 

A  number  of  factors  may  contribute  to  the  production  of 
castings  in  st'eam  valve  work  which  leak  under  test.  The 
moulder  may  be  responsible  for  not  t^ating  the  mould  properly 
~" a  very  important  feature  in  obtaining  sound  castings  of  any 
description  ；  or,  even  with  a  good  mould  and  the  correct  mix- 
ture, if  the  metal  is  not  hot  enough  when  poured  the  result 
will  be  bad.  Overheating,  on  the  other  hand,  may  also  cause 
a.  large  percentage  of  failures,  as  oxidation  is  very  liable  to 
result.  The  shifting  of  badly-set  cores  is  at  times  respon- 
sible, as  may  be  the  design  of  the  casting. 

It  must  not,  it  will  be  seen ,  b©  supposed  that  a  large 
percentage  of  failures  in  valve  castings  is  necessarily  due'  to  a 
wrong  mixture.  lb  may  be  defective  design,  as  seen  in 
designs  with  too  sharp  a  change  in  section  between  flange  ami 
body,  01'  defective  mouldi  ig  which  gives  a  mould  too  Lard  or 
too  damp.  At  the  same  time,  the  defects  may  readily  be  in 
tlie  metal ，  from  either  of  the  cau&es  previously  mentioned,  oa- 
th e  trouble  may  lie  directly  in  the  pouring  temperature  and 
the  manner  of  pouring.  This  was  clearly  shown  by  the  ex- 
periments of  Carpenter  and  Edwards  with  the  aluminium- 
bronzes  (Cu，  91  to  90  per  cent.  :  Al，  9  to  10 】》er  cent.),  which 
were  proved  to  give  excellent  castings  for  withstanding 
])resvsure.  It  was  found  that,  in  order  to  obtain  the  best 
r^^ults,  this  alloy  must  be  pou red  slowly  and  at  a  temperature 
not  more  than  80。  C.  above  tliat  at  which  it  commences  to 
freeze  or  solidify.  But  the  investigators  also  】aid  stress  upon 
the  moulding  side.  This  mould  must  be  gated  for  the  metal 
to  enter  at  the  lowest  point>^/.^. ,  it  must  be  bottom-poured, 
and  the  gate  should  have  a  well  at  the  bottom,  the  opening 
being  rather  2iarro\v.  If  a  green-sand  moiild,  it-  nuist  not  b? 
too  damp,  and  in  the  case  of  a  close  sand  being  used  it  is 
preferable  to  dry  the  surface  of  the  lower  part  of  the  mould. 
Nor  must  the  shrinkage  of  the  metal  be  neglected,  but  must 
be  mot  by  the  use  of  risers,  particularly  in  the  case  of  large 
castings. 

When  using  a  "lixliuv  t hat  lias  been  proved  to  ho  suitable, 
any  defect  in  tlio  nsultiiiu  casting's  】iiay  be  put  clown  to  tho 
treatment'  of  the  met  a],  to  tlie  design,  or  tlie  method  of 
moulding:  but  oft imi  inixt urrs  are-  s}>eci fvod  ur  tried  by  foun- 
ders inoxporicnced  in  tlic  particular  lino  of  castings,  wliicli 
an>  not-  suilahh'.  For  Ingh-i^raclo  ！ nixt uros  it  is  ("'""i  (h'sir 
able  to  iisi、  no  load,  (liou^^h  t.lio  abstMuv  of  load  enlaiKs  moiv 
labour  in  Iho  inarhiiiiii^  pi'cx'es^s,  the  metal  turning  nuich 
toiigluM-.  The  distribution  of  the  lead  between  the  crystals 
of  the  alloy  gives  it  a  shorter  and  froo-workiiig  grain,  but  at 


the  expense,  somewhat,  of  the  strength.  A  suitable  mixture 
without  lead  is  :  Copper,  90  per  cent.  :  tin,  8  per  cent.  ；  and 
zinc,  2  per  cent. 

Tli€  colour  of  the  castings  will  be  detrimentally  affected  by 
the  presence  of  iron  in  the  mixture.  Iron  is  liable  to  become 
introduced  with  the  copper,  as  some  brands  contain  appreci- 
able ainoimts,  or  it  itiav  entrr  with  re-me】t'ed  scrap  or  wasters 
ill  tlie  form  of  core-wires,  chips,  drc.  Aluminium,  while  a 
valuable  addition  to  a  numbc^r  of  alloys,  does  not  seem  to  give 
satisfaction  with  valve  mixtures  :  for  it  ha,s  been  found  tliat 
when  added  to  the  latter  the  castings  generally  develop  weak- 
ness, and  leak  under  test.  The  aluminium  bronze  quoted 
earlier  would  seem  to  be  in  a  different  class  :  but  as  a  general 
rule  aluminium  is  considered  undesirable. 

Often  the  use  of  a  small  amount  of  some  deoxidising  con- 
stituent will  overcome  the  persistent  trouble  with  what-  should 
be  a  satisfactory  mixture,  but  which  at  times  is  found  to 
give  an  excessive  miinber  of  leaky  castings.  Take,  for 
example,  the  mixture  :  Copper,  86  ;  tin,  7  :  zinc,  4  ；  and  lead, 

2  ；  this,  wliile  giving  a  fairly  good  result,  will  sometimes  give 
castings  with  brownish  spots  that  display  weakness  under  test, 
and  leak.  The  spots  are  generally  on  the  bop  part  of  the 
castings,  and  result  from  dirt  in  the  metal.  In  this  case,  the 
introduction  of  a  small  amount  of  some  deoxidiser  would 
generally  clear  the  trouble  (say  about  0*5  to  1  per  cent,  of 
15  per  cent,  phosphor-copper). 

There  are,  of  course,  a  number  of  mixtures  which  are  in 
common  use  for  the  purpose  which  are  not  strictly  suitable 
for  valve  castings.  Yellow  brass  is  sometimes  employed,  but 
cannot  be  us&d  for  valve  work  nearly  so  successfully  as  can 
red  metal,  the  number  of  leaky  castings  being  much  greater. 
With  red  metal  the  bad  castings  may  noniially  run  from  5  to 
15  per  cent.,  but  wita  yellow  brass  it  will  be  very  difficult  to 
keep  the  waste  down  to  the  higher  figure  mentioned. 

Some  founders  give  special  attention  to  the  wearing  parts 
of  valves,  an  example  being  tlie  introduction  of  nickel  into 
valve-seat  mixtures,  a  typical  one  having  the  following  com- 
position : Copper,  85 cent.  :  tin,  10  per  cent.  ;  nickel, 

3  per  cent.  ;  and  zinc,  2  per  cent.  Monel  metal  has  proved 
very  successful  for  seats  and  plungers  that  are  liable  to  wire- 
draw. 

In  passing,  it  may  be  as  well  to  draw  attention  to  the 
importance  of  good  cores  for  the  class  of  work  under  con- 
sideration ； for  a  bad  core,  while  only  ccsting,  perhaps,  a 
very  trifle  less  than  a  really  good  one,  may  readily  result  in  a 
spoiled  casting.  The  core  sand  should  be  burnt  sand,  beach 
sand,  or  similar  material,  with  no  constituent  that  will  give 
off  excessive  gas  when  the  casting  is  poured. ― '(  Foundry 
Trade  ,Tmirnal.，， 


Explosion  of  a  Gasometer  at  Ilkeston. ―  About  half-past  one 
on  the  aft<'rnoon  of  Moiulay  last  a  gJisoineter  containing  a 
million  feet  of  gas  exploded  with  a  t4?rrific  report  at-  Ilkeston, 
Derbyshire,  shaking  the  town  like  an  earthquake.  The 
gasometer  was  lifted  and  flung  30  yards  away,  the  wall  of  the 
water  seal  in  which  the  gasometer  floated  was  blown  away, 
when  the  contents  swept  into  the  streets  with  such  force  that 
a  railway  truclc  was  earned  40  yards  away.  In  the  track 
of  the  torrent  was  a  shop.  The  owner,  with  his  wife, 
two  children,  and  a  servant  g\v\.  thinking*  an  earthquake  had 
occurred,  rushed  into  the  cellar  for  refuge.  Tlie  water  swept 
througli  Iho  lumse,  and  as  it  poured  down  on  them  the  family 
scramW<l  desperat.ely  up  the  steps.  All  escaped  except  the 
servant,  who  was  swept  back  down  tlie  stops  and  drowned. 
The  damage  caused  by  the  explosion  was  ext<»nsive,  ami  th(、 
railway  adjoining  was  blocked  with  debris.  An  employe  at 
the  gasworks  was  taken  home  suITering  from  shock,  but.  the 
otliors  os('apo<l  injury,  and  as  the  explosion  occurred  during 
the  dinner  hour  few  wero  on  the  premises.  The  cause  of  tlio 
accident  is  not  clear.  Air  must  in  some  way  have  founri 
its  entrance  into  tlio  gasometer  to  ronder  the  contents  explo- 
siv(^,  and  ovoii  then  contact  with  a  flame  would  be  necessary 
for  itriiition.  In  all  i>rol>al)ility  tho  "lattor  will  ho  iiia^lo 
the  sul)j**il  of  iMujiiirv  hy  tin-  Homo  Ofluv.  The  gasmm 、！^ r 
was  erected  four  years  ago.  Near  it  was  a  smaller  gasometer 
hoklinsr  a  quarter  of  a  million  feet.  This  was  knocked  on 
one  si(lt\  but  did  not  oxplode.  The  cost  of  the  damage  will, 
it  is  said,  amount  to  at  least  £10,000. 
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INDUSTRIAL  AND  TRADE  NOTES. 

The  Non-unionist  Question  in  Mines.— On  the  3rd  iust.  about 
2,000  miners,  chioHy  in  the  Lilleshall  Company's  coaiticld,  n^fiised 
to  go  (low  11  the  pits  so  long  as  non-union  men  were  eniploycHl. 

The  Crypto  Electrical  Company,  of  159,  Bermondsey  Street, 
London,  S.i:.,  inform  us  that  they  Iiave  oneiipcl  a  branch  ()ffict> 
at  77,  Victoria  Street,  Bristol,  where  they  hold  a  largo  stock  of 
their  .standard  jjattern  dynamos,  altoi-natin^-curi-eiit  motors, 
transformers,  engine  sets,  etc. 

British  Trade  in  ，9l 卜 一 According  to  the  Board  of  Trade  returns, 
last  year  w  as  a  record  in  value  for  British  trade.  The  total  value 
of  imported  goods  was  £680,559,175,  an  increase  of  over  two 
millions  as  comparerl  with  1910.  Exports  amounted  to 
£454,282,460,  showing  an  increase  of  nearly  24  millions  over  the 
previous  year.  Adding  imports  and  exports  togietlier,  the  total 
value  of  on r  overseas  trade  in  1911  is  seen  to  i  carh  the  large  sum 
of  ljl34  millions  sterling. 

Strike  of  Pattern  -  makers. ― On  Saturday  last  the  pattorn-makers 
engaged  in  Coventry  oii^iiioering  shops,  wliicli  in('lml(、  the  Ord- 
nance and  motor  factories,  gave  in  their  notices,  on  account  of 
the  employers  having  failed  to  accede  to  the  ch'niand  for  id.  per 
hour  advance.  About  170  men  are  affected .  The  Coventry  rate 
of  wages  is  42s.  9d.  per  week,  and  the  rise  asked  for  would  briiijj; 
the  pay  up  to  that  of  London. 

Tube  Industry  to  be  Restarted  at  Dumbarton. ―  Tlie  tube  mills  of 
the  Weldlosis  Tubes  Company,  Ltd.,  at  Dumbarton,  are  about  to 
be  restarted.  A  controlling  interest  in  tlie  coiiceiii  has  been 
secured  by  Messrs.  Babcock  &  Wilcox^  who  own  extensive  boiler 
works  at  Renfrew,  and  this  firm  will,  we  iindervstaiidj  really  direct 
operations.  Their  patent  boiler  is  on  the  water-tube  principle, 
and  in  its  making  in  the  course  of  a  year  they  consume  a  vast 
quantity  of  tubes. 

The  Amalgamated  Society  of  Engineers.  ―  The  monthly  Journal 
of  the  Amalgamated  Society  of  Engineers  refers  with  satisfaction 
to  the  growing  membership,  which  is  now  121/233.  During  the 
year  it  has  steadily  increased,  and  in  four  of  the  months  the 
increases  have  been  over  1,000  per  month.  Trade  also  continues 
highly  sati.sfa<'torVj  and  there  has  bcon  a  farther  decrease  in  the 
miiiiber  of  inunihcr.s  drawiiifj;  uiieni[)k)Vod  ])eiiefit. 

A  Big  Torpedo  Firing  Gear  Order  for  Birmingham. ― The  largest 
order  ever  received  in  Birmingham  for  torpedo  firing  gear  has 
j Urst  been  placed  by  the  Admiralty.  It  is  for  150  sets,  and  will 
find  employment  for  a  large  number  of  men  for  a  considerable 
time  to  cpmo.  (Jreat  urgency  is  insisted  upon.  It  is  also  stated 
that  a  Rugby  firm  has  received  an  order  from  the  New  South 
Wales  (iovernmeiit  Railways  for  three  7,000  kw.  turbines  and  one 
OjOOO  kw.  turbine,  together  with  surface  condeiKsing  plant. 

A  New  Irish  Railway. ― Cork  City  Junction  Railway  was  opened 
on  New  Year's  Day.  It  is  the  undertaking  of  the  Great  Western 
liailway  of  England,  which  company,  by  building  a  l)ridge  over 
the  north  and  south  branches  of  the  River  Lw,  coiuiected  the 
Groat  Southern  and  Western  systems  with  the  Cork,  Bandon, 
and  South  Coast  Eailway.  This  system  controls  the  railway  ser- 
vice of  the  south-west  of  Ireland  as  far  as  Bantry.  Thus  the 
Great  Western  Railway  now  has  direct  connection  between  Pad- 
clingtoir  and  Bantry. 

Electrical  Extensions  at  Niagara  Falls.  ―  At  a  recent  meeting 
of  the  Toronto  Power  Company,  it  was  provisionally  decided  to 
devote  the  sum  of  £600^000  to  extensions  of  the  company's 
system  at  Niagara,  whereby,  in  addition  to  the  three  8,500  k'、v. 
units  now  being  erected  in  the  power  station  at  Niagara  Falls, 
i'our  others  will  be  installed^  bringing  the  total  to  11  units,  cap- 
able of  generating  125,000  li.p.  It  is  also  proposed  to  erect 
another  traiismij^sion  line  between  Niagara  and  Toronto  for  a 
voltage  of  85,000. 

Mineral  Production  in  India.  ―  A  report  recently  issued  by  the 
Geological  Survey  of  India  shows  that  during  1910  minerals  to 
the  value  of  £7,700, lo4  were  raised  in  that  country,  as  compared 
with  £7,687,847  for  the  previous  year.  The  first  position  is  occu- 
pied by  coal,  of  which  last  year  12,047,413  tons,  valued  at 
£2,455,544,  \vtM*e  produced.  Uold  is  second  w  itli  573,120ozs.  and 
£2,202,486,  followed  by  manga 議 t>，  800,907  Urns  and  £849,4oo, 
and  pt'troleuiu  with  214,829,647  gallons,  £835,927.  The  reniain- 
iug  products  of  importance  include  mica  £177,152,  and  lead 
£103,022.  ' 

The   Ironfoundcrs*    Trade  and    the   Insurance    Act.  ―  A  conference 

of  trade  unionists  connect t'd  with  the  ironfounding  industry  was 
held  in  Manchester  last  Saturday  to  consider  the  Insurance  Act. 
There  was  a  discussion  a，s  to  the  steps  to  be  taken  for  the 
.setting  up  of  an  approved  society  for  the  wliolo  of  tlic  ironfouiul 
iiig  trade.  It  was  generally  agreed  that  it  was  dr.sirabk*  that 
the  whole  of  the  unions  -should,  if  possible,  bt^oine  one  apptov^Ml 
society.  A  sub-conuuittee  、vas  appointed  to  draft  a  .scheme  for 
submijssioa  to  the  respective  Executives. 


Fire  and  Explosions  at  Leeds  Oilworks. ― At  Leeds  on  Saturday 
night  tlio  oilu  orks  oi'  Mcssi  s.  Ht  ss  A:  Bros,  in  Kirk.stall  J^oad  were 
almost  totally  destroyed  l)y  fi I'c,  tlu;  damage  l>(>ing  estimated  l>y 
the  firm  at  between  '£30，()()0  and  £40,000.  Tlu-ro  wi^ro.  six  lui<r„ 
tanks  of  oil  on  the  premises,  one  containinj^  160,000  gallons, 
another  8 化 000  gallons,  and  four  smaller  on  as  nearly  300,000 
gallons.  These  exploded  ono  after  another.  Three  firemen  were 
i njured  by  a  part  of  th(、  burning  buildiiifj!:  falling  Whiiul  th<*ni  <»n 
-some  casks  of  oil,  w  liicli  then  oxplocltnl. 

Wages  of  Marine  Engineers. ― The  Journal  of  the  Marine  Engi- 
neers' Association  for  January  states  that  negotiations  are  Imiiig 
carried  on  with  the  Shipping  Foderation  regarding  an  increase 
of  、vages，  and  that  a  deputation  will  .shortly  meet  to  cli.scus«  tlie 
(J  II  est  ion  with  th(、  shipowners.  The  report  of  the  Glas^^ow  Branch 
states  that  considerable  advances  were  graiitcHl  during  tho  pa'st 
year,  but  it  is  addod  that  the  iiicieaf;o.s  allowed  in  some  cases 
were  so  paltry  that  the  branch  could  not  consider  tlic  torms  as 
equitable.  The  report  states  that  unless  the  Federation  of  Ship- 
owners  grant  more  generous  remuneration  trouble  will  ensue. 

Record  Export  of  Coal. ― The  Board  of  Trade  returns,  just  issue  I, 
show  that  the  exports  of  coal  from  tlio  United  Kingdom  lor  tlie 
past  year  were  a  record  in  volume.  The  coal  exported,  was 
04,599,000  tons,  and,  adding  the  coke  and  the  manufactured 
fuel,  the  total  directly  exported  was  67,276,000  tons,  an  increa.se 
JF1，— 600，000  tons  ove/that  for  1910,  and  1,500.000  tons  above  tlio 
previous  record  export.  There  were  also  i9,2(> 4,000  tons  of  coiil 
p^ent  out  of  the  Kingdom  as  bunker  coal  for  .steamers  in  the 
foreign  trade,  so  that  the  quantity  of  fuel  sent  out  of  the  king- 
dom as  exports  and  bunkers  was  above  86,500,000  tons.  Franco, 
Italy,  and  Greniiany  are  our  largest  ciistoniors  for  coal. 

Thames  Ironworks. ―  A  mass  meeting  of  employes  of  tho  Thames 
Ironworks  was  held  on  Friday  to  decide  on  the  Admiralty's  ques- 
tion as  to  whether  the  men  were  willing  to  accept  a  53-1  lou r 
week,  and  so  secure  the  order  for  the  building  of  two  cruisers,  or 
adhere  to  the  present  48-hour  week  system.  Mr.  D.  H.  Ryder,  a 
member  of  the  Thames  Ironworks,  presided,  the  men's  reply 
being  left  solely  to  their  own  decision ,  the  trade  union  leaders 
takin^i;  no  part.  The  following  resolution  was  carried  by  an 
overwhelming  majority  :  "  That  this  mass  meetinj^  of  the  cniployos 
of  tlie  Thames  Ironworks  rex^udiates  the  authority  of  the  person 
calling  this  meeting,  and  strongly  condemns  the  method  of  ballot- 
ing the  men,  and  decides  that  in  future  all  negotiations  be  con- 
ducted through  the  responsible  officials  of  our  trade  unions. 

Scottish  Iron  Production. ―  The  Scottish  Ironmasters'  Associa- 
tion has  issued  the  official  returns  of  the  trade  for  the  past  year. 
The  production  of  pig  iron  was  1,401,799  tons,  showing  a  de- 
crease of  12,662  toils  compared  with  the  preceding  year.  The 
consumption  amounted  to  1,099^956  tons,  being  4o,070  tons  of  an 
increase.  The  quantity  used  in  foundries  fell  off  by  17,576  tons, 
but  in  malleable  iron  and  steel  work  there  was  an  increased  con- 
sumption amounting  to  62,646  tons.  Foreign  exports  wore 
146,513  tons,  a  decrease  of  1,244  tons.  The  quantity  shipped 
coastwise  was  159,005  tons，  an  increase  of  9,390  tons.  There  was 
sent  by  rail  to  England  6,623  tons,  an  increa-se  of  894  tons.  Tlic 
stocks  ill  Coimal's  stores  are  1,000  tons  and  in  makers'  private 
stores  320,987  ton's,  showing  a  decrease  in  stocks  of  10/298  tons. 

The  Appointment  of  Factory  Inspectors.  ―  In  a  recent  speed" 
Mr.  Arthur  Htniderson,  M.P，  in  referring  to  the  appointment 
of  inspectors  under  the  Factory  Acts,  said  that,  for  the  most 
part,  they  were  appointed  from  the  wrong  classes.  Tlie  exami- 
nation tests  were  so  high  that  it  was  very  seldom  that  a  practi- 
cal mail  had  the  benefit  of  the  necessary  education  to  enable  liiiu 
to  pass  the  very  severe  theoretical  tests  to  which  he  might  be 
admitted.  What  w  as  the  result  ？  They  got  men  properly  quali- 
fied from  a  theoretical  standpoint  sometimes  luider  the  Factory 
Acts.  They  got  men  from  the  universities,  l)ut,  however  quali- 
fied they  might  be  who  had  passed  through  the  universities,  it" 
thoy  had  failed  to  receive  part  of  their  training  in  the  actual 
school  of  experience,  they  would  have  limitations  that  would  lead 
to  manifest  inability  to  administer  the  law  in  the  immediate 
interest  of  the  worker's. 

Foreign  Contracts  for  a  Darlington  firm.— In  connection  with 
the  projected  extension  of  the  Rio  Grande  do  Norde  Central 
Railway  of  Brazil,  we  arc  informed  that  tlie  tender  subuiittecl  by 
tho  Cloveland  Bridge  and  En^iiiiooring  Company,  Ltd.,  of  Da i 
liiif^ton,  for  the  coiistruction  of  a  new  steol  viaducb  to  cany  the 
railway  over  a  river  at  a  point  five  miles  distant  t'roni  tlio  port 
of  Natal,  has  now  been  accepted  in  preference  to  other  U、n 山、 rs 
submitted  from  North  America  and  Gorman y.  The  brid^^e  w  ill 
consist  of  10  spa  lis,  each  50  lueti'es  in  longtli,  and  tho  pirrs  will 
i)t>  carried  on  .siiiglo  cylinders,  taken  down  liy  nieans  (>t'  coin 
pressed  air  U)  an  aver  a  go  depth  of  20  luotios  below  low-water 
level.  There  will  be  footu  ay.s  for  pedt^striaii  traffic  carried  upon 
cantilevers  outside  the  main  giicWs.  The  value  of  this  contract 
exceeds  £100^000,  and  the  work  is  to  be  completed  within  two 
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years  from  date.  A  further  contract  has  also  been  awardod  to 
the  sanio  firm  for  iho  ooihstniction  by  means  of  screw  piling  of  a 
new  wharf  at  the  harbour  of  Natal,  the  seaport  capital  of  the 
province  of  tho  liio  Graiulo  do  NoTcle)  Brazil. 

Messrs.  Musgrave  &  Sons,  Bolton. ― The  second  meeting  of  credi- 
tors of  Messrs.  John  Musgrave  &  Sons,  Ltd.,  engineoi's,  of 
Bolton,  Avais  held  in  tluit  town  last  week,  and  was  attend t'd  by 
about  150  creditors,  and  the  following  official  stateniont  was 
made  at  tho  close  of  the  meeting:  "  Mr.  Harold  Mather,  of  the 
firm  of  Mather  &  Kay,  chartered  accountants,  the  voluntary 
liquidator,  presided.  He  explained  that  ihe  com i) any  Avas  formed 
in  l^i97，  and  up  to  the  last  three  yeans  had  niado  profits,  but  a 
iieason  of  bad  trade  had  then  set  in^  and  during  the  last  two 
years  and  five  montlis  the  company  had  made  very  heavy  losses. 
The  total  assets  a«  a  going  concern,  shown  on  the  balanw-sheet 
(exclusive  of  uncalled  capital),  as  at  December  8th ^  1911,  .showed 
a  substantial  surplus  over  all  liabilities.  The  creditors  present 
agreed  unanimously  to  continue  Mr.  Mather  as  liquidator.  The 
receiver  and  manager  (Mr.  Arthur  Kirk  ham)  appointed  by  the 
Court  on  behalf  of  the  debenture  holders,  is  still  in  posses^sion  of 
the  business  and  assets  of  the  company,  and  it  was  staix^d  by  tlie 
liquidator  that  he  proposed  to  confer  with  the  receiver,  and  to 
endeavour  at  an  early  date  to  formulate  a  scheme  of  reconstruc- 
tion for  the  consideration  of  all  concerned." 

Leeds  Engineering  Works. ― A  rather  black  picture  of  tlie  pros- 
[K'ft.s  oi  Leecls  ixty  an  ezigiiieering  centre  was  drawn  in  -some  evi- 
dence given  at  Leeds  in  a  rating  appeal  case  by  Mr.  John 
McLaren,  a  leading  engineer  of  that  city.  Mr.  McLaren  said 
Leeds  was  not  holding  its  position  in  the  engineering  world 
as  a  manufacturing  centi'o.  Serious  burdens  were  placed  on 
manufacturing  premises  by  the  rating,  and  another  reason  was 
that  Leeds  was  very  badly  situated  with  regard  to  shii^meiit.  The 
bulk  of  engineering  work  was  done  for  shipment  to  foreign  coun- 
tries, and  they  had  to  ship  at  Hull  or  Liverpool  at  a  cost  of  lis. 
to  12s.  a  ton，  as  against  firms  on  tho  seaboard.  Mr.  McLaren 
added  that  locomotive  fiims  in  LeecU  had  to  compete  with  a 
miinber  of  the  biggest  firms  in  Glasgow,  which  weie  close  to  the 
； sfiippuig,  and  had  got  no  machinery  rating.  During  his  busi- 
ness experience  ho  had  known  34  large  engineering  works  closed 
in  Leeds.  Leeds  used  to  share  with  Manchester  the  tool-making 
trade,  but  now  there  were  few  firms  in  Leeds  carrying  on  this 
trade.  Firms  had  settled  in  Keighley,  Halifax,  Coventry,  Bii- 
minghaiii,  and  Newcastle,  and  Leeds  was  given  a  wide  berth. 

Wages  of  Post-office  Engineers.  ~ -  The  Postmaster-General  has 
auiioiUR'ud  that  the  Treasury  has  sanctioned  a  revision  of  the 
engineering  department  of  the  Post  Office.  The  future  classifi- 
cation and  rates  of  pay  are  to  be  as  follow  :  Superintending  engi- 
neers and  staff  engineers —— £520，  by  £20  to  £700;  London  allow- 
ance, £50.  Assistant  superintending  engineers  and  assistant 
staff  engineers— £420,  by  £20  to  £500  ；  London  allowance,  £40, 
Executive  engineers ― £315^  by  £15  to  £405  ；  London  allowance, 
£30.  Assistant  engineers ― £150，  by  £15  to  £300;  London  allow- 
ance, £20.  Chief  inspectors— £150,  by  £10  to  £200;  London 
allowance,  £20.  Senior  inspectors— London,  57s.,  by  2s.  to  65s. ； 
provinces,  o'la.,  by  2s.  to  GOs.  Inspectors ― London,  30s. ，  by  Is.  6d. 
to  55s.  ；  provinces,  3()s.，  l)y  Is.  Gel.  to  48s,  Skilled  workinon ― First 
ditss  (ovstabiishecl),  London,  39s. ,  by  Is.  Gd.  U>  47s.  ；  provinces, 
37s. ，  by  Is.  6d.  to  45s.  ；  second  class  (establishecl)j  London,  2Gs., 
by  Is.  (id.  to  38s.  ；  provinces^  24s. ，  by  Is.  6d.  to  36s.  Skilled 
workmen  (uiiestablishocl)  are  to  bo  paid  at  the  rate  of  G^d.  to  ZJd. 
per  hour  iji  Lnii 山川 iuid  '— >(1.  to  7(1.  per  hou r  in  the  provinces. 

The  Shipbuilding  Industry.  一  From  the  returns  compiled  by 
Lloyd's  Register  of  Shipping,  it  appears  that,  excluding  war- 
ships, there  were  483  vessels,  of  1,519,052  torus  gross,  under  con- 
stnictioii  ill  the  Uiiitocl  Kingdom  at  the  close  of  the  quarter 
en  (led  Decern  bor  81st,  191 1.  Tho  ionua^o  now  iiiidor  construc- 
tion la  a  bout  73,1)00  tons  movo  than  that  which  was  in  hand  at 
the  end  of  hust  (|un viv. v,  and  t、x(''(、e(ls  by  388，000  tons  tho  toniiago 
building  in  December.  1910.  Tho  profi'jnt  tigiuvs  arc  the  liighost 
ever  recorded  in  tho  society's  quai'tei'ly  returns.  There  arc  iiino 
warships,  of  61,000  tons  dispIaconuMit,  under  c-onstruction  in  tlio 
J^oyal  Dockyards- ~ one  Ijiittle  ship  at  Drvonport  and  ()m、  ； U  Ports- 
iiKnitli,  one  pr()to<'te(l  <  ruiser  at  Cliatliam,  two  third cias-s  cruisers 
at  IVii 山 r()l"、，  ami  lour  .snl)iuariin\s  at  Clintliiini.  I  ii  tlio  various 
privato  yards  tho  luiiiihiT  now  building  i.s  50,  with  a  displaci^- 
meut  ol'  234^465  tons,  30  of  those  boin*»;  iorpt'dtJ  l)oat  ikvstroyoris, 
ci^ht  submarines,  four  battle-ships,  four  a rinourod  cruisers,  and 
four  protected  cruisers.  In  addition,  oi^ht  "  foi*eip:n  or  not 
stated  ，，  warships  aro  also  being  hiiilt  in  private  ya ids  in  tlii.s 
country,  the  tonnages  of  which  amounUs  to  113,200.  Tlu^o  a ro 
accountod  tor  as  to  1  lows :  Tlm、(、  l)atllo  ships,  one  a nuonnnl 
cruiser,  two  .scouts,  :uul  two  torncdo  ima t  (k'stroyors. 

The  Strike  at  Crosslcy's  Works,  Opcnshaw.  一  The  eiiniiu'ciN" 
strik"  at  tlu>  Op，'ii.、l"iu  w  in  ks  ol  ,Mrssrs.  C'ukssIcv  Bm、，  Ltd., 
of  Miuicheiiku*  still  euiitimu's  a nd  no  doiinito  sU-u  has  hvvu 


on  either  side  to  bring  the  parties  to  the  dispute  together.  The 
asual  monthly  meeting  of  tlio  Manchester  Engineering  Em- 
ployers' Association  was  held  recently,  but  no  coniinuiiication 
affecting  the  matter  was  published.  On  the  outbreak  of  the 
strike  the  men  wero  informed  that  a  discussion  of  the  grievances 
could  not  tako  place  until  they  bad  rot u mod  to  work,  and  it  was 
pointed  out  that  tlioir  action  wa«  a  violation  of  their  own  agree - 
inents.  The  .strike  i.s  not  supportod  by  the  men's  union,  which 
advised  thorn  to  return  to  work,  and  last  week-end  a  ballot  w  as 
taken  by  tlio  Strike  Committor  to  dooide  whether  this  advice 
.sliQ.uld  be  taken.  In  the  ballot  a  majority  of  219  were  in  favour 
of  continuing  the  strike.  At  a  meeting  luAd  on  tho  2nd  iiist., 
after  the  declaration  of  this  result'  the  men  iinaniiiiouslj'  decided 
to  remain  out.  Between  600  and  700  skillt*cl  moii  arc  directly 
involved  in  tho  dispute,  andj  iii  addition,  a  certain  numljcr  of 
labourers  have  been  throwji  out  of  work  l>y  tho  action  of  the 
journeymen.  The  moulding  and  pattern-making  departments  and 
the  smithy  at  tho  works  are  not  afiW'tol. 

Machine  Tool  and  Engineering  Association,  Ltd.  ―  lu  submitting 
their  first  annual  report,  tl 化  A.ssociation  .state  that  since  tho 
statutory  meeting  on  March  29tli,  43  additional  firms  ha ve 
joined  tho  Association ,  bringing  tlio  total  inembersliip  up  to  80. 
The  number  of  founder's  shares  that  liave  been  subscribed  in 
1，499，  which  at  5s.  each  gives  a  total  paid-up  capital  of  £374.  15s. ， 
as  compared  with  671  shares  and  a  total  paid  capital  of  £167.  I'ls. 
referred  to  in  the  last  report.  The  directors  have  appointed  a 
paid  secretary  to  look  after  the  i uteres t^i  of  the  Association,  and 
also  their  interests  in  the  M achiiie  Tool  ami  Engineering  Exlii- 
bitioH,  wJik'h  is  being  held  next  October,  and  have  transferred 
tho  registered  offices  of  the  company  to  104,  High  Holborn.  Tho 
result  has  been  as  anticipated.  During  the  year  several  members 
have  applied  to  the  Association  for  permission  to  exhibit  at 
various  exhibitions,  and  permission  has  been  given  or  refused 
according  to  the  circuiustaiices  of  each  case.  The  Home  Office 
has  also  been  in  direct  communication  with  the  Association  with 
r aspect  to  the  question  of  adequately  guarding  gear  wheels  of 
machines.  The  Home  Office  point  out  that  foreign  macliino  tool 
manufacturers  supply  their  machines  adequately  guarded,  and 
that  the  cost  of  doing  so  at  the  time  of  niauufacturo  is  a  relatively 
small  item  as  compared  with  the  subsequent  cost  of  conversion. 
The  Home  Office  has  stated  that  in  many  cases  British  firms  lia\  o 
lost  several  orders  owing  to  the  want  of  having  adeqiiatdy 
{guarded  gear  wheels.  A  representative  of  the  Home  Office  i.s 
calling  upon  all  the  firms  in  the  trade,  and  the  directors  strongly 
rccomnieiid  all  members  of  the  Association  to  act  upon  the  sug- 
gestions of  the  Homo  Office,  as  they  bcliove  it  would  be  of  con- 
siderable advantage  to  the  trade.  With  i*eferf  nee  to  tho 
Machine  Tool  Exhibition,  which  is  Wing  lield  next  Ot'tobcr  at 
(Jlympia,  full  particulars  of  which  are  now  in  the  hands  of  the 
members,  the  directors  state  that  the  prospects  are  satisfiRtory, 
and  the  committee  has  taken  steps  to  arrange  for  a  supply  of 
electric  power,  stt'am，  and  compressed  air  for  the  purpose  of 
operating  tho  exhibits. 

Bonuses  for  Apprentices.  ―  At  the  Xepinnc  Oilices  of  Mes8r.s. 
Swan,  Hunter,  &  Wigham  Richardson^  Ltd - ,  the  apprentices  of 
the  engine  and  boiler  works,  who  have  shown  persevoranco  and 
ability  in  their  work  and  studies  during  the  past  year,  havo 
been  presented  with  the  bonuses  awarded  by  tho  firm,  as 
encouragement  to  take  an  incrca.siiig  interest  in  their  woi  k,  with 
a  view  to  tlu'ir  acquitting  tlu'inselvos  well  in  their  futiiiL'  ca reor. 
The  presentation  was  made  by  Mr.  Geo.  Vardy.  the  cni^iiie  works 
inaiiager,  who,  in  the  course  of  his  remarks,  made  special 
roforencv  to  the  time-keeping  of  the  apprentices,  and  said  it  wa^ 
very  gratifying  to  find  that,  since  the  iiitrotluftion  of  tho 
sclionu',  tho  tinu'-kct'ping  iiad  i>teadily  improved  yoar  l)y  yvi\ r. 
ami  that  now  it  had  priuticaily  roachod  hi;:;h  watrr  innrk.  Out 
ot"  tho  total  apprentices  in  tlio  engine  works,  IK*  per  con  I.  had, 
on  tiino-keopiiig.  qualilicd  lor  a  bomis,  havinjj;  lost  less  than  -  prr 
cent,  of  time  (Im'ing  tho  whole  of  the  12  months  ；  and,  (luring  tlio 
same  i)(、r"'(l，  13  apprentices  had  not  lost  any  time  uiiatover. 

Chain  Drives ：  Revocation  of  Patent. ― Soiiio  interesting  que&liuii6 
in  pa UmU.  law  a lul  practice  wore  involved  in  a  cjusc  、vl'K'h  rocoiitly 
(.•aine  l)ot'ore  iVlr.  J  list  itv  Pa rkor.    The  patent  in  qiu  stioii  was 

0110  (No.  27147  or  1910)  jjjrantixl  to  Mr.  J.  C.  ^lori ywoatluT  for 
improvoinonts  in  automobiles  carrying  pumps,  and  tlio  alli';;tMl 
inviMition  ajqiears  to  have  cousisted  in  drivinji  tlie  pump  liy 
nutans  of  a  cliniii.  M，、sm's.  Hans  】U、m»l(l.  Ltd.,  \vlu»  aro  manul ao 
turors  ol  driving;  cliiiiiKSj  applied  to  havo  tlii^s  patent  iwokod. 
In  their  view  tho  more  substitution  of  chain  driving  for  s(，mt_' 
oil  KM*  nu'lliod  oi'  driving-,  -siK'h  as  l)v  lu*lt  or  spur  ^oarin;:,  in 
coiiiioctioii  with  any  particular  class  of  macliiiios  was  not  proper 
subjtx't  inatttM'  tor  a  patont.    It  was  a  sul^istitution  alroady  inado 

111  coniuH't i<»n  with  many  iliftVrt'nt  marhiiios,  and  ono  w  liicli 
ini;^lit  h'、ivi"tcr  bo  iiuiclo  in  wn"，xti，、"  with  many  ，itl，rrs.  To 
uraiit  patoiiUs  in  such  ('asi\s  wonUI  li:mip，、r  tlio  dovoIopiiK'nt  of 
I lu'  cliaiii making  indiLstry.    Tin  y  accordingly  petitioned  fur  llic 
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revocation  of  tlie  patent  on  tlio  gi'oimcl  of  Avaiit  of  novflty,  prior 
publication  and  use,  and  that  tl"、  alleg(、(l  invoiiiion  was  not  a 
proper  subject  matter  for  a  patent.  When  tlio  case  camo  on 
the  patentee  consented  to  the  patent  being  revoked,  but  in  con- 
nection with  the  question  of  costs,  raised  an  objection  that  the 
petitioners  had  given  no  notice  to  him  of  their  intention  before 
c (讓 nom'ing  proceedings.  If  they  had  done  so，  tlion  lie  con- 
tended lie  niif^ht  have  surrenderi'd  the  patent  and  •saved  .souk* 
expense.  The  judge,  however,  allowed  the  costs  of  the  petition, 
remarking*  that  it  was  doing  a  kind  of  public  wrong  to  maintain 
a  patent  on  the  rolls  when  the  patent  was  void.  This  caso  illii's- 
trates  the  fact  that  it  is  too  easy  in  this  country  to  obtain 
patents  which  cannot  be  sustained,  but  which,  while  tliey  are  in 
existence,  must  operate  as  a  check  upon  legitimate  industry. 

Shipyard   Discharge  Note   Disputes. ― An  incident  which  may  lead 
to  a  big  .strike  of  shipyard  eiiiploj^es  began  on  tlie  3rcl  iihst.  at 
the  Wear  shipyard  of  Messrs.  Austin  <fe  Sons,  Sunderland.  Tlio 
Shipbuiding  Employers'    Fed<u'ation   has   been  endeavouring  to 
establish  a  system  of  discharge  notes  for  their  employes,  and 
when  a  number  of  men  presented  themselves  at  the  Wear  yard 
they  wore  asked  to  produce  the  discharge  notes  given  to  them 
at  the  end  of  last  year.     The  men's  union  having  decided  that 
with  the  beginning  of  this  year  the  notes  which  the  employers 
require  whenever  a  man  applies  for  a  new  job  should  be  ignored, 
the  request  was  not  complied  with.      The  refusal   resulted  in 
several  of  the  men  being  UAd  to  leave  the  yard,  and  in  conse- 
quence the  otlwv  200  or  300  men  employed  came  out  in  sympathy. 
This  opposition  to  the  discharge  note  has  since  developed  at 
several  other  yards.    On  Friday  a  great  many  men  handed  in 
their  notices  at  the  Els  wick   Works,   Newca«tle^oii-Tynej  and 
Messrs.  Dobson  &  Co.,  Walker-on-Tyne.     The  trouble  threatens 
to  extend  also  to  the  Clyde  shipyards.    It  is  stated  that  a  circu- 
lar has  been  Lssued  to  the  Scottish  members  of  the  Boilermakers' 
Society,  drawing  attention  to  the  following  resolution  agreed  to 
by  the  Shipbuilding  and  Engineering  Trades  Federation  :  "That 
the  shipbuilding  and  enginering  employers  be  notified  that  we 
Avill  advise  our  affiliated  members  to  refuse  to  accept  or  tender 
discharge  notes  on  and  after  January  1st.，，  The  point  in  dispute, 
viz. J  the  question  of  discharge  notes,  is  one  upon  which  the  entire 
Federation  of  Engineering  and  Shipbuilding  Trade  Unions  have 
laid  down  a  definite  principle  and  promise  united  support.  On 
the  other  hand,  the  t'ederatiou  of  Shipbuilding  and  Engineering 
Employers  maintained  that  all  lueu  on  discharge  must  take  dis- 
charge notes,  and  on  apply  in  jj;  for  employment  must  tender  them. 
The  jiitiiatioii  was  aggravated  by  the  gradual  breakdown  of  the 
machinery  of  negotiation  between  the  employers  and  the  unions. 
On  Monday  last,  at  a  conference  which  was  held  at  Carlisle 
between  the  Employea's'  Federation  and  the  Trade  Standing  Com- 
mittee, it  traiis-pired  that  there  had  been  a  iii isii iiderst a iid i iig  on 
the  matter  in  dispute,  and,  after  a  friendly  discussion^  the  follow- 
ing   arrangement   was    come   to,  and    embodied    in    a  signed 
memorandum,  namely :  "  It  is  mutually  agreed  that  a  conference 
to  discuss  the  question  of  di^^'hargc  notes  be  held  on  Thursday , 
January  18th,  between  the  Federation  and  Shipbuilding  Trades' 
Agreeiiioiit  Standing  Committee  ou  condition  that  the  work  in 
the  yards  of  Messrs.  P.  Austin  tt  Soiij  Ltd.  (Sunderlajicl),  Messrs. 
Sir  James  Lang  &  Soiis,  Ltd.  (Sunderland),  the  Suiiderlaiul  Ship- 
building Company,  Ltd.  (Siiiulerland)^  Messrs.  W.  Dobson  &  Co., 
Ltd.   (Walker-oii-Tyne)j   Messrs.   W.  G.  Armstrong,  Wlntworth 
and  Co.,  Ltd.  (Walker  shipyard,  Newcastle),  and  Messrs.  Scott's 
Shipbuilding    and    Engineering    Company,    Ltd  -    (East  Yard, 
Greenock),  is  at  ouce  resumed  ；  that  ui  these  yards  the  use  of 
discharge  notes  is  suspended  pending  the  conference  ；  and  that  iii 
all  other  yards  the  system  continue  in  force  as  at  present,  and 
that  a  special  anaugement  be  made  to  meet  the  case  of  any 
workman  not  in  possession  of  a  discharge  note." 


Engineering  Lectures. ― The  engineering  department  of  the 
Maucliestei'  University  have  arranged  a  special  course  of  four 
lectures.  Two  will  be  delivered  on  January  1 8ih  and  25th 
by  Sir  William  H.  White,  K.C.B.,  F.R.S.,  &c.，  on  "  Experi- 
mental Research  and  Engineering  Practice  "  ；  three  by  T.  de 
Coui'cy  Meade,  M.Inst.C.E.,  on  '-  Modern  Systems  of  Town 
Drainage,*'  on  February  1st，  8th,  and  March  7th  ；  one  on 
(' The  Rating  and  Power  of  lutei'iial-conibustioii  Engines,  ' 
by  Dugald  Clerk,  F.R.S.,  M.Inst.C.E.,  on  February  15th; 
and  two  on  ''  Centrifugal  Pumps,"  by  E.  Hopkinson,  M. A. , 
D.Sc,  M.Inst.C.E.,  on  February  22nd  and  29tli.  The  lec- 
tures will  be  held  in  the  Engineering  Department,  and  a  fee 
of  one  guinea  will  be-  charged  for  tlie  eiglit  lectures. 
Engineering  firms  may  obtain  tickets  for  their  staff  or  pupils 
at  lialf-a-guinea,  provided  application  is  made  to  the  registrar 
for  not  less  than  six  tickets. 


CORRESPONDENCE. 
Balancing  of  Locomotives. 

To  the  Editor  of  the  "  Mechanical  Entjiucer.*' 

Sir, ―  Your  contributor,  Mr.  Jaines  Clayton,  writes  stat- 
ing the  fact  til  at  "  tlx©  centrifugal  effect  is  the  sanic  wlial- 
eve?r  its  (the  balance'  weiglifn)  shape/'  and  al  the  same  time 
makes  it  quite  evident  he  either  d(X's  not  beiieve  or  docs  not 
understand  his  own  statement  by  writing  "  the  '  blow  '  m' 
' sliock  '  is  applied  more  gradually  to  the  rail  by  sprcaciiiig 
tlio  weight  round  the  wheel,  in  orescent  form,  than  would  be 
tlie  case  if  the  same  weight  were  concentrated  at  its  centre 
of  gravity/'  which  is  sheer  nonsense.  No  weight  ever  caia 
be  coucenbrated  at  its  centre  of  gravity.  The  centre  of 
gravity  is  a  geometrical  point  having  jjosilion  without  inagni- 
tude，  but  a  weight  may  be  distributed  about  or  around  it^i 
centre  of  gravity  in  any  form  circumstances  or  the  designer 
dictates.  The  balancing  moment  is  the  weight  in  pounds 
multiplied  by  the  distance'  of  its  centre  of  gravity  from  tlie 
centre  at  which  equilibrium  is  desired  to  be  established.  The 
only  argument  Mr.  Clayton  has  to  offer  in  support  of  his 
absurd  ideas  is  that  locomotive  designers  u&e  crescent-shajyecl 
balance  w-eighte,  but  at  once  shows  】i'e  does  not  know  why 
tli'ey  use  them  by  writing,  "  It  is  not  contended  that  by  mak- 
ing the  balance  weight  e'xteiid  well  round  the  wheel  tlio 
amount  of  such  weight  can  thereby  be  reduced/'  when  as  a 
matter  of  fact  it  is  because  a  reduction  of  weight  can  be 
effected  and  a  sounder  steel  casting  obtained  that  crescent- 
shaped  weights  are  used.  In  other  words,  a  given  weight 
spread  in  crescent  form  at  the  rim  of  a  wheel  will  give  a 
greater  balancing  niomeut  than  the  &aine  weight  placed  in 
sector  fomi  between  three  or  four  spokes  of  a  wheel,  which 
was  the  usual  practice  when  wrO'Ught-irou  welded  wheels  were 
in  common  use.  I  hope  it  is  unneoeesary  to  point  out  to 
Mr.  Clayton  that  "  hammer  blow  "  and  "  shock  to  the  rail  " 
are  merely  descriptive  terms  for  c&ntrifugal  effect,  and  not  in 
any  way  the  technical  title  of  some  mysterious  force  in 
diabolic  alliance  with  prolate  cycloids. ― Yours  truly, 

Jas.  Dunlop. 

69，  Arm adale  Street,  Dennistoun,  Glasgow, 
January  6th,  1912. 

Wircman  Electrocuted. ―  At  Crook,  ou  the  8tli  iust.,  John 
Brett,  wireniau  at'  Pease's  Bowden  Colliery,  was  electrocuted 
by  picking  up  in  a  mistake  a  live  wire. 

Design  of  Oil-fired  Open-hearth  Furnaces. ― As  a  result  of  a 
printer's  error,  the  source  of  the  paper  on  this  subject,  which 
appeared  on  page  5  of  last  week's  issue,  was  omitted.  The 
paper,  it  should  have  been  stated,  was  presented  at  a  meeting 
of  the  American  Foundrymen'e  Association. 

Trackless  Trolley  System  for  Aberdeen. ― The  Tramways  Com- 
mittee of  tlie'  Aberdeen  Town  Council  at  a  recent  meeting 
decided  to  recommend  the  council  to  introduce  a  trackless 
trolley  system  of  tramways  in  the  Footdee  district  of  the 
city.  This  system  has  been  in  operation  for  some  time  in 
Bradford,  Leeds,  and  in  several  continental  cities. 

Speed  Trials  of  the  Cruiser  "Lion" ― The  new  baltle-slup 
cruiser  "  Lion,"  which  is  the  largest  warsliip  in 
commission,  •  and  also  the  longest  cruiser  in  the 
world,  maintained  a.  speed  of  29.7  knots  iu  her  eight 
houiV  trial.  The  "Lion  "  left  Plymouth  ou  Mon- 
day morniug  last  for  her  eight  hours'  full-power  trial, 
and  concluded  it  at  seven  the  same  evening  with  perfectly 
satisfactory  results.  The  contract  horse -power  of  70,000  was 
maintained  throughout,  by  her  turbine  engines.  Hor  designed 
speed  was  28  knots.  The  log  gave  her  a  mean  speed  of  29-7 
knots  for  the  mm.  The  iiiaxiinum  speed  reached  was  ST? 
knots.  So  far  the  "Lion's''  trials  have  given  compleU? 
satisfaction.  In  her  24  hcmrs'  trial  at  three-quarter  power 
her  ineau  speed  was  24^  kuots. 


56 


ME   MECHANICAL  ENGINEER. 


[January  12,  1912 


NEW  PATENTS, 

Specifications  oj  the  following  nrc  now  published,  and  we  shall 
be  pleased  to  jorward  copies  post  free  on  receipt  of  Wd.  Address 
Mechanical  Engineer,"  5'3、  New  Bailey  Street ^  Manchester. 

MECHANICAL  1910. 

]\Jill  rolls.    Davies,  21504. 
Molting  fiu'muv.    Stock.  24329. 

Systems  for  .supplying'  steam  to  feed-water  lieateis  and  low- 
pressure  tmbinos.    IMorison.  26495. 

Valves  of  internal  (combustion  engines.  13u\\  vu  A:  Jhchai  ds. 
2()781. 

Wrencluvs.    Albrcclit  &  Alhrocht.  29041. 

Air  pimips.    Quiggin.  29123. 

Nui  locks.    Noriuiid.  29179. 

Vacuum  stoaiii  on^iiiCvS.    Com  stock.  29193. 

Gear  for  converting  rotarv  motion  into  recipiucatin^  iiiotiun. 

Sheppard.    29195.  ' 
Coal-ramming  machines.    Marks.  29277. 
Friction  dutches.    Carter.  29330. 

Supply   of   air  and  liquid   fuel   to   rotary  interiial-coiubustioii 

t'ngim\s.    Boeby  &  Platts.  29351. 
Di'ivin^-  gem'  for  i nter n a  1  -com b lust io ii  engines,    llieseler  iSc  Derry. 

Production  of  gaseous  fuel.    Southey.    29501 . 

Treatment  of  iron  or  steel  for  the  prevention  of  oxidation  or 

rust.    Heathcote,  and  II ud ge- \V h i t w ( > r th ,  Ltd.  29504 
Rotary  radial  cylinder  pumps.    Hele-Shaw  ife  Martineau.   29554 . 
X  lit  locks.    .MoHcy.  29G93. 
Koller  bearings.    Cooper.  29702. 

Method    of    and    apparatus    for    igniting    explosive  mixtures. 

Hughes.  29719. 
Cylinders  of  petrol  engines.    Bartlett.  29730. 

Means  for  forming  and  govcMiiing  the  working  charge  of  liquid 

fuel  ongiiias.    C* riffin.    297(51 . 
Carburetters  for  internal-combustion   ("igiims.     Cheesemaii   a ntl 

Florence.  29834. 
Valvo  goar  for  internal-combustion  engines.     jNlatthew,  Poriot, 

and  Riibury.  29947. 
Friction  clutclic«.    Sclineider.  3(.)U0(>. 
Power 'Operated  percussive  tools.  Haddfiii. 
Variable  gear  for  road  vehicles.    Prestw  icli.  30108. 

1911. 

F  urn  a  CO  roofs.    Hutcliiiison  cV:  Crowe.  19. 

Valves  and  valve  goar  for  tho  motors  of  feed  puni))s.  ^lacLeod 

ami  jMaci'a ilaiie.  190. 
Motliod  of  and  ai>pa ratus  for  reducing  ores  of  volatile  metals. 

Hii<;hcs.  570. 
Water  heater  or  sloaiii  ^eiieralor.    LiiuLskoj^.  U42. 
Ore  coiuHuitrators.    Marks.  1829. 

J)i、strili'it」ng  valve  g(vu'  for  sioain  engines.    Morley.  2350. 
Steam  boilers.    Heiniiiig.  2886. 

Device  for  stuffing-boxi^s.    Jeff  cock  &  YarcUey.    3f)69 . 

Engine  pistons.    Neckarsulmer  Fiihrradwerke  Akt.-Ges.  4491?. 

I'tili.sing  exhaiust  steam.    Wada^j:aki.  5151. 

Vacu  11  111   aiigmentors.     G.   A'  J .    Wv'i  。   Ltd.,    iiiid  I'otcrinolk'r. 
5210. 

V(Mtical  wator-tube  boilers.    Newton.  5698. 

Gas  burners  for  melting  furnaces.    Brayshaw.  5931. 

liiternal-combustioii  tiirbino  engine.    Hobdon.  0265. 

J)io  lioiuls  or  holders  for  srn、、v- cutting  inacliinori.    H(、i'b(、rt  anil 

Voriiun.  ()34(j. 
Boiler  I'liniacos.    Ni block.  6799. 

Appa  rat  VIS  lor  iiidicatinj;  tiic  spocd  ul'  -sliips.    Konipsoii  i、-  Morse. 
7598. 

Couplings  with  ba voiu't  joints  lor  piptAS  aiul  tubes.     U  lulolph. 
9145.  ' 

Lubriciibors.     (iriflhi,    niul    AVa rju\    AVii^lit,    iV*    Rowland.  Ltd. 

Furnaces  for  sinoltiii;^  nu'ials.    、Vim"T.  U)i>30. 

liilonial  coinlmstion    (_、jigi，h\s     liJiviii;^;    rotating    sWvi'  valves. 

Ha ri^a,  (la rdiiii.  iV  "iani.  11110. 
Stoain  Kiiporlieaters.    Stirling  B("l"r  C'oiiipaiiy.  ami  C"n";mtim'. 

131U4. 

S"'am  t、jigim、s.    J  nines.  138S)8. 

！ MacliiiuM y  for  cutting  coal.    Hunl.     1  IMT I . 

Tiv:"im、iU  of  tho  oxhaust  gases  ol*  inttM  iKil  ((imlmst ion  I'li^iiiois. 

\'oii  ，'： i('ki'，、.  i.-i】s)r). 

.Mochanism    for   rotating   the    t(M>l    in    i'oring  l"，m，m、r.s.  Hud 

Moycr  Akt.  (u\s.  I'iij-  Mavst'liinon  uiid  Hory:l);ui.  l-VJOO. 
Profoss  for  liardoniiig  stool  cn.stinjxs.    Gobi i a rcl,  loooo. 
Pipo  wioiK'bo.s.    Rojioi-s.  151)8(1. 
Sioaiu  (、ngiiK\、    Kivvsolhach.  l(i(>07. 
】）rilling  macliim>8.    I'，is('lu、r.    1  7()lM. 

Safety  valvo  for  drying  t ylindori;.    Bm'liy;ralK'r.  17148. 


Tiibo  rolling  mills.    Koch.  17S)97. 

Steam  engines.    Ncwkonini.  18094. 

]，，ixing  rails  on  pormanent  way.    Henry.  18139. 

8t(^a in  turbine.    Loc.  18275. 

Ore  classifiers.  Compagnie  d'Entreprises  de  Lavage  de  Minerals 
18453. 

Coal  and  rock  drills.    Davies.  19620. 
FlywboeL,.    Diill.  200r,9. 

Ek'ctrical    welding  jnacliinos.      Britush    Insulated    and  Helsbv 
Cal)k\s,  Ltd.,  and  JJucher.    21942.  ^ 
Oro  concentrators.    Deister.  22892. 

Aiitomatic  signals  for  railway  vehicles.     Siemens  Bros    *k  Co. 
*  23911. 

Pumping  apparatus.    Aaron.  26658. 

ELECTRICAL,  1910. 

Electric  heating  apparatus.    JU  iry.  216(35. 

Electric  current  rogulatiiig  and  cojitrolling  apparatus.  Hirst 

and  Brook.  29339. 
Eddy  ciuront  absorption  brake's.    Thomas.  29734. 

1911. 

Electric  regulators.    Leitner.  81. 

Armatures  for  magneto-electric  generators.  Albion  Motor  Car 
Oompany,  and  jMurray.  188. 

Electric  motor  control  systems.  British  Thomson-Houston  Com- 
pany.   5993  and  6095. 

Pol* table  telephones.    Fairweather.  634-5. 

Te I ep hone  tra nsin i iters .    Turner.    8982 . 

Trolley  wheels  fur  electrically  driven  vehicles.    Piutner.  10038. 
Electric  furnaces.    Eofliliiij^'.sclie  Ei.sen  und  Stahhverke  Ges.,  and 

KodenJiauser.  ].0231, 
Spark-gap    devices    for    wirekss    telogi'aphic    ami  telephonic 

apparatus.    Bellini  &  Tosi.  10266. 
liLSulabors  for  high-tension  electricity  conductors.    Franz  Cloutli, 

Khein ische  Giunniiwarenfabrik.  1367(). 
jMothod  ol'  and  apparatus  for  re.ueii(>ratin*:  I'linit  out  (arhun  and 

nu'tal  filament  ekx-tric  lamps.    J i loch.  16230. 
Diiuu  type  controllers  for  tho  .shunt  control  of  electric  motors. 

Allen,  West,  &  Co"  and  Mogo;riclge.  1(>870. 
FuniHces  for  the  production  oi"  metallic  sodium  bv  electrolysis. 

Scheitlin.    18804.  "  " 

Boosting  transformers  and  voltage  I'egulat"".  vSiemeiis  Schuckert- 

werko  Ges.    膽; 8. 
Means   tor  autoiiiatically   controlling   heat   in   electric  heatinj^ 

apparatus.    Nightingall.    19iJ42.  . 


METAL  QUOTATIONS. 

TL' KSDAV,  JAM  AKV 

Aluminium  ingot   -  per  cut. 

，，         w  ire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，，  ，，  ..... •   ，，  120/-  ，， 

Antimony   £27/】0/—  to  £2S/-/-  per  ton 

J5rass,  rolled    7Jti.  per  lb. 

，，     tubes  (brazed)    i*^d.  ，， 

"       ，，      (solid  drawn)   8d.  ，， 

，，       ，，     wire   7J(I.  ，， 

Copper,  Standard   £(U/-/-  ]hi  t'>ii. 

lion,  Cleveland   ,, 

，，    tScotcli   do/6  ,， 

Lead,  English    £1"/-/-  ，， 

Foivi-xn  (soft)    £15；  13/5)  ,， 

MicH  (in  oiiirinal  casos),  small   (nl.  to  2/-  per  lb. 

..  medium   to  4/一  ,, 

,,  ,.  ..       I;»ri:i'    to      (>  " 

Quitkisilvii-   £8/-/-  jjer  bottle. 

Silver   2^^^.  per  oz. 

S I  Kilter    £2(i/15  -  per  ton. 

Tin,  block   £UKi/-/-  .， 

Tin  piatfs   1 3 / (>  .， 

Zim-  shvvU  (Silosian)  丄 £30/10/-  ., 

，，  UStcttin;  Vicillc  Montague)  "  £30/15/-  .. 


Fatality  while  Experimenting  with  Sodium  Peroxide— While 
F.  G.  Gcldart,  works  manager  at  the  Chiswick  Soap  Works, 
and  his  assistant ,  named  Brown,  were  oxi>tM*inuMitiii^  (in  New 
Ycar'ti  im)n"iig  with  sodium  peroxide  in  the  niamifacture  of 
soap,  the  substance,  wbicli  had  been  mixed  with  oil,  took  fire 
and  exploded,  and  tho  inoii  wore  so  t ！、 riibly  burned  that  tliev 
MihseqiU'iUly  died  in  tho  hospital.  At  tlio  inqueet  li<^ld  on 
Mondcav  last,  a  chemist  at  the  works  said  that,  in  his  opinion, 
there  was  a  i^radiial  rise  of  temperature,  owing  to  the  presence 
of  moist  ure  in  I  ho  dnnn  in  which  the  oil  was  being  mixed 
willi  the  sodium  jH^roxidr.  until  it  reached  i ignition  ]H)int, 
wluMi  it  suddenly  igniUnl.  A  verdict-  of  "  Accidental  death  " 
was  returnod. 
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Contracts  for  Engineering  Work. 

In  his  presidential  address  to  the  Manchester  Association  of 
Engineers  on  Saturday  last,  Mr.  Michael  Longridge  departed 
from  the  hackneyed  lines  which  usually  characterise  deliveries 
of  this  kind  and  which  partake  either  of  the  nature  of 
historical  reviews  or  of  disquisitions  on  some  particular  field 
of  which  the  exponent  has  special  experience.    Th©  subject  of 
liis  discourse  was  the  nature  of  the  relationship  between  pur- 
chasers, contractors,  and  consulting  engineers,  and  the  pro- 
blems that  arise  out  of  engineering  work  as  defined  and 
controlled  by  specifications.    As  . the  chief  engineer  of  one  of 
the    leading  boiler    insurance    companies,  he  is  frequently 
required  to  act  as  adviser  or  arbitrator  in  power  schemes 
and  is  thus  brought  into  intimate  and  uot  always  pleasant 
contact  with  the  questions  and  differences  that  arise  when 
personal  interests  arising  out  of  written  specifications  and 
verbal  arrangements  come  iuto  conflict.    During  latter  years 
there  has  been  a  tendency  for  these  differences  to  become  more 
serious,  owing  to  advances  in  engineering  science,  changes  in 
business  methods  arising  out  of  the  Limited  Liability  Act 
whereby  boards  of  directors  ox*  other  authorities  liave  been 
largely  substituted  for  private  individuals.    It  is  time  there 
was  a  little  plain  speaking,  for  some  of  the  methods  at  present- 
pursued  are  very  unsatisfactory.    If  Mr.  Loiigridge's  sugges- 
tions do  not  meet  with  entire  approval  they  will  at  auyrate 
prove  advantageous  by  dra*wing  attention  to  some  generally- 
admitted  evils,  and  by  their  discussion  and  ventilation  it  is 
to  be  trusted  tend  to  their  abatement.    It  is  too  much  of 
•  course  to  expect  the  entire  removal  of  differences  where  com- 
mercial  bargains   are  concerned  and   interests  and  duties 
sometimes  come  into  antagonism.    Not  long  ago.  when  mills 
and  works  were  largely  owned  by  individuals  and  the  engineer 
was  called  in,  to  use  Mr.  Longridge  s  simile,  like  the  "  family 
doctor   or  the   family  solicitor/"  his    advice  was  accepted, 
his     bill     paid,     and     clients     were     usually  content. 
Much    good    work    was    doubtless    done,    but    first  cost 
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was  not  considered  as  it  is  now  and  the  skill 
required  to  turn  out!  a  good  job  less,  but,  on  the  other 
other  hand,  engineers  free  from  independent  criticism  were 
liable  to  become  opinionated  and  their  designs  and  methcxls 
antiquated.  Wi^-b  the  supercession  of  private  purchasers  by 
municipal  committees  and  joint  stock  companies  a  different 
relationship  has  sprung  up.  We  have  keener  competition  and 
keener  criticism,  with  their  attendant  advantages  and  dis- 
advantages. Work  is  put  out  to  tender  and  has  to  be  specified 
in  more  or  less  detail  for  the  protection  of  purchaser  and 
contractor,  and  it  is  out  of  this  method  of  fixing  engineering 
work  that  friction  and  disputes  so  often  arise,  owing  to  its 
varied  character.  The  drafting  of  a  clear,  complete,  and 
practical  specification  is  not  an  easy  matter.  It  requires  both 
theoretical  and  practical  knowledge,  besides  ability,  to  express 
given  requirements  in  clear  language.  Careless  drafting  may 
lead  to  misunderstanding,  even  with  the  best  intentions,  and 
is  easily  aggravated  when  interpretation  is  dictated  by 
unregulated  opposing  interests.  Under  present  conditions  it 
is  hardly  surprising  that  plans  and  specifications  are  often  of 
an  indefinite  character  and  replete  with  vague  expressions, 
especially  if  the  contractor  fee'】s，  as  he  often  has  a  justifica- 
tion for  doing,  that  the  order  will  probably  go  to  the  lowest 
tender,  irrespective  of  the  real  value  of  the  work,  and  that 
efforts  will  be  made  in  any  case  to  squeeze  the  last  drop  out  of 
him.  Cheap  work  is  no  doubt  often  secured  in  this  way,  but 
it  is  just  as  often  "  nasty,"  while  the  contractor  to  recoup 
himself  for  what  not  infrequently  proves  a  loss  on  the  job, 
strains  the  specification  so  as  to  secure  as  many  extras  as 
possible  in  his  final  bill.  A  practice  sometimes  followed  by 
purchasers  is  to  send  competing  plans  and  tenders  to  a  con- 
sulting engineer,  with  a  request  for  an  opinion  as  to  which  is 
most  advantageous.  It  is  easy  to  give  such  an  opinion,  but 
this  does  not  necessarily  mean  that  the  one  so  selected  is  the 
best  from  an  engineering  point  of  view,  or  best  calculated  to 
meet  the  requirements  of  the  purchasers,  and  the  consulting 
engineer  if  he  is  wise  will,  as  Mr  Longridge  states,  "  explain 
the  difficulty,  suggest  that  he  should  go  into  the  matter  him- 
self, decide  what  ought  to  be  done,  and  draw  up  his  own 
specification  for  the  work,  with  provision  for  inspection 
during  construction/'  This  course  is  much  fairer  to  con- 
tractors, though  it  is  not  free  from  difficulties,  and  may  inflict 
unfairness  upon  them  if  tlie  consulting  engineer  happens 
to  have  a  lot  of  ' '  fads  "  and  insists  upon  them,  for  tliey 
may  entail  special  expense  in  tools  or  manufacture.  Some- 
times the  question  of  inspection  is  only  raised  by  the  pur- 
chaser after  tli©  order  is  placed,  and  this  often  leads  to 
soreness,  for  such  inspection  to  be  real  entails  a  certain 
amount  of  expense  through  arrest  of  work  in  the  shops,  and 
if  not  provided  for  in  the  tender  is  unfair,  however  beneficial 
inspection  itself  may  be  when  rightly  conducted.  Under 
such  conditions  it  is  undoubtedly  the  duty  of  the  consulting 
engineer  to  secure  to  the  contractor  the  recompense  which  is 
his  due,  as  well  as  in  the  other  cases  where  his  authority  lias 
to  be  exercised  in  making  alterations  after  contracts  are  fixed. 
It  :s  unreasonable,  when  purcliasei's  have  accepted 
tenders  in  open  conipetitiou,  to  strain  vague  phrases  to 
their  extreme  limits  luuler  cover  of  an  inspecting  authority, 
and  the  latter  shoulfi  not  per  mi  t  themselves  to  be  made 
party  to  such  conduct.  The  interpretation  of  a  specification 
should  bear  an  equitable  relationship  to  the  temiei'  price  when 
it  has  not  been  drafted  by  an  iuspeftiug  authority.  Tliese 
illustrations  do  not  exhaust  all  the  ways  in  which  ditliculties 
may  arise.  Others  are  enumerated  in  Mr.  Loiigridge  s  address, 
■which  we  reproduce  on  another  page,  and  which  we 
would  strongly  commend  to  the  perusal  of  all  concerned 


in  the  placing  or  executing  of  orders  for  engineering  work. 
Mr.  Longridge  suggests  that  some  of  the  difficulties  which 
arise  from  defaults  of  contractors  might  be  obviated  by  a  more 
generous  publication  of  the  details  of  construction,  since  cost 
of  manufacture  and  efficiency  of  work  often  depend  upon 
them,  and  opinions  as  to  their  relative  merits  and  influence  on 
cost  could  be  duly  considered  by  purchaser  and  consultant 
before  a  bargain  was  struck.  But  it  is  not  difficult  to  see  that 
this  would  not  meet  every  case.  The  moral  of  the  difficulties 
outlined  and  troubles  experienced  in  daily  practice  is  that 
purchasers  of  engineering  plant,  if  they  have  not  actual 
knowledge  or  full  confidence  in  firms  to  wlioin  they  entrust 
work,  should  secure  the  services  of  an  engineer  of  repute?  to 
advise  as  to  their  needs,  specify  their  requirements,  and 
supervise  the  construction  of  the  work,  while,  on  the  other 
hand,  contractors  before  binding  themselves  should  have  a 
clear  understanding  as  to  what  the  specification  covers  and 
entails. 

Erosion  of  Hi^h-speed  Screw  Propellers. 

In  a  recent  issue  (December  2L'nd,  page  7G1,  ante)  we  referrc*! 
to  the  vagariefi  of  corrosion  a、s  manifested  in  bt-eani  boilers, 
but  its  peculiar  action  is  nat  confined  to  them  alone.  The 
wasting  of  the  propeller  blades  of  steamships  has  furnished 
many  analogous  problems  to  engineers,  cli^iiiiste,  and  metal- 
lurgists. Experience  has  in  boiue  ca&es  evolved  solutioiit^,  but 
their  tentative  character  lia、s  not  infrequently  been  proved  b\' 
the  recrudescence  of  troubles  with  some  slight  alteration  of 
working  conditions.  A  striking  illustration  of  this  is  afforde<l 
by  some  extraordinary  corrosion  to  the  inangaue,se  propellei>i 
of  the  Lusit-ania  "  and  ^lauretania.' '  Engineers  had 
conre  to  regard  this  material  as  practically  inunune  from  the 
corosion  which  used  to  be  so  common  with  steel  propellers  in 
seagoing  ships.  There  was  nothing  to  account  for  the  trouble 
on  the  Cuiiarders  beyond  the  fact  that  in  these  ships  the  pro- 
pellers were  driven  by  turbiiiet^,  and  operated  at  nuich  higher 
speeds  than  is  the  ca»e  witli  reciprocating  engines.  The 
】nat/ter  was  serious,  for  】nanganese-broiize  is  a  costly  alloy, 
and  the  renewing  of  propellers  means  serious  lose  of  time  and 
expense,  while  -experience  showed  that  unless  bonie  remedy 
could  be  found  it  would  be  necessary  every  few  months. 
Under  these  circumstances  the  Manganese  Bronze  and  Brass 
Company,  Ltd.,  of  Caxton  House,  Westiniuster,  were  conuiiis- 
sioned  to  make  an  investigation  of  the  cause  of  the  trouble, 
and. if  possible  provide  a  cure.  The  last  issue  of  "  Engineer- 
ing " gives  an  interesting  and  iustructive  article  describing 
the  investigation,  and  also  tlie  solution ,  which  it-  is  ])leatant. 
to  record  has  been  found,  hy  Dr.  O.  Silberrad.  to  wlioin  the 
research  was  entrusted.  The  account'  given  by  onr  contem- 
porary shows  how  apparently  inexplicable  phenomena  may  be 
unravelled  by  painstaking  research.  The  intense  and 
deep-seated  cliaract<?r  of  tlie  erosion  suggested  that  calx  aiiir 
action  was  probably  the  active  agent,  but  careful  invet^tipa- 
tion  of  the  electrical  condition  of  the  ship  showed  the 
differences  of  potential  to  be  too  minute  to  accounf  for 
the  rapid  action  observed  ；  while  further,  that  the  corrosion, 
unlike  that  usually  uotiml  in  still  wat^r,  where  the  zinr 
dissolves  more  rapidly  and  leaves  a  spongy  mass  richer  in 
ropper,  was  non-selective  as  between  the  copper  and  the  zinr, 
though  it  was  selective  as  between  the  eute<'tic  and  the 
'*  mixed  crystals  '  which  formed  the  main  body  of  the  alloy. 
In  oilier  words,  it  was  the  eut^ctic  and  not  the  zinc  ron- 
stituent  which  dissolved.  This  furnished  a  duo  to  t lie 
myst-ery.  and  suggested  tliat  the  relative  motion  of  the  sur- 
faces of  the  、vater  and  the  alloy  exerted  a  strong  influeuce  ou 
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the  way  in  which  tho  alloy  was  eroded.  From  tliis  point  tho 
investigation  resolved  itself  into  ascertaining,  firstly, 
what  influence  water  velocity  had  upon  erosion^  and  aecoudly, 
the  difioovery  of  aonie  alloy  free  from  eulectic  which  would 
possess  the  necessary  tenacity  and  elasticity.  Metallurgically 
tho  problem  was  to  combine  the  required  physical  properties 
with  a  tenacity  of  38  to  40  tons  per  .s([uare  inch.  Had  u 
tenacity  of  15  tons  been  adequate'  the  question  would  have 
presented  no  difficulty.  An  extensive  series  of  experiments 
were  then  made  with  possible  alloys,  which  were  subjected  to 
the  eroding  action  of  water  escaping  under  a  head  of  three 
tons  per  square  inch,  the  time  required  to  produce'  a  standard 
loss  by  erosion  furnishing  a  measnu'e  of  the  resistance  of  the 
alloy  to  ero&ion.  Without  going  into  the  details  of  these 
experimented  it  may  be'  stated  that  they  led  eventually  to 
the  evolution  of  au  alloy  which  has  fully  ^satisfied  the  require- 
ments. This  alloy,  termed  "  Turbadium,"  ie  equal  in  strength 
to  manganese  bronze,  having  a  tenacity  of  38  to  40  tons,  an 
■elastic  limit  of  18  to  19  tons,  and  an  elongation  of  15  per  cent, 
oil  2in.  ―  while  ite  resistance  to  erosion  has  been  demon- 
strated not  only  by  the  experimental  tests,  in  which  it 
showed  a  resistance  five  times  as  great  as  ordinary  high - 
tension  bronze,  but  by  six  months'  actual  service  ou  the 
" Mauretaiiia."  The  remarkable  ability  of  the  alloy  to  resist 
propeller  erosion  suggests  that  it  may  find  other  applications 
in  places  where,  owing  to  local  conformation,  negative  pres- 
sure exists,  and  causes  broken  condition  of  the  stream  of 
fluid  passing  over  them .  "  Dr.  Silberrad  holds  that  erosion 
proper  is  a  purely  mechanical  effect,  though  it  is  sometimes 
aggravated  by  chemical  iufluences,  but  in  all  cases  differs 
from  ordinary  corrosion  in  that  the  products  of  the  reaction, 
instead  of  forming  as  they  do  sometimes  a  protective  coating 
to  the  metal  attacked  are  carried  away  by  the  rush  of  the 
fluid,  leaving  a  fresh  surface  exposed  to  attack,"  and  the 
behaviour  of  the  wing  propellers  of  the  "  Lusitania  "  rather 
supports  this  view.  They  were  not  so  closely  situated  to 
the  hull  as  those  of  the  '(  Mauretania,"  nor  were  they 
corroded  so  severely.  It  had  been  suggested  that 
this  was  due  in  part  to  the  chemical  action  of  the  air  which 
in  the  latter  case  was  carried  down  with  the  propellers  in 
greater  volume  ；  but  Dr.  Silberrad  suggests  "  it  is  more  likely 
due  to  the  increased  rub  of  the  broken  water,  since  air  at  any- 
thing liko  ordinary  temperatures  is  practically  without  effect 
on  manganese"  bronze  in  the  presence  or  absence  of  water, 
salt  or  fresh/'  and  this  is  supported  by  the  fact  that  it  is  at 
the  parts  where  cavitation  is  most  likely  to  have  occurred  such 
wasting  as  was  found  took  place.  The  investigation,  it  will 
be  seen,  lias  nob  only  provided  a  solution  to  a  particular 
trouble  of  a  serious  kind,  but  sliecl  considerable  light  on  a 
plienoiiieua  hitherto  little  understood. 


Standard  Colours  for  Heating  Pipe  Systems. — Standard  culours 
for  pipe  Bystenis  have  been  adopted  by  the  Verein  Deutscli 
Ingenieuro,  the  Association  of  Miners  in  the  Dortmun 
District,  and  the  oentral  Unions  of  Geniiaii  Heating 
Engineers,  and  of  German  Revision  Engineers.  Green  is 
to  indicate  water  ；  yellow,  gas  ；  blue,  air  ；  white,  steam  : 
black,  tar  ；  pink,  lyes  ；  pink  with  a  red  ring,  acid  ；  brown , 
oils ；  and  grey,  vacuum.  A  black  ring  or  band  iiulicaieii 
impurity  ;  a  red  ring,  danger  ；  thus  a  green  pipe  with  a  black 
ring  carrieK  refuse  water,  a  white  pipe  with  a  red  ring  carries 
superheated  steam,  a  yellow  pipe  witli  a  brown  ring  oil-gas, 
a  yellow  pipe  with  a  blue  ring  producer  gas,  with  a  green  riiig^ 
water  gas,  &c.  It  is  not  proposed  to  paint  the;  whole  pipe, 
as  til  is  would  in  many  cashes  be  impracticable.  What  is  pro- 
posed  is  to  fix  a  label  of  sheet'  itu^al  at'  suitable  s])()t.s  and 
biiervalK,  indicating  in  addition  the  direction  of  flow  and 
further  particulars. 


THE  EFFECT  OF  SPEED  ON  ALTERNATING  STRESSES. 

The  effect  of  speed  on  alternating  stresseis  has  recently  been 
much  discussed  in  connection  with  tho  paper  read  at  the 
Institution  of  Mechanical  Engineers  in  October  last  (see 
" Mechanical  Eugineer,  '  November  3rd,  1911,  page  553).  A 
further  contribution  to  the  subject  was  】na(lc^  at  a  recent 
meeting  of  the  Royal  Society,  when  a  paper  was  read  by 
Prof.  E.  Hopkinsou,  P.R.S.  lii  the  apparatus  described 
the  test  pieco  (^-in.  diam.  by  4iii.  long)  is  fixed  vertically, 
the  lower  end  being  attached  to  heavy  masses.  Tho  upper 
end  of  til©  piece-  carries  a  weight.  This  weight  is  attracted 
by  an  electro-magnet)  placed  above  it,  and  excited  by  alter- 
nating current.  The  pull  thus  applied  varies  periodically 
betweeu  zero  and  a  maximum  value:  the  frequency  of  the 
variation  being  twice  that  of  the  current.  Tlie  test  piece 
behaves  as  a  spring,  the  lower  end  of  which  is  held  fixed  while 
the  upper  end  carries  tlio  weight,  and  is  free  to  move  in  a 
vertical  direction.  Tim  adjustments  are  such  that  the  natural 
period  of  the  vertical  oscillations  of  this  system  is  approxi- 
mately equal  to  the  period  of  the-  varying  magnetic  pull. 
This  accordingly  sets  up  large  forced  oscillations  of  its  own 
period.  By  thus  using  the  principle  of  resonance  with  a 
current-frequency  of  60  per  second  the  range  of  pull  applied 
by  the  magnet  may  be  magnified  from  20  to  70  times,  and 
the  stress  produced  in  the  piece  can  readily  be  made  to 
alternate  between  20  tons  per  square  inch  tension  and  20  tons 
per  square  inch  compression.  The-  number  of  complete  cycles 
per  minute  is  7,200,  and  1,000,000  reversals  can  be  per- 
formed in  2^  hours.  The  test  piece  is  fitted  with  a  simple 
form  of  optical  extensonieter  whereby  continuous  observation 
can  be  kept  of  the  change  of  length  occurring  in  a  cycle  of 
stress.  From  the  change  of  length  the  stress  can  be  calculated 
if  the  piece  is  approximately  perfectly  elastic  under  the  stress 
whicli  is  being  applied.  An  independent  estimate  of  t'lie 
limits  of  stress  can  also  be  obtained  by  observing  witli  a  micro- 
scope the  range  of  movement  of  the  weight  and  calculating  its 
acceleration  from  that  range  on  the  assumption  that  the 
motion  is  simple  harmonic.  These  two  methods  of  obtaining 
the  stress  were  found  to  agree  closely  for  the  mild  steel  used 
in  the  experiments  up  to  a  range  of  stress  of  about  30  tons 
per  square  inch.  Endurance  tests  made  in  the  new  machine 
on  mild  steel  showed  that  the  steel  would  stand  at  】east 
20,000,000  cycles  of  stress,  covering  a  range  of  29  tons  per 
square  inch.  Comparative  tests  of  the  same  steel  made  by 
Dr.  Stanton  at.  the  National  Physical  Laboratory  in  a  direct 
stress-testing  】nacliine  giving  about  1,110  reversals  per  minute 
showed  that  at  this  speed  the  probable  life  of  the  material 
under  the  same  range  of  29  tons  per  square  inch  would  be 
less  than  100,000  reversals.  Similar  comparisons  with  both 
higher  and  lower  ranges  of  stress  confirmed  the  conclusion 
that  at  the  high  speed  of  over  7,000  reversals  pei*  minute,  the 
endurance  is  much  greater  than  at  1,100  reversals  per  minute, 
both'  in  the  number  of  cycles  and  in  the  actual  time  required 
to  produce  fracture. 

The  Use  of  Cadmium  for  Tungsten  Lamp  Filaments.— One  of  the 

new  uses  for  metallic  cadmium  is  in  the  nuiiiufacture  of  tung- 
sten electric  lamp  filaments.  Tungsten  iti^elf  cannot,  says 
(( The  Brass  World,"  be  successfully  made  into  the  filament 
by  the  customary  method  employed  with  otlier  metals ,  of  melt- 
ing, casting,  and  afterwards  drawing  into  wire.  The  melting 
point  is  too  high  to  allow  tins  to  be  done.  Tn  order  to  produce 
the  wire  in  a  condition  suitable  for  the  filaments,  however,  an 
intermediate  process  is  used.  Tungsten,  as  obtained  from  its 
oxide,  is  always  in  tlie  form  of  a  heavv  metallic  powder.  This 
powder  is  mixed  with  an  alloy  of  cadmium ，  mercury,  and  bis- 
muth ill  the  following  proportions:  Cadmium  42  per  cent., 
mercury  53  per  cent'.,  bismuth  5  per  cent.  This  alloy  is  smooth 
ami  uniform,  and  when  heated  becomes  plastic  so  that-  it  may 
readily  be  impregnated  with  tungsten  powckr.  The  two  ai:e 
ground  together  in  a  mortar,  so  that  an  intimate  mixture  is 
produced.  The  amount,  of  tungsten  used  is  from  30  to  50  per 
cent,  of  the  mixture.  To  obtain  the  wire  an  extrusion  method 
is  employed.  The  tungsten  and  alloy  mixture  is  forced 
tlirough  a  die  and  issues  in  the  forni  of  a  wire.  The  wire  is 
then  heat-e-d  to  drive  off  the  alloy,  after  which  the  temperature 
is  increased  to  render  the  <ungsteii  solid.  This  ]att4?r  heating 
is  carried  out  in  a  vacuum  furnace  iu  order  to  remove  all  of 
the  foreign  substances  in  the  tungsten. 
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To  reduce  the  present  coal  bills  of  a  railway  by  40  per  cent, 
seems  rather  a  tall  order,  but  that  is  what  is  proposed  by  the 
design  of  tlie  crude  oil  locomotive  illustrated  in  the  accom- 
panying drawings. 

So  far  as  it  resembles  the  ordinary  typ-e  of  locomotive,  it 
luay  be  described  as  a  similar-ended  four-cylinder  engine, 
with  the  cylinders  placed  two  at  either  end.  It  is  intended 
to  do  the  work  at  present  performed  by  the  largest  sizes  of 
steam  locomotives  used  on  British  railways.  The  engine,  as 
shown,  is  complete,  no  tender  being  required,  and  being 
similar  ended,  it  does  nob  require  to  be  turned  at  the  end  of 
a  journey,  the  control  apparatus  being  arranged  in  duplicate. 

The  cylinderB,  15in.  diam.  by  26in.  stroke,  operate  the 
six  coupled  wheels  in  such  a  manner  that  the  reciprocating 
weights  completely  balance  each  other.  This  balance  is 
brought  about  by  the  double  cranks  on  the  intermediate 
driving  wheels.  Balance  weights  will,  of  course,  be  required 
for  such  of  the  revolving  weights  as  do  not  mutually  balance. 
The  driving  wheels  are  6ft.  7^in.  diam.,  placed  at  7ft.  cen- 
tres, the  bogie  wheels  being  3ft.  4in.  diam . ,  also  placed  at 
7ft.  centres.  From  centres  of  driving  wheels  to  centres  of 
bogies  is  10ft.  6in.，  and  the  total  length  over  buffers  is 
49ft.  Gin. 

The  cylinders  are  fitted  with  9in.  diam.  piston  valves, 
actuated  by  a  radial  reversing  gear,  the  distinguishing  feature 
of  which  is  that  the  floating  lever  moves  in  a  fixed  path  at 
all  times,  so  that  with  equal  laps  and  leads  the  port  openings 
and  cut-offs  will  be  equal  at  either  end  of  the  cylinders  for 
all  grades  of  expansion,  and  for  both  directions  of  running. 
It  will  noted  only  a  very  small  proportion  of  the  valve 
gear  weight  hangs  on  the  valve  spindles,  so  that  no  further 
guide  is  required  for  these  than  is  provided  by  the  front  and 
back  spindle  bushings. 

The  brake  gear  is  operated  by  two  cylinders  arranged 
front  and  back,  with  eight  blocks  on  the  six  wheels,  giving 
an  equalised  pressure  on  each  wheel.  The  sand  boxes  are 
arranged  front  and  back  as  usual,  and  fitted  with  air-operated 
Band  traps. 

Above  the  driving  wheels,  instead  of  the  usual  steam 
boiler,  is  placed  a  6-cylinder  single-acting  2 -stroke  cycle  com- 
bined internal-combustion  engine  and  air  compressor.  This 
engine  operates  with  crude  oil  on  the  constant  pressure  com- 
bustion system,  and  has  a  small  2 -stage  air  compressor  at 
either  end  of  its  crank  shaft  far  supplying  air  for  the  injec- 
tion of  the  oil,  for  starting  the  main  compressor,  and  for  mak- 
ing up  leakage  from  the  "  closed-circuit."  The  air  is  stored 
in  bottles  in  the  roof  of  the  locomotive  housing. 

To  form  an  "  adiabatic  ，，  "  closed-circuit/*  the  exhaust 
pipes  of  the  locomotive  cylinders  are  connected  to  the  inlet 
branches  of  the  air -com  pressor  cylinders.  The  delivery 
brandies  of  the  air-coni pressor  cylinders  are  connected  to  two 
tubular  air  li eaters  forming  part  of  the  silencer,  through 
which  the  exhaust  gases  from  the  interiial-combuetion  cylin- 
ders pass  t.o  the  atmosphere  by  way  of  the  central  cbininey 
shown .  Tlie  air  heaters  are  connected  by  a  double-bend 
equalising  pipe,  and  have  pi])os  leading  from  them  connected 
to  the  valve  chests  of  the  locomotive  cylinders.  There  is 
no  storage  capacity  in  the  circuit  ；  all  that  is  done  is  to  make 
the  capacity  of  tlie  locomotive  exhaust  piping  equal  to  tlie 
capacity  of  the  air  lieatere  and  the  pipes  connortpcl  to  the 
valve  chests  of  the  locomotive  cylinders. 

Above  each  of  the  bogies  a  double-cylindrical  tank  is 
carried,  the  longer  portions  being  water  tanks  with  open 
filling  pipes  shaped  like  the  usual  locomotive  chimney.  Cool- 
ing tubes  are  provided,  and  fans  driven  by  chains  from  the 
onds  of  the  internal -combust ion  ongiiio  crank  shaft  draw  air 
through  these  tubes,  discharging  it  downward  between  the 
water  tanks  and  the  sliort-length  tanks,  which  are  oil  tanks. 
There  is  anotlior  oil  tank  placed  botweoii  the  halves  of  tlio 
int.m、al-rmnbustion  engine  just-  behind  tlie  central  cliinuiey, 
the  capacity  of  the  three  tanks  bein^  equal  to  seven  hours' 
supply  at  maxinnnn  power.    Tlie  capacitv  of  the  water  tanks 
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is  such  that  without  being  cooled  in  any  way  there  would 
be  sufficient  water  for  seven  hours'  working  at  maximum 
powe-r,  but  as  the  cooling  tube  surface  equals  3  sq.  ft.  per 
horse-power,  the  amount  of  water  consumed  will  be  trifling 
compared  with  the  water  consumption  of  a  steam  locomotive. 

Ah  interesting  point  in  connection  with  the  cooling  sys- 
tem is  that  each  tank  cools  the  half  of  the  internal-combus- 
tion engine  nearest  it,  and  discharges  into  the  opposite  tank, 
the  contents  of  the  tanks  being  in  this  way  exchanged  every 
11  minutes.  The  object  in  arranging  the  cooling  system  in 
this  way  is  to  equalise  temperatures  independently  of  the 
direction  in  which  the  locomotive  may  be  running.  This 
equalisation  of  temperature  will  be  effective  also  in  the  case 
of  a  fan  breaking  down.  The  water-circulating  pumps  are 
of  the  valveless  rotary  type,  and  driven  by  gear  wheels  from 
the  ends  of  the  crank  shaft  of  tli'e  internal-combustion  engine. 
The  use  of  this  type  of  pump  ensures  that  water  level  varia- 
tions due  to  working  on  inclines  will  be  limited  to  each  tank 
and  not  distributed  over  both  tanks.  Pumps  of  a  similar  type 
and  similarly  driven  are  used  to  operate  the  vacuum  brake 
apparatus  on  the  locomotive  and  on  the  train. 

Tbe  construction  of  the  internal-combustion  engine  air 
compressor  is  shown  in  the  sectional  detail  drawing,  and  it 
may  be  noted  is  of  the  3 -port 
valveless  type,  with  crank  case 
compression.  The  lower  port  on 
the  right  is  tlie~  air  inlet  port,  the 
upper  port  being  the  exhaust 
port.  The  port  on  the  left  is  the 
transfer  port.  The  upper  por- 
tion of  the  engine  forms  an  air 
compressor  with  flat  ring  inlet  valve 
and  flat  disc  delivery  valve.  The 
air  compressor  diameter  is  13-!in.， 
the  combustion-cylinder  diameter 
being  19iii.  The  stroke  is  12in., 
and  the  speed  is  500  revs,  per 
minute.  The  effective  combus- 
tion-cylinder area  is  of  course  the 
annular  area  formed  by  the  diffe- 
rence in  the  two  diameters.  The 
result  of  this  is  that  this  con- 
struction of  engine  has  just  twice 
the  charging  pump  capacity  an 
ordinary  engine  of  this  type  has. 
It  is  well  known  that  the  ordi- 
nary crank  case  compression  type 
of  engine  is  comparatively  ineffi- 
cient owing  to  its  limited 
charging  pump  capacity,  and  to 
the  more  or  less  "direct  path  it 
provides  between  the  transfer 
and  exhaust  ports,  making  the 
thorough  scavenging  of  the  cylinder  practically  impossible. 
In  addition  to  having  twice  the  charging  pump  capacity, 
this  new  construction  of  engine  ensures  thorough  scavenging 
from  the  fact  that  the  compressor  piston  (which  acts  as  the 
deflector)  extends  the  whole  length  of  the  combustion  cylin- 
der. The  inlet  and  transfer  ports  are  one-fourth  the  cylinder 
area,  the  exhaust  port  being  one-fourth  more  than  these 
ports  in  area. 

The  air  delivery  valve  is  of  special  interest  owing  to  the 
high  speed  of  revolution.  The  valve  seats  on  a  loose  cover 
plate  with  drilled  holes,  through  which  the  air  is  discharged. 
From  the  plan  view  given",  it  will  be  seen  the  valve  also  has 
drilled  holes,  which  register  between  the  boles  in  the  cover 
plate.  By  this  means  tbe  valve  is  caused  to  discharge 
through  tbe  holes  in  addition  to  all  round  its  edge,  thus 
minimising  the  lift  required  for  a  given  discharge  area,  and 
consequently  miuimising  the  inertia  and  momentum  effects. 
The  valve  is  |in.  thick,  and  its  discharge  area  is  one-fourth 
the  cylinder  area.  The  most  important  feature  about  the 
yalve,  however,  is  the  fact  that  although  merely  a  flat  plate 
it,,  constitutes  the  whole  apparatus  for  controlling  the  output, 
of  tlie  compressor.  The  valve  stop,  it  may  be  noted,  is  a  flat 
face  with  o-rooves  formed  on  tlie  top  cover  of  the  compressor. 
The  grooves  communicate  with  a  hole  drilled  through  the 


this  hole  being  connected  to  the  inlet  of  the  com- 
pressor by  a  pipe,  with  a  cock  or  valve  which  can  open  or 
close  the  passage.  If  this  cock  is  opened,  then  when  the 
valve  rises  against  its  stop,  it  will  bs  held  there  owing  to 
the  difference  between  the  inlet  and  delivery  pressures,  and 
the  delivery  pressure  following  the  compressor  piston  on  its 
downstroke  will  prevent  tli-e  inlet  valve  opening.  In  this 
way  the  output  of  the  compressor  is  arrested  until  delivery 
pressure  is  again  admitted  to  the  grooves  in  the  stop  face. 

The  small  2 -stage  compressor  valves  are  of  the  usual  com- 
pressor type,  the  us©  of  this  type  being  possible  in  this  case 
owing  to  the  stroke  being  6in.  only. 

Tbe  combustion  cylinders  are  fitted  with  oil-injection 
valves,  air-starting  valves,  and  oil  pumps  operated  by  a 
valve  shaft  on  the  left-hand  side  of  the  engine  in  the  usual 
manner,  and  a  governor  is  fitted  to  maintain  a  constant 
speed  of  revolution. 

The  crank  case  of  the  engine  is  a  light  steel  casting,  and 
the  main  bearing  caps  are  formed  with  semi-circular  flanges 
projecting  beyond  the  radius  of  the  crank  webs,  so  that  the 
bottom  covers  of  the  crank  case  may  be  moved  into  the  dotted 
position  shown  when  it  is  desired  to  examine  or  remove  tho 
connecting  rod  bushes.    The  clearance  between  the  bottom 
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' Closed-circuit  ' 

of  the  crank  case  and  the  axle  circle  shown  is  the-  usual  2in. 
It  will  be  seen  that  the  whole  of  the  working  parts  are  easily 
accessible,  and  that  unusually  generous  allowances  of  bearing 
surface  have  been  provided  throughout.  Pumps  worked  by 
the  valve  shaft  provide  for  the  forced  lubrication  of  the 
bearings. 

Before  this  locomotive  can  be  started  for  the  first  time, 
the  air-sto'rage  bottles  in  the  roof  of  the  engine  housing  are 
charged  with  air  from  an  outside  source,  at'  a  pressure  of 
about  2001bs.  per  square  inch  above  the  maximum  pressure 
of  combustion.  The  main  compressor  is  started  by  admitting 
this  high-pressure  air  to  the  combustion  ends  of  the  cylinders 
in  the  usual  manner. 

The  apparatus  by  which  the  locomotive  is  controlled  is 
shown  in  diagrammatic  form.  The  first  is  the  apparatus  by 
which  the  quantity  and  pressure  of  the  air  in  the  "  closed- 
circuit  " is  maintained  against  leakage.  This  apparatus  is 
q uiie  automatic  in  its  movements.  When  the  main  com- 
pressor is  first  started  it  draws  air  from  the  atmosphere 
through  the  usual  auti-vacuum  valves  fitted  ou  the  locomotive 
cylinders,  and  discharges  it  to  the  delivery  pipe  until  the 
pressure  is  such  that  acting  on  the  underside  of  the  piston 
loelow  tJie  nou-return  valve  of  the  apparatus,  it  lifts  the 
valve  and  allows  bigli-pressure  air  from  the  storage  bottles 
to  enter  the  main  compressor  iulet  pipe  by  way  of  the  branch 
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on  the  right.    When  this  happens,  tlio  anti-vaciuini  valves  takes  place  the  plunger  will  remain  in  its  raised  position  no 

close,  and  the  charging  of  the  "closed-circuit"  is  completed  matter  what,  differences  of  pressure  may  exist  between  tlie 

by  air  from  the  storage  bottles.    The  spring-loaded  plunger  inlet  and  delivery  pipes     As  k (扇 as  halt'  the  sum  of  the 

on  the  leffc  has  two  diameters  exposing  equal  areas  to  the  pressures  becomes  less  than  1501bs.，  the  spring  will  force  the 
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inlet  and  delivery  pi])e  pressures.  When  tlie  pressure  in 
tlice^e  pipes  is  1501bs.  ]wv  square  inch,  tlie  plungcH'  rises  and 
cuts  off  coinniunication  between  the  delivery  pipe  and  the 
underside  of  tlie  piston,  and  at  the  same  time,  by  means  of 
the  groove  on  the  plunger,  put's  the  piston  into  equilibrium. 
The  iion-n;turn  valve  will  at  once  close,  and  ilie  "closed- 
circuit  " is  thus  left  charged  with  an  artificial  atmosphere  of 
1501bs.  per  square  inch.     As  the  inloi-  and  doliv(*ry  sides  of 


Section  through  Transfer  and  Exbanst  Ports. 
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the  "closed-circuit"  are  of  equal  capacity,  any  increase  of 
pressure  in  tlie  delivery  pipe  above  1501bs.  is  followed  or 
accompanied  by  a  einiilar  decrease  of  presimiv  in  the  inlet 
pipe,  but  the  combined  pressures  on  the  areas  of  tlie  email 
】）lunger  、vill  bo  constant,  consequently  so  long  as  no  leakage 


plunger  down ,  and  the  non-return  valve  will  o|)eii  and  closo 
as  before  described  to  make  up  the  leakage. 

Tlie  second  control  apparatus  is  the  valve  by  wliicli  the 
main  compressor  delivery  valves  are  caused  to  be  held  ulT 
tlieir  seats ,  and  by  that'  means  regulate  the  quantity  of  air 
delivered  to  and  consequently  the  j>ower  developed  by  tlio  loco- 
motive cylinders.  The  valve  is  a  simple  slide  valve,  having 
delivery  pressure  on  the  bark 
of  it  *^Find  exhausting  at  its 
centre.  It  has  a  blanking  sec- 
tor and  an  exhaust  slot,  onvh 
capable  of  covering  tlie  six 
ports  which  are  connected  one 
to  each  of  tlie  liolos  through  tlio 
main  compressor  covers.  Thcst^ 
connections  are  not  made 
direct,  but'  as  branches  from 
pipes  toiineeting  two  similar 
valves.  The  valve  on  the 
right  is  blanked,  i.t it  is 
in  its  neutral  position.  The 
valve  on  the  left  is  in  the 
position  at  which  all  six  rom- 
] ) ro  sso  r  ryliiulers  aro  in 
operation.  By  moving  this 
valve    so    that    the  exhaust 

slot  come©  over  one  or  more  of  the  six  ports,  the  number  of 
co】" pressor  cvlindors  in  action  may  he  varied  to  puit  tho 
power  and  speed  recjuired  from  the  locomotive.  If  the  valve 
on  the  left  is  put  in  the  neutral  position,  that  on  the  right 
can  be  iised  in  tho  same  way  to  control  the  output. 


Plan  View  of  Delivery  Valve  and  Vnlvr 
Sent. 

1.000  B.H.P.  '2-Stroek  Cyclr  Crudk 
Oil  Aih  Coicpressor. 
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The  third  control  apparatus  is  that-  by  which  the  radial 
reversing  gears  are  operated.  To  move  the  gears  the  usual 
power  and  cataract  cylinders  are  used,  the  cataract  cylinder 
being  fitted  with  a  special  form  of  locking  valve.  This  valve 
is  shown  in  section  at  the  centre  of  the  diagram,  and  is 
under  air  preesur©  at  all  such  tim-es  as  no  pressure  exists  in 
the  power  cylinder.  Oppositely,  when  pressure  is  admitted 
to  the  power  cylinder  to'  move  the  gears  in  either  direction 
the  pressure  is  exhausted  from  the  cataract  locking  valve, 
and  so  permits  tho  desired  nioveTnent  to  take  place.  The 
duplicate  valves  are  in  the  neutral  position  on  the  right  and 
the  normal  position  on  the  left  respectively. 

The  fourth  control  apparatus  is  that  for  the  automatic 
vacuum  brake.  Tlie  valve  seat  has  two  ports  connected  to 
the  exhausting  pumps  and  the  train  pipe  respectively.  The 
valve  has  two  corresponding  ports  connected  by  a  bridging 
cavity,  and  an  open  port  for  admitting  air  to  the  train  pipe. 
The  valve  on  the  right  is  in  the  neutral  pofeition,  the  valve  on 
the  left  being  in  the  running  position.  The  valves  are  used 
in  the  same  manner  as  the  usual  combination  ejector  valves. 

The  fifth  control  apparatus  is  that  for  the  sanding  traps. 
The  valve  seats  have  two  ports,  the  valves  having  cavities 
extending-  over  the  ports.  The  outer  po'rte  are  connected  to 
tlie  front  and  back  sand  traps,  the  inner  ports  being  simply 
connected  together.  The  valves  have  air  pre&sure.  on  the 
backs  of  th&m,  and  are  in  the  normal  running  position .  It 
will  be  evident  that  by  moving  either  valve  in  one  direction 
or  the  other  the  front  or  back  sand  traps  may  be  operated. 

The  peculiar  effect  the  closed-circuit  "  has  in  making 
air  transmission  a  highly  economical  method  of  transmitting 
power  will  be  understood  by  the  following  calculations.  The 
formulse  are  based  on  the  simple  arithmetical  method  con- 
tributed to  our  pages  by  Mr.  Dunlop  some  10  years  ago  ： ― 

Let  p  =  pressure  of  air  entering  cylinder  in  pounds  per 
square  inch  absolute. 
P=  pressure  of  air  leaving   cylinder  in  pounds  per 
square  inch  absolute. 
WP=  working  pressure  of  air  in  pounds  per  square 
inch  on  gauge  =  P  —  p. 
t=  temperature  of  air  entering  cylinder  in  deg.  Fah. 

absolute,  i.e.  =^^61  +  461  —  522  say. 
T=  temperature  of  air  leaving  cylinder  in  deg.  Fah. 
c=  compression  period  as  a  fraction  of  stroke. 
d=  delivery  period  as  a  fraction  of  stroke  =  1  —  r. 
MP"=  mean  pressure  throughout  stroke  in  pounds  per 
square    inch    for    characteristic  conditions 
n==l-33, 

MP^—  mean  pressure  throughout  stroke  in  pounds  per 

square  inch  for  isothermal  conditions. 
WL  =  per  cent  of  work  lost  due   to   isotliei'mal  condi- 
tions, i.e,， 

MF'-MF 


then 


<r、 


461 


- 

MP'=  p(l  +  hyp.  log  of 


MPn  = 


It  will  be  understood  t'liat  the  quantity  and  the  preesur© 
of  the  air  supplied  to  the  locomotive  cylinders  can  be  varied 
in  two  way &，  i.e "  by  altering  the  cut-ofF  in  these  cylinders 
and  by  varying  the  number  of  compressor  cylinders  in  action. 
Table  I.  gives  tlie  results  for  four  working  pressures,  viz., 
501b6.,  lOOlbs.,  1501bs.，  and  2001bs.  For  purposes  of  com- 
parison Table  II.  gives  similar  results  for  open-circuit  isother- 
mal working. 


Table  ] 

.— " Closed 

Circuit." 

V 

140 

115 

90 

05 

p 

190 

215 

240 

265 

W  P 

50 

100 

150 

200 

522° 

522° 

522° 

522° 

2' 

102° 

149° 

205° 

280° 

c 

26% 

37-5% 

51% 

65% 

d 

74% 

62-5% 

49% 

35% 

MP'' 

44-52 

78-2 

99-72 

109-2 

MP^ 

42-0 

71-97 

88-04 

91-26 

W  L 

5-66% 

7-96% 

11-71% 

16-42% 

Table  II. ― Open  Circuit. 

f 

15 

15 

15 

15 

P 

65 

115 

165 

215 

WP 

50 

100 

150 

200 

t 

522° 

522° 

522° 

522° 

T 

291° 

406° 

489° 

554° 

c 

66-6% 

78% 

83% 

86-4% 

d 

33-4% 

22% 

17% 

13-6% 

MP'" 

26-52 

39-72 

49-26 

57-76 

MP' 

21-98 

30-54 

35-96 

39-93 

WL 

17-11% 

23-11% 

26-99% 

30-86% 

【'3  Jit.       -  '       Delivery  Valte  Control  Appabatus. 
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Reversing  Gear  Control  Apparatus. 


Vacuum  Brake  Control  Apparatus. 


m 


Sand  Tkap  Control  Apparatus. 


In  comparing  these  tables  it  will  be  noticed  the  ri^e  in 
temperature  for  2001bs.  working  pressure  on  "  closed - 
circuit  ，，  is  less  than  the  rise  in  temperature  for  501  bs.  work- 
ing pressure  on  open-circuit.  With  regard  to  temperature,  it 
is  of  course  understood  that  on  open-circuit  isothermal 
working  any  risa  of  temperature  whatever  is  a  lose,  whereas 
on  "  adiabatic  "  "  closed-circuit  "  working  a  rise  of  tempera- 
ture is  not  a  loss,  but  the  greater  the  rise  of  temperature  the 
less  the  quantity  of  heat  that  can  be  taken  up  in  the  air 
heater.  For  that  reason  the  working  pressure  will  be  kept  as 
low  as  possible  for  any  given  power. 


64 


THE    MECHANICAL  ENGINEER. 


[January  19，  1912 


It  will  be  recognised  that  heating  of  the  air  takes  place 
at  oonstallt  pressure,  the  increase  in  volume  being  directly 
proportional  to  the  absolute  temperatures  before  and  after 
heating.  At  2001bs.  working  pressure  an  increase  of  120^ 
~ -i.e.,  from  280°  to  400。 一 increases  the  volume  by  a  ^th. 

The  corresponding  compression  and  delivery  periods  show 
that  on  .closed-circuit  "  much  smaller  compressor  cylinders 
are  needed  for  any  given  quantity  of  compressed  air.    As  a 

consequence  the  cut-offs  in  the  loco- 
motive cylinders  for  complete  expan- 
sion will  be  much  longer  relatively, 
and  it  must  not  be  forgotten  that  in 
" closed-circuit  ，'  working  there  is  no 
such  thing  as  incomplete  expansion, 
any  expansion  not  completed  in  the 
locomotive  cylinders  being  completed 
in  the  air  compressor  cylinders.  In 
open-circuit  working  there  is  in 
almost  every  case  a  considerable  loss 
from  incomplete  expansion,  in  addi- 
tion to  the  heat  loss.  The  latter  is 
the  quantity  WL^  and  like  the  rise  in 
temperature  is  more  for  SOlbs.  work- 
AuTOMATic  Leakage  Make-up  ing  pressure  on  isothermal  open- 
■  circuit  than  it  would  be  for  2001bs. 

working  pressure  on  isothermal  closed-circuit.  As  the  loco- 
】m>tive，  however,  works  on  "  adiabatic  "  "  closed-circuit  the 
quantity  WL  is  not  concerned. 

To  suit  tlie  double  method  of  varying  the  presOTre  pro- 
vided for  in  this  engine,  and  also'  to  suit  the  high  exhaust 
pressures^  the  anti- vacuum  valves  are  placed  at  each  end  of 
tho  cylinders  along  with  compression  relieving  valves,  so  as 
to  minimise  the  effect  of  an  unsuitable  clioice  of  quantity  or 
pressure  of  air  for  any  given  load  or  speed.  For  iiTountain 
grades  stop  valves  between  the  compressor  and  locomotive 
cylinders  will  enable  the  latter  cylinders  to  exercise  a  braking 
control  and  also  to  make  up  leakage  from  the  "closed 
circuit."  From  the  fact  that  little  or  no  storage  of  com- 
pressed air  is  present  there  is  no  tendency  to  "  pe insistent 
slipping  "  with  this  engine  such  as  exists  in  steam  locomotives. 
When  slipping  takes  place  a  rapid  equalisation  of  the  pres- 
sures in  the  inlet  and  delivery  pipes  &et&  in  and  at  the  s'am'e 
time  the  governor  of  the  compressor  checks  the  tendency  to 
race,  with  the  result  that  the  locomotive  at  once  commences 
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SiNGLE-CYLINDEn  TWIN-PISTOK  STEAM  ENGINK. 

to  slow,  but  iin mediately  afterwards  picks  up  aiitoinalii-ally, 
no  attention  being  required  from  the  driver.  Thi^^,  of  coui-se, 
refers  to  incline  work.  Slipping  at  starting  also  more  or 
less  automatically  corrects  itself,  but  tlio  driver  is  then  in  any 
cas3  handling  the  control  valve. 

The  approximate  heat  distribution  of  a  constant-pressuro 
combustion  crude  oil  engine  is  as  follows : ― 

40  per  cent,  converted  into  useful  work  at  the  crank 
shaft. 

28  per  cent,  lost  in  the  wattM*  、'ii.ri 山 U"d  in  ti.e  cylinder 
jackets, 

32  |K»r  cent .  lost  in  the  exhaust  gat>ey. 
If  the  efficiency  of  the  air  heat-er  is  only  IG  jwi  rri^i .  il 


follov/s  that  for  each  horse-power  indicated  in  the  air  coin  ■ 

32  X  ,16 

pressor  cylinders  there  will  be  1+ —— ^g—  =  1'128  i.li.p.  in 

the  air  supplied  to  the  locomotive  cylinders,  and  if  tlie 
mechanical  efficiency  of  the  locomotive  is  90  per  cent,  there 
will  be  M28  x  '9  =  1.015  b.li.p.  developed  at  the  rails. 

Crude  oil  engines  of  the  type  under  discu&sion  have  deve- 
loped a  brake  hor&e-power  for  an  hour  on  a  consumption  of 
0'41bs.  of  oil.  If  it  is  assumed  this  locomotive  consumed  as 
much  as  0'51b.  per  horse-])ower  hour,  and  the  oil  costs  40s. 
per  ton,  then  to  develop  1,000  h.p.  at  the  rails  for  one  hour 
would  cost  * 
^000  X  40 
2^240  X  1-015" 

The  most  economical  steam  locomotive  will  consume  at 
least  3ilbs.  of  coal  per  horse-power  hour,  and  if  the  coal 
costs  only  10s.  per  ton,  then  to  develop  1,000  h.p.  for  one 
hour  would  cost 

3  5  x  1000  x10 

"2240        - 丄。〃 2 

That  is  to  say,  although  oil  costs  four  times  the  price  of 
coal,  the  cost  of  operating  the  oil  locomotive  is  less  than  60 
per  cent,  of  the  cost  of  operating  the  steam  locomotive. 

This  system  of  locomotive  construction  is  being  developed 
under  the  Dunlop  patents  by  Messrs.  "  Closed-circuit  "  Air 
Transmission,  Ltd.,  10，  Janiaici  Street,  Glasgow. 


SINGLE-CYLINDER  TWIN-PISTON  STEAM  ENGINE. 

The  accompanying  illustrations  show  a  design  of  st«am 
engine,  the  invention  of  Edgar  James,  Lincolnton,  North 
Carolina,  U.S.A.  Integral  witli  the  cylinder  is  a  frame  A 
serving  as  a  guide  for  croeslieads  B  and  C.  Crosehead  B  is 
secured  to  a  hollow  piston  rod  D  passing  through  a  gland  and 
attacb&d  to  piston  E.  Crossliead  C  is  secured  to  a  piston  rod 
F,  passing  through  crossliead  B  and  rod  D,  and  is  secured  to 
a  piston  G.  To  the  two  outer  sets  of  crank  discs  are  con- 
nected tlie  rods  H  and  J  attached  to  crossliead  B.  A  rod  K 
extends  to  crossliead  C.  The  valve  chest  L  contains  a  valve 
M  connected  with  eccentric  W  by  a  rod,  and  has  a  passage  N 
to  communicate  with  the  exhaust  passage  O  in  the  centre  and 
with,  the  passages  P  and  Q  on  each  side.  Passage  Q  coiinninii- 

cates, through  passages  R,  with  channels 
S  in  the  ends  of  the  cylinder.  Passage 
P  communicates  with  the  channel  T  at 
the  centre  of  the  cylinder. 

Steam  enters  the  valve  chest  through 
pipe  U,  thence  passes  through  passage 
P  and  channel  T，  driving  the  pistons 
apart.  At  the  end  of  this 
stroke  the  steam  will  exhaust 
through  channels  S  and  passages 
R,  Q,  N,  and  O.  To  facilitate 
the  exliausl.  without  interfering  with  its  efficiency  auxiliary 
exhaust  openings  X  and  Y  are  provided  between  the  centre 
and  ends  of  the  cvlinder.  The  location  of  these  auxiliary 
exhaust  ports  and  the  length  of  the  pistons  are  sudi  that  each 
piston  just,  uncovers  its  auxiliary  port  at  the  end  of  each 
reciprocation,  perniittiiii:!  a  considerable  jwrtion  of  st^am  to 
exhaust  immediately  tlieretlirough  and  relieving  the  engine 
from  back  pressure,  the  remaining  steam  exhausting  in  the 
usual  manner  through  the  slide  valve  and  pipe  V. 


A  Large  Locomotive, ― One  of  the  largest  locomotives  in 
til.'  world  has  just  been  built  for  the  Pennsylvania  Railroad. 
Tlio  weight  of  the  enpne  in  working  order  and  the  tender 
loaded  is  GGS.OOOIU.  This  is  238,9001l>s.  lioavi?r  than  the 
i-iass  "  K.  2，"  the  heaviest  passenger  engine,  272,G001bs. 
h-avier  than  the  class  '•  H.8n/'  the  heaviest  freight  engine 
、vlik、li  the  Pennsylvania  is  now  using.  There  are  four 
(  vliiiders,  each  having  a  diameter  of  27iii.  and  a  stroke  of 
•J8iii.  Eat  k  of  the  16  driving  wheels  is  o6in.  diam.  The 
sttNUii  prossnre  is  1 601bs.,  and  the  total  heating  siirfaco 
7.7-j:Mi  sq.  ft.  Tlio  "、，"ltM'  will  hold  9,000  tjalls.  of  wator  aiitl 
； >t\(H)()lhs.  of  coal. 
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EXPRESS  LOCOMOTIVE  WITH  SCHMIDT  SUPERHEATER  AND 
STUMPF  VALVE  GEAR. 

For  some  time  the  construction  of  locomotives  lias  been  in 
progress  designed  to  use  continuous-direction  steam  flow, 
thereby  reducing  some  of  the  waste  which  occurs  with  the 
ordinary  process  of  using  steam .  The  Prussian  railways  have 
installed  on  an  ordinary-type  locomotive  the  Stumpf  con- 
tinuous-flow  system.  This  locomotive  has  been  subjected  to  a 
series  of  tests,  the  results  of  which  are  recorded  in  an  article 
bv  E.  Kraiiss  in  the  Nov("nber  Bulletin  of  the  International 


Fig.  1.— FiXiniKss  LoroMOTivr,  with  Schmidt  Shperhkater. 

Railway  Congress,  for  the  following  abstract  of  which  we  are 
indebted  to  "  The  Railway  and  Engineering  Review." 

Tests  were  first  made  with  the  locomotive  equipped  with 
the  ordinary  system,  and  after  the  locomotive  had  been  con- 
verted and  equipped  with  the  Stumpf  system  of  continuous- 
directiou  steam  flow.  In  changing  tlie  locomotive  over  it  was 
not  necessary  to  alter  the  general  dimensions  of  the  loco- 
motive, the  boiler  and  the  frame  remaining  practically  the 
same.  The  change  consisted  in  the  replacenienfc  of  the 
cylinders  and  their  covers,  the  increase'  of  the  wheelbase  of 
the  truck,  the  replacement  of  the  piston  and  rods,  a  modifica- 
tion of  the  valve  gear  machinery,  shortening  of  the  connecting 
rod,  and  alteration  in  the  cut-off  and  exhaust.  Fig.  1  shows 
the  locomotive'  before  the  change  was  made,  and  Fig.  2  shows 
the  locomotive  after  it  has  been  equipped  with  the  Stumpf 
valve  gear.    The  principal  dimensions  of  the  locomotive  are 


as  follows  : —— 

Cylinder  diameter   19 j^in. 

I         Stroke  of  piston    24|-|in. 

Diameter  of  driving  wheels    6ft.  10|^in. 

Working  boiler  pressure,  in  pounds  per  square  inch   170*7 

Heating  surface  of  firebox  and  boiler,  in  square  feet    1 ,473*69 

Heating  surface  of  superheater,  in  square  feet    434  02 

Grate  surface,  in  square  feet    24.81 

Weight,  light,  in  pounds    124,340 

Weight  ill  running  order,  in  pounds    136,690 


The  arrangement  of  the  inlet  valves  at  the  ends  of  the 
cylinders  was  an  easy  matter.    The'  advantage  of  this  system 


Fir',  -2.— Express  Locomotive  with  Schmidt  Supeuh eater  and 
Stdmpf  Valvk  Gear, 

lies  in  the  fact  that  these  valves  give  very  small  surface  for 
the  cooling  effect,  and  thereby  cut  down  the  roiidensatiou  and 
at  the  same  time  provide  very  large  clearance  spaces.  Fig.  3 
shows  the  method  of  construction  of  the  admission  valves, 
which  are  of  the  double-seated  type  with  springs.  The  steam 
is  admitted  almost  directly  against  one  of  the  faces  of  the 
piston,  and,  during  the  latter  portion  of  the  piston  travel,  is 


exhausted  through  ports  in  the  centro  of  thn  leugtli  of  the 
cylinder,  thence  to  the  exhaust  pipe.  The  opening  of  the 
valve  is  ensured  by  rollers  carried  on  rods  and  rolling  on 
valve  cams.  The  exhaust  ports  are  situated  in  tho  mifldlo  of 
t,he'  ryliuder  and  are  2' 1 64  times  the  ar-^a  of  the  poils  which 
rail  be  obtained  with  piston  valves.  While  the  initial  velocity 
of  the  steam  at  the  exhaust  and  its  proKSure  are  redureii  as 
much  as  possible  through  the  exhaust  ports  to  the  exhaust 
nozzles,  the  necessary  vacuum  is  obtaiiu'fl  in  the  siiiokfbox  to 
ensure  sufficient  draught.  Since  the  exhaust  depends,  in  this 
system,  upon  the  position  of  the  piston  itself,  the  arlniission 
lead  and  the  beginning  of  compression  are  the  samo  for  all 
cut-offs.  This  is  shown  in  Fig.  4,  which  is  a  (•oniparisou  of 
tlie  area  for  the  o|)ening  of  the  exhaust  on  the  ordinary  type 
of  locomotive  both  for  the  cut-off  of  30  per  cent,  and  70  per 
cent.  The  drop  of  pressure  begins  with  the  admission  lap  and 
continues  to  the  exhaust  opening,  wliero  it  falls  to  very  nearly 
atmospheric  pressure  without  any  back  pressure.  During  the 
period  of  compression,  which  occurs  on  the  return  stroke  of 
tlie  piston,  heat  is  generated  which  is  utilised  on  the  out 
stroke.  As  the  conipression  begins  iuiniediately  after  the 
closing  of  the  exhaust  port,  which  takes  place  at  12-7  per  cent, 
of  the  piston  stroke,  it  is  necessary  to  provide'  large  compres- 
sion spaces.  These  spaces,  instead  of  being  made  of  long 
channels  bounded  by  large  areas,  are,  however,  enclosed  by 
surfaces  of  relatively  small  area,  making  the  heat  losses  less 
than  upon  ordinary  engines,  in  which  the  compression  spaces 
are  16  per  cent,  at  the  front-  end  and  17  per  cent,  at  the 
back  end,  instead  of  118  per  cent,  at  the  front  end  and  13.65 


Fig.  3.— Cross-section  of  Cylinder  showing  application  of 
Stumpf  Valve  Gear. 

per  cent,  at  the  back  end,  as  is  normal  with  the  ordinary 
locomotive. 

The  cooling  surfaces  of  the  clearance  spaces  are  525  sq.  in. 
on  the  locomotive  with  the  Stumpf  valve  gear,  as  against 
1,347  sq.  in.  at  the  front  end  and  973  sq.  in.  at  the  back  end, 
on  the  ordinary  locomotive  ；  there  is  therefore  a  difference  of 
at  least  60'9  per  cent,  at  the  front  end  and  46  per  cent,  at 
the  back  end.  The  steam  flowing  in  the  continuous  direction 
through  the  cylinders  does  not  cool  the  walls  except  at  the 
centre  of  the  length.  It  is  at  this  part,  at  the  coolest  portion 
of  the  length  of  the  cylinder,  that  the  steam  escapes  when  the 
piston  uncovers  the  exhaust  port.  During  the  time  that  the 
(Tank  describes  an  arc  of  8(j。  2'  in  respect  to  the  shut-off  ; 
oil  the  ordinary  locomotive  and  in  the  flow  of  steam  alter- 
nating in  direction,  this  arc  is  equal  to  188°  2'  when  the 
cut-off  is  at  30  per  cent.,  and  it  is  183°  25'  when  the  cut-off 
is  at  70  per  cent,  of  the  stroke.  Tlie  exhaust  steam  is  there- 
fore insulated  from  the  inner  walls  of  the  cyliiuler  before  the 
crank  has  made  a  quarter  revolution,  and  it  can  t Iumi  cause 
no  further  heat  loss. 

The  water  of  condensation,  evident  at  the  starting  until 
the  cylinders  have  become  siiffic"T,tly  lieat-ed,  discharges 
automatically  after  each  stroke  of  the  piston  by  ports  at  the 
lower  surface  and  by  a  liole  ^fin.  diani.  drilled  in  the  metal 
which  surrounds  the  port  ；  consequently  it  cannot  remove 
lieat  from  the  steam  entering  the  cylinders. 

By  using  two  valves  only  on  each  cylinder  for  pusuriiig 
the  admission  of  steam,  and  by  eliminating  the  gear  for 
exhausting,  the  tightness  of  which  required  special  care,  the 
losses  of  steam  due  to  leakage  past  these  pa  lis  ai?  avoided. 
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Small  leakages  at  the  inlet  valves  do  not  produce  any 
deleterious  effect,  for  if  the  steam  entering  the  cylinder  causes 
any  alteration  in  the  compression  curve,  it  a】so  effects  useful 
work. 

The  use  of  admission  valves  avoids  the  necessity  for  fitting 
a  special  equaliser,  since  a  single  lever  gear  enables  the  driver 
to  lift  the  two  valves  simultaneously  and  to  place  the  front 
and  back  of  the  cylinder  in  communication  with  each  other. 
Another  advantage  of  this  method  of  equalising  is  that  the 
cam  which  causes  the  opening  of  the  valves  leaves  the  roller 
of  the  valve  gear  ；  the  rod  is  no  longer  subject  to  the  pressure 
of  the  spring,  and  the  resistance  to  movement  of  the  mecha- 
nism consists  only  in  that  of  the  parts  of  the  link  work  and 


The  suppression  of  the  tail  rod  ensures  a  rediK'tion  in  the 
reciprocating  】nasses  whirh,  on  thv  other  hand,  is  increased 
by  the  lengthening  of  the  piston,  but  actually  the  increase  is 
so  small  that  in  the  balancing,  which  is  effected  to  within 
3  per  cent.,  there  has  been  no  ne<*essity  for  an  appreciably! 
modification  in  the  arrangement  of  the  wheels.  On  the  rails 
this  locomotive  runs  as  smoothly  as  does  the  normal  type. 

The  lubrication  of  the  ('ylimlei's  is  effected  by  a  Michalk 
pump  having  eight  oil  supply  pipes  and  act'uatefl  by  the 
coupled  axle.  Oil  is  distribut-ed  to  two  points  on  the  st^'ani 
supply,  and  to  two  points  on  tlie  top  of  each  cylinder,  ami  to 
two  points  oil  the  sides  at  the  front  and  back,  that  is  to  say, 
to  six  points  of  t^ach  cyliiultM'. 
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their  guides  ；  and,  even  when  the  valves  are  under  the  full 
pressure,  the  resistance  to  movement  is  so  slight  that  the  parts 
of  the  gear  for  operating  them  can  be  made  of  smaller 
dimensions  than  on  the  ordinary  locomotive,  with  reversal  of 
direction  of  the  flow  of  the  steam. 

The  setting  of  the  valves  is  very  easily  performed  ；  more- 
over, the  cut-off,  &c.,  can  be  adjusted  without  difficulty  by 
looking  through  the  ports  and  adjusting  the  rod.  The 
double-seated  valves  have  their  top  diameter  6-^*g-in.  outside 
and  5||in.  inside,  and  the  bottom  diameter  5^!}in.  outside  and 
5~^iii.  inside.  The  difference  of  pressure  exerted  on  the  valve 
is  therefore  reduced  to  625'81bs.  per  square  inch  when  the 
pressure  in  llie  steam  pipe  is  of  the  maximum  boiler  pressure 
of  17071bs.  per  square  im'li.  As  a  precautionary  measure 
each  cylinder  cover  was  fitted  with  an  air-admission  valve  and 
a  relief  valve  ；  but  it  is  certain  that  henceforth  the  latter  will 
be  dispensed  with  withoui  any  disadvantage. 

The  cooling  of  the  cylinder  walls  towards  tlie  middle  has 
advantages  in  guiding  the  piston.  In  order  that  the  piston 
may  slide  over  the  exhaust  ports,  it  is  nec'essary  that  it  sliould 
liave  a  long  bearing  surface  and  roiisequently  Uiat  the 
cylinder  sliould  be  of  greater  length  than  in  the  ordinary 
type  locomotive.  For  this  reason  the  length  of  the  truck 
wheel  base  was  increased  from  7ft.  2gin.  to  7ft.  6-^-in.  in 
order  to  permit  of  removing  th&  cylimler  covei's  and  of  with- 
drawing the  piston  without  lifting  the  IcK'omoti ve. 

The  piston  (Fig.  3)  foiisists  of  two  symmetrical  st-e^l 
castings,  each  of  the  form  of  a  hollow  spherical  dish  and  each 
fitted  with  two  spring  rings.  Between  these  t、vo  castings  a 
weld  less  mild  steel  ring  is  hold  which  bears  on  the  lower  wall 
of  the  cylinder  and  helps  to  support  the  heavy  piston  ;  on  the 
other  hand,  the  piston  is  allowed  a  small  amount  of  play 
towards  the  top  of  the  cylinder.  In  this  manner  tlio  i"t<Misity 
of  the  bearing  pressure'  where  contact  is  made,  is  very  small, 
and  the  walls  of  the  cylinder  are  savea  to  such  an  extent  that 
it  is  unnecessary  to  fit  a  tail  rod  with  its  stuffing-box.  Tlie 
drop  of  temperature  in  the  cylinder  towards  tlie  centre  of  its 
length  is  also  of  advantage  in  respect  to  the  redui  tion  of  woar 
on  the  bearing  surfaces. 

The  great  distance  between  the  front  ami  back  faces  of  the 
piston  effectively  prevents  transmission  of  lioat  from  the  side 
on  wliicli  admission  is  taking  ]>laro  to  that  from  wliii-h  steam 
is  being  exhausted.  In  order  that  the  space  round  the  piston 
may  not  become  filled  、vit'li  、vater,  the  iiiild  stwl  ring  is 
drilled  with  eiglit  holes  each  "fg  in.  diam. 


The  modification  of  the  valve  gear  has  leW  to  an  airange- 
ment  which  is  quite  symmetrical  for  forward  and  hackwanl 
running,  since  it  has  been  possible  to  arrange  i\w  valve  rofl 
horizontally.  It  was  found  necessary  to  move  the  support  of 
the  slide  blocks  a  little  further  back  and  to  lift  the  reversing 
shaft  above  the  edge  of  the  longitudinal  frame.  Apart  from 
these,  no  radical  modification  was  made  in  the  proportions  of 
the  different  parts  of  the  valve  gear. 

In  the  trials  which  were  made  on  this  type  of  lot  emotive 
it  had  been  found  that  the  comnipnceinent  of  the  opeiiitig  of 
the  valve  at  the  lead  took  place  a  little  iiiore  slowly  than  with 
the  slide  valve,  and  that  the  closing  of  the  valve  took  place 
less  suddenly  than  had  been  expect^ .  The  curve  of  tlip  rani 
was  drawn  iu  such  manuer  that  the  inaxiuuini  opening  was 


LocorrKstwe  yvttti  Continuous 
Direct'on  of  flow  of  Sfeai 


O'ri?rfton  of  ^»  of  <5fe^ 


KiG.  5.— Positions  of  Crank  'at  Begivninx.  and  Kvp  ok  Exhai'st 

obtained  with  a  *-ut-ofT  of  1;，、  per  rent,  of  t lie  strokr  o{  the 
piston  instead  of  40  per  cent.,  as  was  the  case  on  the  Im'o- 
motivo  witli  reversal  of  direction  of  flow  of  t lio  stoani .  It 
would  he  }>ossihle  to  ol>t  ain  hot  lor  results  bv  adopting'  a  moro 
rapid  iiiclination  for  this  rurvv*  hut  this  cannot  be  riono  if  it 
is  r*^quiroil  that-  the  roller  should  make  contact  with  llip  <  am 
gently  and  without  shock  ；  (.ons^Miurntly  it  is  not.  pussihlo 
oxpfH't  thai  tlio  valve  diagram  witli  ( Ik*  'louMf  sealed  val\ rs 
will  show  superiority  over  tlio  <liagraiu  with  sli*U»  valves  in 
respect  to  the  period  of  admission  proper.  The  advantage  of 
the  ontrine  with  ^louhlf -seated  valves  consisUs  rather  in  a 
better  tlionnal  utilisation  (、f  tlio  s"、ani.  It  】ias  botMi  found 
also  that  a  mhu-tion  in  dianioUM*  of  the  rvliiulors  from 
21  j,\in.  to  19 1  ,\in.  is  excessivo,  and  tliat  tlie  power  of  tli© 
locomotive  has  suffered. 

The  lengthening  of  the  cylinder  has  invulvetl  llic  shorlou- 
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  >39C0  To  Center  of  Cyfmder 

Fig.  6.— Diagrammatic  Arrangement  of  Valve  Gear. 


iron,  with  the  result  that  the  following  definitions  have  been 
unanimously  agreed  upon.  At  the  request  of  the  Ships  Com- 
mittee a  note  is  added  with  regard  to  the  use  of  these  terms 
ill  the  commercial  testing  of  materials  used  in  the  construction 
of  ships  and  their  machinery. 

Definitions. 

Elastic  Limit. ― T】i€>  elastic  limit  is  the  point  at  which  the 
iwieiisioiiK  cease  to  be  proportional  to  the  loads.  In  a  stm^s- 
strain  diagram  plotted  to  a  large  scale  it  ls  tlie  point  where 
the  diagram  ceases  to  be  a  straight  line  and  becomes  curved. 

y of elastic  limit  can  only  be  deterituned  by 
tlie  skilful  use  of  very  delicate  instruiiient&  and  by  tiie 
measurement  of  the  extensions  for  small  successive  iucre- 
ineiits  of  load.  It  is  impossible'  to  determine  it  in 
ordinary  cominencial  testing. 

Yield  Point. ― The  yield  point  is  tlie  point  where  the 
extension  of  the  bar  increases  without  increase  of  load. 

Pructival  JJtpiiitioii  of  Y if  Id  The  yield  point  ifs 

the  load  per  square  inch  at  wlik'k  a  distinctly  visible  increase 
occurs  ill  the  distance  betwe^en  gauge  points  on  the  test  piece, 
obtjervt、d  by  using  dividers  ；  or  at  which,  when  the  load  is 
increased  at  a  moderately  fast  rate  there  is  a  distinct  drop  of 
the  testing  Tiiachiiie  lever,  or,  in  hydraulic  niacliiiicts,  of  the 
gauge  finger. 

Note. ― A  »teel  test  piece  at  the  yield  point  takes  rapidly 
a  large  increase  of  extension  amounting  to  more  than 
1  / 200tli  of  the  gauge  length.      The   point    is  strongly 
marked  in  a  stress-strain  diagram. 
Note  added  hy  rtquest  of  the  S/t  ips  f       〃/  itft  e. ― The 
Sectional  Committee  on  Sections  and  Tests  for  Materials  u&ed 
ill  tlie  cfjiistruction  of  ships  and  their  machinery,  while  con- 
rurring  in  Uio  Foregoing  definitions,  desires,  however,  to  make 
the  following  remarks  with  regard  to  the  us-e  of  the  terms 


material  as  a  proportion  of  the  ultimate  breaking  stress  rather 
than  as  a  proportion  of  the  elastic  limit  or  yield  point',  is  the 
best  practical  method,  and  t'hei'efore  it  coiitsiders  that  tl 化 
inclusion  in  the  British  standard  specifications  for  ship 
material  of  tests  to  avscertain  either  the  elastic  limit  or  the 
yield  point  would  not  justify  the  dislocation  of  the  ordinary 
commercial  testing  as>  carried  out  in  tlie  works'  test  roams 
which  would  be  entailed  thereby. 


The  Whitehead  Submarine— The  Whitehead  lirm  at  Fiuine 
have  recently  completed  a  new  type  of  submarine  for  the 
Dutch  Navy.  In  appearance  it  is,  according  to  a  naval 
correspoiulent  of  the  "  Standard,''  very  similar  to  our  "13  " 
and  "  C  •'  (.'lass  type,  but  is  a  great  deal  smaller,  being  only 
150  tons.  It  has  a  length  of  i05ft.  and  a  maximum  breadth 
of  just  under  10ft.，  and  is  fitted  with  two  torpedo  tubes,  two 
spar©  torpedoes,  and  a  double  periscope.  The  contract  sur- 
face speed  was  11  knots  with  a  radius  of  500  miles  at  10 
knots,  and  an  endurance  of  five  hours  under  water  at  seven 
knots,  or  three  hours  at  eight  knots.  The  above-water  pro- 
pulsion is  furnished  by  a  Diesel  two-stroke  motor  of  300  li.p., 
with  a  similar  horse-power  from  accumulators  for  submarine 
work.  Oil  her  trials  the  boat  only  slightly  exceeded  the  11 
knots  on  the  surface,  l)ut  her  radius  of  action  proved  to  be 
nearly  double  that-  of  the  contract.  She  remained  under 
water  at  seven  knots  for  nearly  6A  hours  instead  of  5  hours, 
and  also  succeeded  in  doing  one  hour  under  water  at  II 
knots.  These  trials  took  place  off  the  coast-  of  Holland  in  a 
gale  of  "  force  6."  Very  few  details  as  to  the  internal 
mechanism  of  the  boat  have  become  known,  but  it  is  stated 
that  she  maintained  exactly  any  depth  that  was  called  for. 
These  extremely  satisfactory  results  go  to  suggest  that  con- 
siderable subiuaniie  developments  may  1h'  looked  for  in  the 
early  future. 


ing  of  the  connecting  rod  from  8ft.  4|,^|in.  to  7ft.  8|i»i.  Far 
this  reason  the  ratio  of  the  connecting  rod  len^h  to  that  of 
the  crank  is  reduced  from  1/8*1  to  1/7*43. 

The  steam  pipe,  4f^,in,  inside  diameter,  has  been  replaced 
where  it  leaves  the  sniokebox  by  a  double  pipe  connecting 
the  front  and  back  valve  chests.  This  pipe  has  been  made 
with  an  inside  diameter  of  5||in.  in  order  to  obtain  as  large 
a  capacity  in  the  steam  chest  as  possible  near  the  valves  and 
also  to  reduce*  the  velocity  of  the  steam  at  this  point.  The 
enlargemeut  of  the  exhaust  to  ll^in.  with  gradual  stricture 
up  to  its  entrance  into  the  sniokebox  has  proved  sufficient 
for  reducing  the  noise  of  the'  separate  exhausts  to  a  point  at 
which  they  can  scarcely  be  distinguished,  and  on  leaving  tlie 
exliaust  pipe  they  are  but  little  louder  than  the  ordinary 
exhaust 


BRITISH  STANDARD  DEFINITIONS  OF  YIELD  POINT  AND 
ELASTIC  LIMIT. 

The  Engineering  Standards  Main  Coniniittee  having  been 
approached  with  the  request  that  standard  definitions  for  the 
terms  Yield  Point  "  and  "  Elastic  Limit  '，  should  be  drawn 
up  remitted  the  matter  to  those  sectional  committees  which 
had  prepared  standard  specifications  for  steel  and  wrought 


" Yield  Point  "  and  "  Elastic  Liniil.  "  in  comicctKjii  with 
steel  at  id  wrought  iron  for  shipbuilding. 

The  Ships  Co i» unit/tee  doee  not  reconinicnd  the  use  of 
either  "  Yield  Point  "  or  "  Elastic  Limit  "  in  Uie  filandard 
specifications  for  ship  material  for  the  following-  reasons : ― 

Yield  Foiiit. ― In  regard  to  the  ascertainment  of  the  yield 
point  thero  is  considerable  divergence  of  opinion  as  to  the 
best  method  of  determining  it,  and  all  methods  involve 
greater  time  and  care  than  can  be  expected  in  the  works. 
While  it  is  po.sf^ible.  in  works  by  careful  testing  at  a  greatly 
reduced  speed  to  obtain  the  yield  point  in  ordinary  mild 
steel  and  wrought  iron,  some  of  tbe  harder  steels  and  other 
constructional  materials  have  no  defiiiibe  yield  point  at  all, 
and  so  axe  have  no  elastic  limit. 

Elastic  Limit . — It  is  quite  impossible  to  determine  the 
elastic  limit  in  the  time  available  for  ordinary  commercial 
testing.  Ill  its  determination  a  specially  delicate  and 
accurate  extensomefcer  must  be  u.sed,  in  the  bands  of  a  care- 
ful and  competent  observer,  and  the  determinat'iou  for  each 
test  bar  would  require  a  considerable  time.  It  is  properly 
a  matte'r  to  be  left  to  laboratories  organised  for  scientific 
purpos'es. 

The  Ships  Committee  is  of  opinion  that  tlie  present 
method  of  fixing,  by  experience,  the  working  stress  for  any 
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VALVE  GEAR  FOR  STEAM  ENGINES. 

The  accoinpaiiying  illustrations  show  a  design  of  distributing 
valve  gear  for  steam  engines  of  the  type  in  which  the  distri- 
bution of  the  motive  fluid  is  controlled  by  means  of  piston 
valves,  and  in  which  a  rocking  lever  connected  directly  with 
an  eccentric  rod  and  with  the  valve  spindle-  actuates  the  valve. 
Valves  of  this  type  have  already  been  used  successfully, 
actuated  generally  by  a  releasing  gear  and  closed  by  springs  if 
serving  as  admission  valves,  but  by  positive  mei'hanism  if 
serving  as  exhaust  valves.  In  the  case  of  admission  valves 
the  speed  at  which  the  valves  may  work  is  limited  by  the 
speed  at  which  the  springs  can  close  the  valves  successfully, 
and  in  the  case  of  exhaust  valves  the  mechanism  employed 


Valve  Gear  for  Steam  Engines, 

has  been  heavy  and  complicated,  and  has  consequently 
reduced  the  speed  at  v/liicli  the  valves  could  be  operat-ed.  In 
the  arrangement  under  notice,  which  has  been  patented  by 
H.  W.  Morley,  of  Cole,  Marchent,  &  Morley,  Ltd.,  of  Prospect 
Foundry,  Bradford,  piston  valves  are  used  for  admission,  and 
also,  if  desired,  for  exhaust. 

Referring  to  the  illustrations,  Fig.  1  is  an  end  view  partly 
in  section  of  a  horizontal  steam  engine  fitted  with  valves  of 
the  piston  type,  the  valves  and  valve  mechanism  on  the  under- 
side of  the  engine  being  omitted,  and  the  parts  being  shown 
in  the  position  occupied  when  the  valve  is  just  about  to  open. 
Fig.  2  is  a  side  elevation.  In  this  type  of  engine  the  admis- 
sion valves  are  arranged  vertically  at  the  top  of  the  cylinders, 
and  the  exhaust  valves  which,  together  with  the  mechanism 
for  operating  the  same,  have  been  omitted  from  the  illus- 
trations are  arranged  vertically  beneath  the  cylinders.  A  is 
the  spindle  of  the  admission  valve  which  is  contained  in  a 
casing  B  surrounding  the  cylinder  and  which  passes  through 
the  gland  C  in  a  bracket  D  mounted  upon  the  casing.  E  is  a 
cylindrical  valve  spindle  guide  which  is  connei't-erl  to  the 
threaded  upper  extreinity  of  the  valve  spindle  A.  The  valve 
spindle  guide  E  is  connected  by  means  of  a  link  F  to  a  rocking 
lever  G  pivotally  mounted  at  H  on  the  bracket  D.  The 
lower  extreniity  of  the  link  F  is  pivotally  connected  at  J  to 
the  valve  spindle  and  the  up))er  extroinity  is  connected  to  a 
wrist  pin  t-arried  by  the  rocking  lever  G.  At  its  outer 
extremity  the  rocking  lever  G  is  connected  at  N  to  an 
eccentric  rod  P  attached  to  an  eccentric  upon  the  lav  shaft 
Q  which  is  niountod  in  bearings  carried  bv  brackets  R  cast 
integral  with  or  bolted  to  the  casing.  Tf  it"  be  desired  to  use 
H  shaft  governor  with  automatically-variable  expansion,  a 
governor  T  of  this  type  is  luounted  on  the  lay  shaft  Q  and 
controls  the  admission  valve  oocontric  or  ercciitrics.  Tl"、 
m-king  lever  G  is  shown  in  approximately  its  mid  position, 
the  valve  being  just,  about  to  open  by  being  moved  upwardlv, 
and  the  arcs  struck  round  the  pivot  TT  iiulirat<^  iho  oxt-ont  of 
anrrular  inovonient  of  the  nn'king  lovor. 

Bv  virtue  of  tlie  design  and  proportions  of  tlie  rocking 
levor  G  it.  follows  that  while  the  rocking  lever  moves  an^ula rlv 
from  the  mid  point  of  its  travel  to  the  highest  point  tluM*eof 


and  back  again  to  the  mid  point  (during  which  period  the 
valve  has  opened  and  has  juat  closed)  the  linear  movement 
imparted  to  the  valve  will  be  greater  than  the  linear  move- 
ment imparted  thereto  during  the  period  occupied  by  the 
rocking  lever  G  in  moving  angularly  from  the  mid  point  of 
its  travel  down  to  the  lowest  point  thereof  and  back  to  the 
mid  point  (during  which  period  the  valve  has  been  inoperative 
or  closed).  It  will  be  obvious  that  the  actual  shape  of  the 
rocking  lever  will  vary  according  to  different  requirements, 
but  in  order  to  bring  about  the  foregoing  condition  it  will 
bei  necessary  that  the  centre  line  of  that  ami  of  the  rcx-king 
lever  which  is  connected  to  tiie  valve  spindle  link  shall  not 
be  at  right  angles  to  the  valve  spindle  when  the  arm  is  in 
its  mid  position.  In  the  illustration  this  angle  is  shown  f.o  he 
about  130。.      The  design,  it  is  claimed,  is  su'.'li  th;it  the 

number  of  parts  is  reduced  to  a  mini- 
mum, and  the  mechanism  being  of 
light  construction  and  having  a  mini- 
mum of  movement,  the  inertia  ami 
momentum  stresses  are  thereby  les- 
sened. Further,  by  reducing  the  total 
movement  of  the  valve  and  mechanism, 
wear  is  reduced  considerably,  while  the 
extent  of  port  opening  which  is  neces- 
sary for  the  efficient  inlet  and  outlet 
of  the  working  fluid  is  maintained. 

Should  this  mechanism  be  combined 
with  an  eccentric  whereof  the  travel 
and  angular  advance  is  varied  by  a 
shaft  governor,  as  mentioned  above, 
the  relative  movements  of  the  eccentric 
and  valve  controlled  thereby  remain 
approximately  the  same,  but  during 
the  whole  of  this  variation  for  a  given 
travel  of  the  eccentric  the  movement 
of  the  valve  is  reduced  to  a  minimunij 
with  comparatively  gradual  accelera- 
tion and  retardation  of  the  moving 
parts. 


THE  SOOTFALL  OF  LONDON. 

Some  interesting  figures  are  published  by  the  ((  Lancet ' 
respecting  the  results  of  an  investigation  into  the  amount, 
quality,  and  effects  of  the  soot  falling  annually  in  London. 
The  experiments  were  conducted  at  four  stations  ；  two  were 
situated  iu  the  S. W.  district  near  Westminster,  one  in  the 
City  area,  and  the  fourth  on  the  borders  of  the  metropolitan 
area  at  Sutton  in  Surrey.  The  latter  station  was  chosen  in 
order  to  gain  a  comparison  between  tlie  amount  and  kind  of 
deposit  falling  in  the  suburban  area  and  that  collected  in 
the  metropolis  itself.  The  collections  were  made  each  month 
through  the  year  June-May,  1910-1911，  and  a  soot  gauge 
was  installed  at  each  station  which  caught  both  deposit  and 
rain.  The  analysis  of  these  was  conducted  in  ''  The  Laiuet 
laboratory.  The  results  are  summarised  in  a  table  in  which 
are  set  out  columns  showing  (1)  rain  volume  :  (2)  total  deposit 
fallen  on  an  experimental  area  of  4  sq.  ft.  (the  soot  gauge) ； 
(3)  insoluble  deposit  (soot,  &(••)  ；  (4)  total  solids  dissolved  in 
the  rain  ；  (5)  soluble  volatile  solids  ；  (6)  soluble  fixed  solids  ： 
(7)  sulphates  ；  (8)  ammonia  ；  (9)  chlorine:  (10)  lime;  and 
(11)  calculator  total  deposit  in  the  administrative  ('oimty  of 
Tjondoii,  including  the  City  (117  square  miles).  Tlio  last 
item  of  figures  deals  with  some  striking  facts.  If,  for 
example,  the  City  station  is  taken  as  the  basis  of  calculation 
as  to  the  total  amount  of  deposit  falling  annually  upon  tlie 
administrative  county  of  London,  including  the  City,  tliis 
deposit  amounts  to  no  less  than  70,050  tons,  in  which  are 
present  over  6,000  tons  of  ammonia,  about  8,000  tons  of 
sulphat<^s,  3,000  tons  of  ohlorine  in  chlorides,  to  say  nothing 
of  the  carbon  and  tar.  Taking  tho  S. W.  in<»tropolitan  station 
as  a  basis,  the  total  deposit  per  year  ovor  the  same  adminis- 
trative area  would  average  53,820  tons,  in  which  are  present 
over  4,000  tons  of  ammonia,  about  5.000  tons  of  sulpliat^s, 
and  4,000  tons  of  chlorine  in  chlorides. 


in- 


Boiler  Explosion  at  Crawley,  Hampshire. ― Tlio  formal 
vost igatioii  orderod  by  the  Hoard  of  Trade  to  be  liold  in  thi^ 
matter  is  fixed  for  hearing  in  the  Court  Room,  Guildhall. 
Winchester,  on  Tuesday,  the  23rd  inst. ,  at  11  a.m. 


January  19，  1912] 


THE   MECHANICAL  ENGINEER. 


69 


RECENT  DEVELOPMENTS  IN  STEAM  TURBINE  PRACTICE, 

BY  K.  BAUMANN. 

Although  the  principle  of  the  steam  turbine'  i&  very  old,  its 
application  only  dates'  from  the  introduction  of  electricity, 
which  made  it  poe&ibl&  to  transmit  the  power  developed  by 
turbines  at  unavoidably  high  speeds.  This  necessitated  the 
development  of  generators  of  a  special  construction,  which  are 
known  as  turbo-generatore,  in  conjunction  with  the  develop- 
ment of  steam  turbines'.  In  view  of  the  intimate  connection 
between  the  two  machines,  it  is'  essential  that  the  designers 
of  generators  should  always  be  informed  wifch  regard  to  the 
requirements  of  the  turbine  designers,  and  of  the  future 
possibilities  of  turbine  development.  Again,  electrical 
engineers  in  charge  of  power  stations,  wlio  ar&  by   far  the 


reason  these  types  are  now  always  referred  to  as  "  pure', 
Pareons  turbines,  or  ((pure"  Rateau  turbines,  &c.  The 
following  table  gives  a  siwnmary  of  the  main  events  during 
this  first  period*  : ― 

r<irHOtiH  T id'hines. 

Date. 
1884. 


First  Parsons  turbine  built,  10  b.h.p 
18,000    revs,    per   niinute,  driving 
generator. 

1888.    Parsons  reports  before  the  Institution 
Engineers  on  a  turbine  of  50  b.h.p 
7,000  revs,  per  minute,  and  200  b.h.p.,  running  at 
4,000  revs  pe'r  minute. 


， running  at 
direct-current 

of  Mechanical 
， running  at 


Fig.  3.— Section  of  Modern  Westinghouse  15,000  kw.  Maximum  Bated 
Double-flow  Turbine,  1,800  Revolutions  per  Minute. 


Fi(i.  1.— Paesons  Turbine. 

largest  purchasers  of  turbo-electric  sets,  should  be  well 
acquainted  with  the  points  which  are  important  for  reliable 
running  and  economy,  and  should  be'  kept  informed  on  the 
main  facts  with  regard  to'  the  development  of  the  steam 
turbine,  and  the  performances  obtained  on  tliese  machines. 
For  these  reasons  this  paper,  though  of  a  purely  mechanical 
character,  may  prove  of  some  interest  and  use  to  electrical 
engineers. 

Summary  of  Developments  in  Steam  Turbines  up  to  1902, 

― The  development  of  the   steam    turbine    since    the  first 


1895. 


1898. 
1898. 


1901. 


1883. 
1889. 
1893. 


Westingho'usc  Machine  Company  secures  the  license 
for  the  manufacture  of  Parsons  turbines  in  the 
United  States.    This  was  the  first  license  granted. 

First  Parsons  machine  on  the  market  in  America. 

First  Parsons  turbine  ordered  for  Elberfeld,  Germany 
― two  turbines  each  of  1,500  h.p.,  being  the  largest 
of  their  type  running  up  to  this  time. 

Brown  -  Boveri  secures  the  Parsons  license  for  the 
Continent. 

d e  Laval  Turbines. 
First  de  Laval  turbines  with  straight  nozzles. 
First  de  Laval  turbines  with  divergent  nozzles, 
de  Laval  turbines  with  gears  exhibited  in  Chicago. 


Fig.  2.  —Westinghouse  Double-flow  Turbine  (Patent  Drawing,  1904). 

machine  was  built  by  Parsons  in  1884  may  be  divided  into'  two 
periods  of  a  more  or  less'  distinct  character.  During  the  earlier 
period,  which  may  be  called  the  invention  period,  new  types 
of  turbines  different  from  those  built  previously  were 
developed.  Tli'e  distinct  types  introduced  during  this  period 
are  called  according  to  the  name  of  the  inventor,  Par&ons, 
de  Laval,  Curtis,  Rateau,  or  Zoelly  turbines,  and  consist, 
with  the  exception  of  the  de  Laval  turbine,  of  a  certain  num- 
ber of  elements  designed  on  the  same  principle.      For  this 

*  Paper  read  before  the  Manchester  section  of  the  Instifcution  of  Electrical 
Engineers,  January  16tb,  19] 2. 


Fig.  4.— Combined  Disc  and  Drum  Single-flow,  Double-flow  Turbine, 
Westinghouse  Company,  1906. 

Curtis  Turbines. 
1896.    First  Curtis  patents. 

1900.    General  Electric  Company,  of  Connecticut,  takes  up 

the  building  of  Curtis  turbines. 
1900.    First  tests  on  steam  turbines  made  by  tlie  A. E.G. 

Company. 

1904.  The  A. E.G.  Company  commence  the  commercial 
manufacture  of  A.  E.  G. -Curtis  turbines  on  a  large 
scale. 

Rateau  Turbines. 
1894.    First  tests  on  steam  turbine  problems  made  by  Prof. 
Rateau. 


p.  608. 
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1898.    First  Rateau  turbines  built  by  Sautter,  Harle,  &  Co.， 
of  Paris. 

1900.    First  tests  on  Rateau  st-eam  accuinulators. 

1902.  First'  commercial  use  of  Rateau  accumulators. 

ZoMy  Ttirhines. 

1903.  First,  cammorcia]  Zoelly  turbines  tested  on  teist-plate. 
Development    of  the   Different  Steam  Turbine  Types  since 

1902. ― During  tlie  second  period,  which  may  be  called  the 


San  Francisco,  in  1909. 

A 


Fig  f).— Wkstinghodse  Single-flow  Turbine.    British  Westinghotjse  Company,  1905 

development  period,  the  design  of  the  steam  turbine  has  been 
perfected  on  the  basis  of  the  experience  gained  on  the  existing 
turbines,  and  of  experimental  research  work  founded  on  the 
theory  of  steam  turbines.    This  was  】nade  possible  to  a  very 
great  extent  by  the  fundamental  work  of  Prof.  Stodola.  The 
year  1902  may  be  taken  as  the  beginning  of  the  second  period 
of  turbine  development.    During  this 
period  not  only  were  great  improve- 
ments made    in    the    design    of  the 
various  pure  types,  referred  to  above, 
but  further  advantages  were  gained  by 
combining  these  types  in  such  a  manner 
as  to  obtain  the  best  results,  both  with 
regard  to  reliability,    efficiency,  and 
cost. 

In  order  to  follow  this  development 
clearly,  it  is  necessary  to  consider  the 
advantages  and  disadvantages  of  the 
different  types.  These  are  dealt  with 
below  in  the  following  order  ：  (1)  Par- 
sons turbine,  (2)  Curtis  turbine,  aii(l 
(3)  Rateau  and  Zoelly  turbines. 

The  de  Laval  turbine  has  been  ex- 
cluded from  the  descriptions,  as,  owing 
to  its  design,  it  can  only  bo  used  for 
small  powers,  ami  it  lias  been  developed 
to  til''  liighest  degree  of  perfection  by 
the  inventor,  de  Laval,  himself.  de 
Laval "s  work  in  tliis  coniUH'tion,  in 
overcoming  difficulties  of  an  absolutely 
novo]  character,  which  involved  tlio 
origination  of  quite  new  methods,  has 
proved  him  to  be  one  of  the  jiiast-er 
minds  in  engineering. 

1 .  Development    of    the    Parsons  Turbine, 


The  pure  Parsons  turbine  lias  the  great  advantage  of  a 
moderate  peripheral  velocity  wliich  allows  a  very  simple 
design  of  fixing  tlu*  blading.  This,  in  addition  to  the 
relatively  small  drum  and  cylinder  diameters,  enables  this 
type  of  turbine  to  bo  manufactured  at  a  considerablv  lowei- 
cost  than  fit'eam  turbines  with  discs  and  diaphragms. 

One  of  the  main  disadvantages  of  the  Parsons  turbine  is 
that  the  high-prevSsure  part  of  the  cylinder  is  subjected  to  the 

highest  steam  pressure  and  superheat, 
which  becomes  more  accentuated  by 
the  necessity  of  small  clearances  in  that 
part,  and  by  the  growth  of  cast  iron 
after  repeated  heating.  A  further 
disadvantage  is  the  use  of  the  balani'o 
pistons  with  very  small  clearances. 

The  first  attempts  to  overcome  these 
difficulties  were  made  by  George 
Westinghoiise,  who  replaced  the  】iigh- 
pressure  stages  by  a  Curtis  wheel,  and 
overcame  the  difficulty  of  the  balance 
piston  by  using  the  double-flow 
arrangement,  which  had  already  been 
used  by  Parsons  on  his  first  turbine  in 
1884.  Fig.  2  gives  Westinghouse's 
patent  drawing. 

This  arangement,  which  practically 
means  the  use  of  two  separate  turbines, 
is  too  expensive  for  small  units,  and  is 
therefore  only  applied  for  large  out- 
puts.   The  duplication  of  the  velocity 
wheel  shown  in    the    drawing    is,  of 
course,  not  necessary,  as  the  pressure 
in  front  and  after  the  wheel  is  the 
same,  and  a  special  arrangement  for  balancing  this  part  is 
therefore  unnecessary.     A  modern  design  of  such  a  turbine  is 
shown  in  Fig.  3，  which  rp])resents  a  section  of  a  15,000  k\v. 
maximum-rated  double-flow  turbine,  rumiiiig  at  1,800  revs, 
per  minute,  which  was  supplied  to  the  City  Electric  Company, 


The  Parsons 

turbine  (Fi"'.  1)  is  a  inulti-8la»^e  reaction  turbine  of  the  drum 
typo,  rinining  at.  a  moderate  j>eri|)lieral  velocity.  The  fact 
that,  until  very  recently  it-  lias  been  built,  upon  oxactlv  the 
same  principles  as  the  Hrst  turbine  in  1884,  and  that.  it.  has 
coinjietod  very  successfully  even  witli  tlie  newest  tv|>es,  ro fleets 
the  greatest  credit  on  its  invent^M',  to  Avlioin,  as  tlie  originator 
of  steam  turbines,  we  all  pay  cur  ti*il)ut^. 


Fig.  6.— Sulzer  TrnBiNF,  19W. 
For  small*"'  outputs  the  A mericau  and  British  W'tNting- 
liouse  Companies  (levHoped  in  190(>  the  type  shown  in 
Fig.  4,  which  may  be  called  a  combined  disc  and  drum  single- 
flow  double-flow  turbine.  Tho  higli-]>n^»ire  part  ronsists  of 
one  velocity  wheel  and  one  Parsons  drum,  and  tli»»  low- 
prefisure  part  consists  of  two  drums,  through  wliich  the  strain 
is  flowing  in  opi>osit^»  directions.  This  arrangement  neof^i- 
tat«i，  liowevor,  a  dummy  piston  in  the  centiv  of  tlie  turhiiH\ 
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and  therefore  cannot  he  considered  as  a  very  perfect  solution 
of  the  problem. 

For  small  outputs,  where  a  double-flow  turbine  is  too 
expensive,  the  British  Westinghouse  Company  developed  in 
the  year  1905  a  type  shown  in  Fig.  5，  which  is  known  as  the 
single-flow  disc  and  drum  turbine,  consisting  of  one  Curtis 
wheel  in  the  high-pressure  part  of  the  turbine  and  a  Parsons 
drum  of  uniform  diameter  in  the  low-pressure  part,  with 
oorresponding  balance  piston  on  the  high-pressure  end. 


Fig.  7.— SuiiZER  Turbine,  1906. 

One  of  the  first  firms  to  replace  the  high-pressure  part  of 
the  Parsons  turbine  by  velocity  wheels  was  Messrs.  Sulzer 
Bros.  Tlie  first  turbine  manufactured  in  1904*  (Fig.  6)  con- 
sifited  of  two  Curt  is  wheels  in  the  high -pressure  part  and  two 
single-flow  Parsons  drums.  The  difficulty  with  regard  to  the 
balance  pist'on  was  overcome  by  causing  the  steam  to  flow 
through  tli-e  nved iu m -pi^&su re  Pai-soim  drum,  in  the  opposite 
direction  to  that  through 
the  low-pressure  drum.  This 
arrangement  necesitates  dia- 
phragms with  glands  in  the 
centre  of  the  turbine  and  a 
passage  in  the  cylinder  to 
pass  the  steam  from  one  end 
of  the  turbine  back  to  the 
centre  of  the  turbine. 

For  the  newer  design  (Fig. 
7)  the  straight  single-flow 
typet  has  been  used,  with 
one  velocity  wheel  with 
three  rows  of  blades  in  the 
high-pressure  part  in  order  to 
reduce  the  pressure  in  the 
turbine  as  much  as  possible 
(to  about  1-5  atmosphere  ab- 
solute), and  three  single-flow 
Parsons  drums  with  increas- 
ing diameter  towards  the  low- 
pressure  end  of  the  turbine. 
The  thrust  of  the  Parsons 
drum  is  balanced  by  an 
automatic  oil  piston  in  con- 
nection with  a  thrust  bearing, 


The  attitude  of  ilie  various  firrnft  building  the  "  pure" 
PaiTsons  turbines  towards  the  development  af  the  combined 
Curtis-Parsons  type  was  followed  with  the  greatest  interest 
in  engineering  circles.  A  report  of  tests  wliicli  liad  been 
made  on  a  combined  turbine  of  1,000  kw.  at  3,000  revs,  per 
minute,  manufactured  by  Brown-Boveri,  was  given  by  Dr. 
F.  Maguerre  in  August,  1908*，  the  result  of  which  was 
summed  up  as  follows  ：  "  There  are  ca^es  where  a  combined 
turbine  may  be  of  great  interest,  but  in  most  of  the  cases 

the  pure  Parsons  turbine  will  be 
superior  to  the  coiiibiiuHl  turljine 
with  regard  to  steam  consump- 
tion and  reliability,  but  not-  with 
regard  to  spaoo-  required,  which 
condition  is,  liowever,  of  littl© 
importance.'* 

Dr.  Maguerre  claimed  that  a 
pur©  Parsons  turbine  for  that 
output  would  be  much  more  effi- 
cient, and  that  a  combined' 
Curtis-Parsons  turbine  would 
only  be  equal  to  a  pure  Parsons 
turbine  for*  normal  outputs  below 
500  kw.,  but  that  disadvantages 
with  regard  to  wearing  and  pit- 
ting of  the  blades  would  not 
justify  tlie  application  of  the 
combined  type. 

A  few  months  afterwards  it 
was    common     knowledge  that 
Brown-Boveri  had  taken  up  the 
manufacture    of    the  combined 
type  for  smaller  outputs.  Their 
design  is  shown  in  Fig.  8，  winch 
at  the  present  time  is  made  by 
nearly  all  manufacturers  of  Par- 
sons turbines  and  for  all  outputs. 
This  fact  can  only  show  that  the  improvements  made  in 
the  later  designs  of  the  Curtis  wheel  justified  its  us^  and 
the  competition  with  other  firms  forced  the  manufacturers  of 
pure  Parsons  turbines  to  adopt  it.    The  new  design,  shown 
in  Fig.  8，  still  retains  the  use  of  the  balance  piston,  which, 
however,  becomes  much  simpler  than  that  on  pure  Parsons 
turbines,  when  used  according  to  FuUagar's  patents.  The 


which  forms  one  of  the  greatest  novelties  in  steam  turbine 
design .  Another  feature  of  their  newest  designs  is  the 
governing  of  the  turbine  by  oil  pressure  at  the  discharge  side 
of  a  centrifugal  pump,  without  the  use  of  a  mechanical 
governor. 


*  A.  Stodola.  **  Steam  Turbines,' 
t  Ibid.,  4th  edition,  page  468. 


3rd  edition,  p.  313. 


Fia.  8— Brown-Boveri  Turbine.  1908. 

balance  piston  must,  however,  still  be  considered  as  the  weak 
point  of  the  turbine,  and  the  future  will  have  to  decide  which 
of  tlie  two  methods  of   balancing   is   superior ― by  dummy 
pistons  or  by  oil  pistons,  as  proposed  by  Sulzer  Bros. 
(To  be  continued,) 

*  •'  Zeitschriffc  des  Vereines  deutscher  Ingenieure,"  Vol.  52.  page  iai6. 1908. 
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ENGINEERING  SPECIFICATIONS.* 

BY  MICHAEL  LONGRIDGE,  M.A.，  M.INST.C.E. 

Presidential  addres&es  I  have  noticed  are  usually  composed 
after  one  of  two  well-known  forms,  the  one  discursive,  em- 
bodying, like  a  small  scale  】nap，  a  comprehensive  survey  of 
the  wide-spread  fields  which  accumulated  experience  and 
scientific  research  have  enabled  engineers  to  occupy  讓 1 
conquer;  the  other  circumscribed,  reviewing  in  detail  the 
progress  of  that  particular  battalion  of  the  professional  army 
to  which  the  speaker  may  have  been  appointed  to  serve  his 
generation  and  ； posterity. 

Bo  til  forms,  as  examples  of  the  survival  of   the  fittest, 
demand  the  consideration  and  respect  of  every  writer  of  a 
president  s  address,  and  yet  I  find  difficulties  in  following 
either.      I  have  neither  the  experience  nor  has  my  recent 
enforced  idleness  given  me  time  to  acquire  the  second-hand 
knowledge  needed  to  give  an  adequate  account  of  present-day 
engineering  practice  as  a  whole.      Too  many  of  the  most 
important  engineering  works,  sucli  as  roads,  railways,  canals, 
harbours,  docks,  warehouses,  ships,   telegraphs,  telephones, 
water-works,  sewage-works,  lie  outside  the  somewhat  narrow 
groove  in  which  it  has  been  my  lot  to  earn  my  bread  and 
butter.      And  if  I  confined  myself  to  a  review  of  my  own 
experience  as  engineer  of  a  boiler  insurance  company,  I  fear 
I  could  tell  youi  little  that  most  of  you  do  not  already  know. 
The  generation  and  transmission  of  power,  the  design  of  the 
necessary  machinery  and  its  pathology,  have    occupied  the 
thoughts  of  most  of  the  members  of  the  Association,  as  they 
have  my  own.    The  various  types  of  boilers,  steam  engine, 
and  condensers,  the  older  modes  of  transmission  by  spur  gears 
and  ropes  are  familiar  to  all  of  us.    The  principles  governing 
their  construction  and  working  and    the    economio  results 
obtainable  are  known  more  or  less  accurately  to  most.  The 
newer  】net'liods  of  heat  transmission  and  combustion,  investi- 
gated experimentally  by  Dr.  Nicolson    and   Dr.  Bone,  the 
more  modern  prime  movers,  the  steam  turbine,  the  large  gas 
engine,  the  Diesel  oil  engine   (thermodynamically  the  most 
economical  heat  engine  yet  materialised  in  steel  and  iron)  and 
the  transmission  of  power  by   electricity,  have    been  ably 
dealt  with  in  papers  which  have  been  or  will   be  brought 
before  lis.    Therefore,  in  connection  with  these  subjects  there 
is  little  left  for  me  to  dwell  on  but  technical  details  which 
are'  hardly  suitable  for  an  occasion  like'  the  present,  when  we 
expect  less  serious  entertainment  than  at  our  ordinary  meet- 
' liters.    I  ask  permission,  therefore,  to  step  outside*  traditional 
limits  and  for  the  usual  retrospective  or  prophetic,  general 
or  special,  survey  of  engineering  practice,  to  substitute  some 
remarks  on  the  specifications  for  the  design,  manufacture, 
and  sale  of  power  })lauis,  in  which  so  many  of  our  members 
are  concerned,  and  incidentally  on  the    mutual  relations, 
duties,  and  interests  of  purchasers,  contractors,  and  consult- 
ing engineers.    Probably  everybody  in  the  room  (for  even 
an  office-boy  appreciates  the  tpniper  of  his  cliif^f)  kno;ys  some- 
thing of  the  irritation  and  expense  to  which  tlie  interpreta- 
tion of  these  documents  so  frequently  gives  rise,  especially 
when  they  are  modified  and  supplemented  by  "  understand- 
ings " which  in  nine  cases  out  of  ten  Ixn'otne  inisunderstand- 
inc^s,  leading  to  the  intervention  of  arbitrators,  solicitors,  and 
other  gentlemen  of  the  long  robe .      Indeed,  it  seems  to  iiie 
questionable  whether  disputes  with  men  or  disputes  with 
customers  cause  tlie  greater  worry  and  wast^^  of  time  ami 
temper  in  an  engineering  shop. 

I  therefore  allow  iiiyself  to  hone  that  the  reflections  of  one 
who  has  been  concerned  for  many  years  in  the  drafting  and 
interpretation  of  tliese  docuinonts  and  in  the  settlement  of 
disputes  conconuiitr  their  truo  intent  and  moaning  may  not  be 
deemed  irrelevant  to  the  purpose  for  which  we  have  met 
to-night.  And  first  I  would  say  a  word  about-  tlie  ])urchaser, 
for  not  onlv  doos  every  contract  of  the  kind  wo  are  to  con- 
sider oritjinato  in  his  necessilios,  but  its  lianm)"ious  execution 
and  peaceable  liquidation  are  largely  in  his  liaiuls,  siiu-e  he 
holds  the  power  of  the  purse .  He  may  be  sparsely  repre- 
sented here,  but  he  is  not  on  that-  account  to  be  ignored. 
On  tlio  contra rv,  his  nianif{>ld  ididsvncrasies  <iih1  rluni^ing 
cliarartor  merit  the  consitUM-ation  of  nil  who  havo  business 
relations  with  him.    Some  of  our  older  members  can  recollect 

•  PreKidentinI  add ross  delivered  before  Iho  Manchester  Associaiiou  of  Engi- 
neers, January  13Ui,  1019. 


the  time  when  mills  and  works  were  largely  owned  by 
individuals  who  devoted  their  energies  to  their  own  trade 
and  neitliei-  understood  nor  pretended  to  uuderstand  the 
mysteries  of  engineering.  When  engineering  was  required 
they,  called  in  the  family  engineer  with  as  little  hesitation 
as  under  other  circumstances  they  called  in  the  family  (Ux-tor 
or  the  family  solicitor.  They  put  themselves  into  his  hands, 
accepted  his  advice,  took  what  lie  gave  them,  paid  his  bill, 
and  usually  were  content.  Muc  h  good  work  was  done  in  this 
way,  for  the  engineer  was  intimately  acquainted  with  the 
requirements  of  his  customer,  his  men  knew  every  bolt  and 
■key  about  the  customer's  mill  ；  time  and  first  cost  were  not 
considered  as  they  are  now,  and  the  en^neeriiig  skill  required 
to  turn  out  a  good  job  was  less.  On  the  other  haml,  pro- 
gress was  slow,  for  engineers,  deferred  to  and  uiicriticised  by 
their  customers,  became  opinionated,  intolerant  of  change, 
and  antiquated  in  methods  and  designs. 

Purchasers  of  this  type  have  practically  passed  away,  and 
with  them,  as  was  inevitable,  many  of  the  eugiiieering  firms 
whose  prosperity  had  become  dependent  on  their  custom . 
Municipal  committees  and  joint-stock  companies  have  super- 
seded them.  The  directors  and  managers  of  these  ooinpanies 
no  longer  confine  their  attention  to  their  own  work .  Thev 
keep  observant  eyes  upon  their  neighbours.  They  compare 
their  own  methods  and  costs  with  their  competitors.  If  chary 
in  giving  information,  they  are  seldom  backward  in  asking 
for  it,  and  they  have  learnt  that  tlie  world  contains  more 
than  one  firm  of  engineers  who  can  do  good  work.  The  result 
is  that  woi'k  is  now  usually  put  out  to  tender,  and  has  there- 
fore to  be  described  in  more  or  less  detail  in  specifications  for 
the  protection  of  both  puix'haser  and  contractor. 

Now  the  drafting  of  a  clear,  complete,  and  practicable 
specification  is  not  by  any  means  a  simple  matter.  It 
demands  not  only  a  theoretical  knowledge  of  engineering,  but 
an  intimate  acquaintance  with  workshop  】netliods，  and  with 
the  requirements  of  the  trade  in  which  the  machinery  to  be 
(tendered  for  is  to  be  used.  It  ;s  to  careless  drafting,  and 
to  careless  reading  of  specifications,  that  most  of  the  disput^^s 
between  purchasers  and  contractors  are  due.  Some  of  tlie 
larger  joint-stock  companies  and  corporations  have  in  their 
service  engineers  of  knowledge  and  experience,  capable  of 
drawing  specifications  and  supervising  work ,  but  the  majority 
have  to  depend  upon  consulting  engineers,  or  u)>on  tlie  con- 
tractors who  desire  to  tender  for  the  work,  unless,  as  often 
happens,  their  directors  elect  to  manage  the  business  by  such 
light  as  nature  may  have  vouchsafed  to  tliem.  In  the  last- 
case  the  procedure  is  generally  as  follows  ； ― 

The  object  aimed  at  is  explained,  so  far  as  it  is  understood, 
to  the  representatives  of  several  contracting  firms,  who  are 
asked  to  furnish  plans  and  specifications  showing  how  it  is 
to  be  ac('oni])lisho<:l,  together  with  estimates  of  the  cost. 
Most  of  these  plans  are  models  of  concise  pictorial  exposition, 
just  what  are  needed  to  show  c  learly  the  main  outlines  of  the 
schemes  proposed,  but  the  specifications  are  usually  extremely 
vague,  abouiulincr  in  siu'li  (expressions  as  "  great  strtMigtli,  " 
" ample  capacity,  '  large  bearing  surfaces,'  "  highest  class 
of  workmanship,"  "  best  materials,"  and  the  like,  but  con- 
taining few  dimensions  or  details  of  the  accessories  to  be 
included  in  the  contract  price.  The  oonsequenie  is  that 
the  directors,  who,  wit h  the  assistance  of  their  manager  and 
enginemen,  can  generally  understand  the  plans,  are  quit^ 
unable  to  compare  the  specifications  or  to  deride  (and  small 
blaim、  to  them)  which  skives  tlie  bost  value  for  tho  tendered 
price.  Then  the  contrat-tors  are  recalled,  and  afl*»r  nuu-h 
bargaining  one  of  them  is  induced  to  accept  the  plan  and 
specification  which  tlie  directors  consider  most  advantageous, 
at  or  below  tlie  price  q uotod  in  the  lowest  t-ender. 

No  doubt  under  this  svst<*ni  orders  can  bo  i)laco<l  at 
exceedingly  low  prices,  but  I  question  whether,  on  tlu'  wliole, 
those  who  adopt  it  get  as  good  value  for  their  money  as  others 
who  employ  and  pay  professional  advisers.  Tlie  contract 
prices  are  too  often  sn}>pltMuent^d  by  bills  for  extras,  and 
the  completed  work  marred  bv  makeshifts,  especially  if  it 
consist,  of  alterations  of  or  additions  to  existing^  plant .  The 
guarantees,  if  any,  aro  foiind  to  be  elusive  horauso  the  con- 
ditions deniaiuled  for  tho  t<、sts  are  not  to  Ik*  ohtaint*(l.  It  ran 
liardly  be  otlierwiso  when  t'ontrarts  are  based  on  incomplete 
preliminary  plans  and  specifications  of  the  type  I  have 
referred  to.  Moreover,  work  done  in  this  wav  often  fails  to 
satisfy,  not  because  contractors  are  dishonest,  but  because 
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purchasers  do  not  know  what  they  really  need .  The  state- 
ment may  seem  exaggerated,  but  it  is  true.  Provision  of 
insufficient  power  and  the  adoption  of  types  of  machinery 
unsuitable  for  the  work  to  be  flone,  at  the  instance  of  men 
(lirec-ting  engineering  work  without  engineering  knowledge, 
are  within  the  experience  of  every  contractor  and  consulting 
engineer.  From  the  contractor's  point  of  view  also  the  prac- 
tice is  unsatisfactory.  The  preparation  of  preliminary  plans, 
with  the  knowledge  that,  except  in  rare  cases,  they  will  not 
be  paid  for,  and  may  even  be  handed  over  to  a  competitor 
to  be  carried  out,  takes  all  the  pleasure  out  of  the  work,  and 
the  too  frequent  quarrels  over  extras  and  final  reductions  of 
already  cut  prices,  to  get  a  settlement  after  the  completion 
of  the  job,  create  disgust. 

In  other  cases  the  directors  send  the'  plans,  specifications, 
and  tenders  they  have  received  from  tlio  contractors  to  a 
consulting  engineer.  They  do  not  ask  him  to  study  the  cir- 
cumstancesi  of  the  case  and  prepare  a  plan  and  specificatioii 
of  his  own,  bub  simply  to  advise  which  of  the  plans  and 
tenders  submitted  is  the  most  advantageous.  If  the  engineer 
keep  within  the  limits  of  bis  instructions,  I  do  not  think 
his  employers  benefit  much.  Ho  can  certainly  tell  theni 
which  of  the  plans  submitted  is  the  best  from  a  purely 
engineering  point  of  view,  but  whether  that  plan  be  the  most 
suitable  having  regard  to  the  local  and  trade  conditions  and 
possible-  future  requirements  of  his  employer  he  cannot  tell. 
To  decide  these  points  usually  requires  information  which 
contractors'  plans  and  specifications  do  not  give.  He  pro- 
bably has  sufficient  experience  of  the  work  of  each  contractor 
tendering  to  form  a  rough  idea  of  the  general  character  of  the 
design  and  workmanship  of  the  plant  likely  to  be  supplied, 
but  in  appraising  the  exact  significance  and  scope'  of  speci- 
fications of  the  vague  character  usually  submitted  he  is  nearly 
as  helpless  as  his  employers.  If  he  b©  wise,  lie  will  explain 
the  difficulty  to  them'  and  suggest  that  he  should  go  into  the 
matter  himself,  decide'  what  ought  to  be  done,  and  draw 
up  his  own  specification  for  the  work.  Modesty,  however, 
may  prevent  him  from  offering  services  which  he  has  not  been 
asked  to  render,  and  pride-  from  risking  an  intimation  that 
they  are  not  required. 

In  that  case  he  does  the  best  he  can  with  the  material 
available  and  advises  the  acceptance  of  one  of  the  specifica- 
tions and  tenders,  in  most  cases  with  some  alterations  and 
additions.  The  directors  tKen  make  their  bargain  with  the 
contractor  selected  and  a  more  or  less  formal  contract  follows. 
Usually  the  contract  provides  that  the  consulting  engineer 
shall  inspect  the  plant  during  construction  and  certify  that 
it  is  in  accordance  with'  the  specification,  but  very  often  it  is 
agreed  that  he  shall  also  settle  all  details  of  the  design. 
Sometimes  the  question  of  inspection  is  only  raised  after  the 
contract  has  been  signed.  This  I  think  is  hardly  fair,  for 
even  when  the  specification  is  perfectly  definite  and  the 
inspeobor  reasonable,  his  presence  causes  some  expense,  and 
when  the  specification  is  indefinite  and  the  inspector  faddy 
til©  expense  may  be  very  great.  The  remedy,  fortunately, 
lies  in  the  contractor's  hands.  He  can  always  find  out  if  his 
work  is  to  he>  inspected  before  he  signs  a  contract,  and  if  his 
specification  be  so  indefinite  that'  an  inspector  can  put.  liini 
to  any  great  unforeseen  expense  he  has  no  one  but  himself 
to  blame. 

As  an  inspector  under  such  a  contract  the  position  of  tlie 
engineer  is  fl  el  if  ate  anrl  difficult.  Some  people  seem  to  think 
that  it  is  his  <luty  to  be<'onie  a  mere  tool  for  squeezing  the 
contractor  by  interpreting  the  specification  and  contract  solely 
in  their  own  interest,  by  twisting  every  ambiguous  expression 
to  their  advantage  and  using  every  pretext  their  ingenuity 
can  suggest  for  extracting  work  or  money  from  him,  I  hope 
that  no  consulting  engineer  belonging  to  this  Association 
will  suffer  his  authority  to  he  prostituted  in  this  way.  I 
maintain  that  it  is  his  duty  to  hold  the  scales  of  justice  fair, 
to  see  tliat  his  employer  gets  the  thing  the  contractor  has 
tendered  for  in  workinansliip,  material,  and  design ,  but  not 
to  force'  the  contractor  into  expenditure  which  lie  never  con- 
templat'ed  when  he  Tiiade  his  tender,  because'  the  indefinite 
wording  of  the  specification  might  be  stretched  to  cover  such 
expense. 

I  think  an  engineer  inspecting  under  an  indefinite  and 
aiTibiguousi  specification  slioiild  have  some  rpgard  to  the  price 
at  wliioli  tlie  work  was  taketi,  and  the  style  of  design  and 
finish  customary  at  the  shop  at  which  the  work  is  done.  Let 


me  not  be  misunderBtood.  No  oonsid<^raiion  of  this  kind 
should  induce  an  engineer  to  pass  bad  material,  dangerous 
designs,  or  obviously  insufficient  strengths,  but  there  are 
many  inatiers  of  design  and  finish  wliicli  are  hel<l  to  represent 
I. ho  best  jXiurtico  in  soine  shops,  wliilo  classed  as  socoiul-rai o 
in  others.  These  are  the  cases  in  wliicli  *loul)is  arise,  in  1  lu* 
mind  of  any  man  anxious  to  be  fair. 

Let  me  put  a  hypothetical  case  by  way  of  illustration. 
Suppose  two  firms  tender  for  a  steam  engine  of  tlie  best 
material  and  workmanship.  One  is  in  the  habit  of  fitting 
all  joints  in  the  valve  gear  with  box  ends,  bronze  steps,  and 
wedge  adjustment;  and  the  other  uses  plain  gun-metal 
bushes.  In  both  specifications  the.  valve  gear  is  described 
only  by  the  words  "  of  extra  strength."  The  purchaser  drives 
his  bargain  with  the  firm  accustomed  to  use  T)lain  buslies, 
and  when  the  contract  has  been  made  and  the  work  is  in 
progress,  tells  the  consulting  engineer  to  corn  pel  tlie  t  on- 
tractor  to  substitute  box  ends,  bronze  steps,  and  wedge  adjui>t- 
ments  for  the  plain  bushes,  on  the  ground  that  the  words 
" best  material  and  workmanship  "  entitle  him  to  have  them 
Or,  again,  suppose  the  order  given  to  a  contractor  who  is  in 
the  habit  of  fitting  the  piston-rod  crosshead  with  a  slipper 
without  any  means  of  adjustment,  except  a  liner,  and  of 
casting  the  slide  as  part  of  engine  bedplate.  The  only  stipula- 
tion in  the  specification  as  regards  these  parts  is  "  that  the 
crosshead  shall  be  fitted  with  a  cast-iron  slipper  of  ample 
surface/'  But  after  the  contract  has  been  signed  the  pur- 
chaser requires  the  consulting  engineer  to  insist  on  a  screw 
or  a  wedge  adjustment  for  the  crosshead  slipper,  and  a  slide 
cast  separately  from  the  bedplate  and  fitted  into  the  latter. 

In  cases  like  these,  which  crop  up  every  day,  what  ought 
the  engineer  to  do  ?  Should  he  enforce  his  employer's 
demands?  I  think  not.  I  think  in  such  cases  the  maxim 
ra veat  emptor  spells  ' '  equity  as  well  as  law,"  and  a  man  who 
signs  a  contract  without  ascertaining  exactly  what  he  is 
going  to  get  has  no  right  to  feel  aggrieved  if  he  gets  not 
everything  he  thinks  he  ought  to  get.  But  if  it  is  difficult 
for  the  engineer  merely  to  interpret  an  indefinite  and  am- 
biguous specification  fairly,  what  is  his  position  when  he  is 
held  responsible  for  all  details  of  the  designs?  I  have  been 
forced  into  that  position  more  than  once,  and  I  say  that  it  is 
intolerable.  To  do  justice  to  the  contractor  and  to  give  satis- 
faction to  his  employer  and  to  himself  is  well  nigh  impossible. 
His  experience,  or,  if  you  prefer,  his  fads,  which  are  the 
outcome  of  his  interpretation  of  his  experience,  may  constrain 
him  to  call  for  alterations  of  the  contractor's  usual  designs, 
which  may  involve  the  latter  in  expenses  never  contemplated 
when  lie  estimated  for  the  work,  and  at  tli e  same  time  lead 
to  mistakes  and  mishaps  in  execution  which  may  seriously 
affect  the  efficiency  of  the  plant,  or  even  lead  to  its  total 
failure,  for  a  manufacturer  forced  oufc  of  his  beaten  track 
may  easily  lose  his  way.  In  every  path  the  engineer  may 
tread  are  pitfalls  so  carefully  concealed  that  he  who  traverses 
the  road  for  the  first  time  is  almost  certain  to  stumWe,  into 
one  of  them.  Experience  as  well  as  knowledge  is  needed  to 
ensure  success  in  engineering.  If  any  doubt  this  aphorism, 
let  Tlie  advise  him  to  defer  attempting  to  "  show  〗iis  faith  by 
his  works  ，，  until  lie  lias  had  opportunities  of  watching  the 
experiment  tried  by  others.  On  the  other  hand,  if  tho 
engineer  accept  the  contractor's  designs  and  workmansliip 
as  ('oinplying"  with  a  fair  and  honest  interpretation  of  tlie 
specification,  he  may  render  himself  responsible  for  work 
whirh  his  own  judgmeat  coiulenins  as  secoml-rat^,  and  lat^^r 
on.be  compelled  to  take  the  blame  for  any  mishap  wliicli  lie 
may  have  to  tell  his  employers  might  not  liavo  orviirml  had 
some  design,  other  than  that  sanctioned,  been  adopted. 

I  hope  I  have  said  enough  to  make  it  clear  that,  in  my 
opinion,  suoli  methcxls  of  fining  business  are  not  for  the 
advantage  of  tlie  purthaser,  and  are  most  unsatisfactory  for 
the  engineer  or  the  contractor,  and  sometimes  for  both  of 
tliem.  I  think  others  are  coming  to  the  same  ('om'hisions, 
for  there  is,  in  my  experience  at  least,  a  growing  minority 
who  believe  that  it  pays  to  employ  an  experienced  enefineer 
to  advise  wliat  should  be  done,  to  draw  up  tlie  speiifuation 
aiul  contract,  to  supervise  the  work,  during  const  ruction,  and 
test  it  wlieii  complete.  When  thus  employed  the  engineer  s 
first  duty  is  to  find  out  exartlv  what  】iis  employer  needs. 
This  is  not  always  easy,  for,  as  T  have  stated,  many  wouM-ho 
purchasers  do  not  know  (lefniitelv  what  they  want,  inudi 
less  what  they  need.    Others  again  are  so  stupid  as  wilfully 
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to  mislead  or  at  least  refuse  to  help  the  engineer.  More  than 
once  I  have  myself  been  told  that  it  was  niy  business  to  find 
out  what  my  employer  wanted,  and  not  to  try  to  transfer  my 
responsibility  to  him. 

When  all  the  informatian  available  lias  been  collected,  it 
should  he  set  out  in  writing  and  sent  to  the  employer  for 
confirmation  or  correction.  Only  after  a  written  statement 
has  been  agreed  to  should  the  engineer  begin  to  plan  the  work 
required,  and,  when  planning,  he  should  always  look  ahead. 
To  hear  a  sermon  once  a  week  is  generally  regarded  as  a 
】iecessary  refreshment  in  a  well-ordered  life.  I  have  no 
(loiibt  we  all  enjoy  it  at  cliurcli,  chapel,  or  street  corner.  If 
so,  we  must  have  heard  that  in  the  spiritual  life  ill  ere  is  no 
standing  still :  man  always  progresses  or  retrogrades.  Busi- 
nesses are  subject  to  the  same  law,  and  the  engineer  who 
fails  to  provide,  whenever  possible,  for  extensions  is  pre- 
supposing decadence  rather  than  prosperity  for  his  client — 
which,  is  liardly  fair.  Who  here  has  not  heard  of  slow 
speed  on  Monday  mornings,  of  struggles  with  insurance  com- 
panies for  higher  pressures,  of  over-burdened  engines,  spring- 
ing shafting,  and  broken  gear,  all  because  the  plant  when 
it  was  put  down  was  only  sufficient  for  the  immediate  require- 
ments of  a  business  that  increased.  The  provision  of  means 
of  escape  from  these  inconveniences  should  receive  the  most 
careful  consideration  of  every  designer  of  a  power  plant. 

Having  thought  out  one  or  more  schemes  and  laid  down 
their  main  features  on  paper,  the  engineer  should  take  the 
drawings  to  liis  employer  and  discuss  them  on  the  site  of  the 
intended  work  to  see  that  they  are  practicable,  to  decide 
which  is  the  most  suitable,  and  to  make  sure  that  all  neces- 
sary work,  especially  all  connections  to  existing  machinery, 
have  been  considered.  Thus  only  will  makeshift  alterations 
during  the  progress  of  the  work  and  bills  for  extras  on  com- 
pletion be  avoided. 

This  work  completed,  lie  may  proceed  to  draw  his  specifi- 
cation. Now  specifications  for  power  plants,  and  】nany  other 
things  as  well,  may  be  divided,  as  regards  their  technical 
clauses,  into  two  classes : —— 

{!)  Those  which  describe  the  plant  and  its  accessories  in 
detail,  the  dimensions  of  the  principal  parts,  the  jnaterials  to 
be  used,  the  methods  of  manufacture  to  be  adopted,  the  tests 
to  be  applied,  and  the  conditions  under  which  these  last  are 
to  be  carried  out  ；  and  (2)  those  which  state  only  what  the 
plant  or  machinery  has  to  do  and  what  tests  it  will  be 
required  to  pass,  leaving  the  contractor  free  to  obtain  the 
specified  results  in  his  own  way. 

I  cannot  say  that  either  meets  the  needs  of  the  present 
time.  A  specification  drawn  in  great  detail  may  add  unneces- 
sarily to  the  cost  of  manufacture,  and  therefore  to  the  price 
charged  to  the  purchaser  by  compelling  the  contractor  to 
make  new  drawings  and  patterns  w  lie  re  old,  but  for  the 
restrictions  of  the  specification,  would  have  served.  It  is 
also  perplexing  to  the  estimator  in  the  office  and  harassing 
to  the  foreman  in  the  works.  lb  is  a  source  of  anxiety  ami 
risk  to  the  contractor  and  often  lays  an  unfair  burden  on 
the  shoulders  of  the  engineer,  for  the  contractor  will  certainly 
attribute  every  mistake  and  iim)erfertion  of  workmansljip 
to  its  prescriptions  rather  than  to  faults  of  his  drauglitsnien, 
artisans,  and  machinery.  It  is  quite  right  that  a  consulting 
engineer  who  forces  an  unwilling  contrartor  to  adopt  a 
design  not  distinctly  described  in  his  specification  should  be 
responsible  for  the  consequences,  but  when  a  specification  is 
clear  and  a  contractor  lias  accepted  it  without  demur,  he  has 
no  right  to  throw  back  his  responsibility  upon  the  engineer. 
Tf  lie  obiei-ts  to  the  specification  he  should  state  his  objection 
before  tendering,  or  refuse  to  tender. 

On  the  other  hand,  if  the  consulting  engineer  specify  only 
the  results  required  and  leave  the  contractor  to  obtain  them 
how  he  will,  lie  is  inviting  liis  client  (unless  he  be  dealing 
with  the  standard  <lesipns  of  well-known  makers)  to  open  his 
purse  and  sluit  liis  eyes  and  take  11 10  foiitraotors'  ability 
and  honesty  on  trust.  Well,  gentlemen,  like  Disraeli,  I  am 
on  the  side  of  the  angels.  I  am  prmid  of  the  loyalty  of 
Lancashire  engineers  to  tli(、ir  eiiga^enuMits.  but  I  also  rtMiiein- 
ber  that  the  garments  of  civilisod  life  leave  little  room  for 
wings  to  grow,  and  that  even  angels  living  in  an  atinospliere 
of  unrestricted  competition,  and  luuler  the  supervision  of  the 
shop  steward,  are  sorely  t-empted  to  turn  tli，、ir  foathors  into 
gold,  and  may,  under  temptation,  fall.  To  hoKl  a  falling 
angel  up  is  a  troublesome  and  thaiiklest.,  sometimes  even  a 
<Tuel  task.    Few  can  undertake  it  without  provoking  feelings 


of  resentment  and  accusations  of  injustice,  which  react  upon 
the  relations  between  the  contractor  and  the  purchaser,  turn- 
ing into  a  bone  of  contention  that  which  should  have  been 
the  seal  of  a  covenant  of  mutual  appreciation  and  respect. 

There  is  also  a  third  inethod.  It  tousists  in  inviting 
would-be  contractors  to  send  in  specifications  and  drawings 
for  the  work  required,  and  inaking  use  of  these  without 
acknowledgment  or  remuneration  to  compile  a  specifiratioii 
(Miiboclying  selections  from  tlie  originals,  with  additions  from 
the  inner  consciousness  of  the  engineer.  The  new  specifica- 
tion is  put  forward  as  the  engineer's,  and  contractors  are 
asked  to  tender  to  it,  and  sometimes  to  pay  for  the  privilege 
of  tendering.  Many  of  these  specifications,  like  tlie  nostrums 
of  a  niediseval  leech,'- are  made  up  of  the  most  incongruous 
ingredients,  and  are  apt  to  disagree  with  the  contractor  wlio 
accepts  them  ；  also  the  fee  to  be  paid  for  them  is  often  in 
proportion  to  their  complexity.  The  only  difTereiice  is  t hat- 
while  the  old  leech  had  to  find  materials  at  his  own  cost,  the 
modem  practitioner  steals  his  from  his  patients.  I  do  not 
think  the  inetEod  is  one  which  members  of  this  Association 
will  commend. 

Of  the  other  two  methods,  except  when  dealing  with 
standard  designs,  I  think  the  first,  viz. ，  spec'ifk'atiou  in 
detail,  is  much  to  be  preferred,  but  I  fear  that,  as  the  child 
of  the  consulting  engineer,  it  is  unlikely  to  survive.  It  is 
an  exotic,  too  costly  in  time  and  money  for  the  present  indus- 
trial conditions.  There  seems,  however,  no  good  reason  why 
it  should  not  be  adopted  by  the  contractor,  and  if  it  were 
I  feel  confident  that  the  trouble  expended  in  licking  it  into 
shape  would  amply  repay  its  foster-father. 

Let  manufacturers  of  power  plants,  engines,  boilers,  gas 
producers,  and  the  like  issue  their  own  specifications,  not  as 
so  many  do  now,  in  the  vague  language  I  have  quoted,  but 
ill  full  detail,  in  greater  detail  than  can  be  attempted  by  any 
consulting  engineer,  and  let  them  illustrate  their  descrip- 
tions by  photographs  and  drawings  in  such  a  way  that  the 
engineer  who  reads  may  understand  the  thing  that  is 
described  as  accurately  and  completely  as  if  he  had  examined 
the  thing  itself.  Of  course,  the  preparation  of  such  speci- 
fications implies  standardisation ,  not  necessarily  of  dimen- 
sions, for  that  is  not  ahvays  practicable  coinmercially,  but 
rather  of  typical  designs  and  permissible  stresses.  The  speci- 
fication accompanying  a  contractor's  tender  would  then  con- 
sist of  two  distinct  parts ― one  variable,  defining  the  special 
characteristics  of  tlie  particular  plant  to  be  supplied,  the 
other  standard  containing  tlie  description  and  illustrations  of 
the  designs  and  finish  adopt("l  by  the  rontractor  for  every 
plant  of  the  same  kind. 

Let-  me  give  one  short  example  of  my  meaning.  Take  the 
case  of  an  ordinary  vertical  air  pump.  The  variable  part  of 
the  specification  would  merely  state  that  the  particular  pump 
tendered  for  would  be  vertical,  of  n  inches  diameter  and  "t 
inches  stroke,  driven  iu  such  and  such  a  way,  and  requiring 
fj  gallons  of  water  per  iiiinute  at  t  degfrees  to  maintain  a 
vacuum  of  2)  per  cent,  of  the  barometer  with  the  rated  load 
upon  the  engine.  The  standard  part  of  the  specification 
would  show  the  characteristics  comnion  to  all  vertical  air 
pumps  made  by  the  coiitrat-tor,  and  would  explain  by  illus- 
trations aud  descriptions  all  details  of  design,  such  as  the 
inetliod  of  fast-ening  the  bucket  to  the  rod,  the  type  of  foot 
bucket  and  delivery  valves  adopted,  the  means  of  securing 
their  grids  and  guards,  the  kind  of  snifting  valve,  injection 
cock,  and  vacuum  breaker  supplied,  the  niaximuni  stresses 
permitted  on  bucket  rods,  the  precautions  taken  to  prevent 
splash  in  2：  from  tlie  】iot  well  and  to  preserve  the  foundations 
from  oil  and  water,  If  such  description  were  furnished 

by  contractors,  consulting  engineers  could  curtail  their  speci- 
fications of  air  piim]>s  to  staUMuents  of  the  tvj>e  of  pump 
preferred  and  the  temperature  of  tlie  cooling  water  available. 
They  would  know  exactly  what-  rontrartors  iiitondtvl  to 
supply,  and  could  arrange  any  modification  in  the  designs 
presented  before  accepting  tenders. 

In  opposition  to  these  proposals,  it  is  said  that  stan- 
dardisation would  be  useless  bocauso  consulting  enpiiioers 
would  ignore  the  nianufact urers'  designs  and  insist  upon  the 
substitution  of  their  own  So  far  as  T  can  judgo  from  the 
assistance  I  have  received  from  the  printed  descriptions  and 
illustrations  of  standard  articles  issued  of  late  years  with 
their  temlers  bv  many  of  the  larger  manufacturing  firms,  I 
feel  convinced  that  as  soon  as  these  descriptions  and  illustra- 
tions arc  niado  sufficioiitlv  complete  consulting  engineers  will 
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cease  to  compile  the  elaborate  documents  they  are  conipolleil 
to  issue  now,  and  will  limit  their  specifications  to  descriptions 
of  the  type  of  plant  required,  the  work  to  be  done,  the  tests 
to  be  passed,  the  conditions  under  which  the  tests  are  to 
be  made,  the  nature  of  the  guarantees  required,  and  the 
penalties  to  be  exacted  for  non-fulfilment. 

It  is  also  said  that  standardisation  is  undesirable,  because 
it  has  a  tendency  to  stereotype  designs  and  to  retard  pro- 
gress. A  national  system  of  standards,  unless  carefully 
restricted,  is  extremely  likely  to  have  this  effect,  but  sectional 
standardisation  by  individual  firms  coupled  with  publication 
will  have  just  the  opposite  effect.  For  the  competition  of 
other  firms  and  the  criticisms  of  purchasers  and  consulting 
engineers  will  keep  designing  and  modification  of  standards 
up  to  date. 

Publication  al&o'  is  objected  to,  on  the  ground  that  it 
enables  a  man's  competitors  to  copy  his  designs  and  reap  the 
harvest  of  his  labours.  I  should  not  be  sorry  if  this  were 
true,  but  in  my  opinion  it  is  not.  The  law  of  England  says 
that  the  drawings  in  a  patent  specification  must  be  such 
that  a  competent  man  can  manufacture  from  them .  I 
wonder  how  many  machines  manufactured  from  a  patent 
specification  alone  would  find  a  sale  ！  So  it  is  with  other 
drawings  and  descriptions.  They  must  be  supplemented  by 
experience  to  have  a  marketable  value.  But  even  if  copying 
be  possible,  who  suffers  ？  If  a  man's  conipetitor  can  appro- 
priate the  good  points  of  his  designs,  he  can  appropriate  the 
good  points  of  his  competitors. 

The  only  result  worth  consideration  is  that  progress  is 
accelerated,  and,  with  Lancashire  importing  steam  engines, 
gas  engines,  and  electrical  macliinery  from  the  Continent,  the 
acceleration  cannot  be  too  rapid.  I  have  heard  that 
engineers  in  by-gone  times  were  wont  to  add  odd  inches  and 
eighths  to  6ft.  for  the  stroke  of  the  beam  engine,  and  to  use 
screws  with  curious  threads  to  hinder  repairs  of  their  engines 
by  any  but  themselves.  I  suppose  the  6ft.  stroke  and  Whit- 
worth  thread  were  deemed  subversive  to  private  interest 
then.  In  holding  out  for  secrecy  in  engineering  in  1912，  are 
we  any  wiser  than  our  fathers  were  ？ 

And  now  I  must  bring  my  reflections  to  a  close.  When  I 
decided  on  the  subject  of  this  address  I  intended  to  have  said 
something  about  tenders  and  contracts  as  well  as  specifica- 
tions, but  I  find  I  have  already  detained  you  long  enough . 
Nevertheless,  the  astounding  agreements  sometimes  entered 
into  by  contractors  And  the  unexpected  interpretations  some- 
times put  upon  them  by  purchasers  and  their  engineers 
clearly  indicate  that  these  important  documents  are  often  pre- 
pared and  signed  without  proper  consideration  of  the  liabili- 
ties they  entail.  Let  me  only  quote  two  cases  in  support  of 
my  assertion. 

The  first  is  an  instance  of  a  reckless  contract.  Here  a 
contractor  undertook  to  replace  an  existing  steam  engine  by  a 
new  one  for  the  value  of  the  fuel  to  be  saved  during  a  certain 
number  of  years,  without  any  stipulations  as  to  the  means 
to  be  adopted  for  ascertaining  the  coal  consumption  or  the 
horse-power  either  before  or  after  the  replacement,  or  as  to 
the  date  when  payment  contingent  upon  the  realisation  of 
a  saving  over  a  number  of  years  would  become  due,  without 
even  settling  whether  the  saving  should  be  reckoned  on  the 
total  fuel  bill  at  the  mill  or  only  on  the  value  of  the  coal 
burnt  in  raising  the  steam  used  by  the  engine.  Naturally 
the  contract  led  to  a  dispute. 

The  second  is  an  instance  of  unexpecied  interpretation  of 
a  very  ordinary  guarantee  and  penalty  clause.  The  contrac- 
tor guaranteed  rates  of  steam  consumption  under  penalties 
at  full  load,  three-quarter  load,  half-load,  and  one-quarter 
load,  and  failed  to  obtain  the  guaranteed  rates.  The 
engineer,  whose  decision  under  the  specification  was  to  be 
final,  claimed  the  sum  of  the  four  penalties  and  obtained 
legal  opinion  to  support  him.    A  pretty  quarrel  ensued. 

In  conclusion,  I  must  I  fear  plead  guilty  to  having  said 
some  things  which  will  displease  some  because  they  will  regard 
them  as  impracticable,  and  other  things  wliicli  will  displease 
others  because  they  will  regard  tliem  as  stale  platitudes.  Let 
me  suggest  a  rule  of  conduct  with  which  neither  purchasers, 
contractoi*s,  nor  consulting  engineers  can  quarrel.  I  take 
from  the  "  de  contemptu  immdi  of  St.  Bernard,  to  which 
church  and  chapel  alike  owe  some  of  their  best  loved  hymns, 
and  from  a  card  hung  up  in  an  office  for  tlie  edification  of 


the  clerks  ami  callers.    The  language'  of  11  ir  two  is  somewhat 
different,  but  the  meaning  is  the  same. 
St.  Bernard,  asking  who  shall  gain 

"The  peace  of  all  the  faithful, 
The  calm  of  all  the  blest, 
Inviolate,  unvaried, 
Divinest,  sweebesfc,  best," 
answers :  They 

" Who  <lo  the  work  that  lies  before  them, 
Who  mean  the  thing  they  say." 

The  office  card  enjoins  each  reader  "  to  live  so  that  he  can 
look  every  damued  man  in  the  eye  and  tell  him  to  go  to  hell  !•， 


TECHNICAL  "ROT"  IN  THE  NON-TECHNICAL  PRESS. 

The  literature  of  engineering  doe's  not  offer  much^  that  is 
humorous  save  when  writers  in  popular  periodicals  essay  to 
provide  sensational  matter  for  the  general  public,  and  then  it 
not  infrequeuUy  happens  that  accounts  intended  to  harrow 
and  siartle  tlie  general  reader  only  make  the  technical  expert 
laugh.  We  .do  not,  as  a  rule,  undertake  to  provide  amuse- 
ment for  our  readeiTs,  and  we  trust  they  will  excuse  the  slight 
trespass  on  our  space  involved  in  the  reproduction  of  the 
following  choice  specimen  from  a  reoent  issue  of  that  popular 
periodical  "  Answers."  Those  who  have  any  practical  know- 
ledge of  steam  boilers  will  probably  think  with  us  that  if  the 
effusion  is  devoid  of  accurate  information  it  is  at  least  funny. 
BEWARE  THE  BOILER  I 

DANGERS  ENCOUNTERED  RY  THE  MAN   WHO   GETS  UP  STEAM. 

The  men  who  are  employed  in  the  boiler - house  of  any 
steam  works  are  always  working  under  conditions  of  considerabl<3 
danger  to  their  lives. 

Between  30  and  40  lives  are  lost  every  year  in  this  co mitry 
as  the  result  of  boiler  explosions,  and  hundreds  are  badly  injured. 

The  bursting  of  a  valve  is  one  of  the  ooinnioiie^t  of  hoilcr 
accidents. 

In  a  large  steam  dye-works  in  the  North  of  Enghviid  a  boiler- 
minder  met  a  fearful  death  in  this  way  last  year. 

Hf^  \\  as  standing  close  to  the  huge  boiler,  when  a  valve  burst  ； 
the  steam  rushed  out  、vith  an  immense  roar,  catching  the  luckless 
minder  full  in  the  face.    He  was  killed  instantly. 

Sometimes  bad  boiler  accidents  are  caused  by  the  plates  of  the 
firebox  becoming  so  eaten  away  by  corrosion  that  they  are  unable 
to  bear  the  pressure  on  them,  and  burst. 

A  bad  accident  of  this  sort  occurred  in  the  boiler-house  of  a 
large  cement  works  a  few  years  ago.  The  back  and  .side  plat<^  of 
the  huge  firebox  burst,  with  the  result  that  an  immoiist^  quantity 
of  blazing  fuel  was  blown  out  and  luirlt'd  in  a  .solid  mass  into  a 
corner  of  the  house.  Two  men  who  were  near  were  caught  up 
likp  feathers  in  the  blast  made  by  the  explosion,  and  hurl  eel  with 
the  blazing  fuel  into  a  corner  of  the  boiler-house. 

Every  boiler-niiiickn-  knows  that  when  the  slighte、st  sign  of 
leakage  ksliows  between  the  joint  plates  of  a  boiler  tluit  it  is  a 
danj^er  signal,  and  he  coninuuiicates  at  once  with  the  works 
manager,  who  has  th-e  steam  let  out,  and  tlie  leakage  repaired 
straight  away. 

But  sometimes  a  few  drops  of  water  may  show  at  the  joint 
plates  as  the  re-snlt  of  what  is  known  as  outside  evaporation, 
rills  may  happen  with  a  boiler  that  is  in  perfect  order  ；  but  great 
ca re  has  to  be  taken  when  drops  do  appear  at  the  joint  plates, 
to  make  certain  that  the  water  is  not  coming"  from  a  leakage. 

In  a  big  melting  works  in  the  North  of  England  a  short  time 
back  a  boiler-minder  called  the  works  】iianager，s  attention  to  a 
couple  of  drops  of  water  showing  betwt^en  tho  joint  plates.  Th(、 
manager,  who  was  a  careful  mam,  had  the  steam  shut  off,  and 
sent  the  boiler  repairer  to  caulk  the  leak.  Three  hours  lati*r 
one  of  tlie  minders  observed  anothei*  drop  of  water  sliow  at 
the  same  spot,  and  showed  it  to  his  mates. 

"It  must  be  evaporation"  said  the  man.  "Any、vii,v，  w  v  w  ill 
finish  the  work  with  it  as  it  is." ' 

Hardly  had  he  coased  ^speaking  wlieii  tl"'  boiler  oxplodod 
whore  the  leak  had  been  showingj  a  leak  tliat  had  not  boon 
l»r<)perly  repaired. 

A  huge  plato,  5ft.  in  ciicuinference  and  a  couple  of  iiiclavi 
thick,  was  blown  across  the  boilor-house  as  it'  discharged  from  a 
cannon .  It  hit  the  minder  in  the  cliost,  niul  he  was  killod 
instanth*.  His  niato  escaped  with  a  bad  scalding  from  the  out- 
rushing  steam. 

Boiler  accidents  o^ton  occur  、vhon  tho  hoi  lor  is  hoing  HI  led  : 
but  an  accident  of  this  sort  is  usually  due  to  the  minder's  iiegleot- 
iiin-  to  keep  the  pijjos  of  the  boiler  dean  and  ])roperly  drained. 
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WEIR'S  VACUUM  AUGMENTOR. 

Aiu  punipw  are  coiiiiiionly  employed  to  witlidraw  air  and 
water  vapour  from  condensers  receiving  the  exhaust  steam 
from  steam  turbines,  the  relative  proportions  of  the  air  and 
water  vapour  depending  on  the  pressure  and  the  temperature. 
For  a  fixed  temperature,  a  reduction  in  pressure  increases  the 
vol  lime  of  the  air,  and,  if  the  air  were  dry,  the  increase  in 
volume  would  be  exactly  proportional  to  the  reduction  in  pres- 
sure. The  weight  of  water  vapour  which  can  be  carried  by 
a  given  weight  of  air  is,  however,  increased  by  reduction  otf 
projssure  (the  temperature  remaining  constaut)  so  that  the 
increase  in  volume  of  the  air  and  vapour  with  reduction  of 
pree&ure  is  always  greater  than  would  be  the  case  with  dry 
air.  It  therefore  follows  that  the  lower  the  absolute  pres- 
sure at  the  air  pump  suction,  the  greater  must  be  the  capacity, 
or  piston  displacement,  of  the  air  pump,  in  order  that  tbe 
pump  may  deal  with  the  increased  volume  of  fluid  ；  and,  in 
fact,  the  halving  of  tlie  absolute  pressure  at  the  air  pump 
suction  requires  of  the  air  pump  capacity  or  piston  displace- 
ment being  increased  always  more  than  100  per  cent.,  and  in 
tyome  ca&es  200  per  cent,  or  more,  the  exact  relation  between 
reduction  in  prassure  and  increase  in  volume  depending  on 
the  relation  between  temperature  and  pressure,  whicli  affects 
tlie  ratio  of  water  vapour  to  air.  The  handling  of  the  greater 
volume  of  fluid  neceseitates  that  the  air  pump  be  either 
LeavieiT  or  faster  running,  or  bolli,  whicli  involves  greater 
initial  cost  and  greater  expenditure  of  power  in  running. 


•K  — 

Wkiu's  Vacuum  AuoMENTOit. 

Wit  li  111" (山 j(、<,t  of  reducing  the  necessary  capfuity  of  tlio 
air  ])Uhi |>  when  iiiMintaining  liigli  vacua  or  low  absolute  pres- 
sures ill  I- he  conckMiKcr,  vacuum  auginont-oi's  have  been  u^sed 
or  ])m posed  coiiisihitin^r  of  nozzles  fed  with  est oani  or  water 
vmcler  prestiure  and  adapted  to  dischargo  the  sloaiii  or  water 
into  iJic  air  |)Uin|)  suction  pipe  and  so  to  prodiicH'  a  (Uflemicr 
in  piTKsm'ti  betwoiMi  I  lie  coiidcMiser  and  t  he  air  puiti])  surlion. 
The  air  ])un)])  capacity  can  t  Iumi  hi-  I'-f^h  1  ii  won M  dI Ikm'- 
wLso  bo  nect'Hsary  to  maintain  any  give!!  high  vacuimi  in  t lie 
(.'ondon&er.  The  ns«  of  water  in  sucli  aiignientors  lias  t  hr 
rlisadvaiit'ago  iJiat  it'  neceissitates  a  t'Cnisid*M-ablo  increase  in 
the  capacity  of  tlio  wet  air  pump  or  other  wator-clischai'ge 
]}iuii])  ；  and,  moreover,  t-iic  obtaining  of  the  requisik]  (fuanUty 
of  I'i-chIi  cold  water  often  involves  difTicull i('s  or  complications  ； 
and  in  sleani  t'm'bim 、- pmpollt'd  ships, (、卜 \v;n\slii|Ks,  any 
increase  of  weight  is  to  ho  avoided.  Tli''  ''m|il"ynK、nt  of 
strain  jet  aui^iiKMilors  i»RTcas(\s  tho  s"';i 川 or  water  vapour  in 
； it*iocialion  with  t  lie  air  in  tlio  air  puin])  MU-t  ion  to  Mich  an 
exttMit-  111;"  ail  auxiliary  eomlri'^'r  lias  usually  to  be  (Miiployod 
Ix't  ween  tlir  aii"'im'iitm'  and  I  lie  air  pumii,  llm、  adding  to  tlic 
、、t'ighl»  ami  coiiiplirat-ioii  of  tlio  -、、 's"'m. 

In  the  arrangein-eiit  illustrat rd,  tlio  invention  ut  G.  &  .1. 
Weir,  Lkl.，  Cat  hear  t,  Glasgow,  and  .1 .  IVtwmollcr,  air  at 
at'mot^phvi'ic  prostiure  is  eniployi^d  in  place  of  steam  or  walor  in 
the  iUignuMitor  nozzle.  If  a  given  、v<、ight.  of  air  is  I'xpamli'd 
from  ai'ino^pluM'if  prt'wmv  ">  a  low  alisoliilv  |m、sMm 、--  say  I' 
― ill  a  suitable  nozzle^  the  kineliu  ciiorgy  obtained  from  the 


expansion  is  sufficient  to  compress  an  equal  w^eight  of  air 
from  a  certain  lower  absolut-e  pressure  to  pressure  P，  even 
when  allowing  for  considerable  losses  due  to  eddies  and  due 
to  tbe  conversion  of  kinetic  energy  into  heat  energy. 

By  placing  a  suitable  nozzle  in  the  air  pump  suctiou 】）— 
and  allowing  air  at  atmospheric  pressure  to  enter  this  nozzle, 
a  substantial  difference  in  pressure  is  obtained  between  ih<* 
condenser  and  the  air  pump  suction .  The  amount  of  air  with 
which  the  pump  has  to  deal  is,  of  course,  increased  by  the 
amount  which  enters  through  the  nozzle  :  but  the  water 
vapour  is  not  increased,  and,  owing  to  the  increase  in  the 
pressure,  the  resulting  volume  ol  fluid  admitted  bo  the  air 
pump  is  less  than  would  be  the  case  without  the  air  jet.  The 
net  reduction  in  voluTne  is,  of  course,  greatest  in  cases  wln^rc 
the  ratio  of  water  vapour  to  air  is  great  at  the  exit  from  tlie 
condenser.  It  is  thus  possible  to  obtain  a  reduction  in  the 
necessary  air  pump  capacity  without  any  consequential  com- 
plications or  increases  in  weight. 

The  air  and  vapour  to  be  suctioned  come  from  the  con- 
deoiser  A  through  the  passage  B  into  the  nozzle  apparatus. 
The  admission  of  atmospheric  air  is  at  D  :  and  in  thv  nozzle 
F  this  air  expands  and  acquires  high  velocity,  its  available lieat 
energy  being  transformed  into  kinetic  energy.  This  air 
mixes  at  G  with  the  air  and  vapour  coming  from  the  con- 
denser, in  sucking  and  compressing  which  it  gives  up  its 
acquired  kinetic  energy  ；  and  the  mixture  passes  to  tlie  air 
pump  by  way  of  the  divergent  nozzle  and  pipe  K.  It  is  not, 
of  course,  necessary  that  the  air  passed  through  the  nozzle 
should  be  equal  in  weight  to  tbe  air  drawn  from  the  con- 
denser ； and  the  best  ratio  to  employ  in  any  case  will  depend 
on  the  conditions  of  working. 


SOME  LARGE  DIESEL  ENGINES. 

It  is  not  generally  known,  says  ''  The  Times"  Eugiuwring 
Supplement,  that  Messrs.  Knipp  have  for  some  considerable 
time  past  been  engaged  on  the  question  of  the  development  oi' 
the  double-acting  Diesel  engine  for  marine  work.  They  were 
one  of  the  first  firms  to  take  up  the  construction  of  Dieseil 
engines^  and  have  manufactured  a  very  large  number  of  two- 
cycle  motors  up  to  1 ,000  h.p.  working  on  the  single-acting 
principle,  most  of  which  have  be^eii  supplied  to  the  RiLseian 
Government.  Some  time  ago  they  built  a  single-cylinder 
double- acting  two-cycle  engine,  and  this  has  now  been  run- 
ning successfully  in  the  shops  without  giving  any  trouble, 
eitlier  with  the  glands  or  with  the  bottom  cover,  whicli  liaj^ 
been  tho  cause  of  some  of  the  difficult i(\s  experuMiced  witli 
double-acting  engines.  It  is  worthy  of  notv  that  up  ")  ihr 
present  there  seems  to  have  been  no  confinnation  of  tli" 
geiierallv  expressed  vk、w  that-  double-acting  Diesel  t'n;'in(、、 
would  involve  trouble  with  the  glands,  but  the  matter  cannot 
of  course  be  considered  as  settled  until  sea  exj>erience  has 
been  obtained.  The  single-cvHndi^r  engine  of  KruppV  was 
defr;i<;iie{l  for  2,000  h.】）.，  and  actually  developed  2,800  h.p.: 
and  an  engine  is  now  being  constructed  in  tl"、  Kiol  works 
wliicli  will  he  suit  able  for  a  Imt.tlwdiii).  and  will  bo  of  12,000 
It  is  anticipated  bv  the  buildei>i  tliat ,  at  any  ra"'  for 
t  he  jircsi'iit ,  cvlinder^  will  not  he  coiK^l nu  tcd  of  irrcalrr 
power  llian  llic  um、  alnady  running 一 noniinally  2,(»0()  li.p. 
owint;  to  \hv  difficulties  of  getting  rid  of  the  heat .  In  point 
of  fact ,  tho  re  does  not  mhmh  any  iiimiodiat<*  lUHVssily  for 
larger  sizes,  since  a  six-cylinder  engine  dovt'Ioi*^  woll  over 
12,000  li.i).，  so  that  a  triple  screw  battleship  would  bo  pro- 
vided witli  ;i]i)M-()ximat<'ly  tlio  |K)\v(M'  necej^arv.  Tlio  Diesel 
loL'oiuol ivi、，  wliirli  lia.s  Ih'""  roibtrurkni  by  Mrssiv.  Sulzcr, 
is  now  undergoing  its  ]>ivliininarv  trials :  ImU  nolhinj;  i> 
likclv  to  lie  ln'ard  about  the  result、s  for  M)nio  liltU'  time  yet . 


The  Old  and  the  New  Lathe ―  At  a  m  enl  iiuvliiip  "'，' 
(Jliisijow  AsMK-iatioii  oi'  l'，(、r，'，m'"  Engineers  a  l，、<'t"rr  、、； ，s 
(U'livoHMl  by  Mr.  William  M  Chesney  on  "  The  Old  aiul  tlio 
New  Lathe :  A  FritMidly  Criticism.  '  The  purpose  of  the 
loot u IV  was  to  slunv  that,  notwithstanding  all  tlio  iinprov*- 
nuMits  embodied  in  tW  new  tools,  luiuli  of  the  adapt  ability 
of  tho  old  was  lost,  and  tlial  ihc  teiuUMu  y  of  tho  i""s<'"t-《lay 
tool  inakcrs  was  to  clahoralv.  What  was  waiilod.  the  Ici  turer 
said,  was  a  sinipU*,  cffoctivc  tool. 
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HOME  OFFICE  REGULATIONS  OF  HUMIDITY  IN 
WEAVING  SHEDS. 

The  folio  wing  regulations  respecting  liuniiclily  in  weaving 
sIkhIs  have  just  been  issued  by  the  Home  Office  under  I  lie 
Factory  and  Workshops  Act  : ~ 

These  regulations  shall  come  into  force  on  April  1st,  1912, 
provided  that  paragraplis  ('■)，  (〃)，  (")  and  (/)  of  Regulation 
G  shall  not  come  into  force  until  June  1st,  1912. 

Provided  further  tliat  the  Chief  Inspector  of  Factories 
may  by  certificate  in  writing  suep-end  the  operation  of  Regula- 
tion 1  in  respect'  of  any  hu 出 id  shed  for  a  period  not 
exceeding  two  years  from  April  1st,  1912,  if  satisfied,  after 
an  enquiry  at  which  the  occTipier  and  persons  employed  shall 
bo  li-eard,  that  all  reasonably  available  means  to  keep  down 
tlie  temperature  have  been  adopted,  and  that  by  reason  of  the 
circumstances  of  that,  hiiiifld  shed  it  is  not  at  all  times  prac- 
ticable, not-withstanding  the  full  use  of  Kiich  means,  to  pre- 
vent witliout  cessation  of  (irfifirial  Juimldificdfion,  the  wet- 
bulb  reading  of  the  Jfffyro meter  from  exceeding  75°  Any 
siieh  certificate  shall  be  subject  to  the  condition  that  the 
arraiigeiueiits  for  cooling  the  shed  shall  be  kept  in  efficient 
working  order,  and  used  whenever  ii emissary,  and  in  the 
event  of  any  contravention  of  this  condition  the  certificate 
may  at  any  time'  be  re'voked  by  notice  in  writing  from  tlui 
Chief  Insjiector  of  Factories. 

Definitions. 

For  the  purposes  of  these  Regulations, ― 
Humid  sh<'d  means  any  room  in  which  the  weaving  of 
cotton  cloth  is  carried  on  with  aid  of  artificial  Jminidi- 
ficatio)i. 

Artificial  humidifi cation  ineaas  liiiinidification  of  the  air 
of  a  room  by  any  artificial  moans  wliat-soover,  except 
t-lio  \ise  of  gas.  or  oil  for  lighting  purposeiS  only.  Pro- 
vidt^d  that  iu  a  room  in  which  there  are  no  distributing 
pipes  or  ducts,  the  introduction  of  air  directly  from 
tlie  open  air  outside  through  mate  or  cloths'  moistened 
with  cold  water  shall  not,  if  adopted  solely  at  times 
when  the  temperature  of  tli'e  room  is-  70°  o-r  more,  be 
deemed  to  be  (irtifirufl  h  a itUdifica t io n . 

J) I II  slu  (I  means  any  room ,  oth-er  t-lian  a  //  //  in  id  si"  <l ,  in 
which  the  weaving  of  cotton  cloth!  m  carried  on . 
1)(  lirci's  (of  temperature)  uieaii  degrees  on  tlie  Falireiilieit 
8cale . 

II  ijlirniin  f  (  r  means  an  aocurale  wei-aiul-dry-bulb  ////,'〃  "- 
nwf<r,  conforming  to  sucli  conditions,  as  regards  (' ("卜 
structiou  and  inainteiiance,  afe  Ui'e  Secretary  ul'  Stale 
may  prescribe-  by  order. 

Ileyidaiioiis. 

1 .  There  j>1i;iII  he  no  (wiifn'tal  h  /////  nii fivnf  hhi  in  any  //〃〃//•'/ 
shed ~ 

(〃) at  any  time  wben  tlie  wet- bull)  reading  of  the 
nu'tcr  exceeds  75。；  or 

{h)  at  any  time  when  the  wet- bulb  reading  of  the  If  i/iji o- 
nu  tcr  is  higlier  than  that  specified  in  U 化 Sdiedi'lc 
of  tliis  Order  in  relation  k)  t-h©  dry-bulb  I'eadiii"" 
of  tlio  Ji  ijfjrani ttcr  at  thai  time  ；  or,  as-  regards  n. 
dry -bulb  reading  iiiieriiiediaie  between  any  two 
dry-bulb  readings  indicated  consecutively  in  t'li(、 
Schedule,  when  the  dry-bulb  reading  does  not 
exceed  the  wet-bulh  reading  to  Uh'  extent  uidicatiod 
in  relation  to  Mic  lower  of  tliotse  two  dry-b ulb  read 
ing8 ；  or 

at  any  time,  a  tier  tliev  lii-st  half-liour  of  einployjiient 
in  any  day,  when   tlio   dry-bulb   reading   of   11  ic 
liifliroiHffer  is  below  50。；  or 
、《- 1、  at  any  lime,  witliin  the  first  half  liuur  of  oniployjiieni 
any  day,  wIkmi   tlio  wel  bull)  ruading  of  tlir 
///〃〃,"〃〃〃/  is  k'^is  tliaii  2°  below  tlio  d ry-bull»  ivh'I- 

2,  No'  water  which  is  liable  to  cau^o  injury  t,o  the  health 
of  the  persons  employed,  or  to  yield  effluvia,  shall  be  used  for 
(irtificifd  Ji  ll niHfificdtioii  ^  ami  for  the  purpose  of  iJiis  Regula- 
tion any  water  wliicli  al)sm'l)'s  from  acid  solution  of  per- 
niungaualu  uf  pottush  in  four  lioury  al  GO"  more  than  0'5  grain 


of  oxygen  per  gallon  of  watx'r,  shall  l>o  deoncd  U)  be  liable 
to  cause  injury  to  the  liealtli  of  the  j)orsons  t' 川 pluytnl. 

3.  In  each  humid  shed  two  hygronictcrsj  and  one  addi- 
tional hfjfironiattr  for  every  500  or  part  of  500  looms  in 
•exoese  of  700  looms,  shall  be  provided  and  maintained,  in 
such  positions  as  may  be  approved  I)y  tlu*  inspectxjr  of  tlio 
district. 

A  coj;y  of  the  Scliedulo  appended  io  lliLs  Order  shall  he 
kept  affixed  near  to  each  hijyromettr  provided  in  pursuance  of 
this  Regulation. 

4.  In  every  //  ii iiiid  shed  the  readings  of  each  hi/yronicier 
provided  in  pursuance  of  Regulation  3  shall  be  observed  on 
every  day  on  which  any  workers  are'  ein ployed  in  lli-e  shed, 
jointly  by  re p res eii tat i v o«  of  the  occupier  and  of  the  persons 
oin])loyed,  between  7  and  8  a.m.,  between  11  a. in.  and  12 
noon,  and  (except  on  Saturday)  between  4  and  5  p.m. 

The  prescribed  Humidity  Register  shall  be  kept  in  the 
factory.  If  any  readings  taken  as  above  are  such  as  to 
indicate  contravention  of  Regulation  1  or  Regulation  5,  tlie 
persons  who  have  taken  tliem  eh  all  forthwith  enter  and  sign 
tliein  in  the  prescribed  Humidity  Register,  and  a  copy  of  each 
sucli  entry  shall  also  be  sent  forthwith,  iu  the  prescribed  form, 
to  tire  inspector  of  the  district. - 

At  the  end  of  each  week  the  persons  appointed  to  take  the 
readings  sliall  enter  and  sign  in  the  prescribed  Humidity 
Register  a  declaration  that  during  the  week  the  readings  liave 
been  duly  taken  by  tli'e'm  as  required  by  this  Regulation,  and 
that  (subject  to  any  exception  recorded  as  above)  no  readings 
have  been  such  as  to  indicate  contravention  of  Regulation  1 
or  Regulation  5. 

The  entries  in  the  Humidity  Register  shall  be  'prima 
facie  evidence  of  the  temperature  and  humidity  of  the  air  of 
the  humid  shed. 

5.  In  every  dry  shrd  and  in  every  humid  shed  the 
arrangements  shall  be  such  that  (1)  during  working  hours  the 
temperature  shall  not  at  any  time  on  that  day  be  below  50。, 
and  (2)  no  person  employed  shall  be  exposed'  to  a  direct 
draught  from  any  air  inlet-,  or  to  any  draught  at  a  tempera- 
ture of  less  than  50。. 

Provided  that  it  shall  be  sufficient  compliance  with  thii 
requirement  marked  (1)  in  this  Regulation  if  tlie  lieatiug 
apparatus  be  put  into  operation  at  the  coiiimcjiccment  of 
work,  and  if  the  re(]uiiTd  teiuperal-ure  be  Jiiaiiitained  after 
the  expiration  of  lialf-aii-hour  from  the  conmienoenient  of 
work  • 

Iu  a  UMienR'iil.  factory  it  shall  be  llie  duty  of  the  owimt 
t'O  provide  and  iiiainlciin  the'  arraiigiemeiiUs  required  for  the 
piir]>OKe  of  the-  requirement  marked  (1)  in  Uiis  Re^iilalioii. 

6.  Ill  a  htimkl  shed  in  which  sU'am  |)i|x'、s  are  for  the 
introduction  of  Kteani  for  I  Ik*  [)iirp()^^e  of  (fiiificial  Irnvtidi- 
fi rat 'urn  of  the  air— 

{ft)  Ui'e  diamet'er  of  sudi  ])i[H's  sliali  not  cxcerd  2in . ； 
and  in  the  ca^e  of  pipes  hereafter  iiiHtalled  llic 
diaim、t'e'r  shall  not  exceed  lin. ; 

{h)  .such  pipes  shall  be  as  short  as  is  ix' 鎖" i; 山 1、  piMific 
able  ； 

((•)  such  pipet^  shall  hv  (、IT('ctivrly  covcitcI  wit  Ii  iii>iil"tni," 
malcrial  kept  in  t^^ood  re)) air,  in  tiUe-li  mainuT 
t lie  ； mimii"  of  (、； uii  condensed  iu  tJie  wvered  pipe 
tshall  tiot  exceed  one-fifth  of  tlio  amount  of  steam 
candeivsed  in  the  bare  pipe  under  llii^  same  condi- 
t'ioius  ；  and  there  shall  be  kept  aUaclied  io  t'lic 
General  Register  a  certificate  from  the  inanufacUuTi" 
of  the  covering  to  the  effort  t-hal  a  sample  of  tho 
covering  has  been  tested  by  an  authority  approved 
hy  Uio  Chief  Inspector  of  Factork^s,  ami  lias  been 
found  to  confoTtn  to  the  above  standard  : 

('/)  all  liMivuors  support in«;  sucli  pipes  shall  hi-  so|)a ralrd 
from  the  haie  pi! 難 by  an  (、fliri(>nt  insulator  not  less 
than  .'.ill.  in  thickness  ； 

(V)  no  uncovered  jet  from  eucb  a  |)iih'  shall  小、 ct.  inort- 
than  4 .lin.  beyond  IIk-  outer  wii'fatre  of  such  cover- 
ing : 

(/)  the  steam  |)ressure  shall  be  as  low  at;  practicable,  hiuI 
shall  not  exceed  7011)S.  pel'  M|iiaro  inch. 

7.  丄 II  I'N  cry  hum  id  shtd  ln'reafUn*  eroct'Cd— 
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(a)  the  average  heiglit  of  the  shod  shall  not  bo  less  than 
14.i,ft.,  nor  the  height  of  the  valley-gutters  from  the 
floor  less  than  12ft. ； 

(/y)  the  lights  shall  as  far  as  possible  face  true  north  ；  or 
if  this  be  impracticable,  between  north-cast  and 
north-north-west ; 

((■)  the  glase  of  the  lights  shall  be  at  an  angle  of  not  more 
than  30°  to  the  vertical,  except-  in  t he  c'a»e  of  flat 
concrete  or  brick  roofs  ； 

(f/)  the  boiler-house  and  engine-room  shall  be  separated 
from  tlie  shed  by  an  alley-way,  not  less  than  6ft. 
wide,  and  either  open  to  the  outside  air  or  provided 
with  louvre  or  roof  ventilators  capable  of  being 
opened  in  summer,  and  of  an  area  equal  to  one- 
quarter  of  the  floor  area  of  the  alley-way  : 

(r)  no  boiler  flue  shall  pass  under  the  shed,  or  within  6ft. 
horizontally  from  tlie  wall  of  the  shed. 

8.  In  every  humid  shed  and  in  every  d nj  sited  the  whole 
of  the  outside  of  the  roof  (windows  excepted)  and  the  inside 
surface  of  the  glass  of  the  roof  windows  shall  be  white- 
washed every  year  before  the  31st  May,  and  tlie  white- 
wash shall  be  effectively  maintained  until  the  15th  of 
September. 

Provided  that  the  above  requirements  of  this  Regulation, 
so  far  as  regards  roof  wiiidows,  may  be  suspended  by  certifi- 
cate in  writing  from  the  inspector  of  the  district,  if  it  is 
shown  to  his  satisfaction  that  the  roof  windows  are  so  placed, 
or  are  so  shaded  by  adjacent  buildings,  that  the  direct  rays 
of  the  sun  can  never  impinge  upon  them  at  any  time  during 
any  day  ;  which  certificate  shall  be  kept  attached  to  the 
General  Register. 

9.  In  every  hn m'nl  .shed  and  in  every  dnj  shed  the 
arrangements  for  ventilation  shall  be  such,  that  at  no  time 
during  working  hours  shall  the  proportion  of  carbon  dioxide 
in  t-lie  air  in  any  part  of  tlie  shed  exceed  the  limit  specified 
below  for  that  shed,  namely  : ― 

r  parts  by  volume  of  carbon  dioxide 
for  humid  sheds  eight  I  per  10,000  parts  of  air  in  excess 
for  dry  ^lieds  eleven    \  of  the  proportion  in  the  outside 

I  air  at  the  time. 

Provided  that 

(1)  during  any  period  in  which  it  is  necessary  to  use  gas 

or  oil  for  lighting  purposes,  and 

(2)  before  the  end  of  the  dinner  hour  on  any  clay  in 

which  gas  or  oil  has  been  so  used, 
it  shall  be  sufficient  complianoc  with  this  Regulation  if  means 
of  ventilation  sufficient  to  secure   observance    of   the  above 
requirement  during  daylight  are  maintained  in  full  use  and 
in  efficient  working  order. 

SCHEDULK. 
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10.  Ill  rvrrv  //〃/'/"/  ■、•/'"/  erectod  aftor  I2iul  F<'l)ruar\  , 
1898,  sufficient  and  suitable  cloak-room  or  cloak-rooms  shall 


be  provided  for  the  use  of  all  persons  employed  therein,  ami 
shall  be  ventilated  and  kept  at  a  suitable  temperature. 

Ill  every  humid  iihed  and  dry  shtd  to  which  the  above  pro- 
vision does  not  apply,  and  in  which  a  suitable  and  sufficient 
cloak-room  is  not  provided,  suitable  and  sufficient  aeconi- 
modatioii  within  the  shed  shall  be  provided  for  the  clothing 
of  all  ]3^1'6>0118  employed,  within  a  reasonable  distance  of  the 
place  of  employment',  and  consisting  of  a  sufficient  number  of 
pegs,  not  less  than  one  for  each  person  employed,  and  not 
less  than  18in.  apart,  and  of  a  covering  of  suitable  non- 
conducting material  spaced  not  less  than  }in.  from  the  wall 
or  pillar  and  so  arranged  that  no  moisture  eitlier  from  above, 
or  from  tlie  wall  or  pillar,  can  reach  the  clothing. 

-  R.  McKenna, 

One  of  His  Majesty's  Principal 
Secretaries  of  State. 

Home  Office,  Whitehall, 

21st  December,  1911. 


MAGNETIC  APPARATUS  FOR  TESTING  THE  ENDURANCE 

OF  METALS. 

At  a  recent  meeting  of  tlie  Birininghani  Local  Section  of  the 
Institution  of  Electrical  Engineers  Pi-of .  GLsbert  Kapp  gave  a 
demonstration  of  liLs  niagiu'lic  machine  for  testing  the  endur- 
ance of  steel  and  otlier  metals,  a  description  and  illustration 
of  which  appeared  in  our  issue  of  October  27th,  191 1  (see 
p.  513，  vol  28).     Prof.  Kapp,  in  the  course  of  his  remarks, 
said  that  ever  since  Woehler's  time,  now  half  a  century  ago, 
it  was  known  that  metals  became  fatigued,  i.e.,  their  strength 
was  diminished  if  subjected  to   rapid   repetition   of  stress. 
Steel  might  support  quite  safely  a  load   of    15  tons   to  the 
square  inch  if  continuously  applied,  but  if  such  a  load  were 
repeatedly  put  on  and  taken   off   the   steel   would  become 
fatigued  and  finally  break.     ]\I acliines  for  putting  alternating 
loads  on  best  pieces  were  also  well  known  :  but  in  the  machine 
hitherto  used  the  application  of  the  test  load   was  purely 
mechanical,  and  could  therefore  only  take  place  at  a  moderate 
frequency.      11  the  problem  was  to  find  the  effect  of  some 
millions  of  applications  of  stress  the  process  naturally  took 
a  very  long  time.     In  tlio  autlior's  machine  the  application 
of  the  stress  was  by  means  of  an  electromagnet  energised  by 
an  alternating  current  at  the  rate  of  100  stresses  per  second, 
and  it  was  tlius  ]X)ssible  to  subject  the  test  piece  to  one  million 
stress  applications  in  about,  thi.ee  hours.     The  time  required 
to  ascertain  whether  or  not  a   】natei*ial    was   suitable  for 
machinery  where  】ugh  speed  and  great  mechanical  stresses 
occur  was  tluis  considerably  shortened.    By  testing  samples 
of  steel,  iz'on  and  copper  for  strength,  Prof.  Kapp  found  tliat 
in  only  two  samples  of  common  iron  could  any  fatigue  be  dis- 
covered when  the  stress  was  kept  within  the  moderate  limits 
of  five  to  six  tons  (tliree  to  four  tons  for  copper)  per  square 
inch,  although  some  of  the  samples  were  subjected  to  as  many 
as  15  million  stresses     Tf,  however,  the  stresses  were  raised 
to  the  values  which  in  modern  high-speed  and  lightly  built 
machinery  prevailed,  the  effect,  of  repeated  application  becanio 
very  noticeable,  in  other  words  there   was   fatigue.    A  t<\M 
piece  of  steel  was  shown  which,  in    a    length  of   3 in.,  bad 
under  the  repeated  applications  of  a  stress  of  only  15  tons  to 
the  square  inch  lengthened  by  /"n.，  and  would,  if  left  in  tin- 
magnetic  machine,    have   undoubtedly    broken    under  tliat 
streisS.      The  machine  、vas  just  stopped  in  time   to  prevent 
actual  rupture.   Yet  only  180,000  stresses  had  hern  applitnl  to 
this  test  ])iece.     A  test  piece  of  the  saiuo  stwl  wlurh  had  not 
been  treated  in  the  magnetic  machine  broke  in   an  ordinary 
testing  machiuo  with  a  load  of  26  tons  per  s(|uare  inch.  It 
was  thereby  clearly  deinonst rated  that,  fatigue  is  a  real  dan， 
if  the  luaterial  is  subjected  to  fairly  liigli  and  often  repeated 
strctvsos  of  five  or  six  tons  |hm*  s(iuaro  im'h.  althougli  thoro  is 
practically  no  change  in  the  stronglli  of  tlio  metal    no  "latU'r 
1h)\v  loni;  it  has  bopu  in  service. 


Flying  at  a  Speed  of  88  Miles  an  Hour.— M.  Vcdriiics  ma(l'' 
a  ivma rkaV>lo  tli^ht  on  Saturday  ，ast  He  flew  a  distaino 
of  150  kilometres  (5)3  miles)  in  llir.  2mi".  43s?c.,  coverinj;  a 
distance  of  142  kil<、，m、ttvs  -130  metres  (88  "、il'、  »r、S  Y;ir'l"  in 
the  hour. 
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PETROL  RAIL  MOTOR  COACHES.* 

BY  T,  F,  CHAKLTON  AND  H,  GRINSTED. 

The  employment  of  the  internal-combustion  eugiue  iu  the 
propulsion  of  railway  vehicles  is  a  comparatively  recent 
development,  and  most  of  the  work  done  hitherto  may  be 
regarded  as  of  a  pioneer  description.  There  is  a  considerable 
future  for  vehicles  of  this  description,  and  that  it  is  the 
legitimate  field  of  those  who  have  brought  the  small  internal- 
combustion  engine  to  its  present  high  state  of  efficiency  and 
reliability  is  perfectly  clear. 

The  creation  of  rail  motor  services  by  the  railway  com- 
panies in  this  country  was  mainly  due  to  two  causes :  In  the 
first  place,  to  the  keen  competrition  set  up  by  the  increased 
facilities  for  rapid  transit  in  large  towns  and  their  suburbs 
provided  by  the  electric  tramcar  and  the  motor  omnibus. 
The  railway  companies,  to  combat  this  serious  drain  oii  their 
ordinary  suburban  traffic,  began  to  reorganise  the  train  ser- 
vices, replacing  them  by  the  greatly  accelerated  rail  motor 
services.  The  success  of  this  arrangement  led  them  to  extend 
the  system  to  local  lines,  in  provincial  districts  in  which  the' 
maintenance  of  a  reasonably  frequent  service  of  ordinary 
trains  was  not  possible-  except  at  a  considerable  loss. 

The  early  rail  motor  vehicles  consisted  of  a  single  large 
coach  drawn  by  a  small  tank  engine.  The  advantages  of  this 
arrangement  are  not  far  to  seek.  Small  tank  engines  they 
had  in  plenty.  All  that  remained  was  to  provide  a  trailer 
coach  with  through  communication  for  the  conductor,  it  being 
part  of  the  scheme  for  accelerating  the  services  that  tickets 
should  be'  issued  and  collected  by  the  conductor  en  route,  thus 
saving  both  the  passengers'  and  the  companies'  time  ；  and  a 
means  of  driving  the  combination  of  coacli  and  locomotive 
from  either  end,  the  compartment  at  the  rear  end  of  the 
coacli  containing  a  duplicate  regulator  and  brake  control  gear, 
the  regulator  operating  that  on  the  locomotive  by  a  system 
of  rods  and  levers.  Here  then  we  have  the  germ  of  the'  rail 
motor  service,  a  combination  of  locomotive  and  coach  which 
can  be  driven  from  either  end  like  a  tramcar,  thus  obviating 
tlie  time-wasting  operation  of  .shunting  and  turning  ；  also  a 
vehicle  of  vastly  improved  acceleration,  and  of  which  the 
saving  in  the  cost  of  operation  is  considerable.  So  many 
advantages  had  this  arrangement  at  the  outset  that  there  was 
no  considerable  call  for  a  special  vehicle  to  serve  the  purpose. 
The  rolling  stock  they  already  had;  their  men  were  used  to 
it,  and  no  outlay  of  any  consequence  was  necessary  to  effect 
the  conversion. 

As  soon  as  the  success  of  the  new  services  was  assured, 
however,  a  vehicle  was  designed  specially  for  the  purpose,  con- 
sisting of  a  coach  and  locomotive  in  one  unit,  and  of  this 
description  there  are  a  number  in  use.  It  is  an  arrangement, 
however,  wbicli  is  not  susceptible  to  much  improvement  and 
lacks  certain  advantages  which  only  the  internal-combustion 
engine  can  give.  These  may  be  briefly  enumerated  as 
follows  ：  The  engine  and  running  gear  require  far 
less  attention  than  is  needed  by  the  ordinary  steam 
locomotive.  All  that  the'  internal  combustion  requires 
is  a  periodic  supply  of  oil  and  an  occasional  inspec- 
tion, and  the  grinding  in  of  mushroom  valves  is  not 
to  be  compared  with  the  troublesome  processes  of  packing 
steam  glands  and  cleaning  out  boiler  tubes.  No  fireman  is 
required,  in  itself  a  saving  of  about  Id.  an  hour.  For  the 
same  power,  the  petrol  engine  is  much  smaller  and  lighter 
than  the  steam  engine  and  boiler,  and  the  weight  of  petrol 
and  cooling  water  required  is  much  less  than  that  of  the  coal 
and  feed  water  required  by  a  steam  engine  to  enable  it  to 
travel  an  equal  distance.  I^etrol  or  paraffin  as  a  fuel  is  much 
more  easily  handled  and  stored  than  coal  and  water,  and 
enough  can  be  carried  for  a  complete  day's  run .  Any  steam 
railway  vehicle  is  an  ever-present  source  of  inconvenience  and 
annoyance  to  passengers  and  others  on  account  of  the  smoke 
and  cinders  emitted  from  the  funnel,  a  disadvantage  entirely 
absent  in  the  case  of  the  interual-conibustiou  engine.  The 
control  of  a  petrol  rail  motor  can  be  made  as  simple  as  that 
of  a  tramcar. 

Turning"  to  the  question  of  design,  this  resolves  itself  into 
the  choice  of  one  out  of  threo  different  methods  of  trans- 
mission :  Purely  mechanical  ；  electro-mechanical  combina- 
tions ； purely  electrical. 

*  Paper  read  before  the  C'ovontvy  bvji nch  of  the  Orafluatcs  Section  of  Ihc 
Institutiou  of  Automobile  EDgineers,  January  lltb,  191-2, 


Considering  the  purely  mecliaiiical  system  fi  rst,  the 
aiTangenient  of  the  ineclianism  is  influenced  in  the  first  plaoo 
by  the  size  of  the  coach  and  the  number  of  passengers  to  be 
carried.  For  a  coacli  to  carry  not  more  than  about  45 
passengers  a  rigid  wlieelbase  construction  can  be  used,  which 
considerably  simplifies  the  design.  A  very  simple  design  of 
small  car  and  one  that  is  really  a  connecting  link  between  the 
commercial  road  vehicle  and  the  railway  vehicle  proper  is  a 
petrol  tramcar  manufactured  by  Leyland  Motors,  Ltd.,  for 
use  in  South  America.  The  car  can  be  driven  from  either 
end,  the  motor  being  a  30  h.p.  4-cylinder  engine.  A 
3-speed  gearbox  is  fitted,  being  coupled  up  to  the  clutch  by 
means  of  a  short  shaft  and  universal  joint.  From  the  gear- 
box the  drive  is  transmitted  to  the  live  axle  by  means  of  a 
cardan  shaft.  By  means  of  bevels  and  a  sliding- claw  clutch 
pinion,  the  direction  of  rotation  of  the  driving  axle  can  be 
changed.  Both  axles  are  coupled  together  by  means  of  a 
heavy  roller  chain,  as  it  is  necessary  to  drive  on  all  four 
wheels  to  enable  the  car  to  climb  a  gradient  of  about  14  per 
cent,  with  a  full  load  of  20  passengers.  There  is  a  radiator 
at  each  end  of  the  tram,  and  a  large  tank  of  water  in 
addition,  which  also  serves  the  purpose  of  counteracting  the 
weight  of  the  engine  at  the  opposite  end.  The  tram  works 
about  16  hours  a  day  and  does  about  80  or  90  miles,  making  a 
series  of  short  journeys  one  kilometre  each  way,  the  petrol 
consumption  being  about  16  galls,  per  day.  The  brakes  are 
the  usual  standard  mechanical  brakes  for  tramcars,  operating 
on  all  four  wheels.  The  weight  of  the  car  complete  with 
body  is  about  3i  tons. 

Turning  to  railway  cars  proper,  it  is  evident  that  this 
design  requires  considerable  modification,  and  the  possible 
arrangements  of  ineclianism  will  now  be  considered.  One 
arrangement  of  drive  is  that  in  which  the  frame  carrying  the 
engine  and  gearbox  is  slung  from  the  axles  themselves.  This 
arrangement  permits  of  a  lighter  truck  frame,  as  it  is  not 
subject  to  stresses  due  to  the  power  plant,  and  has  the  further 
advantage  that  the  engine  vibrations  are  not  transmitted 
directly  to  the  floor  of  the  coach.  Although  all  ordinary 
adjustments  can  be  made  from  the  sides  or  through  trap  doors 
in  the  coacli  floor,  a  periodic  overhaul  of  all  gear  is  necessary. 
This  method  of  suspension  renders  this  exceedingly  con- 
venient, as  the  coach  can  be  lifted  and  placed  on  trestles,  and 
the  underframe'  run  out  complete  on  the  axles.  When  travel- 
ling even  at  ordinary  speeds  the  shocks  produced  by  inequal- 
ities of  rails,  points,  and  crossings  are  very  considerable  ；  it 
is  therefore  advisable  that  the  engine  and  gearbox  should  be 
spring-supported  on  the  underframe.  This  can  be  most  con- 
veniently accomplislied  by  having  a  subsidiary  frame  carried 
on  springs  on  the  underframe. 

The  design  of  the  engine  is  limited  by  two  important 
considerations.  Ifc  is  not  desirable  that  the  rail  clearance 
should  be  less  than  Tin.,  whilst  at  the  same  time  the  height 
of  the  engine  is  limited  by  the  coach  floor.  In  the  case  of 
the  4ft.  8iiu.  gauge,  the  standard  in  this  country,  tlie  total 
height  available  for  the  engiue  is  about  3ft.  4in.  Therefore, 
unless  a  small  and  consequently  high-speed  engine  be  used  it 
will  be  necessary  to  fall  back  upon  the  horizontal  type. 
Although  the  efficiency  of  the  high-speed  engine  is  undoubted, 
the  wear  and  tear  consequent  on  running  at  full  power 
practically  continuously  must  considerably  shorten  its  life 
and  reduce  its  reliability.  This  wear  and  tear  is  not  confined 
to  the  engine  alone,  but  must  also  be  shared  by  the  gearbox, 
&c-  Further,  in  order  to  allow  an  engine  to  run  at  a  high 
speed,  the  reciprocating  parts  must  be  lightened  to  such  an 
extent  that  their  ability  to  withstand  the  stresses  iiymrrod 
at  full  load  for  continuous  periods  is  greatly  reduced.  On 
the  other  hand,  the  horizontal  engine  is  not  limited  in  its 
niaiii  dimensions  by  the  vertical  space  available.  It  is  there- 
fore possible  to  use  an  engine  of  large  bore  and  stoke  and 
comparatively  low  speed,  say  from  500  to  600  revs,  per 
minute,  there  being  no  need  to  out  down  the  weight  in  this 
(-■lass  of  work . 

Tlie  question  of  transmission  is  perhaps  the  most  difficult 
of  all  on  a  vehicle  of  this  description.  Clash  gears  are  out 
of  the  question  on  account  of  the  large  masses  involved.  The 
gears,  then,  must  be  always  in  mesh,  and  brought  into  action 
by  some  arrangement  of  clulcli,  dog  dutches  again  being 
(、（iually  undesirahlo.  Cons(M^|ue!itly  some  form  of  fri<tiou 
clutcli  must  l>e  used,  and  of  these  tlie  re  are  several  types 
which  could  be  adopted.    The  engine  cau  be  placed  with  its 
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(； rank  sliaft  oiWier  on  the  centre  line  of  the  coach,  or  parallel 
to  the  axles.  The  latter  arrangement  does  not  necessitate  the 
use  of  bevel  gears  or  universal  joints,  the  final  drive  b^ing  l>y 
silent  chain  to  the  axle.  A  silent  chain  mlurtion  on  all 
speeds-  could  also  he  used.  In  the  first  place,  a  propeller 
shaft  drive  can  be  adopted,  with  the  gearbox  either  coupled 
to  the  engine  or  mounted  on  the  axle,  the  final  drives  being 
by  bevels  contained  in  a  case  on  the  axle.  With  this  arrange- 
ment universal  joints  must  be  used,  which,  unless  made  of 
exceptional  size,  are  certain  to  give  trouble  by  wear  due  to  the 
impossibility  of  keeping  them  properly  lubricated.  On  the 
other  hand,  the  bevel  drive  can  at  the  same  time  liavo  incor- 
porated with  it,  a  simple  reversing  device  ('oiisisting  of  two 
hovels  engaging  with  the  same  pinion  and  alternatively 
clutched  up  to  the  axle.  This  pennits  the  use  of  a  non- 
reversible engine.  The  propeller  shaft  could  be  eliminated 
by  the  use  of  a  cross  shaft  in  the  gearbox  with  a  silent  cliain 
final  drive. 

Another  aiTangement  is  one  in  which  the  engine  and  gear- 
box are  rigidly  attached  to  the  under  side  of  the  truck  frame. 
The  power  plant  can  be  arranged  in  any  of  the  ways  men- 
tioned above.  There  are,  however,  distinct  disadvantages. 
The  vibration  is  directly  transmitted  to  the  body  ；  the  ax- 
is exceedingly  inaccessible  by  reason  of  the  necessary  sup- 
porting members,  ami  the  removal  of  any  portion  of  the 
mechanism  is  a  matter  of  considerable  difficulty.  For  coaches 
carrying  more  than  45  pas^^engers,  the  increased  length  neces- 


In  the  McKeen  motor-car,  an  American  design  of  this 
description,  a  6-(,ylimI(、r  engine^  developing  250  b.li.p.  at 
400  revs.  j>er  minute,  and  rapable  of  propelling  a  70ft.  coach 
ranying  1 50  passengers,  ； it  70  miles  j>er  hour,  is  mounted  on 
the  front  bogie.  There  are  only  two  speeds,  the  reduction  on 
the  lower  being  through  a  train  of  large  open -spur  gear 
always  in  mesh  and  operated  pneumatically  by  plate  clutches, 
and  a  silent  chain  transmission  to  the  axle.  On  the  top 
speed  the  spur  reduction  is  out  of  action.  The  cylinder  heads 
and  valve  chambers  of  the  engine  project  upwards  through 
the  floor  of  the  driver's  compartment,  thus  at  the  same  time 
simplifying  the  control  ami  irnprovint^  tlie  accessibility  for 
ordinary  adjust rnents.  The  engine  is  cooled  by  water  ci nul- 
la ted  by  ； I  pump  tlirough  a  roil  tube  radiator  hung  ben^^ath 
the.  coach.  The  wat-er  can  also  be  utilised  for  heating  the 
interior  of  the  body.  1 20  galls,  of  petrol  is  carried,  and 
delivered  by  pressure  to  a  small  tank  in  the  engine-room' 
wheiu-e  it  flows  to  the  carburetter  by  gravity.  The  engine- 
room  is  separated  from  the  main  body  of  the  car  by  a  fireproof 
bulkhead.  As  these  vehicles  are  used  in  America  for  main- 
line express  services,  provision  for  driving  at  either  end  is 
unnecessary.  The  car  is  constructed  completely  of  steel,  the 
sides,  floor,  and  roof  of  the  body  being  of  st<*el  sheet  stiffened 
by  vertical  and  diagonal  st^el  meniWrs.  This  gives  a  rema rk- 
ahle  stiff  const rii<*t ion  for-  t he  weight. 

The  engine  is  started  and  reversed  by  air  pressure  supplied 
from  a  tank  wliich  is  normally  charged  by  a  compressor 
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Diagram  op  Thomas  Transmission  as  pitted  to  the  Leyland  Rail  Motor  Coach. 


sitates  the  use  of  bogies,  aa  it  is  not  desirable  that  a  rigid 
wh 仲 lb{ifte  should  excee<l  ]8ft.  in  lengtli.  This  introduces  a 
new  factor,  as  t'ho  drive,  unless  completely  niount-ed  on  the 
bogie,  must  compensate  for  both  Imrizoutal  and  vertical 
moveuieiifc  of  t'hei  driven  axle. 

Considering  tlie  attachment  of  tlie  power  plant  to  the 
coacli  frame  first,  ihore  are  several  reasons  which  render  tins 
undesirable.  A  propeller  shaft  drive  is  imperative.  The 
long  space  between  tlie  points  of  support  on  the  bogies  necessi- 
tates a  particularly  heavy  type  of  frame  to  carry  the  weight 
of  the  engiiiB  and  gearbox  without  liability  to  excessive 
vibration -  What  has  previously  been  said  with  reference  to 
iiiaofesaibility  when  the  meohanism  is  rigidly  suspended  from 
the*  coach  frame  applies  also  liere ,  although  the  use  of  a 
lioii'/.oiit  a  I  engine  witli  opposed  cylinders  improves  matters 
somewhat,  as  the  cylinder  heads  and  valves  would  be  acces- 
sible from  the  skies  of  the  coach .  A  long  propeller  shaft  is 
neoessai y  to  (lerrease  its  angularity  when  the  bogies  are 
<-urving,  and  lossen  the  nioveineiit  and  consequent  wear  in  the 
universal  joints.  A  long  propeller  shaft  also  means  an 
ex('e<*<lingly  heavy  one,  to  prevent  any  temlemy  to  whip. 
Another  serious  objection  to  propeller  shaft  drives  of  this 
<les<'ri)»l  ion  is  t  he  varyini^  ''uigular  volocit  v  of  iho  bevel  alia  ft 
( 1  lie  to  the  angularity  of  the  universal  joint ,  ami  <!;iiising 
uneven  pressures  on  the  bevel  teeth  ami  probably  reversing 
stresses  in  the  pmjK»lW  shaft.  Universal  joints,  unless 
oxceedinply  well  balanced,  are  liable  to  put  uihIuc  loads  on 
tho  Ixnirings  supporting  the  slia fts  to  whi，'h  tliey  are  con- 
nected, owing  t'o  the  mibalaiiwl  force  acting  at  so  great  a 
distance  from  those  bearings. 

The  only  alt<^niat ivo  is  to  mount  all  gear  on  tho  drivintr 
bogie.  This  forms  a  i-oin pact  power  plant  wliirli  can  \ye  t^asilv 
run  out  complete  for  overhaul  or  irisp<vtion  by  lifting  one 
on<l  of  the  roach  framo.  A  further  lulvantage  is  that  tlie 
fMigine  vibrations  are  not  directly  transmitt，'d  to  the  bod  v. 
Tn  adtlitioii,  a  spare  mot  or  hot:io  ran  ho  always  in  readiness 
to  repla-'P  any  ono  which  may  tie<»<l  repair  or  att<Mition.  This 
enables  a  reliable  service  to  be  Tnaintaiiie<{  at  the  expense  of 
an  a*l(lit  ion  al  iiiot-or  l)opif»  oiil v  instead  of  a  coinpleti*  spare 
coach . 


driven  from  one  end  of  the  crank  shaft.  To  raise  pressure 
for  starting  wlien  tlie  tank  is  enipty,  a  small  auxiliary  peti'ul- 
di'iven  compressor  is  provided,  iM^ing  placed  in  the  engiiie- 
room  and  started  by  haiui.  " 

It  may  liere  be  stat^l  that  owing  to  the  large  size  of  engine 
on  vehicles  of  this  (les<'i'i!>ti(m  provision  for  automatic  starting 
is  an  absolute*  necessity.  This  is  most  conveniently  effect^ 
by  compressed  air,  as  a  coiiipressed-air  installation  is  required 
for  operating  the  brakes.  An  aiixiliiiry  valve  svstem  to 
admit  air  to  tlie  cylinders  must  he  provided  unless  tlie  air 
<-o!iiproi>sor,  which  would  be  luoiinteil  at  one  end  of  the  crank 
shaft,  be  arranged  to  act  as  an  air  motor  for  starting  the 
engine.  The  auxiliary  valve  arrangement  is  preferable,  as 
it'  is  not  desirable  to  complicate  the  **onij)ressor.  An 
auxiliary  air  rompivssor  driven  by  a  small  petrol  engine,  as 
was  mentioned  in  the  rase  of  the  McKeen  car,  is  advisable,  to 
enable  pressure  to  be  raised  in  the  reservoir  before  the  large 
euf^ne  is  started.  It  is  inulesi rahh^  to  use  this  tvpe  of 
auxiliary  foin pressor  for  maintaining  pressure  at  all  times,  as 
the  demands  on  the  reservoir  are  intermittent,  and  the  fre- 
quent hand  starting  would  be  most  iiuoiivenient.  In  the 
event  of  an  <*ltvt vie  li"'liting  iiist^illat ion  Wing  provided,  an 
*'lei'trirally-<ln vimi  compressor  is  tlu^  host  wav  out  of  tho  diffi- 
<*ulty,  a  simple  swiUli  mounted  boside  tho  presisure  gauge  in 
the  <1  river's  compartment  controlling  the  roinpressor  motor. 
This  an'a""T<Mm""'  is  pretVrable  to  that  in  wliich  tlu、  com- 
pressor is  ni<>unt<Hl  on  tho  main  eni^iiie.  as  in  the  latter  case 
it  would  be  always  working  and  an  autoinatir  relief  valvo 
would  be  needed,  and  a  considerahlo  and  umi，N、pssarv  wasf^ 
of  power  occasioned. 

Th(^  ta|>]>ot  valve  outline  peniiits  of  a  simple  reversing 
nuM'hauism  in  the  form  of  a  sliding:  raiiisliafl  on  whitli  two 
sets  of  cams  are  "、om、t<Hi.  A  small  rvlinder  containing  a 
double-acting  piston  (、o，"i<vt"l  to  the  end  of  the  cainsliaft 
and  o|)eratv<l  hy  ioin pressed  air  can  bo  made  to  give  the 
lun  essii ry  end  movement .  If  i  ompivsse<I  air  is  not  available, 
a  simple  syst<M"  of  rods  and  lovei-s  <-an  bo  substitut^nl.  A 
form  of  ！ neohanirAl  reversing  pear  whirli  niav  be  adopted  in 
roiijiuict ion  with  a  bevel  (Irivr  has  alroadv  Vhhmi  niontion<*<l, 
namely,  two  rrown  bevol  whools  wlikh  are  always  in  niesli 
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with  the  driving  bevel  pinion,  being  alternatively  clutched  up 
to  the  axle,  or  cross  shaft,  as  the  case  may  be.  In  the  caso 
of  a  bogie  driven  in  this  manner,  th©  only  coiivenieiit  nietluxl 
of  manipulating  the  reversing  clutdi  is  by  compressed  air, 
sine©  it  is  exceedingly  difficult  to  compensate  for  the>  motion 
of  a  bogie  in  a  system  of  rods  and  levers.  The  ordinary 
reverse  embodying  an  intermediate  shaft  iu  the  gearbox 
cannot  be  considered,  as  the  coach  must  be  capable  of  running 
equally  well  ia  either  direction. 

Any  of  the  forms  of  electrical  transmission  can  be  applied 
to  self-propelled  railway  vehicles',  but  the  considerations  which 
give  preference  to  any  one  of  them  differ  from  those  which 
determine  tho  choice  of  the  design  in  an  ordinary  commercial 
vehicle,  as  weight  is  not  of  great  consideration  and  the 
mechanism  is  not  subject  to  such  shock  as  on  a  road  vehicle. 
Electrical  transmissions  fall  into  two  classes,  namely,  those  in 
which  the  electrical  gear  is  utilised  to  supplement  the  engine 
torque  at  low  coach  speeds,  and  those  which  embody  a  com- 
plete generating  set'  with  electrical  transmission  only. 

Of  the  first  class  the  best  known  is  perhaps  the  "  Auto- 
mixte."  In  this  system  the  engine  is  mechanically  connected 
to  the  road  wheels  through  the'  armature  of  a  direct-current 
electrical  machine  capable  of  acting  as  a  generator  or  a 
motor.  A  battery  of  accumulators  is  connected  across  the 
armature,  so  that,  so  long  as  the  voltage  at  the  dynamo 
terminals  exceeds  the  potential  difference  across  the  battery, 
the  excess  energy  above  that  i*equired  to  propel  the  vehicle 
is  stored  in  the  cells.  When,  however,  the  torque  required 
to  move  the  vehicle  is  greater  than  that  which  the  engine  is 
capable  of  supplying  at  that  speed,  the  speed  of  the  latter 
falls,  and  the  accumulators  discharge  through  the  armature 
of  the  electrical  machine  which  then  becomes  a  motor  and 
assists  the  engine.  As  soon  as  the  vehicle  attains  the  critical 
speed  of  the  electrical  machine  th©  engine  takes  up  the'  full 
load,  and  at  higher  speeds  the  accumulators  are  recharged,  as 
explained  above.  On  account  of  its  dual  function,  the 
electrical  machine  is  commonly  known  as  the  "  Dynamotor." 

At  first  sight  this  system  appears  to  be  a  complete  solution 
of  the  vexed  question  of  transmission.  A  perfectly  smooth 
speed  variation  is  obtained,  and  at  the  highesi  speeds  the 
engine  torque  is  transmitted  to  tho  road  wheels  with  no  more 
loss  than  is  the  case  with  a  mechanical  transmission  with 
so-called  direct  drive.  By  means  of  the  dynamotor  the  engine 
can  be  infallibly  started  in  either  dire€tion.  The  accumu- 
lators are  available  for  lighting  the  coach  and  for  any 
auxiliary  purpose  such  as  heating,  ventilating,  driving  the  air 
compressor,  &c.  A  rheostat  in  the  dynamo  field  circuit  pro- 
vides a  speed  control,  the  throttle  lever  being  used  in  the 
ordinary  way.  In  the  practical  working  of  this  system  the 
accumulators  are  liable  to  become  a  constant  source  of  trouble 
owing  to  violent  alternations  in  the  direction  and  value  of 
tliP'  curretit,  and  especially  the  constant  danger  of  giving 
excessively  heavy  momentary  charging  currents.  The  expense 
of  tlie  equipnienfc  is  considera])ly  in  excess  of  that  required 
for  a  purely  mechanical  drive,  as  the  gearbox  is  replaced  by 
a  more  expensive  electrical  machine,  the  bevel  or  other  final 
drive  is  retained,  and  in  addition  a  set  of  accumulators,  of  a 
probable  cost  of  from  £200  to  £500  is  required.  The  engine, 
if  the  coach  is  intended  for  a  service  necessitating  frequent 
stops,  must  be  considerably  larger  than  would  be  otherwise 
required,  as  the  periods  during  which  it  attains  the  speed 
necessary  for  charging  the  accumulators  will  not  be^  of  suffi- 
cient duration  to  replace  the  energy  given  up  during  the 
frequent  periods  of  acceleration.  It  is  evident  from  the 
length  of  the  combined  engine,  generator,  and  clutch  unit 
that  only  a  propeller  shaft  drive  is  possible  with  this  system. 

Rail  motor  coaches  on  this  principle  have  heen  constructed 
by  the  Daimler  Company,  who  were  amongst  the  pioneers 
of  this  class  of  work,  their  first  vehicles  anticipating  the  ser- 
vices for  which  they  were  intended.  The  coaches  can  be 
driven  from  either  end,  a  mechanically-operated  bevel  reverse 
being  provided. 

•  The  only  other  electro-mechanical  transmission  of  any 
importance  at  the  present  time  is  the  Thomas  system,  which 
has  been  embodied  in  a  rail  motor-car  constructed  by  Leyland 
Motors,  Ltd.,  for  the  C.S.A.R.  The  system  as  einployed  in 
road  vehicles  has  been  modified  somewhat  in  order  to  obtain 
a  driving-  effort  at  starting,  on  two  axles.  The  engine  is 
coupled  direct  to  the  planetary  gear  cage  which  forms  the 
flywheel  of  the  engine  ；   the  small  sun  pinion  A  is  conneot^d  to 


dynamotor  No.  1 ,  whilst  the  larger  sun  pinion  -B  is  connected 
to  on©  of  the'  axlos  of  Imgie  No.  1 .  The  second  dynarnoi or  is 
connected  to  i\n*  oUu'r  driven  axlo.  No.  1  driving  axle  is 
gear  driven,  whilst  No.  2  driving  axle  is  driven  ohM-trically. 
The  effect  of  the  intrcKJu (； tion  of  the  epicyclic  gear  between  the 
engine  and  the  first  dynamo  is  as  follows  ：  When  tlie  flywheel 
of  planetary  gear  cage  is  rotated  in  a  clockwise  dim'tion,  the 
larger  of  the  two  sun  pinions  B.  by  reason  of  its  connection 
with  one  of  the  driven  axles  is  prevented  from  rotating,  and, 
as  a  result,  tlie  smaller  sun  pinion  A，  which  is  coupled  to  the 
armature  of  the  first  dynamotor,  is  driven  in  a  counter  clock- 
wise dire€tioii.  At  low  speeds,  the  engine  will  continue  to 
rotate  without  the  dynamotor  fields  becoming  excit-ed,  but 
when  the  engine  is  accelerated  the  field  magnets  becoriio 
excited ,  and  current  is  transmitted  to  the  se^'ond  dynamotor, 
the  armature  of  which  is  constantly  coupled  to  tho  driving 
axle-  of  No.  2  bogie,  and  onoe  the  static  resistance  of  the  car 
has  been  overcome,  the  sun  pinion  B  will  commence  to  turn 
in  the  same  direction  as  the  engine,  but  at  a  lower  speed,  ainl 
transmit  power  to  the  driving  axle  of  No.  1  bogie.  It  will  1h* 
seen,  therefore,  that  the  epicyclic  gear  has  a  differential 
action,  and  causes  one -third  of  the  engine's  power  to  be  trans- 
mitted electrically  to  the  driving  axle  of  No.  2  bogie,  whilst 
two-thirds  of  the  engine's  power  is  transmitted  mechanically 
to  the  driving  axle  of  No.  1  bogie.  When  the  rail  car  has 
attained  its  normal  speed,  the  armature  spindle  of  No.  1 
dynamotor,  and  the  propeller  shaft  for  the  driving  axlo  of 
No.  1  bogie,  are  coupled  so  as  to  give  a  direct  drive  ；  No.  2 
dynamotor  then  becomes  inoperative,  or  it  may  be  employe<l 
to  charge  a  battery  of  18  secondary  cells.  Each  of  the  two 
dynamotors  is  capable  of  giving  50  b.h.p.  at  500  revs,  per 
minute  and  each  weighs  approximately  121  cwts.  ；  they  are 
specially  designed  for  this  particular  work,  and  unlike  the 
usual  practice  of  tramway  or  railway  engineers,  tliB  dyna- 
motors are  not  suspended  from  the  axle,  but  are  slung  direct 
from  the  main  frame. 

The  Leyland  engine  has  6  cylinders,  with  a  bore  ami 
stroke  of  Tin.,  developing  120  b.h.p.  at  670  revs,  per  minute*, 
whilst  it  may  be  accelerated  to  give  200  b.h.p.  The  cylinders 
are  cast  in  pairs  with  the  valves  all  on  one  side.  There  is  a 
main  bearing  between  each  throw  of  the  crank.  The  crank 
shaft  can  be  given  endwise  motion  so  as  to  bring  into  opera- 
tion a  second  set  of  cams  which  permit  the  engine  to  be  nui 
in  a  reverse  direction.  The  ra(liator,  whicli  is  built  up  in 
three  sections,  any  one  of  whicli  may  be  cui  out  of  cimiit  if 
found  to  be  faulty,  is  mounted  upon  the  roof  of  the  car,  and 
over  each  seciion  are  a  couple  of  sheet-metal  shields  which 
serve  the  double-  purpose  of  piwenting  the  hot  rays  of  tho 
sun  from  bearing  directly  upon  the  radiator  tubes,  and  i minc- 
ing a  current  of  air  betweBii  the  coils  when  the  vehicle  is  in 
motion.  The  speed  variation  is  effected  by  means  of  a  con- 
troller with  contaets  breaking  in  oil,  operated  by  a  hand  lever 
in  the  ordinary  way,  and  providing  for  ：  Starting  the  engine 
from  the  battery  ；  propelling  the  vehicle  in  either  direction 
at  any  speed  from  zero  to  top  speed  ；  charging^  the  battery 
while  running  at  top  speed  ；  propelling  tlie  vehicle  by  means 
of  dynamotor  No.  2  which  is  supplied  with  current  from  the 
accumulators  ；  applying  the  electrical  brakes. 

The  accumulators  are  placed  under  two  seats  which  bark 
up  to  the  central  luggage  compartment,  and  they  are  of 
sufficient  capacity  to  propel  the  car  in  case'  of  emergency  for 
a  distance  of  8  miles  at  a  speed  of  4  miles  per  hour.  The 
engine  is  placed  midway  on  the  vehicle,  and  stands  less  than 
2ft.  above  the  level  of  the'  frame.  It'  is  cased  over  and 
enclosed  in  a  com partnieiit  which  is  reserved  for  the  rom'ey- 
ance  of  luggage.  The  seats  provide  acconiniodation  for  42 
passengers;  they  are  divided  into  two  sections  by  tlie  luggage 
compartment,  so  that  two  classes  of  passengers  may  be  carried 
if  desired.  The  length  over  the  body  is  37ft.  6in.，  the  centres 
of  the  bogie  bolsters  are  22ft.  6in.  apart,  the  wheel  base  of 
each  bogie  is  5ft"  and  the  wheels  themselves  are  30in.  diam. 
Each  axle  runs  on  Hyatt  roller  bearings.  The  approximate 
weight  of  the  complete  rail  car  in  running  order  is  21  tons 
5  cwts. ，  of  wliieli  the  petrol -electric  equipment  accounts  for 
7  tons,  the  6-cylinder  engine  alone  weighing  about  35  cwts. 
Tests  with  this  rail  rar  have  shown  that  when  the  \vh(vls  are 
just  upon  the  point  of  slipping  on  the  rails,  the  power  applied 
to  the  driving  axles  is  sufficient  to  maintain  a  steady  drawbar 
pull  of      tons.    The  advantages  of  this  system  are  : ― 

(1)  That  at  no  time  is  more  than  one-third  of  the  power 
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transmitted  electrically,  whilst  the  remainder  is  transmitted 
mechanically. 

(2)  There  is  no  electrical  loss  on  top  gear. 

(3)  As  the  dynamotors  transmit  only  a  small  portion  of 
the  total  power,  and  that  only  at  starting  and  during  periods 
of  acceleration,  they  may  be  made  much  smaller  and  lighter 
than  the  motors  for  any  other  system. 

(4)  The  engine  may  be  stopped  every  time  the  vehicle  is 
stopped,  and  re-started  through  one  of  the  motors,  for  which 
current  is  supplied  by  the  accumulators. 

(5)  The  system  provides  current  for  electric  lighting, 
ventilating,  and  braking. 

The  coach  is  guaranteed  to  niaintai"  a  speed  of  30  miles 
per  hour  on  a  gradient  of  1  in  25.  It  attains  a  speed  of 
30  miles  per  hour  in  the  space  of  30  seconds,  this  rate  of 
acceleration,  namely,  I'Sft.  per  second,  being  with  a  full  load 
on  the  level.  The  car  is  capable  of  attaining  a  spee^l  of 
50  miles  per  hour. 

Ill  what  may  be  called  the  pur©  petrol-electric  system,  the 
engine  drives  a  dynamo,  wbicli  is  electrically  connected 
through  controllers  of  the  ordinary  tramway  and  railway 
type,  to  electric  motors  mounted  upon  the  axles,  the  trans- 
mission l)eing  always  purely  electrical.  All  things  being  con- 
sidered, this  appears  to  be  the  best  solution  of  the  whole 
problem.  The  engine  and  generator  can  be  placed  in  the 
driver's  compartment  at  one  end  of  the  coach ,  where  they  are 
perfectly  accessible,  and  are  not  exposed  to  damp  and  dirt, 
and  can  be  flexibly  supported,  thus  at  the  same  time  insulat- 
ing the  coach  from  engine  vibration  and  also  preventing  track 
shocks  from  reaching  the  machinery.  The  engine  runs  at  a 
constant  speed,  irrespective  of  the  speed  of  the  car,  the 
throttle  being  controlled  by  an  electrical  governor  regulated 
by  tlie  output  of  the  dynamo.  The  entire  control  of  the  coach 
is  effected  by  a  standard  type  of  electrical  railway  or  tramway 
controller.  The  only  connections  to  the  electric  motors  are 
by  means  of  cables,  and  in  the  case  of  a  bog^ie  coach  these 
obviate  the  necessity  for  any  compensation  for  the  curving 
motion,  and  the  drive  can  be  transmitted  to  more  than  one 
axle  without  complication.  An  ordinary  electric  railway 
bogie  of  proved  reliability  can  be'  used,  and  no  special  design 
of  coach  frame  is  necessary.  The  engine  is  perfectly  acces- 
sible, and  the  reliability  of  electrical  machinery  is  well  known. 
The  engine  is  working  under  the  best  conditions,  and  would 
need  no  more  attention  than  a  stationary  engine. 

With  electrical  transmission  the  engine  always  runs  in  the 
same  direction,  the  reversing  of  the  car  being  accomplished 
by  the  controller  which  reverses  the  motors  in  the  usual 
manner,  without  stopping  the  engine,  complicated  mechanical 
reversing  gear  being  avoided.  For  switching,  shunting,  and 
yard  work,  coupling,  &c.，  this  ability  to  reverse  the  】iiotors 
instantly  without  changing"  the  direction  of  rotation  of  tlie 
engine  or  stopping  it  greatly  adds  to  the.  safety  and  con- 
venience of  operation,  and ,  moreover,  also  furnishes  a  means, 
independent  of  air  or  hand  brakes,  of  stopping  the  car  in 
cases  of  emergency.  This  transmission  is  perhaps  not  so 
effective  as  a  purely  mechanical  transmission;  tlie  entire 
electrical  transmission,  from  engine  to  axles,  if  properly 
designed  should  give  an  efficiency  of  at  least  80  per  cent. , 
whereas  the  efficiency  of  a  meclmnical  transmission  on  direct 
drive  might  be  as  】iigh  as  95  per  cent.  Another  slis^ht  dis- 
advantage lies  in  the  fact  that  the  space  available  for  carrying 
passengers  is  slightly  curtailed.  It  must  be  admitted,  how- 
ever, that  for  general  convenience  this  system  is  greatly 
superior  to  any  of  the  others,  and  a  small  percentage  of 
efficiency  may  well  be  sacrificed  in  view  of  tlio  advantages 
obtained. 

Good  examples  of  this  type  are  the  coaches  manufactured 
by  tlio  General  Eloctric  Company,  of  Anierica,  of  wlioin  the 
British  Thomson-Houston  Company  are  the  representatives 
in  this  country.  The  power  plant  consists  of  an  S-cvlinder 
engine  of  tlie  V-typf ,  runiiinEf  at  550  revs,  per  minute,  and 
directly  coupled  to  an  8-i)ol，、  GOO-volt  generator.  The  hnro 
is  Sin.  and  the  stroke  lOi".,  eiviiitj  about  200  b.h.p.  The 
rxliaust  and  inlet  valves  and  air-starting  valves  are  nioiinlorl 
in  the  cylimler  heads,  and  the  cylinders  are  provided  willi 
auxiliary  exhaust  ports  wliidi  nro  luuovoml  bv  tho  pistons 
at  a  poinl  noar  the  bottom  of  llio  st roko.  Tlii、  valves  n vo 
operated  l>v  t wo  cnnishafls  plated  one  on  oilhor  sido  of  tl、，》 
on^iiio.  Tlio  t、n^ne  is  ('o(>1(m1  1>v  tlionno-siplioii  wator  rin  ula- 
tion  through  radiators  of  tho  galled  tubo  type  placed  on  the 


cab  roof.  The  fuel  is  pumped  from  a  150-gallon  tank  sus- 
pended under  the  car.  The  ignition  system  consists  of  two 
low-tension  magnetos  and  magnetic  make  and  break  plugs, 
the  magnetos  being  provided  with  automatic  centrifugal 
switches  to  preclude  the  possibility  of  the  engine  exceeding  a 
safe  speed.  The  engine  is  started  by  air  taken  from  the  main 
reservoirs  of  the  air-brake  system,  wliicli  are  made  of  extra 
large  capacity  for  this  purpose.  Air  is  led  to  the  engine 
through  a  valve  mounted  on  the  controller  and  interlocked 
with  the  throttle,  and  thence  to  distributing  valves  driven 
by  the  canisliaft.  The  air  reservoirs  are  charged  by  a  single- 
cylinder  4^111.  by  4in.  air  compressor,  driven  from  the  crank 
shaft  of  the  main  engine,  and  provided  with  an  automatic 
governor  which  maintains  a  constant  pressure. 

A  4-cycle  2-cylinder  petrol  en^ne,  direct  coupled  to  a 
single-cylinder  air  compressor  and  lighting  generator,  is  sup- 
plied to  provide  an  initial  charge  of  air  for  starting  the 
engine  and  to  furnish  power  for  lighting  the  car.  The 
generator  has  a  capacity  of  1^  kw.  at  125  volts.  The 
cylinders  of  tlie  petrol  engine  and  compressor  are  made  in  a 
single  casting  and  provided  with,  a  common  water  jacket. 
The  two  engine  cylinders  are  of  4|in.  bore  by  Gin.  stroke,  and 
the  air  cylinder  is  placed  between  them.  A  centrifugal 
governor  is  provided  to  maintain  a  constant  speed  of  600  revs, 
per  minute.  The  set  is  started  by  hand  and  the  ignition 
consists  of  a  low- tension  magneto  with  magnetic  make  and 
break  plugs  and  an  accumulator-starting  attachment.  The 
armature  of  the  licjhting-  generator  is  bolted  to  a  flange  on  the 
end  of  the  crank  shaft.  By  means  of  a  special  controller  tlie 
driving  motors  are  placed  progressively  in  series  and  parallel  ； 
the  voltage  is  governed  by  varying  the  strength  of  the  sjene- 
rat'^r  field  ；  this  is  accomplished  bv  the  】iK)vemfM】t  of  a  single 
handle  on  the  controller  ；  separate  handles  are  nrovicled  for 
reversing  the  car  and  for  throttling  the  engine,  and  both  are 
conveniently  placed  on  the  controller.  A  hot  water  heater, 
coal  fired,  is  in  stalled  for  heating  the  car.  This  heater  may 
be  connected  to  the  engine-cooling  system  to  prevent  freezing 
when  laying  up  at  night  in  cold  weather. 

The  trucks  are  of  the  swing  bolster  tvpo  with  elliptic 
bolster  springs  and  coil  equaliser  springs.  Tlio  forward  truck 
is  equipped  with  two  standard  600  volts,  box  frame,  oil 
lubricated,  commutating  pole  railway  motors  of  100  h.p.  each. 
These  are  mounted  directly  on  the  axles  and  are  nose  sus- 
pended and  equipped  with  the  General  Electric  Company's 
standard  gears  and  gear  cases. 

In  conclusion,  it  is  evident  that  much  greater  progress  has 
been  made  abroad  than  in  our  own  country,  which  is  probably 
chiefly  due  to  the  conservatism  of  English  railwav  companies, 
wlio  are  inclined  to  look  askance  at  am'  reoently-developed 
form  of  motive  power  or  anything  which  is  not  a  direct 
descendant  of  the  works  of  Watt  and  Stevenson.  This  is  the 
more  to  be  regretted,  as  much  experimental  work  must  he 
carried  out  bv  the  makers  before  a  sufficiently  reliable  vehicle 
can  be  offered  for  tender. 
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VARIABLE  HYDRAULIC  DRIVING  AND  REVERSING  MECHANISM. 

The  change  speed  and  revei*^iiig  gear  sliuwn  diagram  in  at  it-ally 
in  the  acconipanyinsT  cuts  is  based  on  adding  together  two 
s))eeds,  whose  ratio  is  variable,  by  means  of  a  compensating 
gear.  The  two  speeds,  which  are  to  be  added  together,  are 
derived  from  hydraulic  motors.  By  means  of  this  gear, 
which  has  recently  been  paten t-ed  bv  tlie  Internationale 
Ilotations-MrU^cliiiien-Gesellschaft-  in.b.H.,  6/7,  Schiflfbauor- 
danun,  Berlin,  it  is  claimed  that  a  s^radual  change  of  speed 
bptween  a  s^ivon  niaxinmm  s]>epd  of  forward  motion  and  a 
given  】naximum  speed  of  reversing  motion  is  obtained. 

Fig.  1  shows  an  example  of  construction  embodving  the 
£[eiuM*al  j)rinriple  of  flip  arranpoiiient .  wliilo  Fig.  2  illustrates 
a  ])articular  application.  A  coord  ins:  to  Fig. 】 two  hvdraulic 
motors  G  and  S,  which  are  conneot^'d  with  supply  conduits  A， 
and  outlet  conduits  B.  for  tho  propelling  liquid,  art uate  the 
I)  >、'cl  whoels  C  of  tlie  roin]>eiisatin«;  i^oar.  wliich  aro  i，、  poar 
witli  the  driviui;  wlieels  H,  mounted  in  the  gear  box  K.  A 
toot  lied  wluvl  D  is  mounted  on  tho  i:ear  hox  for  transmitting 
tli:、  rosultin*;  motion  and  .speed.  Tl"、  motors  aro  drivt  n  in 
siicli  a  \v ay  tliat .  for  oxaniple,  the  ono  (i  i  un<  always  in  one 
and  tlio  saiiio  di root  ion  at  a  constant  s]>ood,  wliilo  the  otlior 
motor  S  is  driviMi  at  a  variable  speod  and  in  tbe  same  or  in 
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the  opposite  direction  of  rotation  to  that  o t"  motor  G.  The 
speed  of  the  gear-box,  resulting  from  this  arraiigeniciit,  will 
consequently  always  be  the  arithmetic  mean  of  the  two 
separate  s])eeds,  wlien  indicating  tin©  spetxl  oi*  forward 
motion  of  motor  S  (that  is  the  motion  in  the  same  direction 
as  the  motion  of  rnoior  G)  witli  the  plus  sign ,  and  that  of  tlie* 
reversing  or  opposite  motion  with  the  minus  sign. 

If  it  be  assumed  that  motor  G  works  at  constant  speed 
V  =  n  and  that  the  speed  of  motor  S  varies  between  +  '"' 
and  -  n^,  then  in  case  of  i,  =  v  =  n  the  speed  V  of  the  gear 
box  will  also  be  //，  tliat  is  to'  say,  tlip  conipensating  gear  will 
revolve  as  a  rigid  whole. 

If  =  +  w,i，  then  V  =  ^ 卞 , or  if  v'  =  o、  then  V  = 
, ； or  if      =  ―  "，  then  V  =  "     "  =  。，  or  if  finally     = —  >'】， 


If  n  is  larger  than  "，，  forward  motion  at  half  the  differ- 
ence between  the  two-  speeds  results,  whereas  if  n  is  smaller 
than  ni,  reverse  motion  at  corresponding  speed  follows.  It 
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is  therefore  possible  to  run  the  driven  object  at  an 
infinitesimal  speed,  witliout,  liowever,  working  the  motor 
itself  at  a  correspondingly  low  speed,  and  it  is  even  possible 
to  bring  the  driven  object  to  a  full  stop,  notwithstanding  that 
motor  G  continues  running  at  full  speed,  while  motor  S  runs 
at  an  equal  speed  in  the  opposite  direction. 

The  preissure  liquid  for  working  the  motors  G  and  S  iii ay 
be  drawn  from  a  common  pressure  reservoir.  But  the  motors 
may  also  be  connected  with  separate  pressure  pumps,  of  which 
the  one  for  motor  G  would  require  to  have  a  constant  delivery, 
while  the  delivery  or  output  of  that  for  motor  S  would  be 
variable  both  as  to  quantity  and  to  direction.  The  regulation 
of  motor  S  might,  however,  with  constant  delivery  of  its 
])unipSj  be  effected  by  means  of  a  controlling  slide.  Finally 
both  motors  G  and  S  may  be  worked  at  varying  speede,  in 
which  case,  when  the  motoi's  are  running  in  opposite  direc- 
tions, a  change  of  speeds  for  tli-e  driven  object  would  be 
obtained  within  a  range  corresponding  on  the  one  hand  to  tlu^ 
maximum  speed  of  one  motor  for  forward  motion  and  on  the 
other  hand  to  the  maximum  speed  of  the  other  motor  for 
reverse  motion. 

The  two  motors  may  also,  as  shown  in  Fig.  2,  be  driven 
by  a  rotary  pump  L  with  revolving  piston  drum,  the  two 
sides  of  which  pump  work  independently,  but  may  be  con- 
jointly regulated  with  regard  to  their  respective  capacities  by 
an  axial  adjustment  of  the  piston  drum,  in  such  a  way  that 
the  aggregate  capacity  of  the  two  side^  remains  constant,  so 
that,  for  example  for  the  maximum  delivery  of  one  side  the 
delivery  of  the  other  side  drops  to  zero,  whereas  in  the  middle 
position,  whicli  corresponds  to  the  rest-position  of  the  driven 
object,  the  two  sides  of  the  piiinp  deliver  equal  quantities  of 
liquid,  but  in  opposite  directions.  The  casing  or  gear  box 
of  the  compensating  gear  might  also  be  connected  with  a 
belt  pulley.  Or,  according  to  Fig.  2，  it  may  act  on  a  lever 
,T，  adapted  to  be  turned  forward  and  backward. 


DETERIORATION  AND  SPONTANEOUS  HEATING  OF  COAL 

IN  STORAGE. 

UY  IIOIIACK  POKTKU  ANU  K.   K.  OVITZ. 

Nut  many  years  ago,  coal  was  couimoiily  regarded  as  an 
extremely  unstable  material,  subject  to  very  serious  alteration 
and  losses  on  exposure  to  the  elomeiits.  E.  C.  Pediin，  in 
1872，  speaking  before  the  Aiiicrican  Institute  of  Mining 
Engineers,  says  ：  Fuel  siifTcrs  materially  by  . . . 
storage  ；  especially  with  bituminous  and  semi-bituminous 
coals  is  the  loss  heavy,  an  exposure  of  only  two  weeks  causing 
a  loss  of  carbon  to  tlie  exterit  of  10  to  25  per  cent."  Similar 
views  have  been  held  in  iiiuch  more  recent  times.  For 
example,  in  a  paper  before  the  United  States  Naval  Institute 
in  1906  we  find  the  statement:  "The  pressure  of  the  weight 
of  coal  causes  gases  to  be  evolved  ；  .  .  .  these  gases  con- 
stitute the  cliicf  and  only  value  of  the  coal  in  that  tliey 
furnish  the.  heat  units.  It  is  claimed  that  if  a  ton  of  fine 
bituminous  coal  be  spread  out  on  a  concrete  pavement  .  . 
ill  the  open  air  in  this  climate  for  one  year,  it  will  lose  all 
its  calorific  properties.  Tlie  gases  are  simply  free  to  escape, 
and  when  the  coal  has  lost  all  its  gas  it  will  have  lost  all  its 
heat  units  and  be  simply  coke."    This  was  only  five  years  ago. 

In  1907  a  German  gasworks  engineer  claims  to  have  found 
that  moist  fine  coal  sustained  an  average  loss  per  week  of 
1*7  per  ceut.,  this  loss  being  due  to  gas.  The  1889  edition 
of  Groves  &  Thorp's  "  Chemical  Technology  of  Fuels"  says : 
" In  some  places  coal  is  known  to  lose  50  per  cent,  of  its 
heating  value  in  six  months."  Other  statements  like  these 
are  to  be  found  in  recent  literature,  but  probably  the  great 
majority  of  chemists  and  engineers  to-day  hold  no  such 
exaggerated  ideas  on  the  subject.  There  is,  on  the  other 
hand,  a  well-defined  suspicion  in  tlie  minds  of  many  that 
sufficient  loss  of  volatile  matter  and  sufficient  deterioration 
by  oxidation  does  occur  in  coal  to  be  of  industrial  impor- 
tance ； and  for  that  reason  the  investigations  described  in 
this  paper  were  undertaken  by  tlie  Bureau  of  Mines  to  deter- 
mine accurately  tlie  extent  of  the  deterioration  in  (lifTcrfiit 
types  of  coal. 

First,  a  study  was  made  in  the  laboratory  of  the  loss  of 
volatile  matter  from  crushed  coal  during  storage.  A  number 
of  samples  (201bs,  each)  representing  a  variety  of  types 
from  widely  separated  fields,  were  broken  to  about  ^in.  size 
and  immediately  placed  in  glass  bottles  in  tlie  mine.  At 
the  laboratory  the  accumulatod  gas  was  withdrawn,  and  a 
free  coiitiiuioiis  escape  of  the  volatile  products  pennitted  at 
atmospheric  pressure  and  temperature.  The  results  of  these 
experiments  have  been  published  in  Technical  Paper  No.  2, 
Bureau  of  Mines,  entitled  "  The  Escape  of  Gas  from  Coal," 
and  will  therefore  not  be  given  here  in  detail.  Suffice  it  to 
say  that  while  several  coals  evolve  methane  in  large  volumes, 
especially  in  the  early  period  after  mining,  the  coal  suffered 
in  one  year  a  loss  in  calorific  value  from  this  cause  of  but 
01 6  per  cent"  as  a  maxim uni.  It  seems,  therefore,  tliat  the 
loss  due  to  escape  of  volatile  matter  from  coal  has  been 
greatly  over-estimated. 

At  the  instance  of  the  Navy  Department,  however,  which 
is  a  large  purchaser  of  coal,  and  stores  large  lots  in  warm 
climates  for  long  periods  of  time,  more  elaborate  tests  were 
undertaken  to  detenuine  the  total  loss  possible  in  high-grade 
coal  by  weathering.  The  extent-  of  the  saving  to  be  accom- 
plished by  water  submergence  as  compared  to  open-air  storage 
was  a  Doint  to  be  settled,  and  there  had  also  arisen  the 
question  as  to  whether  salt  water  possessed  any  peculiar 
advantage  over  fresh  water  for  this  purpose. 

In  brief  outline,  the  tests  by  the  Bureau  of  Minea  were 
carried  out  as  follows  ：  Four  kinds  of  coal  were  chosen  ： 
New  River,  on  account  of  its  large  use  by  tlie  Navy  :  Poca- 
hontas as  a  widely  used  steaming  and  coking  coal  in  the 
eastern  section,  and  as  beinsr  also  the  principal  fuel  used  in 
the  Panama  Canal  work  :  Pittsburg  coal  as  a  typ?  of  ricli 
coking  and  gas  coal  :  and  Sheridan  (Wvo.)  sub-bituininous  or 
"black  lignite  " ― a  type  much  used  in  the  West .  With  the 
New  River  coal,  501b.  portions  were  made  up  out  of  one 
lar^e  lot,  wliich  had  been  cruslied  to  size  and  well  mixtnl. 
These  portions,  confined  in  perforated  wooden  boxes,  were 
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submerged  under  sea-wat^r  at  three  Navy  yards,  differing 
widely  from  each  other  in  climatic  couditions,  and  3001b. 
portions  from  the  same  original  lot  were  exposed  to  the  open 
air,  boili  out  of  doors  and  indoors,  at  the  same  places. 

With  the  Pocahontas  coal ,  test  wae  made  only  at  one 
point,  the  Isthnms  of  Panama,  run-of-min©  coal  being  placed 
in  a  120-ton  pile  exjx)sed  tx>  tlie  weather.  Pittsburg  coal 
was  store<l  as  run-of-inine  in  open  outdoor  bins,  five  tons' 
capacity,  at  Ann  Arbour,  Micli.,  also  in  3001b.  barrels  sub- 
merged under  fresh  water.  The  Wyoming  sub-bituuiinoiis 
was  stored  at  Sheridan,  both  as  run-of-mine  and  slack,  in 
outdoor  bins,  holding  three  to  six  tons  eagh. 

Every  test  portion  was  sampled  each  time  in  duplicate, 
； md  in  all  cases  except  the  outdoor  pile  at  Panama  and  the 
30011〕.  open-air  piles  of  New  River  coal,  the  sampling  was  done 
by  re-handliug  tlie  entire  amount.  In  the  excepted  cases  men- 
tioned it  was  not  thought  fair  to  disturb  the  entire  lot,  and 
therefore  at  Panama  a  vertical  section  of  10  tons  only  was 
removed  each  time  (eight  samples  being  taken  from  the 
1 0-ton  section),  while  in  the  case  of  the  outdoor  lots  at  the 
Navy  yards,  a  number  of  small  portions,  well  distributed, 
were  taken  from  each  pile,  mixed,  and  quartered  dawn. 
Small  lots  and  a  fine  state  of  division  were  conditions  pur- 
posely adopted  with  the  New  River  coal,  so  as  to  make  the 
tests  of  maximum  severity. 

Moisture,  ash.  sulphur,  and  calorific-value  determinations 
were  made  on  each  sample,  the  latter  by  means  of  the  Mahler 
bomb  calorimeter  and  a  carefully  calibrated  Beck  man  ther- 
mometer. The  calorimetric  work  on  all  except  the  Sheridan 
tests  has  been  done  throughout  by  one  man,  Mr.  Ovitz,  and 
with  the  same  instrument.  All  the  calorific  values  in  the 
tables  have  been  calculated  to  a  comparable  unit  basis,  viz., 
that  of  the  actual  coal  substance  free  of  moisture,  sulphur, 
and  corrected  ash.  ,  ^ 

The  results  show,  in  the  case  of  the  New  River  coal,  less 
than  1  per  ceni.  loss  of  calorific  value'  in  one  year  by  weather- 
ing in  the  open .  There  was  practically  no  loss  at  all  in 
the  submerged  samples,  and  fresh  water  seemed  to  "  preserve 
the  virtues  "  of  the  coal  as  well  as  salt.  There  was  almost 
no  slacking  of  lump  in  the  run-of-mine  samples,  and  the 
crushed  coal  in  all  cases  deteriorated  more  rapidly  than 
run-of-mine. 

The  Pocahontas  run-of-niiiie,  in  a  120^toii  pile  on  the 
Isthmus  of  Panama,  lost  during  one  year's  outdoor  Aveather- 
ing  less  than  04  per  cent,  in  heating  value,  and  suffered 
little  or  no  physical  deterioration  of  lumps. 

The  Pittsburg  gas  coal,  during  six  months  of  outdoor 
exposure,  suffered  no  loss  whatever  of  calorific  value, 
inoasurable  by  the  caloriniclric  method  used ,  not  even  in  the 
upper  surface  layer  of  tlie  bins. 

The  Wyoming  coal  lost  as  much  as  5'3  per  cent,  in  one 
of  the  bins  during  2^  years,  and  3'5  per  cent,  even  in  the 
first  til  ret'  months.  There  was  bad  slacking  and  crumbling 
of  the  lumps  on  the  surface  of  the  piles,  but  where  the  sur- 
face was  fully  exposed  to  the  weather  this  slacking  did  not 
penetrate  more  than  1 2in.  to  18iii.  in  tlie  2*75-year  period. 

No  outdoor  、v<、atlu'rin{^r  t<»sts  have  beiMi  made  by  t  ho 
Bureau  on  coal  of  the  Illinois  type.  Thorough  tests,  how- 
ever, on  this  tyj)e  have  be^n  reported  by  S.  'W.  Parr,  of  the 
Univorsity  of  Illinois,  and  A.  Bomoiit,  of  Chicago,  botli 
of  whom  i'lud  from  1  0  to  3  0  per  (、nit、  ralorific  loss  in  a  year 
by  weathering.  M r.  Heiiient  reports  a  slacking  of  lumps 
(in  tests  on  small  samples)  of  over  80  per  rent,  in  one  rase 
and  about  12  ]>er  cent,  in  another.  It  is  probable  that  in 
this  t v])o,  as  in  tlio  Wyonun*^,  the  slacking  in  a  large  pile 
would  not  j)('iH't  rate  far  f  roin  the  surfa<  e. 

Storapo  uiulrr  w atcr  uiii。i，'stionab】y  preserves  t-ho  lioatin<; 
va】m、  ami  tlu'  physical  st rcn^tli  of  coal.  But  it  prartirallv 
noc<\ssitat(^s  liriii"'  wvi  coal .  and  tli(>n、fm'，、  means  tlie  t'vapo- 
rat  iiip;  in  1  he  furnace  of  an  ； nnnunt  ('I'  iiicist  uw  varying  from 
I  to  15  |»or  (',"".，  a('<(>i(lin"'  to  t  lie  k  i  i ; » 1  of  coal.  This  factor 
is  an  important  dra \vl>a('k  to  uiuliM-wat^r  storage-  with  coals 
likr  ihv  Illinois  and  Wvoiiuiii^  types,  、vl"rh  nuM-liaiiically 
retain  5  to  lo  per  ront .  of  、、- ator  aftvr  draining,  but  in  ('aso 
of  the  liigli-grade  eastern  coals,  if  firiMiion  are  ponnitUKl. 
as  is  ordiiiarilv  the  rase,  to  wet  down  ihoir  coal  l)efor(»  firing, 
" so  as  to  make,"  as  tlioy  say,  "  a  liott^^r  fire,"  tlion  tlio 
； wl<li( ion  (luriiif;  storage  (、f  ihv  -  "，•  l\  p'、r  ront .  川 oisturc 
wliicli  iliosr  coals  retain  would  In*  of  little  r(>!is<'(]U*MUf*. 
Submergence  storage    is    an    al)eolul<、    prevontivc  of  spon- 


taneous combustioi!,  aud  on  that  account  alone  its  uso  may 
be  justified  with  some  coals,  but  jiierely  for  the  sake  of  the 
saving  to  be  secured  by  avoidance  of  weathering  there  does 
not  seem  to  be  good  ground  for  its  use. 

Losses  in  coal  due  to  spontaneous  heating  arc  a  uuich 
more  serious  matter.  Oxidation,  probably  in  the  main  an 
absorption  of  oxygen  by  the  uiisaturat-e<l  clieniical  compounds 
in  the  coal  substance,  begins  at  ordinary  t-oi»i])erature  in  any 
(-'oal,  attacking  the  surfaces  of  the  particles,  thus  slowly 
developing  lieat.  In  a  small  mass  of  coal  tliis  slow]y 
developed  heafc  can  readily  dissipate  itself  by  radiation,  and 
no  rise  in  temperature  results.  If  radiation  is  restricted, 
however,  as  in  a  large  pile  densely  packed,  the  teiiiiKn'ature 
slowly  rises.  Now,  the  curve  of  oxidation  rate  plott^of— 1 
against  temperature  rises  with  great  rapidity,  and  when  tlie 
storage  conditions  are  such  as  to  allow  a  certain  point  (near 
100。  C.)  to  be  passed,  the  rate  of  oxidation  is  great  enough 
ordinarily,  so  that  the  heat  developed  overbalances  the  heat 
radiated  and  the  temperature  will  rise  to  the  ignition  point 
if  the  air  supply  is  adequate.  The  importance,  therefore, 
can  be  seen  of  guarding  against  even  inoderat-e  heating  in 
the  coal  either  from  internal  spontaneous  causes  or  by  radia- 
tion from  external  sources.  Increased  loss  of  heating  value 
and  of  volatile  matter  occurs  at  moderately  increased  tem- 
peratures, even  though  the  ignition  point  is  not  reached. 

The  amount  of  surface  exposed  to  oxidation  in  a  given 
jiiass  depends  on  the  size  of  the  particles,  and  increases  very 
rapidly  as  the  fineness  approaches  that  of  dust.  Dust  is 
therefore  a  dangerous  thing  in  a  coal  pile,  particularly  if  it 
is  mixed  with  larger-sized  coal  which  forms  air  passages  to 
the  interior.  Spontaneous  combustion  is  brought  about  by 
slow  oxidation  in  an  air  supply  sufficient  to  support  the 
oxidation,  but  insufficient  to  carry  away  all  the  heat  formed. 
There  is  a  wide  variation  among  coals  in  friability.  In 
comparative  rattler  tests  under  certain  standard  conditions, 
Pocahontas,  New  River,  and  Cambria  County  (Pa.)  coals 
produced  nearly  twice  as  much  (through  丄 in.  screen)  as  a 
sample  from  the  Pittsburg  seam.  This  is  a  large  factor  in 
spontaneous  combustion.  Mixed  lump  and  fine,  i.e.,  run- 
of-mine,  with  a  large  percentage  of  dust,  and  piled  so  as  to 
admit  to  the  interior  a  limited  supply  of  air,  make  ideal 
conditions  for  spontaneous  heating. 

High  volatile  matter  does  not  of  itself  increase  the  lia- 
bility to  spontaneous  heating.  A  recent  circular  letter  of 
enquiry  on  spontaneous  combustion,  sent  by  the  Bureau  to 
more  than  2,000  large  coal  consumers  of  the  United  States, 
has  brought  1,200  replies,  of  which  260  report  instances  of 
spontaneous  conibu"'io，i，  220  of  them  naming  the  coal.  Of 
these  220,  95  are  in  se \n i - bit u i n i n o u s  low-volatile  coals  of 
the  Appalachian  region,  and  55  in  western  and  middle 
western  coals.  This  result  shows  at  least  uo  falling  behind 
on  the  part  of  the  "  smokeless  ，，  type,  and  no  cause  for  placing 
special  confidence  in  these  coals  for  safety  in  storage. 

A  serious  fire  in  cinder  filling  under  a  inaiuifacturiug 
plant  in  Pittsburg  was  recently  investigated  by  the  Bureau, 
and  all  the  ovideiu'e  pointed  to  spontaneous  com  bust  ion  as 
tlie  cause,  induced  by  external  heat  radiated  from  a  furnace. 
The  cinders  contained  40  j)er  cent,  of  carbon.  A  similar  fire 
occurred  two  yearis  ago  in  cinder  filling  uiidi^r  a  smelt  in;:  plant 
on  Stat-en  Island,  in  wliic-li  case  the  cinders  coiitaiiu'd  33  per 
(XMit.  of  carbon.  Damage  aiiioiintiii*:  to  i!4 ,000  was  done. 
Tlie  cause  was  not-  definitelv  deteri"in(、d,  but  from  the  reports 
of  the  iiisuraiKv  ad  justers.  s})ontaiicouti  Wat  in"'  appears  to  bo 
the  n\o-^{-  plausible  ex]>Ianation.  The  volatile  iuatt<*r  in  tlio 
material  could  not  have  been  a.  factor  in  these  causes. 

Pocahontas  coal  jjivet^  a  j^reat  doal  of  trouble  witli  s|H)n- 
t  a  neons  f\  res  in  the  large  (storage  pilot;  at  Panama.  It  is 
report  od  altio  bv  several  largt>  bv -prod  net -coke  coiuvrns  to  bo 
mmv  t  n>ul、lt'som('  in  tl\i>  r(*s|xvt  tliaii  t hoir  hi^li-volat  ilr-gas 
coals.  Tlio  lii^li-volalilo  roals  of  tlu*  Wost  a  re,  to  Im»  sim、， 
usually  very  liable  to  sDontaneous  heating,  hut  they  owe  ill  is 
]>r(i)>orty  to  the  rluMiiical  nature  of  the  substances  wln'cli 
foinposo  the  coal  rather  than  to  tlie  anioiint  uf  volatile 
mati(、r.  Strange  it  may  sew",  a  liigli -oxygen  t'on""it'  in 
coal  appears  to  parallel  its  avidity  for  oxygen  and  to  ])roniot<\ 
tlioreforo,  its  t^Mulem  v  to  spontaneous  coiuhustioii . 

Tlu*  i，iflm'n《v  of  moist urt»  and  that  of  sulphur  n|K>n  s]>oii- 
taiunniti  liratin*;  ol  r< >a  1  ； m'  "ioo"'d  (|Ucst""i;^  iimcli  discussed , 
nut  very  imicli  ju'tually  investigated,  and  certainly  not  yet 
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bettled.  Hichters  has  yliown  t'hat'，  in  the  laboratory,  dry 
coal  oxidises  more  rapidly  than  moist,  but  the  weight  of 
opinion  among  practical  xisem  of  coal  i&  that  moisture  pro 
moteis  spontaneous  】ieat'iiig.  The  observation  by  the  Bureau 
of  many  actual  ca^set^  lia,s  not,  developed  any  instances  where 
m'oistm'e  could  be  proved  to  have  had  such  an  effect.  Sulphur, 
oil  the  other  liand,  lias  been  f^howii  l)y  thctse  in vrKligations  to 
have,  in  ino«L  cases,  only  a  minor  influence.  In  a  number  of 
actual  cases,  sampler  of  the  heated  coal  froin  areas  where  the 
heat  was  greatctit.  have  be^'ii  aualy^^ed  bolli  for  the  total  sul- 
])liur  and  that  in  the  sulphate  form.  The  difference  between 
these,  or,  in  other  words,  tlie  unoxiditwl  sulpliur,  was  in  no 
case  leiss  than  75  per  cent,  of  the  average  total  siilj)liur  in  tlio 
original.  In  other  words,  not  more  than  one-fourth  of  t]w 
total  sulphur  has  entered  into  any  heat-])roducing  reaction. 
The  possibility  remains,  however,  thai  all  of  the  Kulj>linr 
which  was  oxidised  was  concentrated  in  one  pocket  of  inoifit 
flaky  pyrites,  and  thus  sufficient  heat  was  developed  in  one 
spot  to  act  as  an  igniter.  On  the  other  liaiid,  a  Boston  com- 
pany, using  Dominion  (Nova  Scotia)  coal  of  3  to  4  per  cent. 
sul])hur,  has  iiuicli  trouble  with  spontaneous  fireK  in  h  tor  age, 
but  a  iiun)ber  of  samples  taken  by  the  Bureau  from  exposed 
piles  of  this  coal  in  wliicli  heating  had  occurred  showed  that 
90  per  cent,  of  the  sulphur  was  still  uiioxidised.  Experi- 
ni^nts  ill  the  laboratory,  ptu^eing  air  over  coal  at  120°  C.， 
have  developed  enough  heat  to  ignite  the  coal,  and  no  change 
was  found  in  the  form  of  the  Kulpliur.  While  not  entirely 
conclusive,  these  results  point  to  a  very  minor  contribution, 
if  any,  on  the  part  of  sulphur  to  spontaneous  heating  in  coal. 

Freshly-miiied  coal,  and  even  fresh  surfaces  exposed  by 
crushing  hnnp  coal,  exhibit  a  remarkable  avidity  for  oxygen, 
but  after  a  time  become  coated  with  oxidised  material, 
" seasoned/*  as  it  were,  so  that  the  action  of  the  air  becomes 
much  less  vigorous.  It  is  found  in  practice  that  if  coal  whicli 
has  been  stored  for  six  weeks  or  two  months  and  liae  even 
become  already  somewhat  he-ated,  be  rehandled  and 
thoroughly  cooled  by  the  air,  spontaneous  heating  rarely 
begins  again.  A  large  power  plant  in  New  York  crushes  its 
00 a  1  to  pass  a  4in.  screen  immediately  after  unloading  from 
bargee,  the  fines  and  dust,  50  per  cent,  or  more,  being  left 
in  the  coal  to  be  stored.  This  fi'eshly-cruslied  coal  is  elevated 
to  irou  liopper-shaped  bunk  ere  directly  over  the  boilers,  and 
thfe  air  temperature  in  these,  often  reaches  100""  Fah.  As  the 
coal  bangs  on  the  sloping  sides  Boinetini^s  tlire^  or  four  months 
at  a  time,  it  seeniB  hardly  surprising  that  some  of  the  bunkers 
are  on  fire  practically  all  of  tlii'  time. 

With  full  appreciation  of  tlie  fact  that  any  or  all  of  the 
following  reconianeiulations  may  under  oertaiii  conditions  h'? 
found  impracticable,  they  are  offered  a^^  being  advisable  pre- 
cautions for  safety  in  storing  coal  whenever  their  use  does 
not  involve  an  iiiir^ationable  <^xpense. 

(1)  Do  not  pile  over  12ft.  deep  nor  so  that  any  point  in 
the  interior  will  be  over  10ft.  from  an  air-cooled  surface. 

(2)  If  possible,  store  only  lump. 

(3)  K^ej)  clust  out  a^^  iiiucli  as  possible  ；  therefore,  reduce 
handling  to  a  inininimii. 

(4)  Pile  80  that-  lump  and  fine  aro  distributed  ae  evenly  as 
possible  ;  not.,  as  is  often  done,  allowing  lumps  to  roll  down 
from  a  peak  and  form  air  pa&sages  at  the  bottom. 

(5)  Re-handle  and  screen  after  two  months. 

(6)  Keep   away   external   sources   of   heat   even  though 
moderate  iu  degree. 

(7)  Allow  six  weeks'   ' '  sea.Koning  "  after  mining  before 
storing. 

(8)  Avoid  alternate  wetting  and  drying. 

(9)  Avoid  adniiseioTi  of  air  to  interior  of  pile  through 
interstices  around  foreign  objects  such  as  timbers  or  irregular 
"brick  work  ；  also  throxigli  porous  bottoms  such  as  coarpe  cin- 
ders. 

(10)  Do  not.  try  to  ventilatp  hy  pipe&,  as  more  liHrni  is 
often  done  than  good. 

New  Japanese  Railway.— The  line  from  Nagoya.  Japan,  to 
Hachioji,  near  Tokyo,  lias  Ikhmi  opened  to  traffic.  According' 
to  t-lif>  Railway  Ga/i'tt^,  '  this  line  is  2*24 川 il«、s  long  ainl 
I'f'pivsciits  an  outlay  oi  £3, r)()0,( )()().  'IMiorc  a vv  Of)  lumi*'ls. 
35U  bridges,  aiul  47  stations  on  the  line. 


INDUSTRIAL  AND  TRADE  NOTES. 

German    Pig   Iron   Production.— Ilio  jxu  non  output  m  (；' 'many 
■'"^         、、； IS  \r»:x\\,\\( Ml  tons,  a、  roinpared  with  ",7!,:i,000  Iouh  in 
\'2:MH,i)(\i\  ,„  l!M)'j.  ； ni.l  II. HI  t.()(K)  m 

Clyde  Shipbuilders  and  Steel  Rebates.—  Thv  Sr',tti、li  St^ 屮 liiiak'.iV 

Ass(.ci;itt()M  liils  rewiv<'(l  liom  U"'  Clydo  Sl"| 山， iil,"'r.s，  AsMH-iatioii 
； I  lctt<M-  on  tl"，  suhjcct  of  K'batvs  mi  iiricos  、1<','1  rnaU*ri;il.  T»i" 
sliij)l»ml(l<T.s  point  out  ili:it  in  (,<'rt:"ii  icsjx'cts  r' 山; itr  M-hoino  in 
m":iii'  to  tlMMii.  ask  the  .、t'M'l""iL'r.、  to  iimm-I  a  (I<>piitatioii  in 

m'(l(、i'  to  (liscuss  ihv  points  ！ it  issm'.  A  iiicrtin^  "ill  pi ',";,，, ly  ，"' 
Ik'M  slif>rll\-. 

Platinum  Production  in  New  South  Wales.— I  |'  to  the  etui  of  I9««， 

tl"'  ('''mm"H、、":ilil,  '  lun    ,,l  w  as  mily 

ll,o7.Snzs.,  vahic.i  at  i;'2l."0,»，  ； m'l  ii,':irlv  t  Im-  "1，<山， of  it  « as  <  on' 
tnlmte'I  l»y  New  South  \V;i!os     In  l!HO. 丄' v:,"i<''i  ； il  t1.:iH' ，― 

Fluctuations  in  Price  of  Cleveland  Pig  Iron,  1875  1910. 
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、、- ere  won  in  .Xe 、、-  South  Wales.     For-  somr  yoars  tlx*  price  ot  tlir 
"">t;'l  nbioad  lias  f"'<'"  rising,  until  at  tlie  end  of  Jiino.  1011.  it 
iittaim'"  tlie  n、co'(l  prit-o  of  £U  per  ounco.    This  high  priw  will 
1"(>1,： 山 l.v  1o:h1  lnosjK.ctors  in  New  South  Wales  to  investigaU;  ,i，oi-,. 
carefully  the  |'"、sU"liUcs  of  ])h)tiniim  mining- 
Amalgamation  of  Trade  Unions.— In  tlio  January  report  of  tin? 
l5r)il(M*ni;ikors'  Soc'ioty.  .Mr.  Joliii  Hill,  the  j^oiioral  socix'tarv,  says 
that  towards  the  end  of  la.st  year  the  society  was  moving  'cloM»r 
towards  tlioir  fellow  unionists  in  allied  trades.      Tliov  liad  liad 
meetings  with  tlw  Shipwrights'  Society  and  with  the  Anialtc;ini;it<v| 
Society  of  Engiiioers  and  the  Liverpool  Sliipu  riglits.  while  U"'ir 
vote  on  closer  unity  with  other  shiplniildiiifr  and  (Mi^incoring  tr;"l*»s 
liad  shown  a  la r^e  t'avoiirablc  iiuijfu  ity .      Many  of  tl"'  m-Ih-iik^s 
yet  indefinite.  Imt  during  tlic.v  would  see  a  linking  up 

ol  trade  union  toicfs  Iicvoiul  ； tliin<^  in  tiioir  exporiencv. 

Telegraphs  of  the  World.— It  is  about  60  years  since  the  intro 
(liR  tiou  of  the  t'l<、('tric  tclcgraj)!!.  as  tho  system  was  know  ii  in  tliis 
(.mmtry  up  to  its  acquisition  hy  ihv  Post  Office.  The  linos  mow  in 
cxistfMK'*',  so  we  lea  rii  from  a  P;i  lis  c*>iit*'iiii»oi;irv.  a  re  >iiffk'i<'"t  to 
round  the  world  1H8  time's.  The  tot;il  miiiiiIum'  ot'  offices  is  givt'ii 
； it  130,000,  with  100.000  apparatus,    which    soiul   out  iinniiullv 
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：隐 000,000  dispatches.  Thv  I  m"'"  Kingdom  "，alx，、、  II"'  gr«、aUM 
"se  of  tho  telegnipb.  it  bring  <\stm 、：" +、' I  that  "»r  every  I(M»  |M»rM»n- 
tlieio  are  sent  out  liM  inossiigos.  Kr;nuv  follows  with  I'VJ 
inessiigi\s.  Next  conio  Doiunark  with  118.  HoI^miiiii  with  KM,  anil 
Gennany  with  91. 

Gas   Undertakings.—  A  return  lias  ii"t  Ihm^u  IsmunI  rMntnii: 
^;,.s  uM(h'rl;tkin^.s  of  local  aiithoritiiv  rnd  wnipann^e  in  th，、 
Cnitod  Kin;:(l<»m  inr  tho  year  vmhi]  March  Hist  last.  Ther« 
、、ei'e    ui    all    809    uudei  takiiigi?,    "itli     autl，"rii*od    capital  or 
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authorised  loans  of  £157,341,047.  Tho  receipts  for  the  year 
amounted  to  £31,276,190,  wliiJo  tlie  expendituro  was  £23,211,379. 
The  numb(M'  of  tons  of  coal  carbon isod  was  lo,397j703,  and 
198,733  niillion  cubic  of  ga.s  was  inado,  and  182,833  million 
feet  was  .sol 丄  Tho  total  length  of  gas  mains  was  3G,122  niilos; 
there  woro  6,417,849  consumers.  Tlio  number  of  local  autliori- 
ties  incliidod  in  the  return  is  298,  and  tho  receipts  of  tlio  under- 
takings amounted  to  £10,829,758,  svliilo  the  expenditure  was 
{；7,902,451 ,   aiirl  tho  total   nniiiher  of  consumers  supplied  wa.s 

Electricity  in  (he  Celluloid  Industry.  ―  Tlie  necessary  heat  for 
foriiiiiiK  tho  various  articles  composed  of  celluloid  has  usually 
been  supplied  l)y  hi^h-prcs8ure  steam,  and  .as  this  material  becomes 
soft  at  a  t(Miii)(M  aturo  of  about  250^  Fah .  and  ignites  at  about  30。 
Ju'yond  that  temperature,  it  is  nwossary  to  exorcise  a  careful  con- 
trol over  the  heat.    An  electrical  method  is  being  tried  in  the 
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I'liiUnl  StaU's,  in  which  the  heat  is  applied  by  hot  plate  elements. 
Ill  tlio  manufactiiro  of  celluloid  ('(mihs,  for  example,  the  blanks 
arc  plaood  on  tho  plato  successively,  and  aro  removed  one  by  oiio 
l>y  tho  woi  kinan  as  ihvy  are  softt*nod.  A  large-  olocti  ical  iiianu- 
i'actin  injjc  hoiKso  luus  placed  on  tho  market  a  special  heating  ele- 
ni*»nt  ior  this  purpose,  nioasu riiip;  18in.  by  30in.,  and  provided 
with  quick  .starting  oontie<-tioius,  taking  450  and  900  watts  in 
order  to  heat  tlio  plato  rapidly.  The  normal  consninpticn 
ainonnts  to  about  2*25  watts. 

Lloyd's  Register.  ― The  following  have  been  c-liosen  to  roim'sent 
tlu'  山 uildiiig  ami  engincoring  int<、rests  on  tlie  goneral  (om- 
initt*H'  o{  Lloyd's  K<>j2;istor :  Mr.  Thomas  Hoi  I.  of  Messrs.  John 
Urow  n  iV  Co.,  Ltd.,  ClvcU'hank  ；  Mr.  James  Denny,  of 
Messrs.  William  Doiuiy  A-  Brotl"、rs,  and  Messrs.  Denny 
and  (-0.,  J)umhart-on  ；  Mr.  Harold  】{.  Dixon,  of  Sir  Havlton 
Dixon  iV'  Co.,  \*U\.,  Middlcshrough  ；  Mr.  StopluMi  \V.  Fiirnoss.  M.P., 
of  Irvino'.s  ShiplmiWing  aiul  Dry  Docks  Company,  Ltd.,  West 
Hiiitlr|ic>ol,  and  M»'ssrs.  Iliclia rrlsoiis,  Wostpartli.  iV  Co..  Ltd., 
Mi(I(IU'sIh-oiikIj  ami  Hartlt'pmil  :  Mr.  Aloxaiulor  Gracio.  M.V.O.，  of 
t Im»  l'':'irl"'l(l  Sliiplniildiiivc  and  ，'： 'iginooring  t'oin))aiiy,  l<t<I.,  (lovan  : 
Mr.  ("'<" 乂,、  n.  llunUT.  of  .Messrs.  Swan,  HuiitVr.  tV  Wi^huni 
Uicliardson,  l,"l.，  \Valls4Mul  on  Tyiio,  aiu)  tlio  Wallsciul  Slipway 
1111(1  Kn^iiHHM  iiiK  ( ^iinpaiiy.  Ltd.  ；  Mr.  Aiulrow  Laing,  of  thf  Wnll- 
svtul  Slipwiiy  nui\  Kny:iiuH'r\n^  Company,  J.td.  ；  Mr.  Jamos  Litli^ow. 
of  Mi'vii's.  Ku.vH'll  *  (,o..  Port  Glasgow  ；  Mr.  Jaiuoh  lU、mlh (、； "I,  of 
Messrs.  Joliii  UimkIIkmkI  A:  Sons,  Ltd.,  South  Shields. 

Germany's  Industrial  Iruur 廳 net  Scheme.' —— I)'»t:iils  <H>iu'orni)i^  tlio 
"orkiiig  "t  t In-  (；，  riiu"  Iii'i"  n,il  I"、mi，ii('(、  \\s  jiro  givon  liv  tho 
.、i，、,'r"'""  《'，i，、《*"l  at  llitinloirv'-  Uv  .statrs  tliitt  tlio  (toriunu  Im 
poi  ijil  Itisurnnoo  uiithoritiivH  liavo  liroiij^lit  nut  tho  first  of  n  soriivs 
of  »|M»rinl  reports  made  sincx*  tho  onartmont  of  tho  IiiKiirnnro  Laws 
of  Juno  80tlu  1900,  s«>tting  forth  tlio  •'ff'H^ts  of  t ho.se  Inws.  mul 
、"K>f、tmn  liou  iuT"li、，its  limy  Ik*  nroithMl  siictMvvstuHy.  Tho  statis 
"''Hrov,'r  ii  |"、n，"l  up  to  11)07.  Acciclrnts  rniisoil  hy  tin*  no^li^onco 
of  working  m<、"  tln'iiusolvivs  inrronMMl  from  'J 7  por  rv"t.  in  1HH7  t" 
piM-  «、'"t.  in  ami  to  tl  p,、r  tvnt.  in  1*H17.    On  tho  other 

l，;""l.  n，vi，li、m、4  ivHultiriK  from  iu'^:lig<Muv  of  oniployors  d'vtvaMnl 
"•'"，，:L?1>  l":r  111  18H7  U>  17  |>or  cont.  in  18J>7.  nn'il  V2  )、'  r  ,  ,'"t. 
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who  were  insured :  9,212  killed,  or  0  34  per  thousand  of  those 
insurecf  ；  1，110  por  nianently  wholly  injured,  or  -04  pev  thousand  ； 
o2j707  pormaiuMitly  partly  injured,  or  1'94  per  thousand  ；  toni- 
porarily  iiiju rod,  74,735,  or  2' 75  per  thousand  ；  total,  137,704,  or 
o'()7  ])cr  thousand  of  those  insfiri'd. 

Trade  Unions  and  the  Working  of  Machines  in  Engineering  Works. ― 

Trouble  is  threatening  in  tho  ciigi" (义' ring  trades  respecting  the 
('mi)loyment  of  labourers  for  operating  macliine  tools.  Several 
conferences  hnve  I'ocently  taken  place  between  the  En- 
gineering Employers'  Federation,  and  the  principal  engineer- 
ing trade  unions  conceniod  as  to  the  class  of  lal>onr 
to  be  employed  on  certain  machines,  and  the  interpreta- 
tion to  be  placed  on  clause  7  of  the  terms  of  settle- 
ment arranged  after  the  great  engineers'  lock-out  in  1897  will  be 
discussed.  The  employers  claim  that  this  clause  gives  them  the 
right  to  employ  u  liom  they  think  fit  on  any  machines.  The  trade 
unions  claim  that  the  clause  only  gives  the  employers  the  right  to 
do  this  on  certain  almost  automatic  machines,  reserving  the  others 
to  skilled  and  trained  jounu\ymen.  Another  conference  on  the 
matter  is  to  be  held  early  next  month.  At  the  last  central  con- 
ference the  trade  unions  tlireatened  to  break  off  all  local  negotia- 
tions on  'such  points  and  recommend  a  national  engineering  strike 
unless  the  special  conference  to  discuss  the  whole  position  was 
agreed  to  by  tlie  employers. 

Some  Trade  Figures  for  the  British  Empire. —— The  48th  volume  of  the 
statistical  abstract  for  the  British  Dominions  and  Colonies,  fi'om 
1896  to  1910，  has  just  been  published  as  a  Blue  Book,  ami  contains 
some  into  resting  information  with  reference  to  the  Empire.  Accord- 
ing to  this,  the  total  imports  of  the  self-governing  Dominions, 
Crown  Colonics,  Possessions,  and  Protectorates  in  1910  amounted 
to  £'420,006,000,  compared  with  £306,524,000  in  1909.  The  total 
exports  were  £444,479,000  in  1910，  compared  with  £403,792,000  in 
1 909.  The  length  of  railway  line  open  in  1910  was :  British 
India,  32,099  miles  ；  Australia,  15,407  miles  ；  New  Zealand, 
2,753  miles;  South  Africa,  7,586  miles ；  Canada,  25,780  miles.  The 
total  for  all  the  Colonies,  &c.，  was  91,039  miles.  India  Iiad  72,746 
miles  of  telegraphs  ；  Australia,  43,492  miles  ：  New  Zealand,  ：1】，316 
niilos  ；  the  Cape,  8,466  miles  ；  Canada,  36,317  miles  :  and  Xowfouncl- 
land.  3,382  miles.  Australia  had  220,173  miles  of  t^leph  one ;  Now 
Zealand,  1,384  miles  ；  and  the  Cape  of  Good  Hope,  0,002  miles. 
British  India  in  1910  produced  573,120ozs.  of  gold  ：  Australia. 
2,720,748ozs.  ；  New  Zealand,  44G,431ozs. :  Trajisvaal,  77)27, lOSozs. : 
Southern  Rhodesia,  609,955ozs.  ；  Gold  Coast,  183,691ozs.  ；  and 
Canada,  490,000ozs.  India  prodticod  12,047,413  tons  of  coal  ；  Aus- 
tralia, 9,758,994  tons ；  New  Zealand,  2:197.3f;2  tons:  Natal, 
2,294,746  tons;  Transvaal,  3,548,550  tons  ；  Canada,  11,425,457  tons. 

The  Decimal  Association. 一 A  circular  just  issued  by  this  association 
sets  fortli  the  progress  made  towards  securing  tho  adoption  of  tho 
metric  .sy.st<'ni.  Tlie  circular  states  tliore  has  l)Oi>ix  a  very  notable 
iiicToasr  generally  in  the  attoiitioii  given  to  tlio  siihjoct  in  iion- 
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|i"'ti.i<'  loimtrios.  and  claims  credit  for  tho  stimulus  it  lias  Kiv.'ii. 
亇 'g''".  l'''l(>.  "  rosoliition  in  favour  of  the  compnisorv  ndo])tioii 
th^e  "lotno  systpin  throughout  the  Kmpire  was  intiwliicod  in 
thP|  Australinn  House  of  Reprosentativos  l,v  Mr.  G.  B.  Edwards, 
"nd'tlie  resolution  wns  parsed  by  votes  to  two.  More  re<vntlv  a 
J*sol"tK>n  on  tho  Si, .no  lines  was  introducod  at  the  Iniporial 
ton-ncv  m  I/ondoii.  but  it  was  witlulrawn  in  ronseqiio.ue  of  tlie 
opimMtioii  of  the  noanJ  of  Tia.lo.    In  Malta  a  Hill  for  the  com- 
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1910  was  about  1 ,0；^  million  tons,  of  wliicli  tho  Unik^fl  Kingdom 
produced  inoro  iliaii  one-ioiirtli.  As  conipare<l  with  its  popula- 
tion, the  production  of  coal  in  tlio  Unitxjd  Kingdom  still  sur- 
passes that  in  tho  United  States.  It  amounts  to  nearly  8  tons 
[>er  head,  whilst  in  the  United  States  it  is  u nder  5  tons  per  head. 
In  Holp;iuni  it  amounts  to  3J  tons  ；  in  Germany  to  al)Out  2:',  tons  ； 
ami  in  Fraiuro  to  uiidor  1  ton  poi'  hoad.  Tl"，  avoraf^e  viiliio  por 
ton  produced  in  tlio  following  oouiitrios  in  1910  was :  UnittKl 
Kiiigdonij  8-s.  2d.  ；  Gorniany,  lis  11  Jd.  ；  JJ<*l^iuni,  lis.  10 Jd. ； 
United  States,  5s.  10 Jd,  Tlio  avorago  value  per  ton  lias  inc!roase<l 
considerably  during  tho  last  25  years  in  each  of  tho  Europf^an 
countries  mentioned  above.  In  1900  tho  number  of  persons 
employed  in  coal-mining  above  and  Ik^Iow  ground  in  each  of  tho 
principal  producing  coiintrios  was  as  follows :  United  Kingdom, 
1)92,300;  Umtvd  States,  GGG/iOO ；  Gorniany,  01：}. 200;  France, 
187,200 ；  ami  liolgiuin,  143,000.  As  n^^^a nls  tho  output  per  porson 
o-ni ployed,  which  is  affected  to  a  certain  extent  l>y  the  ""； Uiods 
of  operation,  and  by  the  accessibility  of  the  seams,  tlio  United 
States  took  first  place,  with  an  output  in  1909  of  617  tons  per 
person  employod  ；  the  Unitod  Kingdom  socniid  place,  with  2fiG 
tons  ；  followed  by  Germany,  France,  and  力， mi，  with  239  tons, 
195  tons,  a nd  162  tons,  respectively.      Tn  tlic  T'nitod  Kingdom 
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and  Germany  the  output  per  person  employed  has  considerably 
increased  during  recent  years.  Tho  exports  from  the  Ui»it<Hl 
Kingdom  in  1910  \\<?7-e  loss  than  in  1909  by  nearly  \\  million  tons. 
The  United  Kingdom  iinpor"Hl  only  48，、000  tons  in  ] 議. her 
exports  amounting  to  84,542,000  tons.  In  1909  tho  I'liikHl  King- 
dom imports  totalled  only  8,000  tons,  and  tho  exports  86,037,000 
tons.  The  total  consumption  of  coal  in  the  United  States  is 
now  considerably  more  than  twice  as  great  as  that  in  the  United 
Kingdom,  which  has  the  next  largest  consumption. 


Electro-deposition  on  Metals,— Mr.  A.  Price,  in  a  lecture 
recently  delivered  before  the  SlieffWld  Electro-Metallurgical 
Society  on  "  General  preparatory  methods  previous  to  electro- 
deposition/'  said  the  demand  for  the  electro-deposition  of 
several  metals,  other  than  silver,  had  during  the  past  few 
years  increased  to  such  an  extent  tliat  the  deposition  alone  of 
one  metal ― nickel ― was  responsible  for  the  employment  of 
more  labour  than  all  the  other  metals  put  together.  In  the 
several  processes  of  metal  colouring  where  certain  cksired 
finishes,  known  as  oxidised  and  relieved,  must  be  produced 
upon  inferior  basis  metals,  the  need  of  a  practical  electro- 
plater  having  a  wide  experience  in  the  deposition  of  all  metals 
upon  all  basis  metals,  became  more  important  every  day. 
Much  information  was  yet  needed  in  regard  to  the  preparation 
of  surfaces  in  order  to  secure  anything  like  perfect  adhesion. 
For  want  of  knowledge  the  most  skilful  operator  eoinetim^ 
failed  in  producing  adhesion,  especially  upon  zinc,  cast  iron, 
steel,  Britannia  metal  and  high  percentage  nickel-German 
silver.  Mr.  Price  explained  the  various  methods  adopted  for 
dealing  with  different  metals,  and  urged  the  importance  of 
thoroughly  cleaning  all  articles  before  immersing  in  the  plat- 
ing bath,  otherwise  the  deposit  would  not  adhere  no  matter 
liow  good  and  correct  the  condition  of  the  electrolyte. 
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the  highest  previous  total  wus  reached.  Except  in  the  United 
States  and  Germany,  the  inoreases  were  small,  the  former  country 
accounting  for  over  36  million  tons,  and  the  latt<u'  for  4  million 
tons  of  the  increase  over  1909.  In  the  United  Kingdom  the  out- 
put in  1910  fell  short  of  that  of  1907  by  nearly  3,^  million  tons. 
Of  the  remaining  countries  included  in  the  tables,  Russia  alone 
has  a  production  exceeding  20  million  tons.  The  total  known  coal 
production  of  the  world  (exclusive  of  brown  coal  or  lignite)  in 


piilsory  adoption  of  the  niotnc  systoni  has  noen  passed,  and  will 
come  into  force  on  January  1st，  1912.  It  is  also  announced  that 
the  Central  American  Republics  of  Nicaragua,  Honduras,  Costa 
Rica,  San  Salvador,  and  Guatemala  have  passed  the  necessary 
measures  to  enforce  tho  moti  ic  system  as  from  January  1st,  1012. 
The  Commercial  Iiitc'lligem'e  Departnioiit  of  tlio  Hoard  of  Trmh' 
has  announced  that  an  Act  reiulei'ino;  tlic  metric  system  con" 川！ 
sory  in  Bosnia-Herzegovina  has  been  passed  by  tlio  Govoi  nnu'iit  of 
that  country,  and  will  come  into  fofco  on  SopU'nilier  1st,  1912. 
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The  Danish  Weights  and  Measures  Act  was  passed  in  1907,  and  will 
fame  ^nto  force  in  April,  1912.  There  is  no  donbt,  the  circular 
adds,  that  the  metre  and  the  kilogram  are  gaining  ground  in  every 
clireoti'oii,  and  that  the  number  of  nou-metric  countries  is  bein(^ 
st-eaflily  reduced. 

The  World's  Coal  Production.—  A  report  on  coal  production  and 
coal  consumption  in  the  principal  countries  of  the  world  has  just 
been  published  by  the  Board  of  Trade.  According  to  this  report, 
the  output  of  coal  in  the  five  principal  coal-produoing  countries 
in  1910  was  as  follows  ：  rnited  Kingdom,  204,433,000  tons;  Ger- 
many, 150,372,000  tons ；  France,  37,254,000  tons;  Belgium, 
1^3,332,000  tons  ；  United  vStaixis,  447,837,000  tons.  In  each  of 
tliese  countries,  with  the  exception  of  the  United  Kingdom,  the 
production  in  1910  exceeded  that  of  any  previous  year,  the  aggre- 
gate being  923  million  tons,  or  an  increase  of  42  million  tons  on 
tlie  output  of  1909,  nnd  27  million  tons  more  than  in  1907,  when 
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NEW  PATENTS. 

Specifications  oj  the  followin(f  are  now  puUishedy  and  tee  shall 
be  pleasecVto  forward  copies  post  free  on  receipt  of  lOd.  Address 
"Mechanical  Engineer,"  5S、  New  Bailey  Street,  Manchester, 

MECHANICAL  1910. 

S]i<lo  valvos  for  fluid- pressure  engines.    Say.  21.j79. 
Rotary  furnace  or  firebox.    iSinalhvood.  2249o. 
Machines  foi"  making  twist  drills.    Wilt.  27226. 
Fluid  】iiett、rs.    K(、nt  &  Hodgson'  27332. 

Apparatus  for  tho  intorchaii^^e  of  heat.  Still,  and  Still's  Ttil"' 
Syndicate.    27772.  _ 

Couplings  for  railway  wagons.    Jones  A:  K (山 I'rts.  1207^)1. 

Apparatus  for  the  even  distribution  ol'  liq uid«.    Newton.  29902. 

A i  ran^onuMit  and  、、- oiking  of  coiulonsers.    Muf^Iler.  29903. 

Devices  for  automatically  applying  brakes  to  lailway  vehicles. 
Becht.  29913. 

Driving    holts.       I) mil (屮   I{ii1)Iht  Company,   and  Worthin^toii. 

30005). 

Automatic  hv\t  shifters.    Bauer.  30025. 
Construction  of  holts.  山 &  Dol>l)ie.  30072. 

Ai)paratus  for  cool  in-;  water  l)y  ovaporatioii.  Cinniiiigliiun. 
:UJ089. 

Nut  locks.    llol)soii  &  Hiu-vey.  :mV2.  :nul  301  13. 

Hail  way  viOiicle  coupliii'ii.    Wende  &  Holier.  30187. 
Troatineiit  of  nit'lttnl  ！ lu'tals.  alloys,  and  steels.     Har:ulu(-]\l  iilicr. 
30198. 

Kh«xihlo  metallic  ti 山 iiig.    Berryinan      Cannis.  and  :i()L*0(). 

Carhiuottors  tor  internal  conihiistion  on^iims.    (irovo.  302.")2. 

jjroiilo  iron.     ("、、v('rl"s<'hi"'t  DeutscluM'  Kaisrr  thm 山 （ini. 
3(^79. 

Automatic  railway  ('oupliug.s.    Lanzdorl".  30308. 

I  iitcrchan^icahli'  dovic-o  lor  automatic-  r;n l\v;iy  ctmpliiiii.     Hi'l 山 

white.  30312. 
Vci  tical  (Mtke  ov<nis.    .Jom'-s.  30374. 

1911. 

Workmen's  tiiiio  rocoidors.    Lkwrlliii.  "J3 
Petrol  ^as  ^('iuTators.  Wilson. 

Adinissioii  valve  jj;('i、r  f(»r  stei-i ni  L'ngi】i(、s     Eastwood.  H)l.*3. 
MaMuta<*tiiro  of  .sniokoUsss  l  uei  l)riqii(、tt<、s.    Cow  per  C'olos.  2003. 
Filter  presses  for  use  in  connection  witli  liydio  iiu't:itliir<i;ic*al  pm- 

cesses.    Merrill.  2802. 
Motor  road  vehicles.    Jofeh  &  Moody.  2884. 
(ionoration  of  gas  from  liquid  furl.    Soiitlu\v.  2i).)4. 
I^otary  ongiuo.    Liiidloy  A:  Schrcicr.  3082. 
Portable  hoist.     !*i iiohbecU.  4110. 

Ut'lii'f  or  -siirpliis  pressnro  valves.     Aiild  iV  (！ raliain.     U')'>7 . 
\\'imliii^  ai>|iaiatus  for  miiio.s  and  lifts.     Kaiulall.  i'i\2'2. 
I*r<>l)('llin^  ino<'lianisiii  tor  nu'cliaiiiciil  flyin.^  niacbini's.      Slmrt . 

Short,  iV  Short.  8108. 
HoihM*  Who  baffles.    Musjj;rave.  8429. 

Apparatus  lor  (listrilmtiiig  liquids.    Naylor  A:  Naylor.  8401. 
liockin^  devices  for  、s('r(、、vs  and  luits.    Tiiiiiliis.  8777. 
C,'(>ntr*)lliu;i  valvt^s  for  strain  brakes  of  locomotives.    "()l>son  and 
I.owis.  8812. 

Control  ol"  tl"、  overload  or  hy-\)ass  valvos  hy  moans  of  tlio  ordi- 
nary regulating  valvos  in  steam  turhinos.    K  illiuni.  8f)77. 
C*iirl)urett-er.    Williams.  9285. 

Apparatus  for  gri"(ling  milling  cutters.  Hor])ert  &  Allen.  9416. 
Aloans  l\»r  coupling:  and  (•oiincH-tiiiu  metal  tubers.  Arnold.  1039"). 
Ht'ducinjj;  valves.     Hopkinson,   M  ur^atrovd,   and  J .  Hojikinson 

and  Co.    120.-)  I.  ' 
T rain-controlling  iii，'（'l"mism  tor  rnilu  avs.    .Joiu's  iV  .lonos.  ll^OS!). 
Kxplosion  turl)inos,   C'ast<4ii.  12218. 

Sti'ikiiijx  goal*  ior  powt'i-  traiisnntlinjj:  '»'•，，、  liontall  iV  Hin^^liain. 
12()31. 

Steam  lM>ilors.    P:»rl"、r.  IHo.jfi. 

Procoss  iiiul  iippa ratns  ior  siloiu  in^  and  deodorising  tlio  oxiiaust  (if 

oxplosioM  motors.     l'Vlitl<'.     13"  17. 
Valvos.    I 謂 11"、"""  .     1  l()2.">. 

niow iM'N  lor  ('loaning  l»(>il<'r  tuln's.    .M;ittss<)n.    1  l(>0(i. 
1  ntcriial  coiiiUustioii  *'i、^:im's    liaviii^    rotary   distributing  vjilv**s. 
KornacH.  14944. 

Valvii  gem'  for  2- ryclo  int^M  iial  <-<>iuliiistion  rnginos.  l',orn:，《、a.  l.'C'l  \. 
l，ro(H、ss  and  -; i|)])aratus  lor  \v;isliinj;c    o，vs   (oiitaiiiing  siilpltido^. 
M"ll"'m'is  iV  l)"'ts('l、.  1.")1>1»1'. 

Cooling  ol"  (vntrifiip"  comprt'ssors.    AII^^imiumiu'  KK'kt ncitiits  Cirs. 

Six f**t y  ，lcvi('c、  tor  locking:  ； ip| 山"" "、 for  us**  in  (Hninoftioii  with 
railw a\  si^nnllin^.    Si"m，>i's  Bros,      C".  1*m28. 

Appnratus  for  hov*»llin^  antl  grinding  tnUos.    Hrid^o.  l*i<»(U. 

Spood cluniKin^  v  ol'  t  l  iict  ion  ，'i»p"»''、.  Mi  aiuMr  A-  l,".，'ns 
讓 3. 


Do  vice  for  jncvcntiii^  ； i  sudden  oxoossive  increase  in  tho  sp(M^d  ot 
inttM  iial  (■()mi)Ustioii  engines  u  itii  rotur-y  (  yliiulci  s.  WiiuUioff . 
17302.  ' 

Pipe- testing  apparatus.    Crisandt.  17404. 

Lubrication  apparatus.    Wake-field.    】 7900. 

Supetlioatons.    Schmidt.  * &  Thomscn.  179o9. 

WatiM-  tiil)e  boiler.    Ward.  18040. 

Screw  ])i()peIlors.    Maliodt'aii  de  Vill(»thioii.  18854. 

Steam -jot  ('l(>:miiig  apparatus  for  boilei*  tiibos.  Ginn  \\  10()(52. 

Interna l-coinl>ust ion  tm  biiies.    Wliitt^side.  19920. 

Kirebar.    Smith  &  lleoH.  20428. 

Pennanent-wa.v  rail  joint.  Cook.  22004- . 

Hoisting  winch.  Kelly.  22594. 

liuln'icntin^  inciiiis  for  liall  l"':inn;j:、    Honz  A'  Co.  2 

ELECTRICAL.  1910. 

Circuit  for  use  with  automatic  U'U'plionc  systems.    West<M-n  VAiH- 

trie  Company.  24995. 
Methods  of  and  means  tor  clearing  faults  on  liigh  tensioii  :ilt<"-ii;it- 

ing  cuntMit  sysU'ins.    Tay ior.  27312. 
Brush  holders  tor  dvnainos.    J .  L.  Manufacturing  Coni])anv,  and 

Rood-Cooper.    27419.  " 
Telephones.    Climent.  2908.5. 

M iiltiplox  tele])hony  and  tolc^rapliy.    ScjuiiM*.  3()()()3. 

.M;»c:?netir'  lifting  appliances  used  with  cranos.    St<*el ,  Peech,  and 

T(m"',  Ltd.,  and  Ho  wen.  3007-5. 
I'，lamiiig  arc  lamps.    Dinsniooi-.  80819. 
Pnrt;ii»Ie  elect i;ic  cliistoi-  hunjts.    K irliv.  30343. 

1911. 

I'llootric  lamp  sigiialliiijj;  apparatus.    Stow  ait  t 、-  Stood  ley.  2000. 
Dviiainos.    I':ui(asliir(、  Dynamo  and  Motor  Company,  and  MoTveod. 

' 2m7.  * 

l*]lectric  niotoi*  starting  and  i,n't('('tiv<'  dcvicos.    British  riioniso!!- 

Houston  ('oinpany .  G188. 
Electric  meters.  British  Thomson- Houston  Company.  7(3()9. 
Electric  time  relays.    British  Thomson- Houston  Company.  789(i. 
Electric  wall  plugs  and  sockets.   Hirst  A:  Chapman.    83 7o. 
Process  for  tlio  electrolvtic  prochiction  of  niotallic  antimony  from 

antimony  ores  or  conipouiKK.  "Wliitfickl.  U\)(')8. 
FAectv'w  switclies.    British  'I'lioinNon-Hoiiston  Conipjuiy.    102.*) 4. 
S\vitfli-lioldei"s  for  electric  iiicaiidescont  lamps.  Dowuton  A:  Kil 山 It' 

whito.  10327. 
Kloctric  radiation  furnaces.   Marks.  11932. 

Conductor  points  of  electric  rnil roads  on  tho  ov(、rl"':ul  ((mdtirtor 

systiMii.    Xicliolsoii  t、-  Xicliolson.  13970. 
Liquid  oloftric  controlicM's.      Allen  Wt^st  tVr  Co. .  and  Moggridge. 

1()871. 

1 1  ijih  pressure  curront  distrilmlois  ior  elect  ric*  ignition  :»pp;»，：iti 卜. 
Hoyor.  10908. 

Make-aiul-break  device  for  tlu»  i)iiniat y  oiictiit  of  clootro~nin»rnotic 

ignition.    Heyer.  17058. 
i 'iron it  arrangoinents  for  automatic  tolo])!ione  systems.  SieiiuMis 

and  Halsko  Akt.  Go*;.     19187.  * 
KIocti-icallv-controll(Hl  raihvMV  signals.  SienuMis     Halske  Akl .  Gi*s. 

21878.'  ' 
Automatic  ivgulatiiig  apparatus  for  oloctric  supply  systems.  ^Sio- 

mons  Bros.  Dynamo  Works,  Ltd.  24】0o. 
Sloans  for  use  in  nntomaticallv  regulatiiiii  tlu'  t iinini:  in  iiiM«:noto- 

Wiohl.  241)70. 


METAL  QUOTATIONS. 

TUESDAY.  JAXrAllV  U'mi. 

Aliiinininiu  ingot   "3/    per  <  \\i. 

..         wirv,  according  to  si/.es,  &('  from  1 02/-  ,. 

，•        sheets        ,,    ，，  120/-  •• 

Antimonv   £27/10/-  to  £28/-/-  jwi  ton 

Brass,  n»li('<l    7J<i.  per  IK. 

"     tul)f's  (brazocl)    9;tl.  .. 

"       .•      (solid  drawn)   S<l.  ，• 

••       ..      wiro   72<l. 

('"l、|M、r.  Stjinda nl   £*>2 /-/-  per  (on. 

Inui.  C'K'Vflaiul   45)/.3  -, 

,.    Scot  oh    5">/3  ,• 

I-irt»l.  Knglish    £1."./17/(»  .. 

I'Wip  (soft)    £15  10/-  .. 

M ira  (in  (iri"'i'、"l  cases),  small   (kl.  to  2/  -  per  Ih. 

,，  ,,       im、limn   2/()  to  4/~ 

.,  ,,       largo    4/«  to  8/fi  ，- 

QuickHiIvor   £S/-/-  per  bottlo. 

Silver   25  JJd.  per  oz. 

SpHter    £2fi/I5  -  jxr  ton. 

Tin.  hlook   £190/-/- 

T"»  pint  OS   13/6  ,. 

Zinc  sheets  (Silosian)   £30/10/—  ,, 

tin;  Xw'iWv  MimtAgne)   £30/15/-  •， 
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The  Corrosion  of  Condenser  Tubes. 

It  will  be  remembered  that  one  of  the  first  collective  efforts 
of  the  Institute  of  Metals  was  to  initiate  an  enquiry  into 
the  subject  of  corrosion,  and  as  a  first  step  in  their  investiga- 
tion they  selected  the  wasting  of  brass  condenser  tubes  by 
sea  water.  The  subject  is  one  to  which  a  good  deal  of 
theorising  has  been  devoted,  and  in  the  mercantile  marine 
has  given  rise  to  considerable  trouble  and  incouvenience.  It 
seems  clear,  however,  from  the  paper  which  was  presented 
by  Mr.  Arnold  Philip,  Admiralty  chemist,  at  the  meeting  of 
the  Institute  last  week ,  and  which  we  reproduce  in  another 
part  of  this  issue,  that  the  causes  and  methods  of  prevention 
are  well  understood  in  the  Navy,  and  that  the  wider  dissemi- 
nation of  this  knowledge  would  do  much  to  dissipate  the 
troubles  experienced  in  the  mercantile  marine.  To  those 
whose  acquaintance  of  sea-water  condensers  is  confined  to 
marine  practice  it  will  be  a  surprise  to  learn  that,  notwith- 
standing some  millions  of  tubes  are  in  use  in  the  Navy,  the 
number  of  cases  in  which  localised  corrosion  occurs  is  very 
rare,  and  further,  that  this  immunity  is  secured  simply  by 
dose  adherence  to  a  particular  chemical  composition  of  metal 
(viz.,  71  copper,  1  tin,  28  zinc)  for  the  tubes,  and  to  the  con- 
sistent use  of  steel,  iron,  or  zinc  protectors  to  guard  against 
galvanic  action.  The  efficacy  of  such  protective  agents, 
although  recognised  in  a  general  way,  is  by  many  engineers  in 
the  mercantile  marine  regarded  as  uncertain— owing  to  corro- 
sion of  the  brass  tubes  being  met  with  even  where  these  pro- 
tective agents  are  employed.  It  seems  more  than  probable, 
however,  that  such  cases  could  be  fully  accounted  for,  were 
the  facts  fully  known,  by  imperfect  electrical  connections 
between  the  tubes  and  the  protector  metal.  Admiralty 
experience  has  repeatedly  shown  that  any  defect  in  the 
electrical  conne<*iion  renders  the  prot^rtive  action  of  iron, 
steel,  or  zinc  upon  the  condenser  tubes  quite  useless,  and  on 
the  otLer  band,  that  where  the  electrical  connection  is  p*'r- 
fectly  maintained  corrosion  does  not  occur.    It  is  essential 
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also  for  the  protector  metal  and  the  condenser  tubes  to  be 
immersed  in  the  same  electrolyte.    Too  often  in  the  mercan- 
tile marine  when  protective  agents  are  used  they  are  attached 
in  a  way  that  fails  to  maintain  electrical  contact  and  they  are 
then    useless.      Tliis    fr)riii    of    protection    was  adopted 
by    the'    Admiralty    and    proved    completely  satisfactory 
years    ago    when    tlio     bodies    of     condensers    were  of 
cast    or    wrought    iron    and    sea    water    passed  outside 
the   tubes  instead   of  through  them.       Corrosion   of  the 
casing  was  then  common,  but  corrosion  of  the  tubes  was 
practically  unknown.    In  present  practice,  with  water  passing 
tlirough  the  tubes,  the  protecting  agent  is  used  sometimes  in 
the  form  of  slabs  attached  to  the  inside  of  the  condenser 
doors  or  on  the  tube  plates,  or  in  other  cases  in  the  form  of 
rods  fixed  in  the  place  of  certain  of  the  condenser  tubes,  while 
more  recently  it  has  become  customary  to  make  condensers 
with  steel  bodies.    As  evidence  of  the  immunity  from  corro- 
sion of  condenser  tubes  in  the  Navy,  Mr.  Philip  cites  many 
cases  in  which  they  have  lasted  from  10  to  12  years.    In  the 
few  rare  instances  where  corrosion  has  been  met  with  in 
horizontal  condenser  tubes  the  wasting  has  almost  invariably 
been  confined  to  the  bottoms  of  the  inside  surface,  and  has 
been  found  to  be  due  to  local  galvanic  action  set  up  by 
particles  of  coke,  coa】，  or  ferric  oxide  deposited  from  the 
cooling  water.    In  only  one  case  could  the  chemical  corn- 
position  of  the  tube  be  held  responsible  for  the  corrosion 
which  ensued,  and  in  that  particular  case  it  was  discovered 
tliat  the  one  per  cent,  of  tin  specified  in  the  metal  Jiad  been 
omitted.    The  deposition  of  particles  of  coke  or  coal  is  of 
course  facilitated  when  a  condenser  is  not  in  use  and  the 
tubes  remain   full   of  sea   water,    and   such  particles  are 
more     likely     to     obtain     entrance     wlieu     vessels  are 
coaling    or  ash  ejectors  are  in   operation.      It  might  be 
suggested  that  under  such  conditions  it  would  be  advan- 
tageous to  drain  the  condenser,  but  this,   as  Mr.  Philip 
observes,  would  introduce  tlie  possibility  of  corrosion  of  a 
somewhat  similar  kind,  since  the  bottom  of  the  tube  would 
be  the  last  part  to  be  drained  and  the  longest  exposed  ta  the 
joint  action  of  air  ami  salt  water,  and,  having  regard  to  the 
few  cases  of  corrosion  actually  met  witli,  it  would  appear  best 
to  let  well  alone  and  treat  them  as  unavoidable  incidents  of 
wear  and  tear,  seeing  that  the  mam  trouble  experienced  from 
corrosion  of  brass  condenser  tubes  can  be  avoided  bv  the 
exercise  of  reasonable  caro. 


The  Nomenclature  of  Non-ferrous  Alloys. 

In  a  brief  note  piTsentetl  to  the  Institution  of  Metals  last 
week,  Dr.  Rosenliain  urged  a  reform  in  connection  witli  the 
naming  of  non-feiTous  alloys  which,  we  are  sure,  will  meet 
with  wide  approval.  At  present  the  names  "  brass," 
"bronze,"  German  silver/'  &('•，  are  applied  with  a  laxity 
that  is  confusing  and  even  misleading  to  those  not 
acquainted  with  the  actual  composition  of  the  alloys.  He 
suggests  the  matter  should  form  the  subject  of  investigation 
at  the  hands  of  a  representative  committee  of  members  of  the 
Institute,  and  without  fonnulating  a  uniform  nomenclature, 
such  as  is  adopted  in  cliemistry,  ho  makes  a  suggestion 
which  might  at  least  serve  as  a  rational  basis.  He  proposes 
that  all  alloys  should  be  ret^a rde<J  as  essoiitirilly  binary  allovs. 

as  consisting  of  two  metals  principally,  to  which  one  or 
more  other  metals  may  have  beei-  added  in  certain  cases.  To 
each  of  tliese  groups  of  binary  alloys  he  would  apply  a  general 
1*1  a  S3  name,  and  distinguish  tlie  various  nuMiihers  of  the 
rlass  containing  a  tlunl  or  fourth  metal  by  the  juUli- 
tioii  t>f  rod ain  words  or  syllables  to  the  class  name.  On  this 
hasis  all  i'op])iM  -ziuc  alloys  with  their  tornary  and  (luaUrnarv 


derivatives  would  be  termed  "brasses,"  and  all  copper-tin 
allovs  and  their  derivatives  would  be  termed  "  bronzes,  '  fol- 
lowing in  this  respect  recognised  custom,  though  these  terms 
would  exclude  compounds  consisting  in  tlie  main  of  copper  aiul 
aluiiuniuui,  to  which  the  misleading  term  "  aluminium  bronze  " 
is  now  often  applied,  and  to  which  the  more  distinctive  class 
name  "  cupro-alumiiiium  '，  might  be  applied  ；  copper-nickel 
alloys  and  their  derivatives  being  similarly  designated 
" cupro-nickels."  In  the  majority  of  commercial  alloys  the 
c'lassification  indicated  would  not  present  any  difficulty,  since 
their  approximation  to  the  binary  type  in  most  cases  is  fairly 
definite,  nor  need  it  interfere  with  certain  current  designa- 
tions with  whicli  engineers  are  already  familiar  ；  such,  for 
example, as '^naval  brass,"  though,  under  the  nomenclature  pro- 
posed, this  would  be  more  accurately  designated  "  tin-brass," 
just  as  brasses  containing  iron  or  lead  could  be  designated  as 
" iron-brass  "  or  "  lead-brass  ，，  ；  while  similar  distinctions 
could  be  applied  to  the  bronzes.  It  is  not  pretended  that  the 
system  of  classification  proposed  would  pemut  of  sharp,  dear 
division  in  all  cases,  because  there  are  many  alloys  which 
contain  two  metals  in  nearly  equal  proportions,  in  addition 
to  copper,  but  a  consideration  of  their  characteristics  would 
permit,  as  a  rule,  of  designations  having  some  approach  to 
scientific  consistency.  No  interference  would,  of  course,  be 
made  with  trade  designations  where  fancy  names  are 
employed  for  selling  purposes,  or  to  alloys  having  special 
properties,  but  some  restraint  would  at  least  be  laid  on  the 
haphazard  way  in  which  such  terms  as  brass  or  bronze  are  at 
present  employed,  and  if  the  Institute  of  Metals  can  formu- 
late a  clear  and  unambiguous  set  of  names  by  which  the 
general  types  of  alloys  can  be  distinguished,  it  will 
undoubtedly  prove  helpful  to  engineers  in  drafting  specifica- 
tions, as  well  as  to  chemists  in  t-estiug  materials,  and  by  so 
doing  promote  the  interests  of  all  concerned. 


Pit-cage  Accidents.  -At  a  recent  sittiug  of  the  Royal  Com- 
mission on  Metalliferous  Mines  and  Quarries,  Sir  Henry 
Cunyngliame  presiding,  Mr.  X.  Trestrail,  of  the  Phoenix  Mine, 
Carn  Brea,  Cornwall,  gave  evidence,  in  the  course  of  which 
ho  submitted  that  engine  drivers  and  hoistings  men  in  mines 
should  be  certificated,  and  subject  to  au  annual  medical 
examination,  in  addition  to  being  tested  for  sight  and  hear- 
ing. There  should  also  be  an  age  limit.  Other  provisions 
urged  by  tlie  witness  were  ：  Safety  catches  to  be  used  where 
men  were  hoisted,  poppet  heads  to  be  a  certain  mininiuin 
height  between  landing  stage  and  pulley,  the  adoption  of  a 
universal  code  of  signals  for  hoisting  enginemen,  a  standard 
or  approved  lubrication  to  be  used  in  air-coTiipressor  cylinders, 
air  reservoirs  to  be  thoroughly  cleaned  out  every  six  months, 
and  regulations  for  the  use,  deliveiy,  and  return  of  dyna- 
mite not  used.  Mi'.  B.  Aiipvin.  of  Carn  Brea,  favoured  a 
general  code  for  signalling  in  re  spec  t  of  winding  engines, 
but  he  preferred  to  rely  on  a  good  rope  rather  than  automatic 
safety  catx'hes.  "  A  satisfactory  saM v  <'at<'li  for  cages,"  he 
added,  "  lias  vet  to  bo  found." 

Cleveland  Institution  of  Engineers.  -At  a  meeting  of  thi^i 
Institution,  held  at  ^MidilK'^broimh  on  tlio  22nd  inst.,  Mr.  TT. 
G.  Sk^dniaii,  A  .M.Inst. E.E.,  read  a  paper  on  *  The  Electric 
Furnace  Process,  as  Applied  to  the  Metallurgy  of  Steels."  He 
said  tliat  the  total  number  of  electric  furnaces  in  existence 
w as  not  far  short  of  a  thousand.  Those  wero  nuiiiily  em- 
ployed in  the  manufacture  of  steel,  iron,  and  other  metals. 
The  use  of  electricity  for  nietallurpoal  purposes  was  now  an 
established  commercial  process  aliroad.  In  some  res}>ei'ts  tho 
|)rom'ess  made  by  the  latest  source  of  heat  had  been  rapid , 
more  so  than  most  of  tho  important  processes  recently 
develo|>ed,  and  many  well-known  st<M»l  manufacturers  had 
gom、  ill  for  elect rir  rofiniiijx  (、"  a  larij**  e-oale,  both  in  Aiiierioa 
ami  England.  Continuing,  Mr.  Stodinan  said  it  was  incorrect 
to  a&sume  that  the  installation  would  be  a  financial  failure  if 
tluM'o  wore  not  、vat<、r  })owt»r,  but.  it  tliey  exre])t+*(l  Canada  and 
Scandinavia,  there  \va^  nowhere  iu  the  world  w  lie  re  current 
(、o"1d  be  obtained  cheaper  than  on  the  North-east  Coafit. 
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AUXILIARY  MACHINERY  FOR  INTERNAL-COMBUSTION 
ENGINED  VESSELS. 

At  the  Institute  of  Marine  Engineers  on  Monday,  January 
15th,  a  paper  on  "  Auxiliary  Machinery  for  Internal -com- 
bustion Eiigined  Vessels,"  by  Mr.  W.  R.  Cummins,  was  read, 
in  the  unavoidable  absence  of  the  author,  by  the  Hon.  Secre- 
tary.   Mr.  F.  M.  Timpson  (member  of  council)  occupied  the 
chair.    The  author  first  considered  the  question  of  the  starting 
engine.      There  were  two  methods,  he  said,  of  applying  a 
starting  force  to  the  crank  shaft,  the  first  being  to  utilise  the 
power  cylinders  themselves,  air  or  gas  under  pressure  being 
distributed  by  the  ordinary  or  special  valves.    In  the  second 
method  the  starting  engine  might  be  coupled  to  the  engine 
shafting  mechanically,  hydraulically,  or  electrically  during  the 
manoeuvring  periods.    The  first  system  was  most  in  favour  at 
the  present  time,     There  were,  generally  speaking,  many  dis- 
advantages in  using  the  power  cylinder  as  a  starting  cylinder, 
as，  while-  it  was  employed  in  starting,  it  could  not  undertake 
it's  normal  functions.    In  the  system  patented  by  the  writer, 
the  bottom  end  of  the'  power  cylinder  was  closed,  and  used  as  a 
scavenging  and  cushioning  cylinder.      The  starting  air  was 
admitted  at  this  bottom  end  of  the  cylinder,  thus  leaving  the 
top  end  free  to  take  up  its  normal  functions  immediately  the 
engines  were  started.    Dealing  next  with  the  various  pumps 
required,  the  autl-or  said  it  would  be  noticed  that,  with  the 
exception  of  the  hydraulic  pumps  for  the  water-tight  doors 
and  tlie  fire  pumps,  all  delivered  at  a  comparatively  small  head. 
For  this  duty,  electrically-driven,  direct-coupled,  single-stage 
centrifugal  pumps  would  be  the  most  efficie'nt  combination. 
He  also  advocated  the  electrical  drive  for  the  ventilating  fans. 
The  preseut-day  steam  steering  engines  were  very  reliable,  but 
were  not  e<;onomical.    An  easy  solution  of  the  problem  would 
be  to  use  compressed  air  in  place  of  steam,  thus  utilising  the 
present  standard  engines.      It  was  a  sign  of  the  times  that 
many  eugiiieei'i'ng  firms  who  inade^   a  speciality   of  ships' 
auxiliary  machinery  were  now  devoting   their   attention  to 
electrical  and  hydraulic  driving.    The  author  then  dealt  with 
the  cargo  winches,  cranes,  hoists,  and  other  auxiliaries,  and 
concluded  by  a  consideration  of  the  merits  of  the  electrical, 
compressed-air,  and  hydraulic  systems  of  power  transmission. 
In  opening  the  discussion,  tlie'  Chairman  stated  that  com- 
pressed air  had  been  useii  for  auxiliaries  on  the  oil-eiigined 
vessel  •'  Vulcaiius,"'  but  the  owners  of  that  vessel  had  reverted 
to  the  use  of  steam,  with  oil  fuel  fired  boilers  in  later  boats.  It 
appeared  to  him  that  it  would  be  a  good  practice  for  steamship 
lines  to  fit  motor -d rive u  auxiliaries,  as  this  would  give  the 
engineers     good     training     for     the  internal-coinbustion 
engines     of     the     future.      Mr.    W.    P.    Durtnall  said 
there      had      been      many      attempts    to    utilise  com- 
pressed   air    for    various    purposes,    but    the  compression 
losses  were  such  as  to'  make  the  overall  efficiency  very  unfavour- 
able as  compared  with  internal-combustion  engines,  and  even, 
ill  some  cases,  with  the  steam  engine.      Hydraulic  gear  was 
fairly  efficient  for  the  handling  of  cargo.      Recently  he  had 
assisted  in  making  a  three  days'  test  on  a  7, 000- ton  steamer, 
with  eight  winches,  and  it  was  shown  that  the  consumption 
was  29*21bs.  of  coal  for  every  ton  of  cargo  lifted  out  of  the 
hold.    This  figure  included  radiation  and  other  losses.  The 
owners  had  decided  to  put  in  apparatus  for  electrical  driving. 
The  system  was  a  coiitiiiuous-current  one,  and  it  had  been 
entirely  successful  in  the'  experimental  stage.    It  was  a  balance 
system,  with  seven  diftVreut  voltages  varying  from  50  to  350 
volts.    The  variable  voltage  got  over  the  difficulty  of  having 
resistance  weights.    He  considered  that  electrical  driving  could 
be  shown  to  be  better,  commercially  speaking,  than  any  other 
system.     Mr.  E.  Sliackletoii  thought  there  were  many  difficul- 
ties ill  the  way  of  adopting  electrically-driveu  auxiliaries  on 
smaller     boats,     such     as     trawlers.       He     agreed  that 
the     use     of     compressed     air      was      not  economical 
in      practice,      although      it      seemed      all      right  in 
theory.       He     thought     it     would      mean  unnecessary 
complications  to  have  an  electrical  motor  for  starting  the  main 
engines  or  for  tlie  aiixiliaiy  engines.    Mr.  W.  McLaren  con- 
sidered that  deck  machinery,  winches,  windlass,  capstan, 


？ IiouW  bo  operated  hy  dertriral  gear.  For  the  steering  gear 
however,  he.  did  not  see  wliy  either  liyrlraulu*  or  roiripres.sed- 
air  apparatus  should  not  be  used,  and  tlie  power  applied  (Jim't 
on  to  the  rams.  It  was  a^rood  tliat  tlio  discussion  \><^  adjourn^^d 
till  Monday,  February  5th.  Tl"'  mf'"fi"g  concluded  with  the 
usual  votes  oi'  thanks. 


ELECTRICITY  IN  COLLIERIES:   PROSECUTION  UNDER 
THE  FACTORY  ACTS. 

On  the  17th  iiist.  the  Alfrelon  magistrates  had  before  lli.-m  an 
important  case  dealing  with  alleged  breaches  of  colliery  rules. 
The  prosecution  was  dire<'tod  by  Air.  VV.  \\    I)irk,'r"ig，  tlio 
chief  "lines  inspector  for  the  district,  and  the  dciViidants 'm-n- 
Mr.  Henry  Stevenson,  the  agent  and  general  manager  of  the 
Piiixtuii  Collieries,  and  Mr.  James  Strarliaii,  tlie  r'iana"'f'r  of 
tlie  collieries.    They  were  charged  wit  h  three  separaU'  offf-m-es 
ami  breaches  of  tliree  special  rules.     The  first  "iargf>  was  that 
for  tlH>  installation  and  use  of  ele<'tricity,  unenclosed  fuses  in 
l>he  Brookhill  Colliery  shaft  pump  room  were  placed  more  than 
2ft'.  from  the  floor,  and  were  not  otherwise  suitably  protected. 
The  second  charge  was  that  the  exposed  tMids  of  the  cables  in 
the  pump  room  were  not  properly  protected  and  finished  off. 
The  third  offence  alleged  was  that  the  motor  in  use  in  the 
shaft  pump  room  was  not  provided  with  an  ammeter  to  indicate 
the  load  put  on  tlie  machine.     There  was  a  private  consulta- 
tion  before   the   case   was   heard   between   the  defending 
solicitors    and    Mr.    Pickering,  who    afterwards  intimated 
to    the   Bench    that    as    he    had    been    assured    that  all 
the    electrical    appliances    had    now    been    put    right,  he 
would  withdraw  tlie  charges  on  payment  of  costs,  and  candi- 
tionally  that  the  defendants  admitted  a  violation  of  the  rules. 
At  the  same  time,  not  only  must  the  appliances  comply  with 
the  present  regulations,  but  they  must  be  placed  in  first-class 
Older.     The  defendants  accepted  Mr.  Pickerings  conditions, 
and  said  they  did  not  complain  of  the  inspector's  attitude. 
The  delay  in  complying  with  his  requisition  was  due  solely  to 
the  delay  of  the  firin  who  had  the  order  to  supply  the  necessary 
appliances     Tlu'  Bench  allowed  the  cases  to  V>e  withdrawn  on 
the  payment  of  costs. 


THE  CnURWELL  STEAM-PIPE  EXPLOSION. 

A  Board  of  Trade  formal  enquiry  into  the  circiinistauces  of 
a  fatal  steam-pipe  explosion  which  occurred  on  March  20tli 
last,  at  the  woollen  mills  of  Messrs.  C.  Scarth  &  Sous,  Ltd., 
Chiu*well,  near  Leeds,  was  held  on  the  17th  and  18th  inst . 
at  the  Leeds  Town  Hall,  before  Commissioners  Mr.  A.  H. 
Bence-Joiies  and  Mr.  J.  Melrose,  C.B. 

The  steam  pipe,  wliich  was  situated  in  the  boiler-house, 
burst  at  a  joint  which  had  just  previously  been  repaired  by 
the  insertion  of  a  rubber  ring,  and  at  the  time  six  work- 
people were  taking  advantage  of  the  warmth  of  the  n»oin 
to  smoke  and  chat,  ami  one  was  scalded  to  death. 

Giving  the  judgment  of  the  court,  Mr.  Bence-Jones  said 
they  were  satisfied  that  at  the  time  of  the  explosion  the  steam 
pressure  in  the  boiler  was  not  excessive.  Answering  the 
questions  put  to  them  by  Mr.  G.  C.  Vaux,  who  represented 
the  Board  of  Trade,  the  Conimissioners  found  that  the 
condition  of  the  material  of  the  rubber  ring  could  not,  as  the 
result  showed,  have  been  good  at  the  time,  although  appa- 
rently there  was  nothing  in  the  appearance  of  tlie  ring  to 
indicate  that  it  had  either  undergone  decay  with  long  keep- 
ing, or  that  it  was  originally  made  of  faulty  material. 

As  to  whether  the  joint  had  been  properly  tightened,  they 
said  if  anvtliing  the  screwing  up  process  had  been  carried 
too  far,  and  the  rubber  ring  torn  to  pieces.  • 

The  cause  of  tlie  explosion  was  tlie  defective  nature  of 
the  rubber  ring,  wliich  "bad  failed  to  withstaiul  the  steam 
pressure.  They  found  that  Messrs.  Scarth,  their  manager, 
ami  enginenian  were  not  to  blame,  and  further,  they  were 
of  opinion  that  no  order  should  be  made  ，"、'"，  for  pay- 

ment of  any  of  the  costs  of  that  enquiry 

The  Commissioners  also  drew  attention  u>  Board  of 

Trade  report  respecting  a  similar  eiu|uirv  in  Staffonlshin*. 
in  1894,  and  they  ooncmred  in  tlie  views  of  tlie  Coiinnis6i< 
oil  that  occasion  that  a  less  perishable  material  than  ir 
rubber  should  be  used  for  making  st^am-pipe  joints 
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HERRINGBONE  GEARS.* 

With  Special  Kicfkkenck  to  the  AVuest  System, 
by  pekcy  c.  day. 

That  the  helical  principle  in  tooth ed  gearing  is  ideal  from  a 
theoretical  point  of  view  is  well  known.  From  a  practical 
standpoint  herringbone  gears  have  been  less  satisfactory 
than  straight-cut  spur  gears  because,  until  recently,  no 
method  was  devised  for  producing  them  with  the  requisite 
speed  and  accuracy.  Within  the  last  six  years  a  method  has 
been  found  and  developed,  in  England,  to  a  high  degree  of 
perfection.  Herringbone  gears  made  by  this  method  are 
called  Wuest  gears,  after  the  name  of  the  inventor,  and  can 
be  produced  with  even  greater  accuracy  than  cut  gears  of  the 
spur  type  (see  Fig.  1). 

The  distinction  between  these  gears  and  those  of  the 
ordinary  herringbone  type  is  that  the  teeth  of  the  former, 
instead  of  joining  at  a  common  apex  at  the  centre  of  the  face, 
are  stepped  half  the  pik'h  apart  and  do  not  meet  at  all. 
This  arrangement  of  the  teeth  does  not  affect  the  action  of 
the  gears,  but  it  facilitates  their  commercial  production  and 
admits  the  use  of  the  precision  methods  in  their  maiiufaciiire. 


Fig.  1.— Typical  Heuhimgbonk  Gkau  and  Pinion. 

The  utilisation  of  power  constantly  calls  for  ineaus  to 
transmit  rotary  motiou  from  one  axis  to  another  and  to 
transform  the  speed  of  rotation.  While  there  are  many 
ways  in  which  such  transmissions  and  transformations  may  be 
produced,  the  merits  of  all  of  them  must  be  judged  from  the 
following  standards :  (a)  Reliability  and  freedom  from  wear 
and  tear  ；  (h)  economy  of  outlay  ；  (c)  mechanical  efficiency  ； 
(c/)  conipactiiess  ；  (f)  evtMUiess  of  transmission,  absence  of 
shock,  jar,  or  vibration  ；  (f)  absence  of  noise.  Tlie  order  of 
merit  may  change  with  different  applications,  but  the  same 
standards  obtain  for  all  transmissions.  The  various  methods 
employed  are  so  well  known  that  they  need  no  discussion 
here.  Let  it  suffice  to  say  that  the  spur  gear,  which  satisfies 
only  the  first  four  conditions,  is  used  to  such  an  extent  that 
all  ()tli(、r  a])pli;inr(>s  a rv  relatively  unimportant . 

Action  of  Spur  Gearing,  The  aim  of  all  cU'siyiiors  of  g(、arii，g 
is  to  transmit  rotary  motion  from  one  axis  to  another  in  a 
perfei'tly  ovoii  manner  without  variation  of  nn^nlnr  vcloritv. 
Let  us  fonsidor  tlie  art  ion  of  a  straight  spur  pinion  driving  a 
gear.    There  are  three  (listim't  phases  of  on^aizoiueiit  : 

{a)  First  phase  ：  The  root  of  the  pinioii  f(、'、th  eiit^a^es  the 
point'  of  the  gear  tootli. 

(/')  StM-oinT  |)li;»sc  ：  Tlic  toi'tli  are  euga^t  W  m  ar  U»，'  pitrli 
line. 

•  rnror  I'L'iul  before  the  Ainoricun  Sooicly  of  MecliniiiciU  Kngiiioerb 


(r)  Third  phase  :  The  point  of  the  pinion  tootli  engages 
the  root  of  the  gear  tooth. 

Let  us  assume  that  the  teeth  are  accurately  cut  to  involute 
form,  so  that  if  the  pinion  moves  with  even  angular  velocity 
it  will  produce  corresponding  evenness  of  motiou  in  the  gear. 
Also  that  the  pinion  has  sufficient  t-eet-h  to  allow  the  engage- 
ment of  successive  teeth  to  overlap.  At  the  beginning  of  tlio 
first  phase,  while  the  load  is  carried  near  the  point  of  the 
gear  tooth,  that  tooth  is  subjected  to  a  maximum  bending 
stress  along  its  whole  length.  During  the  first  phase,  the 
portion  of  the  pinion  tooth  near  the  root  is  sensibly  sliding 
over  the  outer  portion  of  the  gear  tooth  :  that  is  to  say,  two 
metallic  surfaces  of  small  area  are  sliding  under  heavy  com- 
pression. The  action  during  the  second  phase  more  nearly 
approaches  ideal  conditions.  The  teeth  are  engaged  near 
their  respective  pitch  lines  and  very  little  sliding  takes  place. 
During  the  third  and  final  phase  the  pinion  tooth  is  subjected 
to  a  maximum  bending  stress,  while  the  tooth  surfaces  again 
slide  over  each  other,  this  time  with  the  outer  portion  of  the 
pinion  tootli  engaging  the  ^ear  tooth  near  its  root. 

The  point  to  be  noted  is  that  while  those  portions  of  the 
mating  teeth  which  are  near  the  pitch  lines  transmit  the  loaf! 
with  rolling  contact,  those  which  are  more  reinot-e  have  to 
transmit  the  same  load  with  sliding  contact.  The  inovitable 
result  is  that  the  points  and  roots  of  all  the  teeth  tend  to 
wear  away  more  rapidly  than  the  portions  near  the  pitch 
lines,  so  that  the  involute  tootli  curves,  necessary  to  the  pre- 
servation of  even  angular  velocity,  lose  their  form  and  the 
inotion  becomes  uneven. 

It  may  be  suggested  that  the  sliding  action  can  be  got  rid 
of  by  sliort-ening  the  teeth  so  tliat  tliey  engage  only  the 
phase  of  rolling  contact.  This  has  been  tried  with  a  certain 
measure!  of  success  in  the  stub-toothed  gear,  but  it  cannot  be 
carried  far  enough  without  curtailing  the  arc  of  contact-  so 
that  continuity  of  engagement  is  】ost，  thereby  introducing 
more  serious  trouble  than  that  which  it  is  desirfxl  to  avoid. 

Distortions  of  gear  teeth  from  involute  form,  whether  due 
to  inaccurate  cutting  or  subsequent  wear,  give  rise  to  all 
kinds  of  trouble .  The  average  angular  velocity  】iia〉'  bo 
uniform,  and  yet  tlie  passage  of  each  pinion  tootli  through 
its  brief  engagement  with  the  mating  gear  may  be  accom- 
panied by  successive  retardation  and  acceleration  which , 
though  small  in  itself,  takes  place  in  such  a  short  interval  of 
time  that  it  may  cause  interacting  stresses  many  times  greater 
than  the  average  working  load  on  the  t^etb -  These  internal 
stresses  are  very  difficult  to  deal  with,  because  they  are 
indeterminate.  They  cause  noise,  vibration,  crystallisation, 
and  fracture. 

Action  of  Herringbone  Gears. ― Herringbone  gears  complet-ely 

overcome  all  these  difficulties,  but  only  when  they  are 
accurately  cut.  The  writer  will  first  assume  the  acrm'acv  and 
describe  the  action,  afterwards  lie  will  endeavour  to  show  liow 
the  system  under  discussion  has  special  features  wbioli  ensure 
the  production  of  accurate  herringbone  gears  on  a  commercial 
scale. 

If  we  take  two  exactly  similar  pinions  with  straight  t-eeth 
aud  place  them  side  by  side  on  one  shaft,  with  the  teeth  of 
one  pinion  set  opposite  tlie  spares  of  tlie  other,  then  we  have 
what  is  known  as  a  st^pped-tootli  pinion.  If  tliis  pinion  is 
meshed  with  a  composite  gear  made  up  in  a  similar  inanuer. 
the  action  is  modified  so  that  there  are  always  two  phases  of 
engagement  taking  place  simultaneously.  Such  gears  are 
commonly  used  for  rolling  mill  、voi'k,  bocause  they  stand  up  to 
heavy  shocks  better  than  the  plain  tyj>e.  Still  better  action 
can  be  secured  by  assembling  a  number  of  narrow  pinions 
with  the  last  of  the  series  one  pitrh  in  advance  of  the  first 
and  the  others  advanced  by  equal  angular  increnuMil^.  As  a 
practical  proposition,  however,  pears  made  on  these  lines 
would  be  costly  and  difficult-  to  produce. 

The  helical  gear  is  tho  lof^ical  ouU'onie  of  the  stvp])Pfl  fjear 
rarried  to  its  limit,  and  built  up  from  infiniloly  tliin  lainin;*- 
1  ions.  Si"r(、  (lio  st (、！ >s  Iiavo  im'ri;'、d  into  a  liolix,  tli''r，'  iinist 
1m、  a  iioruial  coinponrnl  of  tlio  tangential  pressuio  on  tlic 
tooth,  prodiu'ini;  end  thrust  on  tho  shafts.  To  obviato  ond 
thrust,  the  helical  t<»et h  are  made  right-hand  on  one  side  of 
1  lio  fare  and  It^ft-liaiul  on  (lio  other.  Such  ^ea rs,  with  doublo 
liclical  "'<4.h,  a IV  known  as  herriiii^hoiit* 批' 《'ars.  Th(»  funtla- 
mental  priiu  iple  of  tho  action  of  lunTintjboiip  loeth  lies  in  tlie 
rin  uiiistaiu  tliat  all  phas^^s  of  <^n^at;enioiit  lake  place  sinuil- 
taueously.    This  holds  good  for  every  position  of  piuioii  aud 
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gear,  provided  only  that  the  relationship  betwoeii  pitch,  face 
width,  and  spiral  augle  is  such  as  will  ensure  a  complete 
overlap  of  engagement. 

Since  all  phases  of  engagement  occur  together,  it  follows 
that  the  load  is  partly  carried  by  tooth  surfaces  in  sliding 
contact  and  partly  by  surfaces  in  rolling  contact.  The  result 
is  curious  and  interesting.  Those  portions  of  the  teeth 
farthest  from  the  pitch  line,  which  engage'  with  sliding 
action,  tend  to  wear  away  more  rapidly  than  the  portions 
nearest  the  pitch  line.  But  the  pitch  line  portion  is  always 
carrying  part  of  the  load,  and  the  effect  of  wear  on  the  ends 
of  the  teeth  merely  tends  to  throw  more  load  on  the  centre 
portions  ；  in  other  words,  there  is  a  tendency  to  concentrate 
the  load  near  the  pitch  lines.  The  ends  of  the  teeth,  instead 
of  wearing  away  to  an  ever-increasing  extent  from  their 
original  involute  form,  are  relieved  of  some  of  tli6  load  from 
the  moment  that  wear  commences  to  take  place.  As  soon  as 
the  load  on  these  ends  has  been  partially  relieved  and  trans- 
ferred to  the  middle  portion,  the  wear  becomes  equalised  all 
over  the  teeth,  and  tbey  do  nob  tend  to  distort  further  from 
their  original  shape. 

It  is  quite  clear  that  an  unmeasurabl©  amount  of  wear  on 
the  tooth  ends  will  be  sufficient  to  relieve  them  of  all  the  load, 
so  that  the  distortion  from  original  form  will  be  practically 
nothing.  The  minute  extra  wear  that  does  take  place  at  the- 
ends  is  only  the  amount  necessary  to  transfer  such  proportion 
of  the  load  near  the  pitch  lines  that  the  wear  is  equalised 
all  over  the  surface  of  the  teeth,  those  portions  in  sliding 
contact  carrying  less  than  those  in  rolling  contact.  Thus  the 
teeth  keep  their  involute  form,  and  motion  is  transmitted 
from  pinion  to  gear  in  a  perfectly  even  manner,  without  jar, 
shock,  or  vibration.  Although  herringbone  teeth  may  not  be 
intrinsically  stronger  than  straight  teeth,  the  elimination  of 
all  shock  and  indeterminate  internal  stresses  renders  them 
capable  of  dealing  with  far  heavier  transmitted  loads.  The 
concentration  of  the  major  portion  of  tlio  load  on  the  parts 
of  the  teeth  in  rolling  contact  eliminates  friction  to  a  marked 
extent. 

Since  all  phases  of  engagement  occur  simultaneously,  the 
transference  of  the  load  from  one  pinion  tooth  to  the  next 
takes  place  gradually  instead  of  suddenly.  This  is  the  second 
principle  of  herringbone  gearing,  and  may  be  termed  con- 
tinuity of  action.  In  straight  gears  the  continuity  of  action 
is  a  function  of  the  number  of  teeth  in  the  pinion.  Straight 
pinions  with  less  than  12  teeth  are  seldom  made,  and  more 
than  that  number  must  be  used  if  the  drive  is  to  bo  even 
moderately  satisfactory. 

In  herringbone  gears  continuity  depends  on  the  relation- 
ship between  the  face  width  and  the  number  of  teetli  in  the 
pinion .  Pinions  with  as  few  as  five'  teeth  have  been  used 
with  success  by  merely  increasing  the  face  width  to  suit  such 
extreme  conditions.  This  feature,  which  is  peculiar  to 
herringbone  gears,  lias  made  practical  the  adoption  of 
extremely  high  ratios  of  reduction  hitherto  considered 
impossible. 

The  third  principle  of  herringbone  gearing  is  that  the 
bending  stress  on  the  teeth  does  not  fluctuate  from  maximum 
to  minimum  as  in  straight  gears,  but  remains  always  near  tlie 
mean  value.  This  feature  is  of  special  importance  in  rolling- 
mill  driving  and  work  of  a  similar  nature. 

To  summarise  the  foregoing  arguments  :  The  action  of 
herringbone  gears  is  continuous  and  smooth  ；  there  is  uo 
shock  of  transference  from  tooth  to  tooth.  ；  the  teeth  do  not 
wear  out  of  shape;  the  bending  action  of  the  load  on  the 
teeth  is  less  than  with  straight  gearing  and  does  not  fluctuate 
to  anything  like  the  same  extent  ；  the  gears  work  silently 
and  without  vibration  ；  the  phenomenon  commonly  termed 
back-lash  is  absent  ；  friction  and  mechanical  losses  are 
reduced  to  a  minimum  ；  herringbone  gears  can  be  used  for 
higher  ratios  and  greater  velocities  than  any  other  kind. 
These  advantages  are  limited  to  gears  which  can  be  produced 
with  a  degree  of  accuracy  which  will  ensure  the  pr^actical 
realisation  of  the  principles  involved. 

The  Production  of  Herringbone  Gears. ― Herringbone  gears 
may  be  produced  in  a  variety  of  ways  whicli  differ  from  each 
other  as  widely  as  the  character  of  the  product.  Until 
a  few  years  ago  all  gears  of  this  type  were  moulded.  The 
limitations  of  moulded  gearing  are  analogous  to  those  which 
would  be  experienced  if  a  journal  were  set  to  run  in  a 


inoulded  bearing.  Just  as  tlio  bearing  would  touch  the  Hhaft 
only  in  spots,  so  inoulded  gears  utterly  fail  to  give  i\w 
intimate  contact  all  along  the  teeth  which  is  necessary  to 
secure  the  realisation  of  true  In-liral  gear  iwium.  It  in 
obvious  that  if  tlu;  teeth  touch  only  iu  a  few  high  places,  they 
will  be  subjected  to  all  the  evils  of  shock;  stress,  and 
inequality  of  motion  which  it  is  desired  to  avoid.  If  the 
gears  are  particularly  well  moulded,  some  mitigation  may  be 
expected  when  lliey  become  well  worn,  bub  initial  wear  is 
accompanied  by  a  departure  from  correct  tooth  shape.  For 
slow  speeds  a  well-moulded  helical  gear  is  no  better  than  a 
straight  gear  with  cut  t-eetli,  and  for  liigli  spf'^'<ls  it  is  not  a» 
good.  The  natural  smoolliiiess  of  helical  action  does  no  more 
than  compensate  for  the  inaccuracies  of  tooth  form  anrl 
spacing. 

The  modern  herringbone  gear  must  have  cut  teeth  if  its 
advantages  are  to  become  real.  Cut  herringbone  gears  may 
be  broadly  divided  into  two  classes,  two-piece  and  one-piece 
gears.  The  difficulty  in  the  way  of  cutting  double  helical 
teeth  iu  a  single,  blank  gave  rise  to  the  two-piece  variety. 
The  same  methods  of  cutting  may  be  used  for  both  kinds. 
The  disadvantages  of  the  two-piece  type  are  fairly  obvious. 
There  is  the  expense  of  two  complete  gears,  the  difficulty  of 
assembling  the  gears  so  they  are  in  accurate  register  with 
each  other,  and  the  necessity  for  very  complete  fixing  if  they 
are  to  perform  hard  service  without  getting  out  of  register. 
Fig.  2. 
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Diagrams  show i no  tooth  l*nE8SUBK9  and  Anglf.  necesrauy  fok 
Continuity  op  Action. 

J lit/h  ratios,  perhaps  the  strongest  feature  of  the  uiie- pi""' 
type,  are  not  within  the  scope  of  tlie  built-up  gear,  because 
the  pinions  must  be  assembled  on  a  separate  shaft  and  the 
pitch  line  must  be  far  enough  from  the  surface  of  the  shaft 
to  allow  room  for  the  necessary  bolts  or  rivets  used  iu  fasten- 
ing the  two  portions  together.  The  one-piece  pinion,  how- 
ever, iiiay  be  cut  solid  with  its  shaft,  so  that  its  pit^li 
diameter  need  be  but  very  little  larger  than  the  latter 

The  known  methods  of  cutting  helical  gears  may  i"' 
divided  into  four  classes :  (a)  Milling  by  formed  disc  cutters  ； 
(b)  milling  by  end  mills;  (c)  generating  by  shaping  or  plan- 
ing methods  ；  (d)  generating  by  liobs. 

Milling  by  formed  disc  cutters  is  unsatisfactory  because, 
in  addition  to  the  usual  errors  of  st^ivby-step  division,  there 
is  the  difficulty  of  making  the  cutters  to  the  normal  tooth 
shape  with  sufficient  accuracy  to  ensure  correct  circuin- 
fereiitial  shape  for  the  gears  cut.  This  difficulty  is  increased 
by  reason  of  the  fact  that  a  disc  cutter  cannot  out  its  own 
shape  iu  a  spiral  groove.  Let  it  be  noted  that  the  cutters 
must  be  formed  empirically,  that  their  number  raiist  be  very 
large  to  meet  the  requirements  of  a  general  gear  business,  and 
that  the  accuracy  of  each  gear  turned  out  depends  on  the  com- 
bined efforts  of  the  toolmaker  and  draughtsman  who  produced 
the  cutter.  Worst  of  all  two  different,  cutters  must  be  used 
for  a  gear  and  pinion.  This  method  will  prodiue  indifferent 
herringboiie  gears  which  may  be  built  up  with  t<^th  in 
ret'ister  or  made  in  one  piece  with  staggered  teeth. 
^The  use  of  end  mills  is  open  to  aM  tlv  '小" inv'"i 
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with  regard  to  disc  cutters,  witli  the  single  exception  that  tlie 
cutter  does  leave  a  fair  approximation  to  its  own  shape  in 
the  groove  wliicli  it  cuts.  The  end  mill  has  a  host  of  dis- 
advantages peculiar  to  itself  which  render  it  even  less  efficient 
than  tlie  disc  cutter  for  general  work.  In  the  first  place,  it  is 
a  small  tool  willi  veiy  little  wearing  surface  and  no  capacity 
for  dissipating  the  heat  generated  at  its  cutting  edges.  The 
great  variation  in  diameter  between  point  and  base  renders 
it  <lifficult  to  arrive  at  a  cutting  speed  which  will  satisfy  the 
conditions  at  both  ends  of  the  cut.  When  used  for  any  but 
the  largest  pitches,  outside  the  range  of  general  gear  practice, 
the  mills  quickly  become  clogged  with  cuttings,  overlieat,  and 
bum .  A  burnt  end  mill,  cloggtHl  with  cuttings,  produces  a 
wider  groove  than  a  good  mill.  This  is  a  fruitful  source  of 
spoiled  work.  To  coinplete  one  fair-sized  gear  by  the  end-inill 
process  requires  quite  a  number  of  cutters.  This  not  only 
jiiak(*s  tlie  expense  lieavy,  but  must  necessarily  result  in  an 
inaccurate  gear. 

,  Every  cutter  used  must  be  formed  to  gauge  and  hardened. 
After  being  hardened,  it  will  run  out  of  true  a  little  in  most 
cases,  tliereby  cutting  a  si i ape  <li(Tereiit  from  that  lor  which  it 
was  designed.  In  end  mill  gears  it  is  not  merely  a  case  of 
getting  accurate  conjugate  tooth  shapes  in  gear  and  pinion 
made  witli  different  (； utters,  but  tlie  teeth  in  a  single  gear 
may  have  a  dozen  (lifTereiit  shapes.  The  process  is  so  slow 
that  it  cannot  compete  with  other  methods,  quite  apart  from 
the  doubtful  quality  of  the  gears  produced. 

End-inilled  herringbone  gears  are  usually  made  in  one 
piece  with  the  teeth  joined  at  the  centre.  Since  the  cutter  is 
shaped  to  the  normal  pitch,  it  follows  that,  in  changing  over 
from  right  to  left-hand  helix,  it  leaves  a  thick  wedge  in  the 
centre  of  the  face  that  must  be  removed  by  a  subsequent 
operation.  The  teeth  of  end-milled  herringbone  gears  do  not 
bear  over  the  centre  portion. 

Generating  processes  by  the  shaping  and  planing  types, 
while  successful  for  straight-cut  gears  of  relatively  small  size, 
are  not  used  to  any  extent  for  large  diameters  or  heavy 
))it<'hes.  The  reason  for  this  may  be  found  in  the  nature  of 
such  processes.  The  gear  blank  is  required  to  make  a  quirk 
angular  movement  after  each  stroke  of  the  cutting  tool  and 
to  come  to  rest  again  ])of'ore  the  next  stroke.  Such  itietliofls 
are  difficult  to  apply  to  large  gears  on  account  of  the  inertia 
()f  the  goH!-  blank  and  its  support  and  the  consequent  diffi- 
cult irs  of  controlling  the  short  inttM'nuttent  movements. 
Tliesc  <lifIicultiovS  are  iiiiifh  increased  when  such  methods  are 
； i|)l)li(Hl  to  rutting  helical  teeth,  because  the  blank  must  make 
definite  and  rapid  angular  movements  during  each  stroke  in 
addition  to  the  motion  between  strokes.  No  machine  has 
beoii  devised  whicli  will  satisfactorily  deal  with  the  problem 
on  these  lines. 

The  liobbing  process  as  supplied  to  straight-cut  gears  has 
proved  so  siK'i'essful  as  to  arouse  a  storni  of  adverse  criticisiii 
from  those  who  are  interested  in  other  methods  of  gear  pro- 
duction. It  is  not  difficult  to  understaiul  why  this  prwess 
lias  sprung  into  prominence  in  a  comparatively  short  time. 
It  is  essentially  a  rational  process.  The  shape  of  the  t^eth 
is  genorat(Hl  from  spiral  hobvS,  the  threads  of  which  are  rut 
to  a  plain  I'ark  section.  There  is  notliing  empirical  about  a 
liob  ；  it  is  a  straiglitfoi-ward  thrt^atl  cutting,  gashing,  and 
relieving  proposition.  ()，，<、  liob  will  cut  atiy  gear  or  pinion  of 
one  |)itrli.  This  fealuro  alone  oliniiiiate^  a  liost  of  errors 
、vliii'l，  ；，  n、  rliararteristic  of  ^ra  rs  prmlii'"')  l>v  milling 
int'tliods.  Tlie  liob  revolves  continuously  while  tutting,  as 
does  the  gear  blank.  The  feed  is  also  continuous.  There  aiv 
m)  rutti'ig  ami  retur"  strokes,  no  iiitennitteiit  starting  and 
stoppi""'  of  irviiv  l)huiks.  as  in  otluM*  gtMu  ratintr  processes.  These 
features  do  not  lun-essarily  ensure  the  production  of  accurate 
^eans  but  thry  ofTor  groater  facilities  to  the  designer  for  ihv 
arliievement  of  the  desired  result.  Tlio  hob  is  a  substantial 
tool  witli  ploiity  of  woarinti  and  cooling  surface,  it  ran  ho 
to  staiul  III)  to  wry  fast  production  ami  to  last  for  a 
long  time.  Th'、  continuous  nature  of  all  motions  used  in 
hohbing  a  gi、ar  blank  onables  this  process  to  ho  usod  for  tlio 
prmlurtion  of  tht、  heaviest  gears,  th(、，v  are  no  limitations  such 
as  a IV  (MicouiittM-od  in  other  protessos.  Tlio  limit  to  the  size 
of  a  liohbiut;  niacliinp  is  sot  l>v  the  <liiiieiisions  of  the  largest 
gear，  wlnrh  arc  roquiml  in  sufficient  quantities  to  pay  for 
invest in*Mit.    Thero  are  no  "、rl"、"'al  limits  whatpvor. 

Nrvi、rtl、i、li'ss,  tluMV  ar，、  s("m、  sliglit  dp  foot  8  in  Ui"  liohhin^' 
l、n"'"s>;  as  a|>]>lio»l  to  tlir  produrtion  of  strai^lit -rut  spur 
A  li'、1、  i、  .1  worm  tlinsid.  ； nul  as  su'.li  must  liavc  ； \ 


spiral  angle  depending  on  tlie  relationship  between  the  pitch 
of  the  thread  and  the  (lianieter  of  the  hob.  A  straight- ('ut 
gear  has  no  spiral  angle,  hence  the  spiral  】iob  】mist  be 
inclined,  more  or  less,  to  bring  the  cutters  in  line  with  the 
tooth  spaces  to  be  cut.  In  order  to  cut  correct  teeth,  the 
axis  of  the  liob  should  be  perpendicular  to  the  axis  of  the 
gear  blank.  In  such  case  the  hob  will  generate  involute 
te^th  if  its  threads  are  cut  to  the  same  axial  section  as  the 
straight-sided  parent  rack  for  the  required  pitch.  Since  the 
hob  must  be  inclined  to  cut  a  spur  gear,  tlie  t^eth  are  not 
generated  from  the  axial  or  rack  section,  but  from  a  diagonal 
section.  The  axial  pitch  of  a  hob  for  cutting  spur  gears  is 
not  the  same  as  the  pitch  of  tlie  gears  which  it  ruts.  The 
normal  pitch  of  the  hob  threads  must  be  the  same  as  the 
gear  pitch. 

Hobs  for  cutting  straight  spur  gears  are  usually  made  of 
large  diameter  to  redure  the  spiral  angle  and  consequent 
errors  of  tootli  form  to  a  negligible  iiiiiiiiiiuin.  As  a  natural 
consequence,  such  hobs  have  only  one  thread,  while  their 
largf  (liarneter  requires  a  slow  speed  of  rotation  to  keep  tlie 
cutting  speed  within  proper  limits.  Tlie  effect  of  this  is  that 
tlie  blank  revolves  very  slowly,  and  a  coarse  feed  must  be 
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used  to  kee])  up  the  output .  It  is  one  of  the  pei-iiliarities  of 
eat'li  liob  action  tlial  only  one  tootli  of  the  hob  puts  tho 
finishing  touch  to  the  bottom  of  a  tootli  spare  once  in  each 
revolution  of  the  gear  blank.  If  the  feed  is  coarse  there  will 
he  noticeable  fe^d  marks  and  roughness  in  tlio  gear  teetli 
produced.  A  coarse  feed  used  witli  a  hob  of  large  radius 
throws  severe  stresses  on  the  hob  arbor  and  its  supports. 

The  necessity  of  a  swivel  motion  on  tlie  hob  slide,  to 
triable  straight  .spurs  to  be  cut  witli  hobs  of  varving  spiral 
angle,  ronipels  the  use  of  a  hob  drive  which  passes  througli 
the  pivot.  It  is  almost  ini])ossihlp  to  desitjn  such  an  arraii*:o- 
nient  without  undesirable  rest riction  in  the  dimensions  of 
(hiving  gears  and  shafts  conibinerl  witli  ext*essive  overlian^  of 
1  1h*  hob  arbor  in  relation  to  its  suppoi'tiug  slide.  The  general 
want  of  rigidity  about  most  hobbing  machines  used  for  tlit' 
production  of  spur  gears  is  traceable  to  the  above  causes 
Rational  critics  of  the  liobbinir  process  have  based  thoir 
objections  on  these  features. 

Tlie  liobbini;  process  properly  applied  to  the  production  of 
lu*rri!i^l}one  gea rs  lias  none  of  ihv  disadvantages  incidental 
to  its  application  to  spur  gear  cutting,  、vl"('li  have  been  shown 
to  lie  ill  the  nei'essity  of  inclining  the  lioh  axis.  Since  a 
helical  gear  and  a  lioh  must  both  have  a  spiral  angle,  it  is 
only  necessary  to  iiiako  tlie  tliread  angle  of  tlio  Itoh  the  roni- 
|)ltMnent  to  the  oorrospondin^  aiiple  of  the  gear  U^eih  to  secun* 
the  advantages  of  perpendicular  fixed  axes.  These  are  of 
great  practical  value.  Since  the  liob  axis  is  alwavs  perpendi- 
('iilar  to  tho  axis  of  tho  ^ear  blank,  it  follows  that  the  toetli 
are  generated  from  tlio  axial  and  true  rack  s^vtion  of  the 
l"、b，  wliilo  tlio  linear  pitch  of  tlio  hob  is  tlio  same  as  thr 
cinular  pitcli  of  tlio  ui^ar  wliioli  it  (nits.  Tlie  hob  axis  is 
n>;，''l  and  tli'、  hob  ra，，  1>，'  su]iportc(l       a  ri^'ul  .slidr  wit li  tlio 
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miuimum  of  overhang.  There  is  no  restriction  to  the  size 
and  strength  of  the  gears  and  shafts  used  to  drive'  the  hob. 

Wuest  Herringbone  Gears. ― It  has  been  explained  that  tlu* 
teeth  of  the  Wuest  gears  are  so  designed  that  those  on  the 
right  and  left-hand  sides  of  the  gear  are  stepped  half  a  space 
apart  and  do  not  meet  at  a  common  apex  at  the  centre  of  the 
face,  as  in  the  usual  type  of  herringbonei  gear.  It  has  often 
been  argued  that  the  ordinary  herringbone  tooth  is  stronger 
than  the  Wuest  tooth,  because  the  latter  lacks  the  support 
given  by  the  junction  of  Uie  teeth  at  the  centre.  This  argu- 
itienb  would  be  sound  if  gear  teeth  were  ever  stressed  to 
anywhere  near  their  breaking  point.  But  it  has  been  found 
in  practice  that  considerations  of  wear  so  far  outweigh  those 
of  mere  breaking  strength  that  a  gear  which  is  designed  to 
give  reasonable  service  will  carry  anywhere  from  10  to  20 
times  the  working  load  without  fracture.  A  point  of  vastly 
greater  importance  is  that  the  stepped  form  will  wear  more 
evenly  under  extreme  loads  than  the  ordinary  type.  The 
reason  for  this  is  shown  in  Figs.  2  and  3.  The  resultant 
tooth  pressure  is  always  normal  to  the  teeth  and  tends  to 
beud  tlieni  apart.  The  stepped  form  offers  a  uniform  resist- 
ance along  its  whole  length,  carrying  the  load  from  end  to 
end  (Fig.  2).  The  teeth  of  ordinary  heiTingboue  gears  tend 
to  separate  more  at  the  sides  than  near  the  supported  centre, 
causing  the  load  to  be  concentrated  toward  the  centre  (Fig.  3). 

Any  system  of  gearing,  if  it  is  to  be  generally  applied, 
must  be  interchangeable.  The  variable  features  of  involute 
spur  gear  teeth  are  limited  to  the  pressure  angle,  addendum 
and  dedendum.  In  a  herringbone-gear  system  we  must  have, 
besides,  uniformity  of  spiral  angle  and  relative  position  of 
the  right  and  left-hand  teeth .  The  standards  which  have 
been  adopted  for  Wuest  gears  are  the  result  of  experience 
gained  in  Europe  during  the  last  six  years.  The  spiral  angle 
of  the  teeth  is  about  2§。  with  the  axis.  The  choice  of  this 
angle  is  controlled  by  a  number  of  considerations,  the  most 
important  from  the  user's  standpoint  being  that  the  angle 
must  be  sufficient  to  allow  the  engagement  of  successive  pinion 
teeth  to  overlap  within  a  reasonable  face  width.  Once  this 
condition  is  satisfied  there  is  no  advantage  in  an  increase  of 
spiral  angle,  while  there  are  disadvantages  in  the  use  of 
steep  angles.  It  was  necessary,  before  choosing  a  definite 
spiral  angle,  to  determine  what  constitutes  a  reasonable  face 
width  for  this  class  of  gearing. 

Since  the  nature  of  the  action  eliminates  shock,  it  follows 
that  the  pitch  required  for  given  conditions  will  be  much 
finer  than  would  be  chosen  for  spur  gears.  On  the  other 
hand,  the  face  width  will  not  be  less,  because  there  is  as  much 
necessity  for  wearing  surface  with  one  kind  of  tooth  as  with 
the  other.  Spur  gears  are  usually  made  with  face  width 
equal  to  three  or  four  times  the  pitch.  Herringbone  gears 
may  conveniently  have'  a  face  width  equal  to  six  times  tlie 
pitch,  not'  because  the  width  of  this  type  need  actually  be 
greater,  but  by  reason  of  the  pitch  being  proportionately  less. 

Start iug  with  a  width  equal  to  six  times  the  pitch,  and 
allowing  once  the  pitch  as  the  non-bearing  portion  in  the 
centre,  there  remains  two  and  one-half  times  the  pitch  avail- 
able for  the  teeth  on  each  side.  To  ensure  continuity  of 
engagement  under  all  ordinary  conditions,  each  tooth  is 
inclined  so  as  to  cover  an  advance  of  once  the  pitch  within  its 
length.  The  angle  of  23。  satisfies  this  requirement  (see 
Fig.  4).  There  are  a  few  cases,  where  an  angle  less  than  23。 
would  be  sufficient,  a  steeper  angle  is  only  needed  if  the 
available  face  width  has  to  be'  unduly  restricted.  Neither  of 
these  extreme  conditions  should  influence  the  choice  of  angle 
for  an  interchangeable  system  best  adapted  for  general  use. 

There  are  other  good  reasons  why  a  moderate  spiral  angle 
is  to  be  preferred.  In  all  spiral  gears  the  pressure  acts  in  a 
direction  normal  to  the  teeth  and  is  the  resultant  of  the 
tangential  (driving)  and  axial  pressures.  The  normal 
pressure  becomes  greater  in  proportion  to  the  useful  driving 
pressure  as  the  spiral  angle  is  increased,  while  the  available 
normal  tooth  section  becomes  less  (Fig.  5).  When  the  spiral 
angle  is  sensibly  steeper  than  the  angle  of  repose  for  the 
materials  in  contact,  there  is  a  tendency  for  the  teeth  to 
bind  with  a  wedge  action.  Herringbone  gears  with  abnor- 
mally steep  spiral  angles  show  loss  of  efficiency  and  increased 
wear  from  this  cause. 

The  pressure  angle  which  has  been  adopted  for  standard 
gears  is  20"^.  The  teeth  are  shorter  than  the  usual  standards, 
with  addendiun  0*8  and  dedendum  1*0.  These  standards  of 
tooth,  height  and  pressure  angle  have  b("'i，  adopted  after 
systematic  trials  and  experience  extending  over  several  years 


of  regular  inaiiufacturo.  Tl"，  high  ratios  used  with  iIh  v^ 
gears  call  for  an  average  pinion  (iiaineter  which  is  less  than 
is  used  witlii  straiglit  spur  gears  for  similar  fluty.  Tlie  teetli 
are  geiieratefl  by  liobs,  and  the  short  a(Ulenduin  <'ombii、wl 
with  wide  angle  gives  satisfactory  tooth  shapes,  without 
undercutting  of  teeth,  for  small  pinions.  Pinions  with  vnry 
few  teoth  are  cut  on  the  well-known  system  of  enlarged 
addendum  which  is  used  for  small  worniwlieels  aii<l  bevel 
pillions.  The  teeth  arc  cut  to  diametral  pitch  staiKlards, 
measured  circumferentially  as  with  ordinary  spur  gearing. 

The  dimensions  proposed  for  ； i n  intcrrhant/eable  sysU-iu 
for  these  gears  are  as  follows  ： -- 

Tooth  shape   Involute 

Pressure  angle   20" 

Spiral  aiiglo    23" 

Pitch  diameter  (20  teeth  and  over)  =  Nu"ib;;    t,  te«  tli 
Blank  diameter  (20  teeth  and  over)  =  ^  teeth  +  1  G 

T>..  ,  J.  .  .  ，  i.  iL、  0-95  X  Number  of  teeth -f  I 
Pitch  diameter  (under  20  teeth)  =  ^  ^  ― ― - 

D，  ，  1.  ,  /  ，  >八 I  丄、 0  1)5  X  Number  of  teeth  +  2-G 
isJank  diameter  (under  JO  teeth)  =  "~  

Addendum...        …        ...        ...        ...        ...  … 

Dedendum...        …        …        …        ...        ...        …    ^  ^ 

Full  depth  

Working  depth     ...        ...        …        ...        …  ^ 

Standard  face  width  for  gears  with 

pinions  of  not  less  than  25  teeth    (i  times  circular  pitch. 
Face  v/idth  for  high  latio  gears 

with  small  pinions       ...        ...    6  to  12  times  circular  pitch. 

When  a  pinion  of  less  than  20  teeth  is  used  witli  a 
standard  gear  the  centre  distance  must  be  slightly  increased 
to  suit  the  enlargement  of  the  pinion.  If  it  is  desired  to 
keep  the  centre  distance  to  the  standard  dimensions,  the  gear 
diameter  may  be  reduced  by  the  amount  ot  the  enlargement 
given  to  the  pinion -  For  example  :  If  a  pinion  of  10  t-eeth. 
5  D.P.  is  to  niesli  with  a  gear  of  90  teeth  at  lOin.  centres, 

,           ,      ,   .  .        0-05  X  10  +  1 
Pitch  (iiametev  ot  pinion  =         ^  ―  =  2  lin. 

Enlargement  over  standard  pinion  =0'lin. 

Pitch  diameter  of  standard  gear  ―  -一-  ―  18*0in. 

0 

Reduced  pitch  diameter  of  gear=  18'0  — ()•]  =  1 7*'.)in. 

Centre  distance  =      ^  "^^ 】 ― lOin. 

2 

Strictly  speaking,  there  can  be  uo  enlargement  or  reduction 
of  the  pitch  diameter  in  a  pinion  or  gear  of  given  pitch  and 
mifnber  of  teetli.  It  is  convenient  to  assume  this  enlarge- 
ment and  reduction,  while  usi"g  teeth  with  long  and  short 
addenda  but  standard  depth.  In  these  gears  the  t-eeth  need 
not  have  the  same  breaking  strength  as  with  spur  gears, 
because  they  have  not  to  combat  the  heavy  and  indetenninate 
stresses  which  arise  from  inequalities  of  angular  velocity. 
On  the  other  hand,  it  is  necessary  to  provide  against  rapid 
wear.  By  using  a  finer  pitch,  each  tooth  has  less  individual 
wearing  surface,  but  this  is  more  than  compensated  for  by 
the  larger  number  of  teeth  in  simultaneous  contact  than  with 
gears  of  equal  diameters  but  coarser  pitch.  In  high  ratio 
gears,  using  pinions  of  exceptionally  small  diameter,  the 
pit<'li  is  finer  than  for  ordinary  ratios,  but  the  face  width  is 
extended  to  give  the  proper  wearing-  sm'fa (？. 

The  important  factor  in  determining  the  proportions  of 
the  teeth  is  the  relationship  between  pitch  line  veloiity  and 
the  permissible  specific  tooth  pressure  ；  iu  other  words,  the 
total  tooth  pressure  divided  by  the  area  of  all  the  available 
simultaneous  contact  along  the  teeth.  Theoretically,  this 
contact  has  no  area  since  it  should  consist  of  lines  without 
breadth.  Actually,  an  area  exists,  due  to  the  elastic  com- 
pression of  the  teeth  iu  contact,  in  a  similar  way  in  which  an 
area  of  contact  exists  between  a  tar  wheel  and  a  rail.  The 
area  of  contact  is  indeterminate,  but  the  specific  tooth  pres- 
sure is  proportional  to  the  driving  stress  on  the  teeth. 

(To  be  continued.) 
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FERRANTI'S  STEAM  TURBINE. 

To  obtain  the  highest  economy  with  steam  turbines  the  blade 
clearances  should  be  reduced  to  the  lowest  possible  extent. 
The  rotor  member,  chiefly  on  account  of  its  complete 
symmetry  of  form,  now  fulfils  the  necessary  conditions  with 
considerable  closeness,  but  the  cast-iron  casing  or  stator  has 
often  been  complicated  and  un symmetrical  in  form,  the  con- 
sequence being  tliat  when  heated  up,  the  casing  expanded 
irregularly  in  relation  to  the  more  sim])ly  constructed  rotor 
and,  in  addition,  generally  became  permanently  distorted  in 
course  of  time.  In  order  to  prevent  the  running  and  stand- 
ing parts  cotniiig  into  contact,  therefore,  the  clearances  had 
to  be-  iiKTcascd  considerably  beyoml  what  would,  apart  from 
such  irregular  and  differential  expansion,  be  sufficient  for 
safe  working. 

To  overcome  these  flifficulties  turbines  have  been  proposed 
ill  which  a  sym metrical  blade-carrying  stator  is  enclosed 
witliiii  an  outer  casing,  and  the  coiistniction  illustrated  has 
been  designed  ami  patented  by  S.  Z.  de  Ferranti,  Grindlefonl 
Bridge,  Derbyshire,  with  a  view  to  improve  such  coustnic- 
tioiis.     With  tills  ohjoct  tlic  soparaiion  of  the  blade-carrying 
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stator  from  the  outer  onsing  is  carried  u  stage  further,  the 
stator  iiisU、ml  of  l)f'ing  as  horotofore  infliu'm'ed  by  im'gular 
expansion  of  tlio  more  or  less  rylindrical  casing,  IxMjig  dear 
tl"'reof  and  suppnrU>(l  l>y  """"bcrs  whicli  do  not  sharo  in  the 
iiunitablo  '；  us  of  surh  rasing.       The  bladp-ranvin" 

stator  in  t  i.  i  urtion  illuMlrat<Hi,  it  is  claimed,  expands 

freely  and  syinmetricnlly  and  is  onlirely  uninfluonced  bv 
(lisU)rtion9  of  the  ouWr  rnsinp.  To  sum  tip,  tho  fundainontal 
principle  on  whioh  th«*  doHign  in  hnju^H  ronsists  in  providing 
i»ntin»ly  w'pnra"'  orpnns  to  t'  the  difToront 

function!!  now  p«»rforinofl  by  tli<  ―  ,r  alono  8o  that 

the  blade*cArrying  stator  is  relieved  of  all  thosv^  influoiuos 
t«Muiing  to  cniuio  Hi  * 

Fig.  1  shows  n  t|  elevation  of  a  horiroTit il  dniin 

turbim>  in  whirli  i\\v  sl"ni"  aftor  initial  suporli  partly 
"xp"  ，' ■，  ；'，  。  t  i'i"，'>  niul  pftwwi  into  n  i  ；  i  bo  fore 
ooii  n  ；   Kie   '？  shows  nn  olovnlioii  ：   Fip.  3 

ft'i  ，  ro  end 

looking  in  i  、  Pi^.  4 

II  of  t  ho  HA  me  oiul  of  tho  turbine  casing  looking 
"I  tlio  '1  i  ■  ■  1  ；  'II  of  tho  arrow  '2  ：  nnri  Fig.  5  a  rrtw-atn'tion 
tiiroui^h  Ihr  lo、v  |、r，'、H9"r，、  vtu\  of  llio  turbine. 


Referring  to  the  figures,  the  rotor  】nember  is  built  up  of 
drums  A  carrying  the  usual  blades,  the  drums  being  mounted 
on  discs  C.  The  shaft  at  tlio  high-pressure  end  is  carried  in 
bearings,  the  latter  bearing  and  the  thrust  block  F  being 
mounted  in  a  common  housing  H  slidable  longitudinally  on 
its  pedestal.  The  thrust  block  F  is  such  as  to  admit  of  no 
substantial  end  movement  between  the  shaft  and  the  slidable 
housing  H.  The  shaft  at  the  low-pressure  end  is  carried  in 
bearings  K  enclosed  within  a  housing  M，  which  in  this  case 
is  fixed  to  its  pedestal,  a  certain  amount  of  end  play  being 
provided  between  this  shaft  and  its  bearings.  The  stator 
member  consists  of  two  drums  O  corresponding  to  the  rotor 
drums  and  carrying  the  usual  blades  ；  the  two  drums  are 
connected  by  a  member  S  provided  with  symmetrically- 
disposed  apertures  through  which  the  steam  passes,  tlie 
member  S  carrying  a  diaphragm  packed  in  any  suitable 
manner  to  prevent  passage  of  steam  from  one  side  of  the 
diaphragm  to  the  other. 

The  stator  drums  theinselves,  according  to  the  form  shown 
(see  Fig.  5),  are  built  in  quadrants  so  that  expansion  ami 
contraction  may  be  as  symmetrical  as  possible,  each  quadrant 
having  fixed  to  it  along  each  longitudinal  edge  a  flange  by 
means  of  which  it  is  bolted  to  the  adjacent  quadrants.  The 
stator  drums  O  are  attached  to  and  carried  by  the  main  end 
castings  at  the  high -pressure  and  low-pressure  ends  respec- 
tively, the  connection  at  the  high-pressure  end  being  made  )>v 
way  of  the  in  em  her  B  providod  with  steam  passages  】） 
symmetrically  arranged  and  at  the  low-pressure  end  by  wav 
of  the  spider  E.  The  arms  of  this  spider  are  angled  to  agree 
more  or  less  with  the  direction  of  the  steam  as  it  issues  from 
the  low-pressure  blades. 

The  blade-carrying  stator  is  surrounded  by  an  external 
built-up  casing  G  of  cylindrical  shape,  also  carried  by  the 
end  castings.  This  casing  carries  the  pipe  connections.  The 
end  portions  are  made  stiff  enough  to  be  substantially 
unaffected  by  distortions  of  the  casing  G.  The  space  between 
the  stator  and  the  casing  thus  forms  an  amiulus  through 
which  steam  passes.  Where  】iecessary  special  diaphragms  are 
provided  in  this  annulus  which  allow  for  differential  expan- 
sion between  casing  and  stator  both  in  the  radial  and  longi- 
tudinal directions. 

To  prevent  leakage  of  steam  or  air  along  the  I'otoi'  shafts 
where  they  pass  out  of  the  casing  packings  formed  of  carbon 
segments  are  provided.  The  packings  for  the  dummy  piston 
or  steam  excluder  J  are  arranged  not  only  within  the  rotor 
itself  but  also  within  a  part  of  it  carrying  blades,  such  a 
disposition  of  parts  leading  to  a  considerable^  rediu-tion  in  tlie 
length  of  the  turbine.  In  the  case  shown,  where  tlie  turbine 
is  supposed  to  be  driving  a  dynamo,  the  duinniy  J  excludes 
steam-from  a  considerable  area  of  the  rotor  and  so  lessens  the 
total  thrust,  the  balance  being  taken  by  the  thrust  block.  If 
tlie  turbine  on  tlie  other  hand  drives  a  screw  propeller,  the  net 
thrust  due  to  the  pressures  on  the  running  blades  and  on  tlip 
higb-i)ressure  end  of  the  rotor  shell  outside  the  dunnny 
packing  are  arranged  to  balance  or  nearly  balance  the  ]>ro- 
！) eller  thrust.  A  thrust  block  should  generally  be  provided 
in  addition  to  take  up  any  balance  of  thrust  due  to  different 
(•oiulitions  of  working  and  so  fortli 

The  end  castings  carrying  the  stator  O  and  the  casing  G, 
are  supported  on  tlie  housings  H  and  M  in  a  special  ma"nei'， 
designed  to  allow  the  heated  turbine  parts  to  expand  freelv 
in  a  radial  direction  in  relation  to  the  cooled  bearing  parts, 
while  ensuring  at  the  same  time  that  stator  and  rotor  remain 
co-axial.  Thus,  referring  particularly  to  Figs.  '2  to  4.  the 
eml  castings  liave  each  formed  on  thein  a  ring  K  on  the  inside 
of  wluoli  at  about  the  level  of  the  axis  are  two  lugs  L.  These 
li^gs  rest  on  brackets  N  cast  on  the  outside  of  the  lower  half 
of  the  housing  H  and  M  respectively,  and  are  held  down  bv 
^her  lugs  P  on  the  upper  half  of  the  housing.  The  bracket^ 
N  arp  provided  with  strips  Q  arranged  transversely  with 
regard  to  the  turbine  so  as  to  prevent  longitudinal  movement 
of  the  luga  L  supports  by  them  while  alTowinj;  radial  move- 
：議 t^.  (Seo  also  Fig.  l.、  Moreover,  a  kev  R  secured  to  the 
housine  H  at  its  lowest  part  butu  against  the  bottom  of  a 
1^01*'，  、  recess  or  keyway  T  fonned  on  the  end  castings, 

lu'y  、'人 a>'  having  vertical  sides  allowing  relative  radial 
inovcnuMit.    Tlie  keys,  lugs,  ami  so  forth  form  a  system  of 

a«、t  to  maintain  the  proper  co  axial 
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As  regards  provision  for  longitudinal  expansion  and  con- 
traction of  the  turbine  parts,  the  housing  II  of  the  main 
bearing  at  the  high-pressure  end  is  slid  ably  mounted  on  its 
pedestal  and  is  pushed  to  the  left  on  expansion  of  tlie  turbine 
stator  and  casing  taking  place  by  the  action  of  the  facing 
strips  U  on  the  ring  K  butting  against  the  turned  face  V  on 
the  housing  H.  The  thrust  of  the  turbine  is  arranged  to  act 
towards  the  right  in  Fig.  1  so  as  always  to  maintain  the 
butting  surfaces  in  contact  during  work.  To  provide  for  the 
return  of  the  bearing  to  the  right  as  the  turbine  cools  down 
after  running,  bolts  W  screwed  into  the  lugs  L  on  the  ring  K 
pass  through  the  enlarged  part  of  the  housing  H  to  which 
the  brackets  N  are  cast,  and  are  arranged  with  their  heads  X 
in  operative  relationship  to  facings  Y.  Similar  bolts  W  are 
provided  at  the  low-pressure  end .  These  bolts  and  the  strips 
Q  on  the  brackets  N  thus  assist  one  another. 

In  order  to  minimise  heat  transmission  from  the  lieaied 
turbine  parts  to  t-lie  cooled  bearings,  the  rings  K  at  each  end 
of  the  turbine  are  secured  to  the  body  of  tlie  respective  end 
castings  by  a  number  of  spaced  ribs  Z  formed  by  drilling  out 
the  intervening  metal.  The  facing  strips  U  also  assist  in 
preventing  transmission  of  heat  to  the  bearing. 

Ill  order  to  secure  the  full  benefits  of  the  turbine  structure 
above  described,  it  is  very  desirable  that  the  symmetrical 


Fig.  5. 

Febranti's  Steam  Turbine. 


stator  should  be  symmetrically  stressed  at  different  tempera- 
tures so  as  the  better  to  maintain  its  shape.  If  the  blades 
are  caulked  in  place,  this  condition  is  only  attained  acciden- 
tally or  under  very  special  cii'cumstam'es,  tlie  stresses  due  to 
caulking  in  nearly  every  case  being  irregular  and  varying 
with  the  temperature.  For  these  reasons  the  blades  are 
welded  in  place  electrically.  For  the  same  reasons,  the  blades 
are  also  preferably  welded  to  the  rotor. 

It  will  be  seen  that  with  a  turbine'  constructed  in  the 
manner  and  with  the  precautions  above'  described,  the  blade- 
carrying  stator  O  of  simple  symmetrical  construction  and 
supported  in  the  manner  described  is  free  from  tlie  usual  dis- 
tortional  stresses  to  which  the  stator  parts  of  turbines  as  at 
present  constructed  are  subjected  and  therefore  maintains  its 
symmetry  on  expansion  and  contraction. 


The  Society  of  Engineers. —— An  ordinary  meeting  will  be  held 
on  Monday,  February  5th,  at  the  Institution  of  Electrical 
Engineers,  Victoria  Embankment,  W.C.  The  chair  will  be 
taken  by  Mr.  F.  G.  Bloyd  (president,  1911),  who  will  present 
the  premiums  awarded  for  papers  published  in  the  "  Journal  '， 
during  1911.  The  retiring  president  will  introduce  to  the 
meeting  Mr.  John  Kennedy,  the  president  for  1912,  who  will 
deliver  his  presidential  address. 


WATER  POWERS  OF  CANADA. 

A  iiEPOKT  rtH'cntly  issued  on  the  Water  Powers  of  Canada, 
the  result  of  nearly  two  years'  work  of  investigation  and  coni- 
])ilation  by  the  Canadian  Commission  of  Conservation,  states 
that,  owing  to  the  paucity  of  information  available  respecting 
water  powers  in  Northern  Canada  and  the  northern  portions 
of  the  various  provinces,  and  also  respecting  many  of  the 
minor  powers  in  the  settled  area,  it  has  not  been  considered 
advisable  in  this  report  to  make  an  estiinato  of  the  total 
water  power  available  in  Canada.  The  following  estimate  is 
given,  however,  of  the  total  water  power  developed  in  Canada 
in  1910  ；  the  figures  of  the  power  developed  in  1909  (pre- 
pared for  the  Washington  Conference  on  the  Conservation  of 
Resources,  held  in  tliat  year)  being  a(lde<l  for  purposes  of 
comparison  : —— 


1909. 

1910. 

H.r. 

H.l>. 

Ontario           ...        ...        …  ... 

331,157 

532,266 

Quebec...        ...        …        …  … 

50,000 

300,153 

Nova  Scotia    ...        ...        ...  ... 

13,300 

15,272 

New  Brunswick         ...        ...  ... 

9,765 

Prince  Edward  Island . . .        ...  … 

500 

Manitoba        ...        ...        ...  ... 

18,000 

48,300 

Saskatchewan  ...        …        ...  ... 

45 

Alberta           …        …        …  … 

1,330 

7,300 

British  Columbia       ...        ...  … 

73,100 

100,920 

Yukon  ...        …        …        ...  … 

2,000 

Total  

486,887 

1,016,521 

Of  the  water  power  developed  in  1910，  742,955  li.p.  was 
used  for  the  generation  of  electrical  energy,  and  158,051  li.p, 
in  connection  with  the  paper  and  pulp  industries. 


TURBINE  PUMPS  FOR  MINES. 

At  the  fourth  general  meeting  of  the  Institution  of  Mining 
and  Metallurgy,  held  in  London  on  the  18th  iust.,  Mr.  Cyril 
Brackenbury  contributed  the  result  of  his  recent  experience 
in  "  Unwatering  Ti'esavean  Mine,"  in  Cornwall,  which, 
although  worked  out  as  a  copper  mine  about  50  years  ago, 
was  now  being  opened  for  tin,  which  had  been  discovered  in 
quantity  in  the  lower  workings.  The  unwatering  had  uow 
been  successfully  carried  out  by  means  of  electrically-driven 
high-lift  turbine  pumps,  in  spite  of  serious  obstacles,  down  to 
beneath  the  248-fatliom  level  below  adit,  and  most  useful 
practical  data  were  recorded  as  to  the  method  of  cutting 
through  chokes,  &c.，  in  a  way  not  hitherto  accomplished  iu 
this  country.  Six  of  the  pumps,  which  were  used  in  pairs, 
were  designed  to  deliver  600  galls,  per  minute  through  a  lift 
of  600ft.  The  sinking  pumps  were  of  the  vertical  tvpe  and 
actuated  by  3-pliase  alt/eniating-curreut  motors  designed  to 
give  an  output  of  190  b.h.p.  In  addition  to  several  bad 
chokages  of  the  shaft  and  the  exceptionally  bad  condition  of 
the  shaft  walls,  progress  was  hindercHl  by  the  large  inflow  of 
water  due  to  exceptionally  heavy  rains  in  December,  1910, 
but  in  spite  of  this  an  average  speed  of  5ft.  per  day  was 
maintained,  and  only  three  periods  of  four  weeks  showed 
losses  when  the  pumps  were  driven  back.  Tlieir  successful 
operation  demonstrated  several  strong  advantages  for  the 
high-lift  turbine  pumps  over  the  Cornish  puinpiug  system, 
viz"  much  less  space  was  taken  up  in  the  shaft,  and  the 
turbine,  with  its  rising  main,  could  be  lowered  more  quickly 
to  follow  the  water.  Although  the  first  cost  was  undoubtedly 
greater,  the  surplus  power  after  the  unwat-ering  was  vom- 
pleted  was  used  for  installing  permanent  electrRriily-driveu 
ram  pumps  and  performing  other  work  in  the  mine  and  at 
the  surface.  To  prevent  excessive  erosion  of  tlie  bronze 
impeller  blades  it  was  found  advisable  to  fix  at  the  bott 垂 of 
the  suction  pipe  a  copper  strainer  of  ample  aroa  provided 
with  small  openings. 
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RECENT  DEVELOPMENTS  IN  STEAM  TURBINE  PRACTICE.* 

BY  K.  BAUMANN. 

{Continued  from  page  71.) 
2.  Development  of  the  Curtis  Turbine. —- The  first  Curtis  patents, 
dated  hS'Jij,  refer  to  turbines  of  the  impulse  type  con- 
sisting of  a  number  of  single  Laval  wheels  arranged  in  series. 
Curtis  did  not  consider  this  arrangement  to  be  the  best  means  of 
reducing  the  speed  of  a  steam  lurbiiH%  and  he  therefore  intro- 
duced with  success  the  velocity  stages  which  were  already 
described  in  English  Patent  No.  144，  dated  1858，  by  John  and 
Ezra  riartlian.i  The  pressure  stages  were  reduced  and  the 
t'on'(>spon(liiiglv  high  steam  velocity  utilised  in  wheels  with 
several  rows  of  blades  on  the  velocity  stage  principle.  These 
wheels  are  known  as  Curtis  wheels  or  velocity  wheels. 

The  first  turbines  built  by  the  General  Electric  Company 
of  Schenectady,  who  secured  tlie  license  for  the,  Curtis  patfMits, 
consisted  of  only  two  pressure  stages  and  two  wheels  each  with 
four  rows  of  blades  ；  afterwards  these  were  changed,  on  account 


Hi 


Fig.  9.— Vkrtical  Curtis  Turbine  (abonl  1902). 


speeds  〃，  calculation  shows  that  the  efficiency  is  at  a  maximum 
for  a  certain  peripheral  velocity,  which  is  given  by  the  ratio  ： ― 

u  —  peripheral  velocity  _ 

c         steam  velocity 

Fur  :iny  other  ratios  ^  the  efficiency  will  be  smaller  and 

c  " 

changes  according  to  curve  A,  Fig.  ]()，  wliicli  is  of  a  parabolic 
nature.    It  will  be  zero  when  w  =  o，  as  in  this  case  no  work  can 


of  poo r  ("liricm'y,  to  four  pressure  stages  and  toui-  \v ileitis,  oacli 
with  only  two  rows  of  blades  (Fig.  9).  Tho  G iMieral  Eloclric 
Company  always  built  their  turbines  wit h  vertical  shaft,  in 
order  to  reduce  the  floor  space  required.  The  strain  entered 
t ho  turbine  at  tho  top  (、ml  throti^h  nozzles  to  whicli  the  steam 
was  adniitttHi  by  scparalely-ctml  toIIimI  valves  ojKMied  ('m>  aftor 
the  other  according  to  the  load.  The  Gonenil  Eltn-trir  Com- 
pany w*、re  the  ori iiiators  of  t he  iiozzlo-f'oiit rollrd  tiirhiiios. 

in  onlor  to  umlenHaml  cl，、arlv  tl"、  furt Ium-  development,  it 
is  lUM'PSsa ry  to  roinparo  tlir  ，'n*irii、nri，、s  which  can  hv  ubtaiiu'd 
with  the  Curt  is  、v1，，m、1s,  liavin 卩 t  wo  or  tl"v^  rows  of  hlatlos, 
with  those  obtainable  with  single  whools  of  tho  do  Laval  type. 

Let-  ' 
〃     mi'an  poriphoral  velocity  of  hlados. 
r  -  steam  velocity  <*onvspon(lin^  to  pi'essim、  drop. 
" - blading  eftii'ieiirv. 

If  steam  is  admittod  to  a  wheel  with  one  row  of  blades  at  ； i 
certain  velocity  r  and  the  wheel  is  revolving  at  different 

•  VniMT  r，'i"l  iu'foro  tlic  Manchostor  Rociion  of  tbe  Instittitlon  of  Electrical 
KngiuoerH.  .1nnuin->  KHh.  191 '2. 

*  A,  StodoUi.  '-  Stottiu  Turbine.  '  Ith  cd.,  V  637. 


《， 005  01  015  02       0-3      04  045  0-5  0-55  0-6 
U 
Co 

Fig.  10.  —Efficiencies  of  Rateau  and  Curtis  Wheels. 

be  done,  and  also  when  〃  =  as  in  this  case  the  torque  will  be 
very  small. 

The  actual  maximum  efficiency  and  the  ratio  ―  at  which  it 

c 

is  obtained  depends  mainly  on  the  inlet  angle  and  the  ventila- 
tion losses  of  the  wheel.  Curve  A  in  Fi"".  10  represents  a  fair 
average  of  test  results  actually  bcin^  obtained  in  the  low- 
pressure  part  of  modern  Rateau  turbines.  The  maxiinum 
efficiency  according  to  this  curve  is  : ― 

80  per  cent,  for  "   =  0  46. 

c 

The  average  efficiency  of  high-pressure  and  low-pressure  wheels 
of  a  Rateau  turbiTie,  designed  for  inaximuin  efficiency,  will  be 


^^^^^^^^^^ 


KiG.  U.-A-E.G.  TUBBINE.  1903. 

about  77  per  cent.,  allowing  for  imreased  friition  and  leakage 
losses  in  the  hiph-pressure  part  of  the  turbine. 

For  velority  wheels  with  two  rows  of  moving  blades  t ho 
efficiency  changes  in  quite  a  similar  manm>r,  tlic  only  (lifferoiue 

being  that  the  maximum  etiiciencv  is  reached  for  " 一  =  }  approxi- 

mately.  The  ofticien  ios  wliicli  c;ni  he  ohtaiiuMl  an、  given  by 
«  u rvc  B  in  Fig.  10,  which  shows  a  maxiniuiu  oftiriency  of  Gi  b 

per  cent,  at—  -  0'23 
r 

For  velority  wheels  wit  h  three,  four,  or  live  rows  of  blades 
the  inaxiimiin  ，、fru'i，'m  \-  is  ohlainor)  for  "  less  than  ,1 .  i，  ^,  re- 
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, spectively.  Of  these  however  only  the  velocity  wheels  with  three 
I  rows  of  blades  are  of  practical  importance.  The  actual  offi- 
「  ciencies  obtainable  are  given  by  curve  C，  Fig.  10,  which  shows 


a  maximum  efficiency  of  only  52  5  per  cent,  for  ^  =  0133. 

The  efficiencies  of  velocity  wheels  with  more  than  three  rows 


Fig.  12.— Rateau  Turbine,  built  by  Sautter  Harle,  1902. 

are  still  worse,  and  are  therefore  not  used  except  in  cases  of 
marine  turbines. 

According  to  diagram  Fig.  10，  it  is  obvious  that  with 
different  wheels  of  the  same  diameter,  running  at  the  same 
peripheral  velocity,  the  wheel  which  has  two  rows  of  blades 
will  be  able  to  utilise,  at  its  best  efficiency,  a  steam  velocity 
twice  as  high  as  that  for  a  wheel  with  one  row  of  blades  ；  a 
wheel  with  three  rows  of  blades  will  utilise  a  velocity  about 
3  46  times  as  high  as  that  for  which  the  efficiency  of  a  wheel 
with  a  single  row  is  a  maximum.  As  the  heat  energy  increases 
with  the  square  of  the  steam  velocity,  this  means  that  turbines 
designed  to  utilise  the  same  heat  drop  with  the  best  efficiency 
obtainable  with  the  different 
kind  of  wheels  must  have ~ 

1  Whie-ql  with  '  3  rows  of 
blades,  maximum  effi- 
ciency being  52*5  per 
ce'nt  -  ；  or 
3  wheels  with  2  rows  of 
blades,  maximum  effi- 
ciency being  67*5  per 
ce'nt.  ；  or 
12  wheels  with  1  row  of 
blades,  maximum  effi- 
ciency being  77  per 
cent. 


When  the  A.E.G  Company 
took  up  the  building  of  Curtis 
turbines  they  had  to  consider 
thlese  5^cta,  as  it  was  of  the 
greatest  importance  to  them  to 
have  a  turbine  able  to  compete 
in  economy  with  the'  Parsons 
turbines,  which  latter  turbines 
up  to  the  year  1905  undoubt- 
edly held  the  field.   The  higher 

cost  of  coal  in  Germany,  as  compared  with  America,  necessi- 
tated the  use  of  more  economical  turbines  than  the  pure  Curtis 
machines  built  in  America  by  the  General  Electric  Company. 

The  pure  Curtis  turbine  has  the  great  advantage  of  small 
pressures  and  low  temperatures  in  the  turbine  casing,  due  to 
the  relatively  great  expansion  through  the  first  nozzles,  an 
advantage  which  the  designer  of  a  Continental  Curtis  turbine 
could  not  dispense  with.  Th&  Curtis  wheels  in  the  low- 
pressure  end,  which,  according  to  the  table  given  above,  cannot 
give  as  good  efficiencies  as  single  wheels,  were  replaced  by  the 
more  expensive  Rateau  wheels,  in  order  to  obtain  a  turbine 


with  a  coiiipetitive  effi('i(、m,y.  The  result  was  the  turbine  shown 
in  Fig.  11,  of  which  the  fi rst  reports  were  given  by  O.  Lasche 
ill  a  paper  read  before  the  annual  meeting  of  the  Vereiii 
Deutscher  Ingeiiieure  in  1906. 

Tlie  turbine  is,  in  addition,  built  with  a  liorizonta]  sliaft 
which  very  recently  has  also  been  adopted  by  the  General  Ele (- - 

tric  Company  in  America. 
Though  at  first  siglit  it  is  differ- 
ently built  from  the  pure  Curtis 
turbine,  tliere  is  still  quite  a 
iioticeaWe  resernblaiice  to  the 
original  machine  in  some  of  the 
parts  which  are  peculiar  to  the 
A.E.G.  turbines.  The  pre- 
dominating part  is  still  the 
velocity  wheal,  which  is  made  of 
a  larger  diameter  than  the 
Rateau  wheel  in  order  to  re- 
duce the  pressure  in  the  turbine 
casing  as  much  as  possible.  The 
cjdiiider  is  divided  at  the  hi^h- 
pressure  end  of  the  turbine  by 
a  vertical  joint.  The  high- 
pressure  end  cover  is  generally 
made  of  cast  steel  and  in 
one  piece,  in  the  same  iiiati- 
ner  as  the  original  Curtis 
turbine .  This  is  obviously 
necessary  because  the  high- 
pressure  pedestals  are  fixed 
on  tliis  cover  ；  if  this  cover 
were  made  in  halves  un- 
symmetrical  deflections  of  the 
cover  would  occur,  and  this  would  throw  the  bearing  out  of 
line.  The  design  of  the  diaphragms  is  also  similar  to  that  of 
the  original  Curtis  turbine.  They  are  made  in  one  piece,  and 
must  be  assembled  on  the  shaft  at  the  same  time  as  the  wheels. 
This  arrangement  makes  erection  rather  difficult  and  reduces 
the  accessibility  of  the  shaft  to  a  great  extent. 

Another  feature  of  the  A  E.G.  turbine  is  the  arrangement 
of  the  turbine  and  generator  shafts  and  the  bearings,  known 
as  the  three-bearing  design,  which  is  also  identical  with  the 
design  of  the  Curtis  turbine.  One  of  the  first  turbines  of  this 
design,  of  3,000  kw.  normal  output,  running  at  1,500  revs,  per 
minute,  installed  at  Moabit  in  Berlin,  was  reported  in  March, 


Fig.  13.— Hateau  Tuubink,  built  by  Engine  Wobk.s.  Oeklikon.  1103. 

1907，  to  use  only  12-Slhs.  of  steam  per  kilowatt-houi%  and  a 
similar  turbine  of  4,000  kw.  normal  output  at  1,500  revs,  per 
】ni'nui>e，  installed  at  Rummelsburg,  near  Berlin,  was  reported 
in  April,  1909,  to  have  a  steam  consumption  of  only  11*7  to 
1  l-951bs.  per  hour.  Both  figures  、v("'e  the  lowest  figures 
recorded  at  the  respective  times. 

3.  Development  of  Rateau  and  Zoclly  Turbines.— The  principle 
of  the  Rateau  or  Zoelly  turbine  is  very  old.  In  1827  Real  and 
Pichon  took  out  French  patents  for  a  similar  turbine  with  31 
wheels.    Another  patent  for  a  similar  turbine  was  taken  out 
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ill  England  in  1876  by  Edwards  as  a  coiiuiiunicatioii  from 
Jas.  Mourhouse,  of  Petersburg  (Pate'nt  No.  2,068/1876).  This 
turbine  was  also  of  the  impulse  type,  and  was  provided  with 
25  wheels.      The  drawing   sliowed   already   increasing  area 


Fig.  14.— Zoelly  Tukbine.  1903. 

through  the  nozzles,  in  order  to  allow  for  the  increased  volume 
due  to  the  expansion  of  the  steam. 

The  credit  for  the  further  development  of  this  type  must, 
however,  be  given  to  Prof.  K-ateau.  The  first  turbine, 
which  was  built  by  Prof. 
Rateau,  in  1898,  together  with 
the  engineering  firm  of  Saiilier 
Harle  &  Co.，  of  Paris,  consisted 
of  only  one  wheel  running  at  a 
very  high  peripheral  velocity. 
This  design  however  was  found 
to  bo  too  expensive,  ami  tlio 
next  fturbine  was  made  as  a 
multi-stage  turbine,  which  con- 
sisted of  a  series  of  discs  rotat- 
ing between  diaphragms,  in 
accordance  witli  Prof,  lialeau's 
patents  (English  Patent 
24,204/1898).  One  of  the  first 
turbines  of  this  type  actually 
built  consisted  of  25  wheels  in 
two  casings  shown  in  Fig.  12. 
The  periplieral  velocity  was 
kepi  rallior  low,  in  order  that, 
built-up  wheels,  consisting  of 
boiler  plates  riveted  to  a  boss  on 
the  shaft'  could  be  used,  which 
at  that  lime  wore  clioapcr  tlian 

forged  wheels.    Soon  afterwards  this  typo  of  turbine  was  made 
with  a  smaller  number  of  wliecls  in  one  casing  by  tlic  Engineer- 
Works,  Oerlikon  (Fig.  13). 

The  Zoelly  turbine,  of  which  the  first  machine  was  made 


the  designers  of  the  Zoelly  turbines  to  increase  the  peripheral 
speed  considerably,  and  at  the  same  lime  to  decrease  tlie  num- 
ber of  wheels.  The  first  Zoelly  turbine  (Fig.  14)  consisted  of 
12  wheels  in  two  casings,  in  a  similar  inanner  to  the  Rateau 

turbine  shown  in  Fig.  12.  The 
patents  of  Zoelly  refer  to  a  par- 
ticular method  of  fixing  the 
blfules  on  a  rotating  disc.  An- 
other peculiarity  of  the  first 
Zoelly  turbines  was  the  open 
blade  without  shrouding.  The 
reduction  in  the  luunber  of 
wlieels  was  proved  to  be  a  great 
advantage,  and  this,  together 
with  the  care  exercised  in  the 
design  of  the  detail  parts  wliirh 
were  partly  taken  from  the 
water  turbines ― f'..'/.，  the  gover- 
Uov  with  oil  relay  一-  caused  a 
very  rapid  commercial  develop- 
ment of  the  ZoeUy  turbine.  The 
design  in  which  two  casings 
were  used  was  soon  abandoned 
for  one  with  a  single  casing.  A 
turbine  of  this  type,  made  in 
1907  for  the  Elektrizitatswerk, 
ill  Kubel,  near  St.^  Gall,  is  shown  in  Fig.  15. 

Both  Zoelly  and  Rateau  used  smaller  diaiiiot-ers  for  the 
high-pressure  wheels  and  large  dianiet^^rs  for  the  low-pressure 
wheels,  in  order  to  keep  the  disc  friction  and  ventilation  losses 


lO  — Mi>l>r.KN   /OKL.LY  TriilUNK.  IWtS. 


in  l'J03,  was  siinila r  to  the  Rat<»au  1  urhino.  tl">  only  oxcoption 
boing  that-  llio  lunulxM*  of  who<*ls  wius  considerably  redurod. 
The  wheels  were  made  out  of  forged  steel,  aud  this  enabled 


Fig.  15.— Zoklly  Turbine,  1907. 

of  the  high-pressure  wheels  as  small  as  possible.  On  the  ot  her 
band,  this  increased  the  niuiiber  of  stages,  and  rdiisequoiitlv 
lengthened  the  turbine ― it  further  involved  the  introduction 
of  high  pressures  and  liigli  teiiiperaturos  in  tiu*  turbine  casing, 
the  danger  of  which  was  not  fully  realised  at-  that  time.  Also 
it  was  usual  on  these  turbines  to  have  the  shaft  running  above 
the  critical  speed,  so  that  when  starting  up,  tho  liirhino  had 
to  pass  through  the  first  critical  speed.  The  ex|K»rience  gained 
i，i  I  ho  running  of  this  design  of  turbine  emphasized  these  dis- 
advantages, and  forced  the  builders  of  the  Ratoau  and  Zoelly 
turbines  to  change  their  designs  bv  adopting  the  saino  di;"m、tor 
of  whool  all  til  rough  the  turbine  in  order  to  reduce  their  mnii- 
hev  and  to  shorten  tJie  machine.  In  addition,  the  pressure 
drop  through  the  first  uozzles  was  increased  in  order  to 
dorrease  the  pressure  and  toinporatiiro  in  the  turbine  rasint:. 

sai-rifioe  in  the  efficiencv  of  the  higli-pressurc  wheels  was 
balanced  as  far  as  possible  by  the  improved  efficiency  obtained 
(、n  the  low-pressure  wheels.  Tlioso  alloralions  were  niado  at 
the  same  time  by  Zoelly  and  Rat-eau  in  190S.  and  proved  to  bo 
a  great  advance. 

The  new  Zoelly  turbine  is  shown  in  Fi^.  16,  and  a  Rateau 
turbine  in  Fig.  17.  It  will  be  nolod  that  in  principle  there  is 
no  great  difference  botwoon  tlie  Zoelly  turbin<^  and  the  Eateau 
turhitio.  In  the  meantime,  owing  to  the  rapid  dovolopinont 
of  the  disc  turbines,  the  st^^el  manufacturers  had  oht^ino<l  throat 
ex|>orienoo  in  the  "lakiiig  of  discs,  and  this  onahKxl  llioin  to 
rcxluco  the  cost  cousidcrablv.      This  caused  Prof.  Katcau 
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to  revert  to  the  forged  discs  originally  used,  and  this  enabled 
him  to  increase  the  peripheral  velocity  of  the  blades.  Open 
blades  as  used  ou  the  first  Zoelly  turbines  were  abandoned  for 
the  newer  design  with  shrouding,  which  increased  the  efficiency 
considerably. 

It  was  obvious  that  by  replacing  the  first  single  wheels  by 
a  velocity  wheel,  the  pressures  and  temperatures  ('ould  still 


Fig.  17.— Modern  Rateau  Tubbine,  1908. 

further  be  decreased.  The  Maschirieufabrik  Augsburg-Niirn- 
berg  was  the  first  of  the  Zoelly  turbine  builders  to  replace  the 
high-pressure^  wheels  by  a  velocity  wheel  (1909),  as  a  result 
of  extensive  tests  ou  velocity  wheels  and  also  on  combined  tur- 
bines. These  tests  showed  that  the  efficiency  of  a  correctly- 
designed  velocity  wheel  compared  very  favourably  with  the 
efficiency  obtainable  with  the  first. Rateau  liigl 卜 pressure  wheels 
of  the  n&w  design. 

Wlieu  the,  British  Westingliouse  Company  comme'nced  the 
building  of  Rateau  turbines  in  1908，  it  had  the  benefit  of 
experience  gained  in  the  building  of  Parsons  turbines,  which 
already  had  resulted  in  1903  in  the  use  of  velocity  stages  in  the 
high-pressure  end.  One  of  the  first  Rateau  turbines  built  by 
the  Westingliouse  Company  is  shown  in  Fig.  18，  which  repre- 
sents a  section  of  a  5,000  kw.  turbine  I'unuing  at  o'nly  750  revs, 
per  minute,  supplied  to  the  London  County  Council  power 
station ,  Greenwich.  This  turbine,  on  account  of  the  very  low 
speed,  had  to  be  provided  with  24  wheels.  The  type  of  Rateau 
turbines  built  since  1909  is  shown  in  Fig.  19.  The  steam  is 
admitted  to  the'  velocity  wheel  through  nozzles  fixed  to  nozzle 
boxes  of  cast  steel,  and  which,  with  tlie  steam  chest,  are  the 
only  parts  of  the  turbine  subject  to  high  pressures  and  high 
temperatures.  The  design  of  the 
casing  and  the  diphragms,  in 
halves  with  only  horizontal  joints, 
allows  of  a  very  easy  inspection 
and  accessibility  to  the  rotor,  and 
to  the  interior  of  the  turbine  by 
lifting  the  top  half.  Due  to  the 
use  of  a  velocity  wheel  the  gland 
question  which,  during  the  whole 
development  of  the  steam  turbine 
was  a  very  important  one,  becomes 
much  simpler. 

In  the  case  of  a  pure  Eateau 
or  Zoelly  turbine,  the  glands 
have  to  be  made  reasonably  tight 
against  high  pressures.  In  the 
beginning  they  were  made  of 
loose  metal  packing  rings,  and 
according  to  the  latest  prac- 
tice with  loose  carbon  rings.  When 

using  a  velocity  wheel  an  ordinary  labyrinth  gland  has  proved 
to  be  quite-  satisfactory  with  regard  to  the  leakage  of  steam, 
and  has  the  advantage  of  greatest  simplicity  and  reliability. 
The  high-pressure  gland  is  connected  to  the  exhaust  of  the 
turbine  and  is  sealed  against  air  by  the  well-known  water  gland 
used  on  the  Westingliouse-Parsons  turbines,  which  is  also 
adopted  as  a  low-pressure  gland. 

Comparison  of  the  Modern  Turbines. ― The  recent  development 
of  the  various  steam  turbines  outlined  above  shows  very  clearly 


the  tendency  towards  the  use  of  the  two  types  known  as  tlic 
disc  and  drum  type  or  the  Curtis-Parsons  typo  and  the  Curtis- 
Rateau  type. 

This  must  be  considered  the  most  important  type  at  present 
in  use,  as  is  best  shown  by  the  fact  tliat  practically  all  turbine 
builders  in  this  country  are  adopting  one  or  the  other,  and  it 
will  therefore  be  interesting  to  examine  closely  the  points  of 
difference  between  them.    To  do  this  it  is 
necessary  to  consider  the  two  types  with 
regard  to  reliability,  economy,  and  first 
cost.    This  examination  will  show  that  it 
is  not  possible  to  give  a  definite  statement 
that  in  general  one  is  better  than  the  other, 
'  but  this  depends  on  the  particular  condi- 

tions under  which  the  turbine  is  required 
to  work  in  any  particular  case. 

The  reliability  of  the  turbine  will  de- 
pend much  more  on  the  design   of  the 
details  than  on  the  principle  on  which  it  is 
constructed.    It  is  quite  certain  that  the 
design  of  the  fixing  of  the  blades,  for  in- 
stance, which  does  not  depend  on  the  type 
of  the  turbine,  is  of  great  importance.  But 
it  is  also  evident  that  a  turbine  with  very 
small  clearances  between  fixed  parts  and 
parts  running  at  a  relatively  high  velocity 
will  not  be  so  reliable  as  a  turbine  with 
large  clearances  between  these  parts. 
With  regard  to  tlie  other  points —— i.e.,  economy  and  first 
cost ~ we  will  limit  our  comparison  to  the  high-pressure  tur- 
bine, which  is  mainly  used  in  power  stations. 

Dividing  the  turbines  into  three  categories  : —- 


1. 


at 
at 


2. 


3. 


Turbines  with  small  outputs  less  than  750  kw. 
3,000  revs,  per  minute,  or  less  than  2,250  kw. 
1,500  revs,  per  minute  ； 
Turbines  with  moderate  outputs,  750-1,500  kw.  at 
3,000  revs,  per  minute,  or  2,250-4,500  kw.  at  1,800 
revs,  per  minute  ； 
Turbines  with  large  outputs,  above  1,500  kw.  at  3,000 
revs,  per  minute,  or  above  4,500  kw.  at  1,500  revs, 
per  minute  ； 

we  can  state  the  relative  position  to  be  as  follows  :  ~ - 

For  turbines  with  small  outputs  the  disc  and  drum  type  is 
certainly  cheaper ― i.e  ，  the  disc  and  drum  type  can  be  made 
at  a  lower  price  for  the  same  steam  consumption,  or  allowing 
the  same  price  for  both  types,  tlie  disc  and  drum  turbine  can  be 
made  with  the  better  efficiency. 

For  moderate  outputs  the  two  systems  are  about  equal  with 
regard  to  economy  and  first  cost. 


Fig.  18.— Kateau  Tubbine,  built  by  the  British  Westinghouse  Company.  1909. 

For  large  outputs,  the  Curtis-Rateau  turbine  is  the  better 
Wause  the  disc  and  drum  type  would  have  to  be  made  as  a 
double-flow  turbine,  in  the  low-pressure  】)art,  which  would 
increase  the  cost  of  the  turbine  considerably  without  a  corre- 
sponding increase  in  efficie'ucy. 
In  short ~ 

The  drum  turbine  is  tlie  desi 卩 i  for  small  outputs. 
The  disc  turbine  is  the  design  for  large  outputs. 
The  following  investigation  proves  that  the  maximum  out- 


102 


THE    MECHANICAL    ENGINEER.  [January  26,  1912 


put  which  can  be  obtained  with  a  disc  turbine,  under  the  same 
conditions  with  le^gard  to  working  stresses,  leaving  losses  an  l 
va('u 画， is  about  twice  as  large  as  the  maximum  output  which 
can  be  obtained  witli  a  drum  turbine. 

(To  he  continued.) 


BLOWHOLES  IN  STEEL. 

An  interesting  lecture  oa  "  Blowholes  in  Steel  "  was  delivered 
by  Mr.  J.  E.^ Stead,  F.R.S.,  to  the  members  of  the  Sheffield 
Society  of  Engineers  and  Metallurgists  on  the  15th  inst. 


turers  in  fostering  metallurgical  science,  so  ably  taught  by 
Dr.  Arnold  and  bis  assistants,  was  only  a  single  proof.  In 
Middlesbrough,  steelmakers  had  always  been  ready  to  make 
experiments  at  liis  instigation  and  under  liis  direction  for 
purposes  of  elucidating  scientific  problems,  and  he  had  found 
the  same  spirit  prevailing  in  Sheffield.  He  had  occasion 
to  ask  several  Sheffield  steelmakers  to  assist  him  in  a  special 
scientific  research  he  ha<l  been  conducting,  and  all  had 
responded  without  exception.  Sheffield  was  said  to  be  a  most 
terribly  conservative  place,  and  they  could  understand  how 
delighted  he  was  to  find  that  there  was  not  a  single  refusal 

of  his  request.     Mucli  of  the  prac- 
tical work  given  in  the  lecture  was 
*  done    by    steel    manufacturers  in 
、  Sheffield. 


Fig.  19.— Mopern  Westinghodse  Rateau  Steam  Turbine,  1910. 


The  lecturer  stated  that  the  presence  of  steel  crystallites  in 
blowholes  was  evidence  that  the  blowholes   became  larger 
after  they  liad  been  completely  closed  round  by  solid  and 
plastic  steel  owing  to  the  evolution  of  gases  from  the  sur- 
rounding steel  forcing  the  residual  liquid ― rich  in  carbon, 
sulphur,  and  phosphorus ― through  the  plastic  wall  of  steel 
ill  front   into  the  still  liquid  column  of  steel  beyond.  The 
gases  forming  and  rising  from  the  freezing  wall  would  then 
ascend  and  sweep  the  im pure  portions  upwards,  where  they 
finally  collected  and  solidified  in  the  upper  part  of  the  central 
axis  of  the  ingot.      Dr.  Stead  explained  that  this  was  the 
reason  why  the  formation  of  lioneycombs  in    steel  caused 
segregation  of  impurities.       When  the  upper  surface  was 
closed  by  the  steel  becoming  solid,  the  evolution  of  gases  from 
the  remaining  liquid  steel  below    would    be    cliecked,  but 
before  this  could  happen  great  internal  pressure  would  be 
produced,  and  this  would  squeeze  a  portion  of  the  carbon, 
sulphur,  and  phosphorus-rich   liquid   (meohauifally  trapped 
in  the  plastic  steel  located  in  front  of  tlio  nreviously  formed 
blowholes)  back  into  those  bubbles,  partially    filling  them. 
The  sulphur,  as  sulphide  of  inangauese,  partially  covered  the 
cell  walls,  aiul,  as  it  was  the  exact  equivalent  of  slag,  it  pre- 
vented the  iiietallk-  faces  of  portions  of  the  blowhole  walls 
from  coining  into  nietallic  contact  when  ingots  were  forj^ed. 
The   lertiuer  thou  sliowed   that  but  for  this  objectionable 
sulphide  the  woUling  up  of  blowholes  would,  under  ordinary 
conditions  of  heating  and  for"'i"g，  be  absolutely  】>ei'fe(、t、  but 
so  long  as  there  was  suliihur  in  steel  a  portion  of  it  would 
find  its  way  into  the  bubble  cavities,  and    he  concluded, 
then*f()r(\  hoiioycomhod  ingots  could  not  give    smli  sound 
f'uiisl"'(l   I'orgiii^s  as  ingots  which   were   initially  free  from 
hlowhok's  or  porosities.    TIumc  had  bet'ii  great  improvement 
ill  the  inruiufaftinv  of  cnuihlo  sttu'l  in  Shoffield  (luring  the 
last  20  years,  and  he  belie vod  that  in  no  works  wore  lioiiev- 
(•o!iib('<l  ingots  luodiurd  oxc(»])l  l)V  arcidcnt .    Tliis  rould  not 
be  said  as  ro^ards  ingots  for  st nutural   material,  sufh  as 
rails,  plates,  kv. ,  but  fri、:"lom  from  initial  porosity  was  not 
so  imnortant  in  tlios<»  classes  as  in  hi^li -class  tTUcihle  stool  ； 
iml('t>(l，  it  was  claimed  that  soft  stoel  ingots  roUrd  hrlter,  and 
\v(M*e  not  so  liable  to  break  in  the  roll 8,  as  thoso  wliirh  were 
absolutely  sound. 

Dr.  Stead  spoke  of  the  splendid  rliange  that  had  graduallv 
taken  uhu'e  in  the  steol  trade,  in  its  attitudt*  towards  pure 
rosean-lu  as  com na reel  with  what  it  was  soiiu"  tiiiio  ago.  The 
ent'ouragoiuent  and  generosity  shown  h\  Sheffield  mamifac- 


THE  HARDENING  OF  BRONZE. 

Many  writers  in  their  descriptions 
of  ancient  bronze  implements  make 
a  point  of  stating  that  in  ancient 
times  workers  of  bronze  possessed 
the  art  of  tempering  the  cutting 
edges  of  bronze  implements  in  a  way 
unknown  at  the  present  day.  Like 
many  other  popular  traditions, 
however,  the  statement  is  not  true, 
as  Prof.  Gowlaiid  pointed  out  in  the 
course  of  his  presidential  address  to 
the  Institute  of  Metals.  Such 
hardness  as  the  implements 
possessed  was  secured  by  simply 
hammering  the  cutting  edge.  He  observes:  "It  is  to  this 
lianimering,  and  to  it  only,  that  the  hardness  of  the  cutting 
edges  of  both  copper  and  bronze  weapons  is  due,  and  not 
to  any  method  of  tempering.  Much  has  been  written  about 
the  so-called  art  of  tempering  bronze,  supposed  to  have  been 
practised  by  the  men  of  the  Bronze  Age  in  the  manufacture 
of  their  weapons  ；  the  hardness  is  also  said  to  be  greater 
than  can  be  given  to  bronze  at  the  present  day.  I  should 
like  to  correct  this  error,  as  it  can  only  have  arisen  owing 
to  its  authors  never  having  made  any  comparative  practical 
tests  of  the  hardness  of  bronze.  Had  they  done  so,  they 
would  have  found  that  the  ordinary  bronze  of  to-day  can  be 
made  as  hard  as  any,  in  fact ,  harder  than  most,  of  pre- 
historic times,  by  simple  hammering  alone." 


Ventilation  Standards  in  Coal  Mines. 一 In  the  course  of  a 
recent  Wtun',  M r.  G.  H.  Winstaiilev,  M.Sr.,  president  of  the 
Colliery  Managers'  Association,  referred  to  the  standards  of 
ventilation  introduced  by  the  new  Coal  Mines  Regulation 
Act.  It  was  provided,  he  said,  that  ret  urn  airways  must  not 
be  used  as  haulage  roads  if  ordiiiari'y  they  contained  more 
than  a  half  per  cent,  of  inflainniable  gas.  lie  was  afraid  that 
in  some  of  the  coalfields  in  South  Wales  and  probably  in  Lan- 
cashire, til  at  point  would  give  rise  to  very  considerable  diffi- 
culties, and  he  wondered  if  the  authorities  responsible  had 
quite  appreciated  the  fact.  In  a  seam  of  coal  of  a  gaseous 
character  every  freshly-exposed  surface  of  roal  would  give  off 
gas  into  the  surrounding  atniosphcre,  aiul  t hoy  would  be  rom- 
pellecl  to  carry  on  haulage  in  the  intake  airway.  That,  he  sug- 
gested , would  make  it  v(。*y  difficult,  iiuloed,  to  ]>revent  the  in- 
take* from  boing  fouled  to  t lu'  limit  pt'rmitU'd  by  tlio  new 
Act .  One  way  out  of  the  difficult  v  might  be  the  making  of 
a  third  roadway  -  -neitlier  an  intake  nor  a  return  —for  liaul- 
:»g[e，  where  legally  lu^  niurli  as  12 A  j)er  cent,  of  inllainiuable  gas 
would  be  permitted.  Ho  did  not  suppose  colliery  managers 
、voiild  In*  anxious  to  adopt  that  plan.  Tlit*  impression 
amongst  miners  that  firedaiu])  would  always  find  its  vvav  to 
the  roof  and  stay  there  was  a  dangerous  delusion.  As  a  fact, 
it  would  mix  freely  with  the  surrounding  air  until  it  reached 
the  explosive  point  unless  the  ventilation  diluted  it  suffi- 
ciently to  make  the  gas  harmless. 
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PROGRESS  OF  GAS  POWER  IN  1911.- 

liY  KOHEKT  H.  FKKNALD. 

Large  Gas  Engine  Units,— The  development  of  large  gas  engine 
units  has  gone  steadily  forward  for  the  past  decade.  The 
first  engine  of  this  class  was  that  exhibited  by  the  John 
Cockerel  Company  at  the  Paris  Exposition  in  1900.  This 
was  an  engine  of  600  h.p.  rating.  At  the  present  time 
1,500  h.p.  ill  eaoh  cylinder  of  the  4- stroke  cycle  type  and 
2:000  h.p.  in  each  cylinder  of  the,  2 -stroke  cycle  engine  are 
reported  as  one  of  the  exhibits  at  the  recent  Exposition  at; 
Brussels.  This  means  units  of  8,000  h.p.  of  the  twin-tandem 
double-acting  type.  li  is  understood  that  at  least  one  com- 
pany is  prepared  to  install  gas  engine  plants  of  large  power 
capacity  at  a  cost  not  exceeding,  and  in  some  instances*  less 
than,  that  of  the  corresponding  steam  turbine  installations. 

Development  and  Application  of  the  Diesel  Engine— Although 
the  steam  turbine  has  superseded  the  reciprocatine^  steam 
engine  for  electrical  development  in  central  station  work , 
and  will  probably  hold  the  iield  for  some  time  to  come,  it  is 
interesting  to  note  that  the  Diesel  engine,  owing  to  its  great 
success  in  small  station  work ,  is  looked  upon  seriously  as  a 
possible  rival  to  the  steam  turbine  within  a  short  time. 
In  a  paper  recently  presented  before  the  Municipal  Elec- 
trical Association  at  Brighton,  England,  the  relative  cost 
of  a  10,000  kw.  installation  for  steam  turbines,  gas  producers, 
and  engines,  and  Diesel  engines,  was  discussed  at  length. 
The  author's  proposition  was  to  use  seven  sets  each  of  1,450  kw, 
capacity.  His  figures  of  operating  expense,  are  decidedly 
in  favour  of  the  Diesel  engine  installation.  Attention  was 
also  called  to  the  very  economical  use  of  these  engines  as  a 
substitute  for  sub- station  converting  machinery.  Such  sta- 
tions are  already  putting  in  their  appearance  in  London. 

In  this  connection  it  is  interesting  to  note  the  develop- 
ment in  point  of  size  of  the  Diesel  engine.  Engines  of  a 
few  hundred  horse- power  have  become  European  practice. 
In  Swiss  electric  stations  Diesel  engine  units  of  2,000  li. p. 
are  now  in  use,  and  one  writer  on  the  subject  states  that 
the  development  of  the  large-sized  Diesel  engine  has  been 
so  successful  that  it-  will  not  be  long  before  1,000  h.p. 
developed  in  one  cylinder  will  be  thought  nothing  extra- 
ordinary. One  company  of  world-wide  reputation  is  at  pre- 
sent considering  more  than  2,000  h.p.  in  the  single,  cylinder 
of  Diesel  engines.  It  is  stated  thai  engines  of  this  type  with 
four  cylinders,  developing  1,000  h.p.  each,  can  be  made  as 
light  as  the  corresponding  triple-expansion  steam  engine. 
The  weight  of  such  engines  compares  favourably  with  that 
of  the  corresponding  turbines  and  boilers.  It  is  understoofl 
that  a  1 ,000  h.p,  installation  of  this  type  weig'hed  only 
1871bs.  per  horse-power,  as.  compared  with  ISOlbs.  for  a 
steam  turbine  and  boiler  installation. 

The  crude  oil  engine  is  now  definitely  under  consideration 
for  all  types  of  marine  craft.  For  small  vessels  the  advan- 
tage lies  in  the  safety  afforded  by  the  use  of  crude  oil  as 
compared  with  lighter  oils.  The  crude- oil  engine  is  being 
used  by  many  of  the  principal  navies  of  the  world  for  sub- 
marine boats,  and  designs  are  already  under  way  for  com- 
paratively large  engines  for  torpedo  boats  and  similar  craft. 

A  few  months  since,  the  "  Vuloanus/'  a  vessel  of  1 ,900 
tons  displacement,  196ft.  long,  equipped  with  6-cylinder 
4 -cycle  single-acting  reversible  Diesel  engines,  was  put  in 
regular  service  between  Holland  and  Borneo.  This  engine 
is  about  500  b.h.p.  capacity  at  180  revs,  per  minute.  The 
fuel  is  a  crude  oil  from  Borneo,  and  the  quoted  guarantees 
are  0"421b.  per  brake  horse-power  hour  at  full  speed  ；  0  441b. 
at  three-quarter  speed  ；  and  0*51b.  at  half-speed.  In  a 
recent  trip  the  "  Vulcanus  '，  covered  3,312  miles  in  19  days 
and  3  hours.  The  average  speeds  varied  from  6  86  knots  to 
7'80.  It  is  understood  that  the  average  consuniDtion  for  this 
ship  amounts  to  1  ton  of  fuel  oil  per  100'  knots. 

The  technical  journals  of  recent  date  record  many  such 
installations.  Among  these,  Russia  is  credited  with  at  least 
four  freight  vessels  of  1,000  h.p.  and  two  14-knot  gunboats  of 
the  same  horse-power  rating.  This  month  two  vessels  nearly 
400ft.  long,  of  7,000  tons  rapacity,  each  fitted  with  Diesel 
engines  of  2,500  h.p.  rating,  and  with  two  auxiliary  Diesel 
engines  aggregating  500  h.p.,  will  be  tried  out  in  European 
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waters.  A  recent  announfcment  is  to  the  effect  that  the 
Hamburg'- American  Company  propose  to  build  an  ocean 
liner  using  oil  engines  for  motive  power. 

In  this  coiiTKH'tiou  attention  is  especially  directed  to  tlie 
most'  recent  development  in  the  oil-engine  field ― the  Junkers 
marine  oil  engine.  These  engines,  for  the  freight  vessels 
of  the  Hamburg- American  Line,  are  of  the  twin-taiulem 
type  of  1,600  total  shaft  horse-power  each.  Tho  engines 
operate  on  the  'J -cycle  prim'ip】t\  and  through  the  introdud 
of  two  pistons  into  each  cylinder  double  action  is  secured. 

An  interesting  comparison  will  shortly  be  placed  before 
the  public  by  the  British  Admiralty,  as  it  is  proposed  to  try 
out  side  by  side  in  a  twin-screw  cruiser  a  steam  engine  and 
a  Diesel  engine  of  6,000  h.p.  rating. 

Another  destroyer  lereiitly  orderofl  l)y  the  British 
Admiralty,  according  to  current  repoiiS,  will  have  on  each 
shaft  a  steam  turbine  an d  a  Diesel  engine.  The  plan  is  to 
operate  the  turbines  when  high  speeds  are  required,  but 
under  cruising  conditions,  when  the  speeds  are  low,  owing 
to  t】ie  poor  economy  of  the  steam  turbines,  the  Diesel  engines 
will  be  used .  The  combined  economy  due  to  this  arrange- 
ment will  be  exceedingly  interesting.  One  of  the  interesting 
features  of  these  engines  is  the  fact  that  there  seems  to  be  a 
marked  tendency  towards  the  '2-stroke  cycle  for  marine  work. 

With  the  iutrodvK'tiou  of  these  engines  the  discomforts 
of  the  stokehold  will  be'  greatly  reduced,  and  the  amount  of 
labour  required  will  be  less  than  under  d resent  marine  con- 
ditions, and  the  character  of  labour  much  improved. 
Although  it  is  not  probable  that  steam  installations  are  to  be 
rapidly  displaced  in  the  larger  ocean-going  craft,  yet  the 
crude-oil  engine  seems  to  be  especially  adapted  for  sucli 
service  as  that  previously  indicated.  The  fuel  needed 
approximates  a  third  of  that  required  for  the  steam  engine, 
thus  greatly  increasing  the  radius  of  action  if  the  same  weight 
of  fuel  be  carried.  Boilers  can  be  done  away  with  and  their 
space  utilised  for  (、an'yiiig  cargo. 

Tar  as  a  Fuel  for  Diesel  Engines.— Tar  oil  has  become  more  or 
less  common  as  a  fuel  in  Diesel  engines  of  600  h.p.  to  800  h.p. 
rating,  and  it  is  understood  that  it  is  used  in  at  least  one 
engine  of  4,000  h.p.  rating.  Recent  experiments  indicate 
that  both  thin  gas-retort  tar  and  thick  coke-oven  tar  can  be 
vised  in  a  similar  manner  by  injecting  into  the  cylinder  a 
small  percentage'  of  light  oil  to  assist  in  igniting  the  tar. 
It  is  claimed  that  a  wide  range  of  tars  can  be  used  in  this 
manner  without  producing  smoke  or  appreciable  residue.  In 
tests  at'  the  Kortiiig  works,  about  2  per  cent,  of  the  ignition 
oil  was  used  at  full  load  and  about  13  per  cent,  at  half-load. 
Reports  indicate  that  an  order  has  been  placed  for  a  600  h.p. 
Diesel  engine  to  operate  on  raw  tar. 

Internal-combustion  Engine  Locomotives. ― Locomotives  using 
internal-combustion  engines  and  operating'  on  the  standard 
gauge  track  have  recently  been  put  into  service.  The  range 
of  fuel  for  these  engines  covers  gasolene,  benzol,  alcohol,  and 
petroleum.  The  Prussian  State  railways  are  reported  to  be 
operating  a  1,000  h.p.  locomotive  iisMig  a  Diesel  engine  as 
motive  power. 

The  Gas  Turbine.  —Results  are  soon  to  be  expected  from  the 
more  recent  investigations  and  tests  relating  to  gas  turbines. 
It  is  believed  that  some  of  the  types  are  based  on  correct 
principles,  and  that  after  a  rotary  air  compressor  of  satis- 
factory design  has  been  secured  rapid  progress  in  the  develop- 
ment of  this  prime  mover  may  be  expected. 

Reliability  of  Internal-combustion  Engines. 一 Not  only  do  the 
renewed  and  increased  orders  for  internal-combustion 
engines  by  the  great  manufacturing  corporations  indicate  a 
feeling  of  assured  reliability,  but  the  subsidising  by  European 
war  departments  of  petrol  motor  lorries  indicates  a  feeling 
of  reliability  in  the  'internal-coinbustion  principle  that  is 
beyond  dispute.  These  vehicles  will  be  held  subject  to  pur- 
chase in  case  of  need  by  the  war  department.  An  important 
stipulation  is:  "The  engines  must  be  of  the  internal-com- 
bustion type  using  petrol,  and  by  preference  liaving  four 
cylinders." 

The  Humphrey  Pump.  —This  internal-combustion  pump  has 
been  before  the  gas  power  public  for  two  or  three  years  past. 
Many  similar  internal-combustion  pumps  are  clamourintr  for 
admission  to  tLe  field.  The  comptroller,  in  discussini?  the 
validity  of  the  Humphrey  patents,  states:  '  The  Humphrey 
pumps  show  an  in-fortant  advance  in  the  art.  Although 
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many  applications  have  been  filed  for  patents  smce  1858, 
none  has  embodied  the  principles  of  the  Humphrey  pump." 
Tlie  1,000  h. p.  pump  occupies  about  the  same  space  as  the 
tandem  double-acting  gas  engine  of  the  same  power.  Mr. 
irumphrey  says :  ('With  the  compression  pressure  of  11 
atmospheres  absolute,  the  theoretical  thermal  efficiency  of 
the  cycle  is  52  5  per  cent.,  whereas  tliat  of  the  Otto  cycle  is 
only  40  per  cent,  when  all  corrections  for  varying  specific 
heats  are  allowed  for.  With  very  moderate  compression, 
under  501bs.，  an  actual  thermal  efficiency  of  23  per  rent,  has 
been  obtained  on  a  4-cycle  Humphrey  pump  This  corre- 
sponds to  0*951b.  of  anthracite  per  hydraulic  horse-power 
liour,  and  was  obtaiiUMl  on  a  lift  of  only  35ft." 

Illuminating  Gas  from  Sewerage— A  report  is  current  to  the 
effect  that  the  iTiunicipality  of  Bruss,  Austria,  is  to  convert 
the  solid  residue  from  the  town  sewerage  into  illuminating 
gas.  The  figures  reported  indicate  that  lib.  of  solid  residue 
is  secured  from  60  galls,  of  sewerage,  and  that  380  cub.  ft.  of 
gas  are  obtained  from  each  lOOlbs.  of  solid  residue.  The 
calorific  value  of  the  gas  is  reported  as  at  least  equal  to,  and 
the  light  better  than,  that  of  coal  gas. 

Utilisation  of  the  Waste  Heat  of  the  Gas  Engine— Various 
methods  of  utilising  the  wasto  heat  of  the  gas-engine  exhaust 
have  been  attempted  from  time  to  time,  and  the  demand  for 
such  devices  for  heating  buildings  has  been  considerable. 
Several  sc-liomes  for  accomplishing  this  result  are  now  com- 
mercially in  use,  but  according  to  recent  opinions  the  inost 
efficient  method  of  utilising  the  exbaust  is  through  a  com- 
bination of  gas  and  steam  engines.  Present  practice  indicates 
that  about  31bs.  of  steam  are  generated  per  brake  horse- 
power hour  by  means  of  exhaust  boilers. 

According  to  Mr.  Chorlton ,  the  use  of  exhaust  boilers 
with  efficient  steam  engines  and  specially  designed  gas  engines 
of  the  2-cyc'le  type  will  effect  marked  thermal  economies  and 
reduce  initial  cost  of  the  installation  per  horse-power.  One 
of  the  technical  journals  states  that  Mr.  Chorlton  shows  by 
numerical  examples  the  possibilities  of  sucli  an  engine,  first 
examining  the  case  of  the  addition  of  a  steam  end  to  a  normal 
economical  gas  engine.  He  assumes  a  standard  engine  to 
use  9,500  B.T.U.  per  brake  horse-power  hour.  As  the 
engine  is  ordinarily  arranged  with  jacket  feed  to  the  boilers, 
we  may  take  40  per  cent,  of  this  amount  to  be  recoverable. 
Frcnn  this  at  80  per  cent,  efficiency  of  conversion  at  lOOlbs. 
pressure  we  would  recover  about  2  Jibs,  of  steam  per  brake 
horse-power  hour.  This  amount  in  an  ordinary  simple  steam 
engine  would  not  give  more  than  10  to  12  per  cent,  of  the 
main  engine  power,  a  return  which  hardly  justifies  the  first 
cost  of  the  steam  cylinder.  Consequently,  no  development 
has  taken  place  in  this  direction. 

When ,  however,  we  are  dealing  with  a  special  combined 
(■ompouml  engine,  each  part  of  which  is  made  in  the  most 
suitable  way  for  the  purpose  required,  we  get  a  very  different 
result.  In  order  to  reduce  the  cost  of  the  gas  engine  part 
the  compression  would  he  lowered,  and  witli  tlio  ignition 
retarded  a  much  lower  niaxiniuin  pressure  and  temperature 
would  result  ；  the  total  heat  units  used  would  go  up  to,  say, 
1  'J, 000  B.T.U. ,  but  more  would  be  rejectod  to  Uie  exhaust, 
and  with  a  special  aiTang("m"it  of  boiler,  ecoiiomiser  pipes, 
superheaters  in  oxhaust,  &(、.，  50  per  cent,  waste  lieat  sliould 
be  recoverable.  There  should  be  obtained  from  this  41bs.  of 
steam  per  brake  horse- power  hour. 

The  st<»an»  cylinder  used  would  be  similar  in  type  to  that 
of  the  2-<'yclo  ongiiie,  that  is,  with  no  exhaust  valves.  The 
uiiidirectioiKil  flow  engine  of  this  type  has  been  largely 
re-intro(lu('(Kl  in  Germany  with  very  ocoiioinical  results.  The 
jacket inj^  of  llie  (mkIs  could  he  dono  by  oxliaust  gas.  For 
small  Olivines  of  this  t y|)o  it  is  safe  to  assume  a  stvam  ron- 
siunptioii  of  1 21  bs.  ptM-  brake  horse-j)ower  hour  ；  a  consump- 
tion of  lOlbs.  has  be<Mi  obtained  in  a(、t.tm】  prarticp.  Hence 
tlio  power  oht ained  from  tho  steam  <  yliiider  would  ho  oiio- 
t hinl  of  that  of  tlio  gas  rvlimler,  and  tli，、  consinnpt ion  for 
total  rfTeotive  power  would  be  re<Uiced  to  9,000  B.T.U.  per 
brake  horse-powor  hour,  loss  than  that  for  tlio  o<*onoinical 
fjas  ongino  aloiio. 

Surface  Combustion.  ―  By  wliat  ho  t<*nus  '•  surface  com- 
])Ustion/'  Prof,  Mono  reports  for  gas-fired  boilers  evaporations 
of  *2TGlhs.  ))er  square  foot  of  lieatitiij  surfare,  ainl  an  effi- 
('"""'V  of  licit  transmission  of  94  ])or  t  ent.    The  lieat  balanoo 

of  :\  t ost  ri、n(、rt'、i1  l、v  1mm  ^1i(nv<  ： ― 


Gas  burned  per  hour  (at  32°  Fab.  and  14'71bs.),  cub.  ft.  997 

Net  calorific;  value  of  gas,  B.T.U   5G2 

Total  heat  supply  to  boiler  per  hour,  B.T.U   559,800 

Temperature  of  feed  water,  degrees  Fah   42 

Pressure  of  steam,  lbs   100 

Water  evaporated  per  hour,  lbs.   450*3 

Water  evaporated  from  and  at  212。  Fah.,  lbs    550 

Heat  transmitted  to  water,  B.T.U.  ...  450'3  x  1,172  =  527,800 

Heat  ratio  527,800-^559,800   O'iMS 

In  the  reports  of  the  surprising  results  of  these  investiga- 
tions, attention  is  called  to  the  fact  that  the  combustion  was 
perfect,  as  was  shown  by  analysis.  An  efficiency  of  94  per 
cent,  was  obtained.  Deducting  4  per  cent,  for  the  power 
required  for  supplying  air  pressure  still  leaves  90  per  cent. 

Prof.  Bone  says  r  ('The  new  boilers  could  be  set  up  in 
brickwork  and  require  no  elaborate  flues  or  chimneys.  They 
are  liable  to  no  strains,  as  they  are  short.  With  some 
sacrifice  of  efficiency  the  evaporation  could  be  raised  to  301bs. 
per  square  foot.  The  steam  was  raised  quickly  (st-eaiii  at 
lOOlbs.  pressure  obtained  in  20  minutes  from  cold  start),  and 
tubes  could  be  grouped  and  cut  out  separately  so  as  to  vary 
the  fuel  consuniption  to  suit  the  fluctuations  of  load/*  In  the 
first  foot  of  the  tubes  G5  per  cent,  of  the  steam  was  generated, 
25  per  cent .  in  tlu>  serond  foot,  and  10  per  cent,  in  the  third. 

Producer  Gas  from  Low-grade  Fuels. 一 Progress  is  steadily  being 
made  in  the  utilisation  of  lignite,  peat,  and  bigli-ash  coals 
in  producer-gas  work .  The  investigations  of  the  Canadian 
Government  show  that  peat  can  be  prepared  for  fuel  pur- 
poses at  a  cost  averaging  from  30  to  40  per  cent,  of  that  of 
an  equivalent  B.T.U.  value  in  anthracite  in  Canada, 

As  the  foundation  of  a  method  that  may  result  in  exten- 
sive use  of  liigli-ash  fuels  witlioiit  prohibitive  cost  of  opera- 
tion, attention  is  directed  to  the  present  producer-gas 
investigations  of  the  United  States  Bureau  of  Mines,  resulting 
in  the  successful  fusing  of  the  ash  and  the  use  of  water- 
cooled  producer  linings.  In  line  with  this  specific  conserva- 
tion of  fuel  resources,  it  is  interesting  to  note  that  one  esti- 
mate states  that  the  United  States  Steel  Corporation  alone, 
through  its  installations  of  blastfurnace  gas  engines,  dis- 
places or  saves  a  consumption  of  approximately  1,000,000  tons 
of  coal  per  annum  as  against  the  old-fashioned  methods. 

Small  Producers  for  Bituminous  Coal. 一 Reports  are  persis- 
tently before  us  indicating  the  siucessful  development  of  gas 
producers  of  small  power  to  operate  on  bituminous  coal, 
coke  breeze,  anthracite  screenings,  "  front  end  cinders."  &(•. 
Such  plants  are  in  great  demand,  but  it  is  doubtful  whether 
the  development  and  application  have  been  as  great  as  the 
advertising  these  plants  receive.  It  is  interest i ng  to  record, 
however,  that  a  company  manufacturing  anthracite  gas 
producers  ami  gas  engines  which  expressed  its  firm  conviction 
in  1904  that  the  United  States  Government  tests  with  bitu- 
minous coal  ill  producers  would  fail  utterly,  recently  put 
itself  on  record  as  recommending  the  use  of  its  own  engines 
with  small  bituminous  producers  manufactured  by  another 
company. 

Crude-oil  Gas  Producers. ― The  development  of  tlie  crude-oil 
gas  producer,  for  which  there  is  great  demand  in  oil  regions 
remote  from  the  coalfield,  has  been  excoedingly  slow,  but  it 
is  believed  that  very  definite  progress  has  recently  been  iiiado 
along  this  line.  The  most  recent  notes  on  this  subjeit 
relate  to  the  Grine  oil  producer.  In  this  type  strain  spray 
is  used  for  atomising  tlio  oil  which  is  introfluced  into  the 
upper  part  of  the  generator,  where  partial  combustion  takes 
place.  The  down-drauglit  principle  is  then  applied,  aiul  the 
hydrocarbon  broken  up  and  the  tar  fixed  by  passing  tliroutrli 
a  bed  of  im'andesceiit  coke.  ^Ir.  Giine  reports  that  a  power 
plant,  using  one  of  these  prodiuers  has  been  in  operation  a 
year  in  California.  Willi  crude  oil  as  fuel,  costing  95  cents 
per  barrel,  or  2*3  rents  per  gallon,  the  plant  is  ivportinl  to 
develop  the  same  amount  of  power  per  gallon  of  cru<lo  oil  as 
is  ordinarily  developed  by  the  standard  int<*mal-rom bust  ion 
engine  o]UM'atincr  on  distillate'  at  7  cents  per  gallon.  Includiii*? 
t'lie  cost  of  fuel,  labour,  supplies,  interest,  depreciation,  and 
taxes,  Mr.  Grino  states  the  cost  per  brake  lioi'se-power  hour 
to  bo  076  cents  for  a  plant  of  100  h.p.  rating. 

It  is  gratifying  to  note  that  each  year  removes  many  of 
tlie  absurd  prophocies  rofjaniinp  the  elimination  of  pra('ti('ally 
all  prime  movers  save  the  int<^nial-roinbustioii  engine,  and 
that'  the  past  year  may  be  regarded  as  one  of  steady,  con- 
servative progress  and  dovolojiiiuMit. 
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SURFACE  COMBUSTION  STEAM  GENERATOR  AND  FEED 
WATER  HEATER. 

In  our  issue  of  June  16th  last  (see  page  749，  Vol.  27)  we 
described  and  illustrated  a  novel  design  of  steam  boiler,  the 
invention  of  Messrs.  Bone,  Wilson,  and  McCourt,  A  some- 
what modified  arrangement  for  steam  generating  and  feed 
water  heating  has  recently  been  patented  by  the  same 
inventors,  and  is  shown  in  the  atronipanying  《uts，  Fig.  1 
being  an  elevation  partly  in  section,  and  Figs.  2  and  3  enlarged 
details.  B  is  the  shell  of  any  suitable  diameter  ami  3ft.  to 
4ft.  long  traversed  by  a  number  of  boiler  tubes  T  which  are 
closed  at  their  entrance  ends  with  fireclay  plugs  P,  each  of 
which  is  provided  with  a  central  aperture  S  for  the  admission 
of  the  combustible  mixture  of  gas  and  air.  The  tubes  T  are 
packed  with  granular  or  fragmentary  refractory  material  G 
made  by  crushing  firebrick  to  pass  a  lin.  mesh ,  the  finer 
material  such  as  will  pass  a  iin.  mesh  being  rejected  ；  the 
granular  material  is  kept  in  position  at  the  exit  ends  of  the 
tubes  by  grids.  The  chamber  W  is  connected  by  means  of  the 
duct  H  with  the  feed  water  heater  A  which  latter  is  itself 
similarly  connected  by  means  of  the  duct  Q  with  the  fan  F 
which  maintains  the  suction  necessary  to  draw  the  gases 
through  the  system  and  also  discharges  the  cooled  products 
of  combustion  to  the  chimney.  The  dainper  D  serves  to 
regulate  the  gaseous  flow  through  the  system.  The  chamber 
W  is  provided  with  doors  for  the  purpose  of  charging  the  tubes 
T  with  granular  material.  The  feed  water  heater  comprises 
a  shell  A  to  which  the  cold  feed  enters  by  the  inlet  E,  the 
heated  water  leaving  the  heater  by  the  outlet  J.  The  shell 
A  is  traversed  by  the  tubes  shown  which  are  packed  with 
granular  material  similarly  to  the  tubes  T.  The  heater  is  so 
formed  that  the  duct  Q  and  the  end  plate  may  be  discon- 
nected for  the  purpose  of  charging  the  tubes  with  granular 
material. 

Owing  to  the  low  temperature  to  which  the  products  of 
combustion  are  cooled  in  passing  through  the  packed  tubes 
of  the  feed  water  heater  condensation  of  water  vapour  may 
take  place.  The  resulting  water  requires  to  be'  drained  away, 
and  for  this  purpose  a  drain  pipe  is  provided  dipping  into  a 
water  seal  K  and  of  such  length  that  air  will  not  be  drawn 
up  the  drain  pipe  by  the  suction  in  the  duct  Q.  The  feed 
water  heater  fulfils  a  double  purpose.  It  not  only  serves  to 
increase  the  efficiency  of  the  plant,  but  also  to  cool  down  the 
products  of  combustion  to  a  temperature  at  which  the  fan 
will  conveniently  deal  with  them. 

C  is  a  gas  chamber  attached  to  the  front  of  the  boiler 
to  which,  the  combustible  gas  is  admitted  under  suitable  pres- 
sure (for  example,  2 in.  water  gauge  in  the  case  of  coal  gas) 
from  the  main  0，  the  supply  being  regulated  by  means  of  a 
valve.  Openings  are  provided  in  the  gas  chamber  through 
which  pass  pipes  M  leading  into  the'  fireclay  plugs  P. 
Centrally  opposite  each  pipe  M  is  a  jet  N  controlled  by  the 
valve  R,  Flig.  3.  When  it  is  required  to  fire  less  than  the 
total  number  of  boiler  tubes  present  iron  caps  are  screwed 
over  the  open  ends  of  the  mixing  tubes  connected  with  those 
boiler  tubes  which  it  is  desired  not  to  fire,  with  the  object  of 
preventing  cold  air  from  being  drawn  through  those  tubes. 

The  admission  to  each  boiler  tube  under  given  working 
conditions,  of  the  desired  amount  of  combustible  gas  together 
with  its  proper  proportion  of  atmospheric  air,  as  well  as  the 
complete  admixture  of  the  gas  and  air  before  reaching  the 
zone  of  combustion  is  effected  under  the  suction  of  the  fan  with 
the  aid  of  the  devices  shown  in  detail  in  Figs.  2  and  3.  M  is  a 
tube  of  such  length  and  cross-section  as  to  cause  the  combus- 
tible gas  and  air  drawn  there  through  under  the  action  of  the 
fan  to  mix  completely  prior  to  entering  the  granular  bed.  R 
is  a  tube  connected  with  the  larger  tube  M  and  of  such 
cross-section  as  to  cause  a  homogeneous  and  explosive  mixture 
of  combustible  gas  and  air  to  be  drawn  through  at  a  speed 
considerably  in  excess  of  the  speed  of  back-ignition  of  the 
mixture,  to  the  intent  that  no  combustion  of  the  explosive 
mixture  shall  take  place  prior  to  entering  the  bed  of  granular 
material  situated  in  the  boiler  tube.  With  the  arrangements 
described  and  when  employing  coal  gas  the  inventors  have 
found  that  the  tube  R  may  be  conveniently  of  |in.  bore  and 
about  3iin,  long,  and  the  tube  M  of  lin.  bore  and  about  Sin. 
long,  and  that  a  suction  at  the  fan  amounting  to  15in.  water 
gauge  is  suitable.  An  important  function  of  the  plug  P  is  to 
protect  the  joint  of  the  boiler  tube  in  the  tube  plate  L  from 
the  action  of  the  lieat.  Owing  to  the  fact  that  the  whole  of 
the  heat  is  generated  inside  the  boiler  tubes  in  a  zone  well 


removed  from  the  tube  plates,  steam  is  generated  at  so  great 
a  rate  as  corresponds  to  an  evaporation  of  201bs.  pf  water  per 
square  foot  of  heating  surface  per  hour  without  any  liability 
of  overheating  the  tube  plates  or  the  joints  of  the  tubes 
therein. 

In  starting  up  the  boiler  the  fan  is  first  set  going  and  the 
combustible  gas  turned  on  and  ignited  at  each  jet  N  so  that 
the  resulting  flames  extend  into  the  mixing  tubes  M  ami 
proceed  to  heat  the  granular  material  at  the  entrance  emb  of 
the  boiler  tubes  ；  as  soon  as  the  granular  material  near  the 
fireclay  plugs  P  becomes  sufficiently  incandescent  each  gas 
jet  N  is  momentarily  turned  off  and  immediately  turtipcl  on 
again  with  the  object  of  extinguishing  the  flame  and  of 
causing  a  mixture  of  gas  with  air  sufficient  for  its  complete 
combustion  to  be  drawn  through  the  mixing  tube  M  and  the 
aperture  S  of  the  plug  P  on  to  the  iiu'amlesrent  granular 
material  in  the  tubes  T  where  the  combustion  now  takes 
place. 

If  the  tubes  T  are  of  too  great  diameter,  the  heat 
developed  at  the  hottest  point  may  not  pass  away  with  suffi- 
cient rapidity,  with  the  result  that  the  granular  material  may 
be  softened.  When  using  coal  gas  it  has  been  found  that 
with  an  internal  diameter  of  Sin.  a  packing  of  crushed  fire- 


FiG.  2.  Fig.  3. 

Surface  Combustion  Steam  Generator  and  Feed  Water  Heater. 


brick  may  be  employed  without  material  softening,  whilst 
with  an  internal  diameter  of  4in.  granules  of  fireclay  situated 
in  the  hottest  zone  are  liable  to  become  softened.  In  this 
case  the  core  of  granular  material  at  the  hottest  region  should 
consist  of  magnesite  or  other  very  highly  refractory  material. 
Where,  however,  the  combustible  gas  is  of  low  calorific  inten- 
sity, as,  for  example,  producer  gas,  this  precaution  is  not 
necessary.  In  order  to  distribute  the  flow  of  heat  more 
evenly  along  the  tube,  it  is  desirable  in  some  cases  to  line  the 
tube  with  refractory  material  for  a  portion  of  its  length  near 
the  hottest  point  to  secure  the  desired  distribution. 

The  most  suitable  length  of  tubes  T  to  employ  will  depend 
on  the  diameter  thereof,  on  the  calorific  intensity  of  the  gas 
employed,  on  the  rate  of  consumption  of  the/  gas,  and  on  the 
temperature  at  which  it  is  desired  that  the  products  of 
combustion  should  leave  the  generator.  When  burning  coal 
gas  or  coke-oven  gas  at  the  rate  of  100  cub.  ft.  pf^r  hour  per 
tube,  the  tube  or  tubes  need  not  be  more  than  3ft.  to  4ft. 
long  and  Sin.  internal  diameter. 

The  following  are  the  results  of 'a  test  upon  a  horizontal 
boiler  with  tubes  3ft.  long  and  fired  with  a  mixture  of  coal 
gas  (of  net  calorific  value  560  B.Th.U's.  per  cubic  foot  at 
N.T.P.)  and  air  in  such  proportions  that  the  products  of 
combustion  contained  only  1  or  2  per  cent,  of  oxygen, 
but  no  trace  of  unburnt  gas.  When  supplying  to  each  tube 
of  the  boiler  100  cub.  ft.  of  coal  gas  per  hour  plus  air  sufficient 


106 


THE    MECHANICAL  ENGINEER. 


[January  26,  1912 


for  its  complete  combustion  and  generating  steam  at  1201bs. 
per  square  inch  above  atmospheric  pressure,  the  products  of 
combustion  left  the  ends  of  the  boiler  tub^s  at  a  temperature 
not  exceeding  240。  C.  (464°  Fah.)  or  only  69。  C.  (123。  Fah.) 
above  the  temperature  of  the  water  in.  the  boiler,  and 
although  the  products  contained  no  more  than  2  per  cent,  of 
oxygen  the  combustion  of  the  gas  was  perfect.  After  the 
products  had  traversed  the  "  feed  water  heater  ，，  their  tempe- 
rature was  reduced  to  about  95"  C.  (203°  Fah.).  The  thermal 
efficiency  of  tlie  boiler  plus  feed  water  heater  exceeded  92  per 
(•cut.,  reckoned  on  the  net  calorific  value  of  the  gas,  and  the 
rate  of  evaporation  in  the  boiler  exceeded  211bs.  pt'r  square 
foot  of  heating  surface  per  hour. 


ON  THE  BEHAVIOUR  OF  CERTAIN  ALLOYS  WHEN  HEATED 

IN  VACUO.* 

IJV  PliOK,  THOMAS  TURNER. 

I.— Experiments  on  Brass. ― In  some  experiments  conducted 
in  my  lalx)ratory  last  session,  on  tlie  gases  in  brass, 
by  Mr.  J.  Cartland,  M.Sc,  it  was  ob&erved  that  when  brass 
is  melted  in  v(irno  the  zinc  is  entirely  vplatilised  and  the 
copper  remains  behind.  This  separation  is  quantitative  pro- 
viding that  the  materials  employed  are  pure,  and  that  the 
heating  is  not  at  too  liigh  a  temperature  or  too  prolonged. 
Otherwise  the  copper  itself  may  begin  to  volatilise,  though 
at  1,200°  C.  the  loss  of  copper  occurs  very  slowly.  The 
following  are  -examples  of  the  results  obtained : — 


Sample. 

By  Analysis. 

By  Loss  in 
Vacuo. 

Per  Cent. 

Per  Cent. 

1 

Percentage  in  Zinc. 

36-90 

36-80 

2 

•28-63 

28-85 

The  experiments  were  performed  as  follows :  A  weighed 
quantity  of  the  brass  was  placed  in  a  porcelain  boat,  and  in- 
troduced into  a  porcelain  tube,  the  ends  of  which  were  then 
suitably  closed,  and  tlie  tube  exhausted  till  the  pressure  was 
less  than  5  millimetres  of  mercury.  The  tube  was  heated  in 
an  electric  tube  furnace  of  the  w^ll-known  platinum  resist- 
ance type  until  it  was  seen,  through  the  glass  cover  at  the 
end  of  the  tube,  that  the  metal  was  melted.  By  the  aid  of 
a  thenno-couplo  placed  within  the  tube  of  the  furnace,  but 
outside  the  exhaust.ed  tube,  care  was  taken  that  tlie  t-em- 
])erature  did  not  rise  more  than  a  few  degrees  above  the 
melting-point  of  copper.  If  the  alloy  is  maintained  for 
about  half-an-liour  at  this  temperature,  all  volatile  metals 
will  have  been  removed  from  the  copper,  which,  on  cooling, 
is  obtained  in  beautiful  prills  of  a  clear  red  colour,  and 
usually  witli  plainly  developed  crystal  surface  】narkings. 
The  zinc  condenses  in  the  cooler  parts  of  the  tube  in  crystals 
which  have  a  perfect  metallic  lustre. 

In  view  of  these  results  the  question  naturally  arose  as  to 
wliab  would  be  tlie  effect  of  heating  in  vacuo  an  alloy  which 
contained  considerable  proportions  of  other  metals  in  addi- 
tion to  copper  and  zinc.  A  sample  of  impure  brass  was 
obviously  a  suitable  material  for  preliminary  investigations. 

II. ― Poisoned  Brass. ― Occasionally,  during  the  past  25 
years,  when  viMtm"'  brass  foundries  in  the  Birniinghain 
district,  I  have  heard  the  workmen  speak  of  "  poisoned 
brass.  It  is  described  being  a  variety  of  brass  whicli  is 
no  good  for  casting  pur]>oses  if  used  alone,  and  the  evil 
influences  of  which  are  manifest  in  any  alloy  of  which  the 
]>oisoned  niciterial  may  form  a  part.  The  language  eni- 
|)l()Yod  iniglil  at  ii rst  sight  suggost  some  occult  or  living 
power  in  the  brass,  and  recalls  the  ideas  of  an  Indian  writer 
who,  a  few  years  ago,  puggost-od  that  mot  .a  Is  might'  be  living 
or  dead»  ill  or  well,  like  animals  or  ])lants.  No  such 
thought'  is  present  in  the  mind  of  tlie  workman,  however, 
for  he  uses  the  word  poisoned  "  rather  to  (»x|>ress  a  pro- 
]MMt V  of  the  material  than  to  suggest  any  hidden  or  deeper 
moanini;.  Tho  language  of  the  iinoducat^d  metal  worker  is 
oft  on  that  of  tlie  science  of  an  earlier  age.  Thus  when  a 
])U(ldlcr  calls  tho  blue  flame  of  carbon  nionoxidf  sulpliur." 
lio  (loos  not  suppose  that  wliat  lie  would  call  "  brimstono  '• 
is  ivally  present ,  but  that  some  volatile  and  combust iblo 
principle  is  being  evolved  or  produced.  In  this  way  he 
exactly  imitates  the  philosophers   who   preceded  Priestley 
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and  Lavoisier,  and  who  constantly  employed  the  term 
" sulpliui'  "  in  a  similar  manner. 

A  few  years  ago  a  sample  of  "poisoned"  brass  was 
received  from  Mr.  R.  H.  Best,  who  regarded  it  as  eomewhat 
of  a  curiosity,  and  it  was  placed  in  the  Metallurgical 
Museum.  It  was  part  of  an  ingot,  nearly  semicircular  in 
shape  ；  it  was  rather  light  yellow  in  colour,  had  tlie  sharp 
fracture  of  a  brittle  material^  aud  was  full  of  blowholes, 
some  of  which  were  not  much  less  than  a  quarter  of  an  inch 
in  diameter.  Enquiries  as  to  the  source  of  origin  of  this 
sample  showed  that  it  was  made  by  melting  up  the  general 
scrap  of  a  foundry.  The  makers  apparently  did  not  con- 
sider it'  sufficiently  good  for  their  own  purpos(*s，  so  sold  it 
at  a  cheap  rate.  The  blowholes  were  stated  to  be  due  to  the 
use  of  a  damp  mould,  and  this  may  probably  be  correct 
at  least  in  part. 

An  analysis  of  the  alloy,  conducted  in  my  laboratory  by 
Mr.  P,  T.  Briihl,  M.Sc"  gave  the  following  results : ― 

Per  Cent. 


Copper    7253 

Zinc   11-65 

Lead   7*11 

Till     …-. ,   5-52 

Iron    200 

Aluminium   0*75 

Arsenic   009 

Manganese   0'06 

Phosphorus    Nil. 


99-71 

An  examination  of  these  figures  will  fully  explain  the 
inferior  results  which  would  be  obtained  on  using  such  an 
alloy,  and  would  justify  the  use  of  the  word  "  poisoned  "  in 
the  sense  in  which  it  is  employed  by  the  work  men. 

A  weighed  quantity  of  this  alloy  was  placed  in  a 
porcelain  boat  and  heated  in  vacuo  in  a  porcelain  tube  to  a 
temperature  of  about  1 ,200°  as  before  described. 

The  residue  left  in  the  boat  from  tlie  poisoned  brass  was 
weighed  and  analysed  by  Mr.  C.  R.  Groves,  B.Sc.，  and  the 
results  obtained  are  as  follows : —— 

Residue  in  the  boat  (Ijy  A  nahjsis). 


Per  Cent. 

Copper    72-36 

Tin   5,01 

Iron   1-96 

Lead   Nil 

Zinc   Nil 

Arsenic   Nil 

J  J  OSS  b)j  V  ohif  flifidf  iati . 

Per  Cent. 

Zinc   11-65 

Lead    711 

Tin   ,   0-51 

Arsenic   0*09 


These  results  account  for  about  98' 69  per  cent,  of  the 
whole.  The  aluminium  and  manganese  were  not  estimated, 
on  account  of  tlie  small  quantity  of  the  material  which  was 
available. 

It  will  thus  be  seen  that  wlien  zinc  and  lead  are  present 
together  in  the  alloy  in  certain  proportions,  tlie  whole  of  the 
zinc  and  lead  mav  be  removed  by  lioating  to  the  melting- 
point  of  copper  /;/  vacuo,  and  the  two  metals  are  recovered 
in  the  metallic  state.    Tlie        of  arstMiic  is  also  significant. 

TIT. ― Crucible  Experiments.  ― An  experiment  was  now 
conducted  on  a  soni<?what.  larger  scale,  in  order  to  test  the 
rate  of  volatilisation  //'  raruo.  For  tlii^i  pnr))ose  180 
grammes  of  70  ：  30  brass,  of  good  quality,  were  melted  in  a 
clay  crucible  in  a  coke  fire.  About  30  gramnit^  wore 
poll  rod  into  a  small  mould  to  obtain  a  ch^ck  sample.  The 
residue,  weighing  about  150  grammes,  was  quickly  placed 
in  a  covered  glass  desiccator,  and  a  vaciunn  at  once  obtained 
by  means  of  a  Fleuss  pump.  To  prevent  fracture  of  the 
glass,  the  inside  of  the  desiccator  was  pro}>erly  lagged  by 
means  of  two  1  avers  of  fU^bostoG  cloth,  and  an  intonnediate 
lay  or  of  crushod  firebrick.  The  crucible?  \va5  alt^o  covered 
with  a  firebrick  to  prevent-  radiation.  By  surrounding  the 
crucible  in  this  、vav，  a  red-hot  crucible,  containing  over  a 
quarter  of  a  pound  of  molUMi  brass,  can  be  kept  in  a  glass 
vessel  for  a  considtM  ablo  period  without  the  containing  vessel 
boconiing  appreciablv  warm. 
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The  original  metal  contained  as  nearly  as  possible  30  per 
cent,  of  zinc.  When  remelted,  the  sample  cast  in  the  mould 
contained  70'80  per  cent,  of  copper.  The  loss  of  zinc  in 
remelting  in  an  open  crucible  was  therefore  about  0  8  per 
cent.  The  molten  metal  was  placed  in  the  desiccator,  and, 
after  being  allowed  to  remain  in  vacuo  for  seven  minutes, 
was  removed  and  analysed,  and  found  to  contain  73.94  per 
cent,  of  copper,  showing  a  loss  of  3'14  per  cent,  of  zinc. 
As  the  metal  was  quite  solid  and  only  dark- Iiot  at  the  end  of 
seven  】ninutes，  it  was  probably  fluid  not  more  than  three 
minutes,  in  which  case  the  loss  of  zinc  would  be  at  the  rate 
of  1  per  cent,  per  minute.  In  other  words,  if  by  internal 
heating  or  other  suitable  means  a  charge  were  kept  fluid 
during  the  whole  period,  complete  volatilisation  of  zinc 
might  be  expected  to  take  place  in  less  than  an  hour. 
Metallic  zinc,  weighing  4*9  grammes,  was  actually  scraped  off 
the  uuder  side  of  the  firebrick  cover.  A  repetition  of  the 
experimente  with  different  weights  of  iiietal  gave  almost 
identical  results. 

These  experiments  show  that  considerable  refining  of 
impure  copper  could  be  accomplished  by  melting  tli€  metal 
in  vacuo,  as  zinc,  lead,  arsenic,  some  tin,  and  probably  other 
metals,  could  be  volatilised  and  recovered.  There  does  not 
appear  to  be  any  good  reason  why  such  a  process  should  not 
be  experimentally  tried  on  a  fairly  considerable  scale.  In 
these  days  of  electric  melting  furnaces,  and  efficient  air- 
pumping  machinery,  it  should  not  be  difficult  to  design  a 
form  of  apparatus  which  would  be  suitable  for  treating  im- 
pure residues  and  crude  coppers.  There  might  perhaps  be 
introduced  a  process  in  two  stages,  in  the  first  of  which  crude 
molten  metal  would  be  purified  by  being  maintained  for  a 
time  in  an  exhausted  vessel,  while  in  the  second  stage  the 
partially  purified  copper  could  be  refined  in  an  oxidising 
atmosphere  to  remove  the  remaining  iron,  tin,  and  other 
non-volatile  metals. 

IV. — The  Refining  of  Hard  Zinc  in  vacuo. — Zinc  distils 
readily  in  racuo :  the  temperature  required  is  much  lower 
than  in  air,  and  the  losses  are  so  much  diminished,  that  it 
is  probable  means  will  be  devised  in  future  for  considerable 
applications  of  vacuum  distillation  in  connection  with  the 
zinc  industry. 

The  material  known  as  "  hard  zinc  "  is  produced  in  the 
ordinary  process  of  producing  galvanised  iron .  The  bath  of 
molten  zinc  which  is  employed,  and  in  which  iron  is  being 
constantly  dipped,  gradually  takes  up  iron  until  it  contains 
about  5  per  cent,  of  the  latter  metal.  The  iron-zinc  alloy  is 
then  unsuitable  for  further  use  in  galvanising,  and  is  sold  to 
the  metal  refiner  or  zinc  works  to  be  redistilled.  This  alloy 
appears  to  be  specially  suitable  for  refining  under  reduced 
pressure. 

A  sample  of  hard  zinc  analysed  in  my  laboratory  by  Mr. 
Groves  contained  :  ―  Per  Cent. 

Zinc  (by  difference)   :   94*48 

Iron    4*71 

Lead   0,81 

100-0 

There  was  also  present  a  trace  of  arsenic:  but  tin,  copper, 
cadmium,  antimony,  and  bismuth,  though  tested  for,  were 
not  in  sufficient  quantity  to'  be  detected. 

This  hard  zinc  was  tested  by  heating  1  gramme  /■//  n/n/o 
for  varying  times  at  different  iemperatures.  In  all  ca&es  the 
pressure  in  tli'e  evacuated  porcelain  tube  was  less  than  1  mm. 
of  mercury.  The  results  of  the  tests  are  given  in  the 
following  table : ― 


Heating  of  Hard  Zinc  in  Vacuo,     Analyses  by  Mr.  Groves. 


Temperature, 
Detirees 
Centigrade. 

Time, 
Minutes. 

Iron  in 
Kesidue, 
per  Cent. 

Iron 
Volatilised, 
per  Cent. 

Zinc  in 
Residue, 
per  Cent. 

Lead  in 
Residue, 
per  Cent. 

1000 

15 

2-08 

2-63 

Nil 

Nil 

600 

30 

2-32 

2-39 

Nil 

Nil 

550 

30 

3-42 

1-29 

Nil 

Nil 

500 

45 

4-70 

Nil 

0-40 

Nil 

500 

45 

4-80 

Nil 

- 1-52 

0-30 

In  the  second  experiment  at  500°  C.，  the  furnace  was 
heated  more  quickly  up  to  the  required  temperature,  and  the 
metal  was  therefore  exposed  to  the  heat  for  a  rather  shorter 
period  than  in  the  first,  case.  Doubtless  this  accounts  for 
the  higher  residue  of  lead  and  zinc  noted  in  the  second  test. 


These  experiments  show  that  at  high  temperatures  the 
greater  part  of  the  iron  is  carried  over  with  the  zinc  when 
hard  zinc  is  distilled  in  vacuo.  At  a  temperature  of  500°  C -， 
however,  the  whole  of  the  iron  is  left  in  tlio  form  of  a  non- 
volatile residue,  while  zinc  is  obtained  in  tlie  metallic  state. 
If  this  process  of  refining  were  adopted  on  the  large  scale, 
there  is  no  doubt  that  the  consiuTij)!  ion  of  fuel  would  be 
much  diminished,  while  there  should  be  no  loss  of  zinc,  as 
there  is  no  possibility  of  oxidation.  The  ne<5es6ary  tempera- 
ture is  only  just  sufficient  to  render  t'lie  metal  visible  in  the 
dark,  or  in  other  words,  it  is  a  scarcely  visible  dull  red  】ieat， 
60  that  in  all  probability  unlined  iron  vessels  might  be  em- 
ployed for  the  distillation.  The  labour  costs  should  be  small, 
and  when  the  apparatus  was  once  in  working  order  the  great 
reduction  iu  fuel  consumption  and  in  loss  of  zinc  should  render 
its  working  reDiunerative. 

V, ― The  Equilibrium  of   the   Coppcr-Zinc^Scrics. ― Hitherto 

experiments  in  the  equilibrium  of  the  copper-zinc  series 
have  been  conducted  at  constant  pressure,  and  the  pub- 
lished diagrams  are  of  this  characber.  The  experiments 
already  described  indicate  that  the  conditions  of  equilibrium 
must  vary  greatly  with  changes  of  pressure,  and  open  up  a 
wide  field  of  enquiry  as  to  the  effect  of  differences  in  the 
composition  of  the  alloys  and  the  variations  in  the  pressure 
of  zinc  vapour.  Particulars  of  a  few  preliminary  observations 
in  this  direction  may  not  be  without  interest. 

In  order  to  ascertain  the  approximate  temperature  at 
which  zinc  vapour  begins  to  be  evolved  in-  vacno  a  hard  glass 
tube  was  taken,  and  into  this  was  introduced  some  of  tlic 
metal  or  alloy  to  be  tested.  The  tube  was  then  evacuated, 
until  the  pressure  was  less  than  that  of  1  mm.  of  mercury, 
and  the  tube  was  afterwards  sealed.  It  was  then  placed 
vertically  in  an  air  bath  so  arranged  that  the  lower  part  of 
the  tube,  which  contained  the  metal,  could  be  heated  to  the 
desired  temperature,  wliil^  the  upper  part  of  the  tube  was 
out  of  the  air  bath  and  kept  well  below  the  melting-point 
of  zinc.  The  air  bath  was  then  gradually  heated  until  a 
deposit  of  zinc  could  be  seen  on  tlxe  cool  part  of  the  tube. 
Proceeding  in  this  way,  it  was  observed  that  a  deposit  of  zinc 
was  produced  in  a*  few  moments  wlien  zinc  itself  was  heat-ed 
to  375°  C.  With  60  ：  40  brass,  or  "yellow  metal,/'  the 
deposit  did  not  form  with  any  rapidity  until  a  temperature 
of  520"*  was  reached,  while  with  70:30  brass  a  still  higher 
temperature,  of  about  550°,  was  necessary.  By  a  modifica- 
tion of  the  experiment  a  piece  of  pure  (Mond)  zinc  and  clean 
pure  (electrolytic)  copper  were  introduced  end  to  end  in  a 
horizontally  placed  evacuated  tube,  and  then  gradually 
heated  in  an  air  bath  provided  with  a  glass  lid  through  wliicli 
the  progress  of  the  experiment  could  be  watched.  The 
pieces  of  metal  were  arranged  so'  as  not  to  touch  each  other, 
and  the  wliol-e  of  the  tube  was  uniformly  heated.  It  was 
observed  that  at  a  temperature  of  380°  C.  the  copper  rapidly 
assumed  a  yellow  colour.  When  thin  sheet  copper  is  acted 
upon,  the  bi*ass  coating  is  found  to  be  quite  firmly  adherent 
and  to  stand  polishing,  or  scratching  with  a  knife,  without 
change  of  colour.  The  resulting  sheet  brass  is  very  soft  and 
ductile.  By  prolonging  the  heating  for  about  two  hours 
sufficient  zinc  is  absorbed  to  cause  tlur  copper  to  become  first 
yellow,  then  redder  in  colour,  and  afterwards  brilliantly 
white.  It  is  therefore  possible  bo  prepare  brass  while  the 
constituent  metals  are  both  iu  the  solid  state,  through  tie 
absorption  by  the  copper  of  the  vapour  eniitt-ed  by  the  solid 
zinc.  The  action  recalls  to  niitid  the  ancient  method  of 
making  braids,  and  the  process  of  "  sherrardising  "  iron,  the 
great  difference  being  that  the  temperatures  necessary  in 
vacuo  are  so  much  lower,  and  there  is  no  loss  of  zinc. 

It  will  be  seen,  therefore,  that  at  375—380°  C.  capper 
readily  absorbs  zinc  vapour  ；  at  its  melting-point  no  zinc  is 
retained  ；  at  520°  zinc  vapour  is  given  off  by  60:40  brass, 
while  70:30  brass  gives  off  vapour  of  zinc  at  about  550°. 
With  more  careful  experiment  probably  these  temperatures 
will  be  lowered,  for  it  is  stated  that  at  about  184°  C.  faint 
indications  can  be  obtained  of  the  volatility  of  zinc  in  vacuo 
if  the  observation  be  extended  over  about  fifty  hours. 

Zinc  vapour  is  quite  colourless  and  transparent  when  in 
the  hot  evacuated  glass  tubes.  Zinc  can  readily  be  distilled 
in  glass  vessels,  and  it's  close  resemblance  in  appearance  to 
the  distillation  of  niorcury  makes  the  experiment  very  pleas- 
ing and  interesting. 
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AIR  COMPRESSOR  EFFICIENCY.* 

BY  H.  M.  WOODHOUSE. 

A  IK  compressors  belong  to  that  class  of  machinery  which,  to 
a  very  large  extent,  is  dependent  for  its  mechanical  success 
upon  the  source  of  power  from  which  it  derives  its  motion. 
ThiK  being  the  case,  it  is  natural  that  the  development  of 
compressors,  prior  to  the  electrical  era,  should  have  pro- 
ceeded hand  in  hand  with  that  of  the  steam  engine,  and 
that  its  development  has  been  marked  by  a  gradual  increase 
of  rotary  speed  in  order  to  keep  pace,  firstly  with  the  steam 
engine,  and  more  recently  with  the  electric  motor.  The 
latest  development ~ that  of  the  turbo-compressor ― is  one  in 
which  steam  and  electrical  prime-movers  are  equally 
intereKted,  and  very  keen  rivals. 

Rapid  as  the  developtnent  of  air  compressing  machinery 
has  been,  it  hfus  always  been  hindered  by  difficulties  com- 
mon to  reciprocating  pressure-raising  iiiacliinery  in  general. 
Some  of  these  difficulties,  however,  attain  their  maximum 
of  importance  when  experienced  in  connection    with    con 卜 


FiG.  1.— RiEDLER  Suction  Valve. 

))ros8ors  of  gaseous  fluids.  Low  pressure  compressors ― 
foiiunoiily  called  blowers ― never  offered  any  very  serious 
(liflicvilties,  for,  being  as  a  rule  required  to  deliver  very  large 
air  vol  urn  es,  their  dimensions  are  so  large  that  they  are  not 
suit ahU'  for  liif^h  vSpeecls.  Even  to-day  they  are  seldom  run 
at  more  than  about  90  revs  per  minute,  to  whicli  s])eed  the 
blastfurnace  gars  engine  forced  them. 

In  1882  a  large  blower  o i'  the  beam-engine  type  was 
built  by  Messrs.  Breit fold,  Danek  tV  Co.,  of  Prague,  and 
t ('tit od  by  Professor  Doer f el,  of  the  same  city .  The  air 
cylinders  of  this  enpine  were  2,854  mm.  (about  1 12'5in.)  in 
diameter,  and  had  a  stroke  of  2,846  "、m.  The  speed  was 
12'3  revs,  per  minute.  The  tests  demonstrated  that  the  coin - 
pound  steam  engine,  which  indicated  332  h.p.,  required  9*67 
kilos  of  vSteaiii  pvr  hour  for  oach  indicated  air  1ioi>o-|)ow(M' : 
lhat  the  nm'hanical  el!icieiicv  of  the  engine  (ratio  of  the  indi- 
vfiied  air  to  the  indicated  steam  horse- power)  was  88  per 
f;Mit.  :  and  tliat  the  final  air  j^rossiire  witliin  the  cylinder  was 
only  I '026  times  the  prossure  in  the  delivery  main.  With 
such  results  as  these  there  was  no  need  to  be  discontented 
as  far  the  blower  was.  conconied,  so  it  is  safe  to  af^sert 
that  such  engines  have  been  s|)oeded  up  chiefly  tliat  their 
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dimensions  might  be  more  moderate  and  that  the  steam  end 
might  be  more  economical. 

When,  however,  liigh  air  pressures  are  required  the 
temperature  rise  becomes  a  source  of  danger  and  a  cause  of 
serious  ineconomy  unless  adequate  means  for  moderating  it 
are  employed.  Water  jackets  being  of  very  little  use  for 
this  pur{)ose,  attempts  were  made  to  compress  air  in  the 
presence  of  water  in  so-called  wet - co m j) r eseors .  Even  quite 
recently  much  attention  was  paid  to  this  type  of  compressor, 
and  in  1891  designers  were  to  be  found  in  France  patenting 
special  constructions  whereby  the  thermal  efficiency  of  com- 
pressors should  be  improved.  For  instance,  the  compression 
chamber  was  formed  in  such  a  man ner  that  the  surface  of 
the  water  in  contact  with  the  air  should  vary  during  the 
engine  stroke  at  the  same  rate  as  that  at  which  the  heat 
generated  during  compression  changes  :  further,  too,  chains 
and  similar  devices  were  hung  within  the  compression 
chamber  so  as  to  be  alternately  wetted  by  the  water  and 
exposed  to  the  air  during  compression,  in  order  that  the 
film  of  water  on  their  surfaces  might  more  readily  be 
evaporated,  and  thus  cause  compression  to  take  place  as 
nearly  as  possible  isothermally. 

Continual  increase  of  the  rotary  speed  of  the  steam 
engine,  and  the  economy  of  steam  attainable  with  higher 
steam  piston  velocities  made  wet  compressors  and  their 
adjuncts  undesirable.  The  half-wet  type  of  compressor  was 
consequently  introduced.  In  it  the  air  was  drawn  in,  com- 
pressed, and  delivered  as  in  a  modern  dry  compressor. 
During  the  compression  stroke,  however,  water  was  sprayed 
into  the  cylinder  for  the  purpose  of  reducing  the  temperature 
of  the  air.  Although  this  method  of  cooling  has  not  yet 
been  totally  abandoned,  it  is  nowadays  seldom  met  with 
because  its  two  chief  disadvantages  are  fully  appreciated. 
They  are :  Increased  wear  and  tear  due  to  the  presence  of 
water  in  the  cylinder  making  proper  lubrication  difficult, 
and  unsuitability  of  wet  air  for  use  in  air-driven  machines 
and  tools,  especially  if  they  work  expansively,  on  account 
of  the  formation  of  ice  in  the  exhaust  ports  and  mains. 

The  present-day  methods  of  overcoming  difficulties  due 
to  heating  of  the  air  during  compression,  and  of  increasing 
the  thermal  efficiency  of  compressors  are  ：  (1)  To  wat<^r-jacket 
the  air  cylinder  and  ports  as  thoroughly  as  their  mechanical 
construction  will  allow  of.  (2)  To  compress  in  stages  if  the 
final  pressure  required  is  so  high  as  to  make  efficient  lubrica- 
tion difficult,  the  danger  of  spontaneous  ignition  of  the 
lubricant  (and  frequently  of  entrained  coal  dust)  iininiiient, 
or  the  power  required  for  compression  in  one  cylinder 
excessive. 

A  brief  review  of  the  changes  that  have  been  made  in 
the  design  of  air  valves,  in  order  that  compressors  might 
safely  run  at  the  high  speeds  now  connnon,  will  posf^iblv  be 
of  internet.  In  the  days  of  slow-running  machines  the 
valves  were  very  simple.  With  blowers  weighted  leather 
flap-valves  wore  usual,  for  higher  presMii'es  ordinary  spring- 
loaded  valves  of  the  mitre  or  similar  t vpe  were  einploved. 
As  rotary  speeds  advanced,  euch  crude  valves  were  found  to 
be  iinsatifjfactory.  Their  weiglit  alone  was  sufficient  to 
cause  the  final  pressure  within  the  cylinder  to  rise  consider- 
ably above  that  in  the  delivery  main,  whilst  the  springs 
required  for  returning  them  promptly  to  their  seats  not  only 
added  to  this  source  of  economy,  but,  aided  by  the  differ- 
ence of  air  ])ressure  above  and  below  the  valves,  returned 
thorn  to  their  seats  with  such  energy  that  tho  life  of  valves 
and  seats  was  anything  but  satisfactory. 

Ex])eriencp,  therefore,  demonstrated  that  for  higher 
speeds  valves  of  a  different  kind  from  those  hitherk)  used 
were  requii ed.  Present-day  valves  have  resulted  through 
development  along  the  following'  lines  ：  ( 1)  Reduction  of 
weight.  (2)  Reduction  of  lift.  (3)  Introduction  of  air 
buffers.  (4)  Use  of  auxiliary  valve-gear.  (5)  Use  of 
merhanically  controlled  valves.  (G)  Use  of  positively 
worked  valves.  (7)  Introduction  of  unloaded  valves.  (8) 
Use  of  so-called  weightless  valves. 

With  moderate  rotary  speeds,  inucli  success  \va5  achieved 
wit h  a  combination  of  pot^itively  worked  and  automatic 
valves.    The  Harrass  valve-gear  was  probably  one  of  the 
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first  of  this  type,  and,  as  it  is  still  quite  frequently  built 
into  good-class  blowing  engines,  a  few  words  of  description 
follow.  It  consists  essentially  of  two  element^j :  a  Corliss 
valve  (frequently  double  ported  but  in  most  up-to-date 
foniis  of  the  gear  a  separate  Corliss  valve  for  suction  and 
for  delivery)  for  controlling  the  end  of  the  delivery  period 
and  the  beginning  and  end  of  the  suction  period,  and 
(usually  a  number  of)  automatic  valves,  free  to  open  when 
delivery  is  to  commence.  For  low  pressures  the  gear  is 
most  satisfactory,  but  at  high  pressure  ratios  the  resulting 
high  temperatures  make  lubrication  difficult. 

The  idea  here  involved  is  the  use  of  automatic  valves  for 
the  introduction  of  delivery 
only.  The  Corliss  valve 
terminates  the  delivery  period 
and  allows  the  automatic 
valves  to  return  to  their 
seats  at  their  leisure,  and 
with  the  same  air  pressure 
below  and  above  their  seats. 
They  need,  therefore,  no 
heavy  spring  to  close  them 
promptly,  nor  does  a  differ- 
ence of  air  pressure  hammer 
them  on  to  their  seats.  As 
competition  increased  and 
sellers  sought  talking  points, 
it  was  discovered  that,  be- 
sides other  disadvantages, 
the  Harrass  gear  had  the 
peculiarity  of  enclosing  a 
space  between  the  Corliss 
and  the  automatic  valves 
which  added  to  the  clearance 
volume.  Strnad,  to  a  great 
extent,  got  rid  of  this 
defect  by  mounting  the  automatic  valves  within  the  Corliss 
mie. 

Further  reduction  of  the  clearance  volume  was,  how- 
ever, as  time  went  on,  thought  to  be  a  matter  of  importance. 
This  gave  Prof.  Riedler  an  opening  for  the  introduction 
of  his  mechanically  controlled  automatic  valves.  These 
were  mounted  upon  the  cylinder  covers  themselves,  and 
thus  reduced  the  clearance  volumes  to  a  minimum.  The 
valve  is,  for  moderate  rotary  speeds,  an  ideal  one,  and  it  is 
largely  made  use  of  even  to-day  on  compressors  of  large  size. 
Messrs:  Fraser  &  Chalmers  took  over  the  patent  rights  for 
Britain  and  her  Colonies-  at  an  early  date,  and  tliey  have 
fitted  a  large  number  of  compressors  with  the  gear. 

Fig.  1  illustrates  a  suction  valve  of  the  type  in  question 
as  manufactured  by  Messrs.  Breifeld,  Daiiek  &  Co.，  of 
Prague.  The  following  description  of  the  action  of  the 
valve  will  also  render  its  construction  clear.  At  the  time 
when  the  euctiou  stroke  begins,  the  spindle  A  has  already 
turned  through  such  an  angle  as  to  have  moved  the  lever 
Ji  and  the  attached  spring-lever  ( '  well  out  of  the  way 
of  the  collar  U  of  the  valve  A，.  When,  therefore,  the 
pressure  within  the  cylinder  has  become  low  enough  the 
valve  automatically  opens  unrestrictedly,  until  the  air  buffer 
F  limits  its  stroke.  Towards  the  end  of  the  suction  stroke 
the  lever  Ji  approaches  the  ring  J)  of  the  valve,  presses 
upon  it  by  means  of  the  spring- lever  ( and  forces  the 
valve  back  upon  its  seat  (t  just  as  the  piston  arrives  at  its 
end  position.  The  lever  B  still  continues  its  motion  in  the 
closing  direction  for  some  little  while,  the  spring-lever  C 
taking  care  that  the  valve  is  not  damaged.  At  //  a  lubri- 
cant is  introduced  to  minimise  wear,  and  does  so  very  satis- 
factorily, for  the  life  of  such  valves  leaves  little  to  be  wished 
for. 

With  the  Riedler  valve,  the  speed  of  compressors 
advanced  sufficiently  to  induce  electrical  engineers  to  advo- 
cate their  direct  driving  by  means  of  electric  motors.  For 
large  unite  the  flywheel  type  of  motor  was  usual,  and  its 
expense  led  to  a  further  speeding  up  of  the  compressor. 
Thus  speeds  were  soon  reached  wliicli  made  .the  elimination 
of  exterior  valve  gear  necessary  ；  automatic  valves  again 
became  fashionable,  and  extensive  use  was    made'    of  air 


buffers.  It  was,  however,  soon  discovered  that  the  air 
buffer  not  only  acted  so  as  to  cheek  the  opening  motion  of 
the  valve  as  wished,  but  that  it  also  hindered  it  in  closing 
and  t\\\\^  led  to  its  hammering  on  the  valve  seat.  Buffers, 
therefore,  gave  way  to  the  so-called  Wi'iglitless  type  of  valve  : 
of  this  type  we  now  have  innumerable  varieties. 

An  early  form  of  the  weightless  valve  was  j)aUuiled  by 
Hoerbiger,  of  Vienna.  Originally  it  was  only  a  sheet-steel 
ring,  to  which  one  end  of  each  of  the  three  steel  spring 
carriers  was  riveted.  The  three  remaining  ends  were 
attached  to  the  valve  casing  on  a  pitch  circle  of  about  the 
size  of  that  on  which  the  previously-mentioned  rivets  were 
placed.  By  tliis  construction  the  valve,  although  definitely 
located,  was  forced  to  make  a  slight  rotary  motion  during 
every  stroke.  This  was  said  to  keep  the  valve  well  bedded 
upon  its  seat.  The  coi-fetruction  of  the  valve  has  gradually 
been  changed  to  that  in  which  we  at  present  find  it.  Sucli 
alteration  was  due  to  trouble  experienced  with  the  riveted 
connections  between  the  valve-ring  and  its  carriers.  Fig.  2 
shows  the  latest  type  of  Hoerbiger  valve,  as  made  and  used 
with  nnich  success  by  Messrs .  Willans  &  Robinson,  in  con- 
nection with  their  air  pumps.  The  illustration  requires  but 
little  comment.  It  will  be  noticed  that  the  sus])enson 
springs  have  given  place  to  suspension  by  the  valve  plate  ,1 
itself  :  that  this  is  slit  in  such  a  manner  at  B  as  to  form  a 
kind  of  coiled  spring,  and  that  auxiliary  loading  springs  ( ' 
are  used.     This  valve  has  an  excellent  reputation - 

Some,  other  constructions  of  this  type  of  valve  ought, 
perhaps,  to  be  referred  to.  Messrs.  A.  Borsig,  of  Tegel,  use, 
for  instance,  a  plate  valve  (patent  Lindeniann),  the  plan  of 
which  is  shown  in  Fig.  3.  One  spiral  spring  with  a  diaiiiett'i 
roughly  equal  to  JJ  in  the  figure  is  employed  for  loading  the 
valve.  Rudolf  Meyer  makes  use  of  a  multiple-part  valve. 
Each  valve-element  consists  of  a  simple  strip  of  steel,  like  a 
toothless  hack-saw  blade.  It  is  guided  at  each  end  by  a 
pin,  a ro VI lid  which  the  loading  springs  are  coiled.  The 
elementary  valves  are  mounted  upon  grid  seats  of  circular 
form,  and  of  such  a  size  that  for  each  cylinder  end  only  one 
group  of  suction  and  one  group  of  delivery  valves  are 
required.  They  are  built  into  the  lower  and  upper  sides 
of  the  cylinder  ends  respectively,  much  in  the  manner  in 
which  the  drop-valves  of  steam  cylinders  are  accommodated. 
Prof.  Gutermutli  has  patented  a  valve  construction  which 
is  very  compact,  and  peculiar  on  account  of  the  way  in  which 
the  open  valve  permits  the  current  of  air  to  pass  with  a 
minimum  of  deflection.  Each  valve  element  consists  of  a 
steel  spring  wound  spirally  round  a  spindle  to  which  it  is 
attached,  and  by  means  of  which  the  spring  tension  is  adjust- 
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Fig.  3.— Plan  of  Lindemann's 
Valve. 


Fig.  4.— Klepal  Valve. 


able.  The  free  end  of  the  spring  is  thickened  up  to  form 
the  valve.  The  suction  and  delivery  valves  are  mounted 
upon  the  same  grid,  which  is  usually  fitted  to  the  cylinder 
end  in  a  way  similar  to  that  adopted  in  the  case  of  Corliss 
valves.  The  grids,  hcwever,  have  no  motion  imparted  to 
them  by  the  compressor. 

One  other  type  of  valve  should  be  noted  before  leaving 
the  subject  of  valve  development,  not  because  it  has  as  yet 
been  very  extensively  used,  but  because  it  complies  with  the 
theoretical  requirements  enunciated  by  Prof.  Koerner, 
of  the  Prager  Tecbnische  Ilocbschule.     After  careful  experi- 
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iHciit^!>  lie  arrived  at  the  conclusion  that  the  automatic  valves 
of  compressors  and  pumps  need  a  force  for  accelerating  their 
opening  as  well  as  one  for  returning  them  to  their  seats 
promptly. 

O.  Klepal  has  devised  and  made  use  of  a  valve  embodying 
this  idea.  It  is  illustrated  in  Fig.  4.  The  right-hand  half 
of  the  figure  shows  a  suction  valve,  the  left-hand  half  a 
delivery  valve,  as  already  frequently  built  into  compressors 
and  pumps  of  various  kinds.  It  will  be  noticed  that  the 
valves  are  free  to  open  as  far  as  they  are  required  to  do  in 
order  to  accom modato  tlie  fluid  passing,  when  simultaneously 
acted  upon  by  tlve  fluid  pressure  and  eprings.      The  usual 
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clcxsiiig  springs  are  marked  C ;  the  opening  springs,  the  new 
feature  of  tlie  detdgn,  arc  lettered  0.  It  will  also  be 
observed  that  both  springs  of  each  valve  are  separately 
adjustable  by  means  of  the  nut  n  and  the  set-screw  S.  When 
properly  adjusted  these  valves  are  said  to  work  without  any 
】ioise  at  all,  and  with,  little  wear  even  at  from  250  to  300 
revs  per  minute,  and  with  valve  lifts  of  6  mm.  to  8.6  mm. 

Through  the  elimination  of  exterior  gearing  it  is  now 
possible,  with  properly  designed  valves,  to  couple  compressors 
directly  to  motors  running  continuously  at  from  450  to  600 
I'evs.  per  xninute,  whilst  for  intennittent  use  they  are  sonie- 
tiniee  run  at  as  niucli  as  800  and  even  1,200  revs,  per  minute 
、vith  success.  If  still  higher  speeds  are  required,  turbo- 
compressors  must  be  employed.  The  absence  of  valves  is, 
of  eoui'se,  a  great  point  in  favour  of  this  new  type  of  com- 
pressor. With  tlicm,  however,  other  troubles  are 
experienced ― as,  for  instance,  tlie  Iieating  of  the  air  during 
compression ― wliicli  render  it  difTicult  to  obtain,  with  turbo- 
coin  pressors,  efficiencies  materially  better  than  tho&e  attain- 
able with  reciprocating  machines  of  modern  construction. 

Turbo-coniprcssors  certainly  expose  greater  surfaces  suit- 
able, for  water-jacketing  tlian  reciprocating  compressors  offer, 
and  wliilst  being  compressed  in  turbo  machines  the  air  is 
distributed  along  passages  (and  channels  of  smaller  mean 
(lopt  li  (lian  t'lio«t、  met-  with  in  tlie  older  type  of  machine.  It 
appeal's,  therefore,  at  first  sight,  that  t-lu)roiip;h  cooling 
(Im'iiig  ('() 川 |m '-、 si (川  should  hr  an  easy  matter.  Results 
scarcely  confirm  such  expect ation,  cliieriy,  no  doubt,  in  con- 
sequence of  two  peculiarities  of  turbo-comprt\ssoi*s.  Tlioro 
a  ro : — 

1st.  The  ainounl.  of  lieat  to  be  dissipated  is  coutsidorablv 
more  than  that  due  to  adiabatic  compression,  as  the  mechani- 
cal (、n<、rgy  lost,  through  internal  air  leakage,  unavoidable 
odcly  currents,  air  impact,  and  air  friction,  re-appoars  as 
licafc  energy  stored  mostly  in  Ww  air  it.self.  Heat  is  also 
"r("u、rated  through  the  resistance  opjwsed  l)y  tlio  air  to  tlio 
rotation  of  llio  flyers. 

2nd.  The  ttnnperaturo  rise  of  the  air  is  gradual,  conse- 
i|Uontly  the  tt 、川 i>t、i'ah，n、  of  tli?  air  in  tlio  rarlv  stages  of  tho 
oom pressor  is  loo  lit! lo  dilTerent.  from  t liat  of  the  alniospherc 
to  on  able  vapid  dissipation  through  the  necessarily  some- 
what' llii'-'k  ea^it-iron  walls  of  llu*  housing. 


Recapitulating,  we  can  say  that  since  1882  the  rotary 
speed  of  compressors  has  gradually  increased  from  12  to 
1，200  revs,  per  minute  in  the  case  of  reciprocating  luacliiues, 
and  to  4,000  revs,  per  minute,  aud  even  more,  in  the  case 
of  turbo-compressors.  This  change  has  been  accompanied, 
in  the  case  of  reciprocating  compressors,  by  continual  varia- 
tion of  valve  design,  so  that  it  is  scarcely  surprising  to  find 
that  both  manufacturers  and  users  of  air- compressing 
machinery  are  ready,  and  even  anxious,  to  give  the  turbo 
and  other  valveless  types  of  compressors  a  fair  chaiicx!  of 
demonstrating  whether  or  not  they  are  able  to  establish 
themselves  as  reliable  and  commercially  efficient  substitutes 
for  the  reciprocating  antecedents. 

As  already  stated,  Iieating  of  the  air  during  cojii]jressioii 
is  a  source  of  wa^te  of  energy.  A  mini 川 in"  of  work  is 
required  to  accomplish  compression  when  the  rise  of  pretsure 
takes  place  isotherm  ally,  and  although,  with  reciprocating 
dry  compressors,  this  ideal  is  unattainable,  it  is  still  one  after 
which  the  designer  must  necessarily  aspire.  If  we  consider 
each  stage  of  a  compound  reciprocating  air  compressor  as  a 
distinct  unit,  it  is  safe  to  say  that,  iu  practice,  compression 
takes  place  almost  adiabatically.  This  is  on  account  of  the 
extreme  difficulty  of  extracting  from  the  air  the  heat 
generated  during  compression  whilst  the  air  is  within  the 
cylinder. 

The  appended  diagram  (due  to  L.  Richter),  Fig.  5，  gives 
some  explanation  as  to  why  this  is  &o,  especially  if  it  be 
remembered  that  air  is  a  very  bad  conductor  of  heat,  and 
that  cylinder  walls  are  always  of  considerable  thickness  (sav, 
at  lea^t  Jin.  thick) ,  and  of  cast  iron.  The  diagram,  which 
refers  to  a  cylinder  360  mm.  in  diam.  by  400  lum.  stroke, 
shows  bow  the  cylinder  volume,  the  internal  area  of  tbo 
cylinder,  and  the  ratio  of  area  to  volume  vary  during  the 
stroke . 

In  consequence  of  the  low  mean  ratio  of  area  to  volume 
(even  without  reference  to  the  cycle  of  thermal  conditions) 
it  is  difficult  to  reduce  air  temperatures  within  the  cylinder 
below  a  certain  minimum,  no  matter  what  quantity  of  cool- 
ing water  is  passed  through  the  jacket.  Tin's  stat-ement,  as 
Fig.  6  shows,  is  supported  by  test  results.  The  informa- 
tion iu  question  is  due  to  Lebrecht,  and  the  figure  records 
the  variation  of  volumetric  efficiency  and  of  final  water 
temperature,  when  the  quantity  of  water  circulat<*d  through 
a  cylinder  jacket  was  varied  aud  tlie  other  working  condi- 
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tions  were  inaiutained  constant.  It  cloarlv  shows  liow  little 
use  it  is  lo  increase  tlio  amount  of  circulating  wakn* 
indefinitely.  In  the  case  in  quostion  the  final  air  }>iTssuro 
was  five  atmospheres. 

H.  Wuiid(M-lioIi  made  a  striking  oxporiniont  wliioli 
further  supjMjrt*;  tlie  contention  that  wat<^r-jackett;  arc  of 
little  value  on  compressor  cylinders.  He  ran  a  4,000  cubic 
Jnotro  p(、r  hour  cx)Mipressor  fimlly  with  and  then  witliout 
water  circulating  in  tlio  jackot,  and  recorded  onlv  5  C. 
higher  temperature  in  the  second  than  in  tlie  first  case.  It 
ii>  a  pity  that  Mr.  Wuiiderlich  did  uot  seem  to  think  the 


I 

January  26,  1912]  THE    MECHANICAL    ENGINEER.  Ill 


Fig.  7. 

compressors  were  mostly  rated  by  the  volume  swept  by  the 
piston  ；  a  method  still  very  prevalent  in  America.  Later  it 
became  fashionable  to  rate  compressors  by  their  indicated 
volumetric  efficiency.  This  method  is  exceedingly  common 
even  now ― after  the  fallacy  of  the  proceeding  has  been 
tliorouglily  recognised.  It  is  highly  probably  that  most 
builders  of  compressors  mean,  when  speaking  of  volumetric 
efficiency,  indicated  volumetric  efficiency,  and  that  they 
themselves  have  but  a  very  rough  idea  of  the  true  volu- 
inetric  -efficiency  of  tlieir  machines. 

How  very  important  careful  discrimination  is  becomes 
perfectly  clear  in  the  light  of  the  indicator  diagrams  such 
Bs  the  pair  reproduced  in  Fig.  7.  Both  cards  were,  accord- 
ing to  Lebrechtj  taken  on  the  same  compressor  ；  th&  first  at 
a  time  when  it  was  known  to  be  in  good  air-tight  condition, 
the  second  two  years  later,  after  the  suction  valve  was  known 
to  be  leaking.  That  the  working  pressure  was  not  in  both 
cases  the  same,  is  of  no  importance,  as  the  adiabatic  com- 
pression curves  and  the  isothermal  expansion  curves  are  in 
both  cases  shown  by  means  of  broken  lines.  When  the  com- 
pressor was  in  good  condition  the  actual  compression  line 
ran,  as  the  first  diagram  indicates,  very  little  below  the 
adiabatic  line,  and  re-expansion  took  place  practically 
isotherm  ally.  The  indicated  volumetric  efficiency  was 
ab  cb  =  8A'5  per  cent.  ；  determined  by  measuring  the  volume 
of  air  delivered,  it  proved  to  be  but  76'5  per  cent.  The 
general  run  of  the  card  confirms  the  statement  respecting  tht^ 
air- tightness  of  the  machine.  The  second  card  indicates  that 
the  suction  valve  was  leaking  :  for  not  only  does  the  re- 
expansion  line  drop  too  quickly,  but  the  compression  line  is 
also  too  far  be】ow  the  adiabatic.  In  this  case,  moreover, 
the  indicated  volumetric  efficiency  was  88  per  cent. ,  i.e., 
considerably  better  than  originally,  although  actually,  as 
measurements  showed,  it  had  decreased  to  72  per  cent. 

Now  the  common  way  of  expressing  the  commercial  effi- 
ciency of  an  air  compressor  is  to  say  that  for  each  horse- 
power absorbed  by  the  compressor,  x  cubic  feet  of  free  air 


are  delivered  against  a  receiver  pressure  of  y  pounds  per 
squai'e  inch.  TliLs  expression  would  leave  little  to  be 
wished  for  if  tlie  volume  of  air  dealt  with  were  actually 
measured.  When,  however,  the  delivery  is  determined  with 
tlio  lielp  of  the  indicator  diagram  it  is,  as  we  see,  a  very 
loot>e  expression,  because  the  condition  of  the  machine  in 
respect  to  air-tightness  is  entirely  neglected. 

Volumetric  efficiency ― both  as  indicated  and  as  iiiejj.sured 
― is  materially  affected  by  the  magnitude  of  the  final  air 
jDreissure  and  by  the  volume  of  the  clearance  spaces.  Fig.  8 
has  been  plotted  to  illustrate  the  action  of  tliese  factors  upon 
volumetric  efficiency  as  determined  by  measuring  the  volume 
of  air  delivered.  Referring  to'  the  figure,  it  will  be  seen 
that  the  abscissae  represent  pressure  ratios,  i.e.,  the  ratio  of 
the  final  to  the  initial  pressure,  and  that  the  ordiiiates  are 
percentual  volumetric  efficiencies.  The  upper  line  refers  to 
a  compressor  with  only  0  5  per  cent,  volumetric  clearance. 
It  was  a  single-acting  compressor  with  a  cylinder  220  mm. 
in  (Ham.  by  300  mm.  stroke.  The  tests  from  which  the 
cliarfc  was  plotted  were  made  at  106  revs,  per  minute.  The 
lower  line  was  determined  by  tests  made  upon  a  high  speed, 
singk-acting,  twin-cylinder  compressor.  Cylinders  ： 
1 60  mm.  in  diam.  by  65  mm,  stroke.  Speed  :  800  revs, 
per  minute.  Clearance  volume :  3*5  per  cent,  of  the  piston 
displacement. 

It  will  probably  be  contended  that  the  curves  are  not 
comparable.  The  following  facts,  however,  adequately  deal 
with  any  sucli  contention.  The  single-cylinder  coiii pressor 
was  tested  by  W.  Heilemaiin  at  three  different  speeds  (50, 
80，  and  160  revs,  per  minute),  and  showed  at  the  highest 
speed  the  best  volumetric  efficiency.  This  somewhat  surpris- 
ing fact  is  doubtless  due  to  a  reduction  of  leakage  losses  by 
increase  of  speed .  The  twin-cylinder  compressor  experi- 
mented upon  by  Lebreclit  was  also  run  at  slower  speeds, 
but,  as  the  experimentalist  himself  observes,  "  without  any 
improvement  of  the  volumetric  efficiency." 

In  connection  with  Fig.  7，  it  was  intimated  that  there 
is  a  marked  difference^  between  indicated  and  actual  volu- 
metric efficiency.  Fig,  9  brings  this  point  into  greater 
l)i'o】ninence.  The  line  Id  records  the  variation  of  the  indi- 
cated volumetric  efficiency  of  a  double-acting  compressor, 
with  changes  of  pressure  ratio.  The  line  I/"  is  a  similar 
record  of  the  actual  volumetric  efficiency  as  determined  by 
measuring  the  volume  of  air  delivered.  The  oom pressor  in 
question  had  a  cylinder  260  mm.  in  diam.  and  300  mm. 
stroke.  The  valve  gear  was  of  a  type  already  referred  to, 
viz.,  Corliss  suction  valve  and  automatic  delivery  valves. 
The  diagram  will  doubtless  gain  in  interest  by  the  addition  of 
lines  II'/  and  IT/// ,  which  record  similar  information  to  that 
embodied  in  the  lines  Jd  and  Iw'，  when  the  same  cylinder 
was  fitted  with  a  sppcial  Corliss  valve  having  an  equalising 
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port.  It  will  be  noticed  that  not  only  the  volumetric  lut 
also  the  commercial  efficiency  was  materially  reduced  by 
this  alteration.  Curves  I  and  IT  indicate  the  extent  to 
which  the  commercial  efficiency  was  effected  ；  they  record  the 
number  of  cubic  metres  of  free  air  compressed  and  delivered 
per  hour  for  each  horse-power  indicated  in  the  air  cylinder. 
This  last  chart  demonstrates  strikingly  that  there  is  no 
advantage  to  be  gained  by  using  equalising  porte,  as 
originally  introduced  by  Weiss  for  vacuum  pumps,  in  con- 
nection with  air  compressing  machinery. 

It  is  impossible,  in  such  a  paper  as  this,  to  deal  fully 


matter  of  sufficient,  interest  to  warrant  his  giving  further 
details  concerning  the  tests  or  Mie  machine  Tiffed.  He  does 
not  even  state  the  normal  working  pressure  of  the  unit. 

The  volumetric  efficiency  of  compressors  was,  until 
quite  recently,  almost  without'  exception,  determined  by 
means  of  the  indicator  diagram.  Many  pei'soiis  were  in  the 
habit  of  contending  that  volumetric  efficiency  was  of  small 
or  even  of  no  importance.  Such,  however  is  far  from 
correct.  Messrs.  Alley  k  Maclellan,  Ltd.,  of  Glasgow,  were, 
I  understand,  the  first  builders  of  .compressors,  who  took  the 
volumetric  efficiency  of  their  machines  into  consideration 
when  rating  them.      Before  the  time  of  tins  innovation, 
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with  the  subjects  of  compres&oi'  design  and  efficiency.  It  is 
hoped  ，  however,  that  sufficient  has  been  said  to  awaken 
interest  (1)  in  air  valve  design,  as  upon  this  detail  the 
mechanical  success  of  the  air  end  of  the  unit  is,  to  a  large 
extent  dependent  ；  (2)  in  the  cooling  of  air  during  com- 
pression, because  】iigh  thermal  efficiency  is  certainly 
unattainable  when  water-jackets  only  are  used  :  (3)  in  the 
importance  of  volumetric  efficiency,  on  account  of  the  great 
effect  it  has  upon  the  commercial  efficiency  of  air-com- 
pressing machinery. 

It  is  the  writer's  opinion  that  compressors  can  be  run 
successfully  and  with  good  commercial  efficiency  at  any 
speed  suitable  for  reciprocating  machinery  of  similar  con- 
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struction,  provided  always  that  I  lie  valves  are  of  appropriate 
design,  and  that  the  air  ports  are  constructed  in  such  a 
way  as  to  avoid  excessive  wire-drawing  or  too  voluminous 
clearance  spaces. 


TESTING  OF  MAT 已 RIALS  OF  CONSTRUCTION. 

Tiii:  Watt  anniversary  lectui'L'  oi  the  Greenock  Philosophical 
Society  was  delivered  on  the  18tli  inst.,  by  Mr.  James  T. 
Milton,  M.Inst.C.E.,  chief  engineer  surveyor  to  Lloyd's 
Register.  The  Iw'ture  was  devoted  to  the  subject  of  "  The 
Testing  of  Materials  of  Construction, '  with  special  reference 
t  o  mechanical  engineering.  The  importance  of  system  at  ic 
testing  of  materials,  he  observed,  was  now  more  than  ever 
realised.  An  international  association  had  been  established 
ill  the  hope  of  attaining  international  agreement  in  regard 
to  methods  of  testing,  and  an  engineering  standards  coiii- 
i"itt(、e  in  this  country  had  successfully  standardised  specifica- 
l  ions  and  tests  of  many  structural  materials.  Systematic  test- 
ing resolved  itself  directly  into  two  branches  ；  the  first  might 
bo  callod  scientific,  and  consisted  in  the  determination  of  the 
various  pi'ojxM'tios  of  (lifToront  kinds  of  material  ；  the  other 
was  devotod  to  what  might  \w  called  coiunieiTial  or  accept aiUT 
tests.  It  was  to  this  lalU' r  system  that  the  labours  of  the 
Engineering  Standards  Committee  had  been  directed  with 
such  excell(Mit  results,  their  spci'ifications  for  the  acceptance 
tests  of  nearly  all  st ructural  material  having  been  uni- 
versally accej)ted  in  this  country. 

After  reviewing  the  liistorical  data  rogarding  testing, 
Mr.  Milton  went  on  to  define  some  of  the  qualities  wliirh 
materials  possossinl,  and  roftM  iv<l  to  tli，、  nielliods  of  ascertain- 
ing^ them.  All  the  st  raining  aitioiis  whiih  vauie  upon  con- 
structive material  could,  he  said,  be  resolved  into  two  kinds, 
aoting  either  singly  or  in  coinliination.  These  were  direct 
stress,  whether  of  tVnsion  or  roinpivssio",  and  stress  of  shear 
or  distortion.  "When  either  of  these  stresses  was  applied  to 
any  anakM-ial  ileformatioii  took  plair.  If  the  stress  was  very 
low  this  ileforinalion^  calU'd  strain,  was  small,  aiul  it  was 


found  by  experiment  to  be  directly  proportionate  to  the 
stress.  With  iucreasing  stress,  however,  in  ductile  materials 
a  point  was  reached  at  which  the  strain  increased  at  a 
greater  ratio  than  the  stress,  and  in  very  ductile  materials 
a  further  increase  of  stress  produced  an  altogether  dispro- 
portionate increase  of  deformation.  The  points  at  wliich 
the  strain  commenced  to  increase  at  a  greater  ratio  than  the 
stress  was  called  the  limit  of  proportionality.  Below  the 
limit  of  proportionality  the  application  of  a  stress  produced 
the  proportionate  strain.  If  the  stress  was  altogether 
relieved  the  strain  disappeared,  and  the  material  returned  to 
its  original  form  ami  dimensions.  If  the  stress  was  reduced 
but  not  entirely  taken  off,  the  strain  reduced  itself  also  to 
the  amount/  which  would  have  been  produced  by  the  same 
stress  initially  applied.  In  other  words,  the  materia]  was 
perfectly  elastic.  Wlieu  a  stress  higher  than  the  limit  of 
elasticity  was  applied  part  of  the  deformation  produced  was 
permanent.  It  was  certain  that  the  limit  of  proportionality 
and  the  limit  of  elasticity,  as  above  defined,  did  actually 
fall  near  together  ；  many  considered  these  points  to  be  co- 
incident. It  was  argued  by  many  engineers  that  as  the 
material  stressed  below  the  limit  of  elasticity  returned  to  its 
original  dimensions  all  its  qualities  must  also  be  unaltered, 
and  therefore,  as  one  application  of  a  stress  within  the  limit 
did  not  affect  any  of  its  properties,  it  must  be  able  to  with- 
stand an  unlimited  number  of  applications  of  such  stress 
without  injury.  It  was  this  view  wliicli  led  to  the  impor- 
tance which  was  attached  by  some  engineers  to  the  inclusiou 
of  the  determination  of  the  elastic  limit  in  the  acceptance 
tests  of  materials. 

Each  kind  of  material  possessed  its  own  peculiar  proper- 
ties of  strength,  ductility,  hardness,  &c.  All  of  these,  Mr. 
Milton  went  on  to  say,  could  be  measured  quantitatively, 
and  when  the  material  was  of  good  quality  the  various 
measurements  would  be  found  to  fall  within  comparatively 
narrow  maximum  and  minimum  limits.  It  must  be  noted 
that  the  properties  actually  determined  in  acceptance  tests 
of  ductile  materials  not  ouly  miglit  be  different  from  those 
required  in  the  structure,  but  might  be  qualities  which 
served  no  useful  purpose.  Notable  examples  could  be  taken 
ill  the  case  of  mild  steel.  This,  when  of  good  quality,  sub- 
jected to  a  gradually  increasing  stress,  would  yield  very 
considerably  before  finally  giving  way.  A  tensile  test  would 
give  an  extension  of  from  20  to  30  per  cent.,  and  a  bend 
test  would  deform  enonnously  without  breaking.  These 
properties  of  excessive  delorination  were,  he  considered,  of 
no  use  whatever  in  actual  structures,  yet  if  mild  steel  did 
not  possess  them  it  was  rejected.  That  structural  material 
could  be  reliable  without  excessive  ductility  was  evident  when 
we  considered  the  satisfactoiy  use  of  cast  iron  for  cylinders 
and  other  parts  of  steam  engines.  The  reason  why  siuh 
excessive  ductility  was  required  in  the  acceptance  tests  of 
mild  steel  was  not  because  it  was  useful  -ptr  se,  but  because 
we  knew  that  good  mild  steel,  while  possessing  j)roperties 
which  made  it  a  useful  constructive  material,  also  possessed 
this  ductility,  and  that  if  fro 川  any  cause  its  diu-tility  fell 
below  its  usual  amount  then  doubts  would  iinmetliately  b" 
raised  as  to  its  possessing,  in  due  proportion,  all  i he  pro- 
perties which  】nade  it  useful  and  which  were  aotually 
required.  In  conclusion,  Mr.  Milton  conlidenlly  stated  that 
not  only  liad  the  systematic  testing  of  ihe  proptn'ties  of  oon - 
stiiu'tioiial  materials  la rgel v  assisted  in  the  developments  of 
their  manufacture,  but'  without  it  such  structures  as  the 
Forth  Bridge,  the  0】v 川 pia,  and  Titanic  would  m、t  liavo 
been  possible. 

Trials  of  the  Destroyer  •*  Archer."  ― This  vessel,  one  of  the 
five  special  destroyers  under  coustruction  for  the  British 
Admiralty  at  the  works  of  Messrs.  Yarrow  &  Co.,  of  Glasgow, 
liad  a  suocossful  ofTicial  full-speed  trial  on  tho  17th  inst.  on 
the  Skelmorlie  measured  mile.  Although  the  weather  was 
^exceptionally  bad,  a  speed  of  30  3  knots  wa^  attained  during 
a  continuous  run  of  eight-  hours.  This  exoeoded  the  contract 
speod  of  28  knots  by  2  3  knots.  Throughout  tho  trial  tho 
machinery  worked  jK^rfec^tly.  The  special  feature  of  interest 
is  the  boiler  installation,  the  boilers  being  fitted  with 
Yarrow's  patent'  syst<Mii  of  8Uj>erheatin<r  The  a  vera  ^'e  super- 
heat (luring  the  trial  \v;us  94 '  Fah.,  from  which  a  very  a])]>re- 
ciablo  gain  in  economy  \v;is  obtained. 
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WATER-LEVEL  REGULATOR  FOR  STEAM  BOILERS. 

For  the  purpose  of  controlling  the  supply  of  feed  water  to 
boilers  a  number  of  arrangeineiits  have  from  time  to  time' 
been  proposed.    In  one  arrangement  the  lower  end  of  the 
cylinder  of  a  plunger  donkey  pump  is  placed  below  the 
highest    water    level    and    is    supplied    from    the  boiler 
through   a   pipe  connected  to   it   at  the    highest  permis- 
sible water  level,  so  that  when  the  water  in  the  boiler  rises 
to  or  above  this  level,  water"  enters  the  annular  space  of  the 
cylinder  and  drives  the  plunger  upwards  instead  of  steam, 
the    water    being  forced    back  into    the  boil'ei'    through  a 
restricted  passage,  whereby  the  speed  of  the  pump  is、reduoed. 
Ill  another  arrangement  a  separate  special  cylindor  is  placed 
below  the  highest  water  level,  the  piston  of  which  is  actuated 
by  the  feed  pump,  and  connected  at  both  ends  to  the  boiler  at 
the  highest  water  level,  so  that  when  water  flows  into  the 
cylinder  the  speed  is  reduced.    These  arrangements  have  the 
disadvantage  that  the  cylinder  is  not  emptied  of  the  water 
when  the  level  in  the  boiler  falls  again.    To  obviate  this 
disadvantage  other  devices  for  controlling  the  water  level  have 
been  proposed,  in  which  a  horizontal  cylinder  provided  witli 
a  piston  actuated  by  the  boiler  feed  pump  and  placed  at  the 
highest  water  level  is  connected  at  the  top  to  the  steam  space 
and  at  the  bottom  to  the  water  space  of  the  boiler  at  or  about 
the  middle  of  the  length  of  the  cylinder,  so  that  when  the 
water  in  the  boiler  rises  above'  this  level,  water  rises  also 
into  the  cylinder,  and  being  trapped  by  the  piston  at  one  or 
both  ends  of  the  cylinder,  is  either  forced  from  one  end  to 
tliei  other  through  a  restricted  passage,  whereby  the  speed  of 
the  feed  pump  is  retarded,  or  forced  into  an  accumulator,  the 
rise  of  whose  piston  controls  the  water  supply  to  the  feed 
pump.    Or  the   piston   is  entirely 
arrested  by  the  trapped  water  and 
the  feed-water  supply  to  the  pump 
shut  off,  a  spring  being  arranged  in 
the  mechanism  transmitting  motion 
to  the  piston  to  allow  its  stoppage 
without  arresting  the  donkey  pump. 
The  regulator  cylinder  empties  it- 
self of  water  by  gravity  when  the 
water  level  in  the  boiler  sinks.  Now 
the  arrangement  of   the  regulating 
cylinder  at  the  highest  water  level 
is  in  most  cases  inconvenient,  and 
particularly    so   when   it  is  to  be 
actuated  directly  by  the  piston  rod  of 
a  steam  pump  without  a  crank  shaft, 

and  the  use  of  such  regulators  has  therefore  been  greatly 
restricted. 

This  objection  is,  it  is  claimed,  overcome  by  the  arrange- 
ment  illustrated,  the  joint  invention  of  John  G.  A.  Kitchen, 
7，  Rose  Bank,  Scotfoii>b,  Lancaster,  and  Isaac  H.  Storey, 
which  consists  in  so  placing  the  regulating  cylinder  that  when 
the  water  in  the  boiler  rises  above  the  highest  level  it'  is 
sucked  into  the  cylinder  through  a  free-lifting  or  self-closing 
valve  or  valves  and  forced  back  into  the  boiler  through  a 
non-return  valve  and  restricted  passage,  whereby  the  speed 
of  the  feed  pump  is  retarded  if  it'  is  of  the  crankless  type,  or 
its  stroke  is  reduced  if  actuated  from  a  rotary  steam  engine, 
the  motion  being  transmitted  to  the  regulator  piston  through 
springs  in  that  case.  With  this  arrangement  of  the  regulator 
it  may  be  placed  as  desired  below,  or  at  some  distance  above, 
the  highest  water  level  in  the  boiler,  and  the  cylinder  is 
emptied  of  water  when  tlie'  level  in  the  boiler  falls  again. 

Referring  to  the  illustration,  the  regulator  consists  of  a 
double-acting  piston  pump  when  the  boiler  feed  pump  is 
a  double-acting  steam  pump,  and  a  plunger  pump  when  the 
feed  pump  is  single  acting,  so  as  to  equalise  the  work  of  the 
feed  pump  to  some  extent  by  arranging  the  regulating  plunder 
pump  so  that  it  makes  its  outward  stroke  during  the  forcing 
stroke  of  ilie  feed  pump  and  its  inward  stroke  during  the 
suction  stroke  of  the  feed  puni]).  This  arrangement  is  also 
used  where  the  water  is  very  dirty  and  has  a  lot  of  scum. 
The  regulator  pump  A  is  a  double-actiiig  piston  pump  consist- 
ing of  a  cylinder  B  with  inlet  clack  valves  E  and  F  and 
outlet  valves  G  and  H.  The  inlet  valves  are  connected  to  the 
pipei  J  which  is  in  open  communication  with  the  steam  boiler 
at  the  water  level,  and  the  outlet  valves  are  connected  to  the 
pipe  K  wliicli  is  in  open  couiiectioii  with  the  boiler  either  on 


the'  same  level  as  the  pip©  J  or  slightly  above  it.  C  is  the 
steam  cylinder  of  a  Worthington  or  similar  pump  and  D  the 
feed  pump  actuated  by  it.  The  piston  rod  L  of  the  steam 
pump  is  proloiigwl  through  the  cover  of  the  same  and  the 
piston  M  of  the  regulator  joump  is  fixed  to  it.  The  pipes  J 
and  K  and  the  valves  are  of  a  small  diameter,  ami  moans  may 
be  provided  for  limiting  tho  lift  of  the  outlet  valves  G  and  H, 
or  a  cock  or  valve,  for  restricting  the  bore  of  the  pipe  K  may 
be  arranged . 

As  long  as  the  water  】evd  in  the  boilor  is  below  the 
pipe  J  the  regulator  pump  will  draw  in  and  expel  steam  only, 
which  will  offer  no  resistance  or  only  a  very  slight  one  to  the 
movement  of  the  piston,  and  the  strain  pump  C  D  will  work 
at  its  normal  speed  and  deliver  the  inaxinmni  quantity  of 
water  required  to  the  boiler.  If  the  cmisuniptioii  of  steam 
from  the  boiler  is  reduced  or  stopped,  the  water  will  gradu- 
ally rise,  and  as  soon  as  it  reaches  the  pipe  J  a  little  water 
will  be  drawn  into  the  regulator  cylinder  along  witli  .steam, 
and  as  this  water  is  expelled  at  the  end  of  the  stroke,  the 
small  openings  of  the  delivery  valves  will  offer  additional 
resistance  to  its  discharge,  so  that  the  speed  of  the  feed  pump 
piston  will  be  reduced  towards  the  ends  of  the  strokes.  As 
the  water  level  rises  a  little  higher,  more  water  will  be  drawn 
into  the  regulator  pump  and  the  retarding  effect  will  be 
extended  for  the  greater  part'  of  the  stroke,  till,  with  a 
further  small  rise  in  the  water  level  of  the  boiler,  water  only 
will  be  drawn  in,  and  the  retarding  effect  extended  over  the 
entire  stroke .  By  limiting  the  openings  of  the  delivery 
valves  G  and  H  the  resistance  of  the  outlets  to  the  flow  of 
water  can  he  made  so  great  that  it  and  the  resistance  of  the 
feed  pump  piston  almost  equal  the  steam  pressure  on  the 


Water  Li^ivKL  Kegulatoji  i'ou  Steam  Boilers. 

piston  of  the  cylinder  C,  so'  that  the  j>uiiip  almost  comes  to  a 
standstill  and  the  feed-water  supply  to  the  boiler  is  virtually 
stopped.  If  the  steam  consumption  is  increased  again,  or 
steam  blown  off  through  the  safety  valve,  the  water  level  in 
the  boiler  will  fall  again  and  the  pipe  J  will  become 
uncovered,  so  th at  some  steam  and  less  watef  will  be  drawn 
into  the.  regulator  pump  A  and  finally  steam  only,  so  that 
the  water  will  be  cleared  out  again  and  only  strain  pass  into 
the  regulator,  and  the  feed  pump  will  resume  its  normal 
speed.  When  the  regulator  pump  is  placed  above  the  water 
level  the  pipe  J  will  be  connected  to  the  boiler  a  little  below 
the  highest  water  level  so  as  to  be  entirely  covered  when  the 
water  rises  to  this  level,  as  the  regulator  pump  will  draw- 
water  only  after  the  pipe  has  been  entirely  covered. 

With  the  arrangement  described,  the  stroke  of  the  feed 
pump  remains  unaltered,  but  the  number  of  strokes  per 
minute  is  reduced.  Where  the  feed  pump  is  actuated  from  a 
continuously-rotating  engine,  the  number  of  strokes  made  by 
it  per  minute  will  remain  constant.  lu  such  oases  a  modified 
form  of  regulator  is  used,  by  imeans  of  which  the  length 
of  the  stroke  of  the  feed  pump  is  reduced. 

Grimethorpe  Collkry  Boiler  Explosion.— The  formal  investi- 
gation ordered  by  the  Board  of  Trade  to  be  held  in  this 
matter  is  fixed  for  hearing  in  tlie  Council  Room,  Town  ilall, 
Barnsley,  on  Tuesday,  the  6th  proximo,  at  11  a.m. 

The  Institution  of  Mining  and  Metallurgy.— The  council  have 
accepted,  on  belialt'  of  the  Institution,  an  invitation  from  the 
Canadian  Mining  Institute  to  hold  a  joint  meeting  in  Canada 
early  in  1912.  The  iiieeting,  for  the  reading  and  discussion 
of  papers,  &c,，  will  occupy  throe  days ― Wednesday,  Tliursday. 
and  Friday,  March  6th,  71  li,  and  8tli,  IDVJ.         .  " 
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THE  CORROSION  OF  CONDENSER  TUBES  BY  CONTACT 
WITH  ELECTRO-NEGATIVE  SUBSTANCES.* 

BY  ARNOLD  PHILIP,  li.SC,  A.M.I.E.E.,  ASSOC. K.S.M. 

All  coadenser  tubes  Ihrougli  or  roind  which  sea  water 
flows  are  corroded,  but  the  nature  of  this  corrosion  varies 
very  greatly.  By  far  the  greater  number  of  such  tubes  are 
merely  uniformly  corroded  over  as  much  of  their  surface 
as  is  exposed  to  salt  water.  It  is  not,  however,  with  cases  of 
corrosion  of  this  uniform  character  that  it  is  proposed  to  deal 
here,  A  certain  small  number  of  tubes,  besides  the  uniform 
corrosion  of  their  surface  on  the  sea-water  side,  also  undergo  a 
local  corrosion  or  pitting.  The  general  imifonii  surface  cor- 
rosion, although  doubtless  undesirable,  is  comparatively  harm 
less.  It  is  the  local  corrosion  or  pitting  which  is  the  cause 
of  trouble  to  the  engineer.  The  following  remarks  must  be 
understood  as  applying  specially  to  the  relatively  small 
number  of  cases  in  which  localised  corrosion  occurs  in  con- 
densec  tubes  made  of  Admiralty  composition,  namely,  copper 
70，  tin  1，  and  zinc  29  parts  per  cent. 

Within  tlie  last  eighteen  months,  owing  to  the  fact  that  the 
Corrosiou  Committee  of  this  Institute  decided  to  examine  as 
a  first  st-ep  in  their  investigations  the  question  of  the  corrosion 
of  condenser  tubes  by  sea  water,  a  good  deal  more  attention 
lias  beeu  given  to  this  particular  form  of  corrosion  by  the 
general  technical  public  than  had  previously  been  the  case. 
Nevertheless,  it  must  not  be  forgotten  that  a  very  consider- 
able amount  of  knowledge  had  already  been  accumulated 
by  those  whose  duty  it  had  been  to  deal  practically  with 
macliinery  involving  the  use  of  sea-water  condensers,  and  it 
is  the  author's  opinion  that  the  cause  for  fully  90  per  cent, 
of  the  cases  of  corrosion  observed  in  the  establishments  of 
til©  Royal  Navy  has  long  been  known,  and  the  methods  of 
overcoming  or  neutralising  such  corrosive  action  have  also 
been  experimented  with,  and  that  very  effective  protective 
devices  have  been  employed  for  a  long  time  back.  It  is, 
】io、vever，  conceivable  that  more  satisfactory  preventive 
methods  may  be  devised  in  the  future,  and  it  is  to  this  end 
that  the  investigations  of  the  Corrosion  Committee  will  no 
doubt  be  largely  directed. 

Ill  tlie  author's  opinion,  then,  the  main  problems  which 
remain  to  be  solved  concerning  localised  coudenser-tube 
corrosion  are,  firstly,  the  explanation  of  the  cause  of  rather 
less  than  10  per  cent,  of  the  small  number  of  cases  which  are 
now  observed  ；  and,  secondly,  the  device  of  a  general  means 
of  preventing  these  and  all  other  cases  of  corrosion  superior 
to  the  method  of  protector  bars,  &c.，  of  zinc,  aluminium,  steel, 
or  iron,  as  at  present  employed. 

The  10  per  cent,  of  the  total  cases  of  observed  corrosion 
referred  to  above  is  considered  to  be  rather  an  excessive 
ost  imate'  of  the  nuniber  whi(  h  are  found  to  be  obscure  in 
origin,  and  w lio.se  (x-curreiice  caimot  be  readily  assigned  to 
one  of  the  more  usual  causes  of  corrosion.  There  are 
several  reasons  for  this  opinion,  and  among  them  is  the 
difficulty  of  obtaining  full  and  reliable  information  concern- 
ing the  natural  history  of  the  occurrence.  The  necessarily 
high  pressure  uiuler  whicli  engineering  duties  are  normally 
carried  out  renders  it  always  difficult  and  sometimes  impossible 
to  fully  stato  all  the  observable  conditions  under  which  a  par- 
1  icular  case  of  corrosion  has  occurred,  and  the  omission  of 
such  details,  it  is  considered,  frequently  cause  such  a  case  of 
corrosion  to  be  classed  as  one  of  the  10  per  cent,  of  obscure 
cases,  whereas  it  should  actually  be  classed  amongst  those 
whose  origin  is  known. 

It  is  the  engineers,  wlio  are  actually  responsible  for  the 
offu'itMiry  and  maintenance  of  coiulensers,  who  are  able  to  pro- 
vide the  necessary  information  upon  which  an  opinion  can  be 
forinod  as  to  the  causes  of  observed  cases  of  corrosion.  In 
order  to  aocuro  tliat  sucli  information  is  not  overlook tnl  at  the 
time,  it  is  very  desirable  that  a  suitable  sohe<lule  of  queries 
should  be  filled  in.  This  course  was  proposed  by  the  author 
ill  tho  discussion  on  Admiral  Corner's  paper 十 at  the  annual 
g<、m、nil  inoetiiig  of  tlio  Institute  lu'ld  in  J anuarv»  1911,  and 
ho  is  glad  to  understand  that  tliis  proposal  is  now  to  be 
activeiv  taken  up.  A  copy  of  r'm、l、  a  srhoduU^  of  queries  as 
"red  in  the  past  by  the  author,  and  as  revised  in  February. 

•  Purer  road  before  tho  TnBtltnte  of  MeUla.  Jannary  I7ih,  19ia. 
♦   '  .Toiirnal  of  the  Tnjitauto  of  Motals."  No.  1.  imi.  Vol.  V.  p  125.  "MccliftuirRl 
KimiuetT.*  .Taiiutir>  -mU,  1911.  ，、.  7»;.  Vol.  XXVII. 


1910，  may  be  of  some  interest  at  the  present  moment,  and  is 

therefore  given  in  txicmo  : ― 

Form  of  Schkdule  of  Particulaks  to  be  Furnished  whex 
THE  State  uf  anv  Condenser  in  which  Corrosion  is 
Suspected  is  Rkpoutki*  upox. 
As  far  as  possible  the   following   particulars   should  be 
given : ― 

1.  Name  of  ship  or  establishment. 

2.  Date  of  examination. 

3.  Nature  of  cooling  water  (fresh,  salt,  or  brackish). 

4.  Does  cooling  water  flow  inside  or  outside  tubes  ？ 

5.  Date  at  which  tubes  were  first  installed. 

6.  Has  coiulenser  been  continuously  in  use  ？ 

7.  If  not  continually  in  use,  state,  if  possible,  the  approxi- 
inato  total  periods  of  use  and  disuse. 

8.  When  condenser  is  not  in  use,  has  it  been  the  custom 
to  leave  the  cooling  watfu'  in  the  coudeuser  or  to  drain  it  off  { 

9.  If  waier  is  drained  off,  are  tubes  dried  by  steaming  ? 

10.  Are  condenser  tubes  horizontal  or  vertical  ？ 

11.  Nature  of  inetal  casing  (iron,  steel,  gun-metal，  ic). 

12.  Nature  of  ends  of  casing  or  doors  if  of  different 
material  from  body. 

13.  Nature  of  metal  of  tube  plates. 

14.  Method  of  securing  tubes  in  tube  plates  ；  are  they  in 
metallic  contact  ？ 

15.  Total  number  of  tubes  in  condenser. 

16.  Total  number  of  l^^aky  tubes. 

17.  Length  of  tubes. 

18.  Thickness  of  walls  of  tubes. 

19.  If  protector  bars  or  plates  are  used,  of  wliat  motal  are 
they  ？ 

20.  How  are  protector  bars  fitted,  if  used  ！ 

21.  Transverse  and  longitudinal  sketch  diagrams  of  ll»e 
paths  of  the  condenser  water  through  the  condenser  should  be 
given,  and  the  points  of  entry  and  exit  of  the  water  in 
the  tubes  should  be  clearly  marked,  as  also  tlie  points  of 
corrosion. 

'Xote. ― When  it  is  desired  to  remove  faulty  condenser 
tubes  from  a  condenser  for  examination,  it  is  desirable  that 
before  tlie  tubes  are  loosened  the  ends  shall  be  so  marked  as 
to  show  clearly  which  is  the  lower  side,  and  also  to  indicate 
the  end  at  which  the  cooling  water  or  (steam)  enters. 

After  marking  and  withdrawing  the  tubes  they  should, 
if  possible,  be  forwarded  for  examination,  without  furtlier 
cutting  or  other  mechanical  damage.  If  it  becomes  ne<'es- 
sary  for  the  purpose  of  inspection  or  packing  to  cut  a  tube, 
■the  cutting  should  be  carried  out  without  the'  use  of  any 
lubricant. 

It  may  be  found  desirable  to  enlarge  the  above  schedule 
after  furtlier  experience  has  beeu  gained  in  its  use,  and  sug- 
gestions in  tliis  direction,  especially  such  as  have  Wn  arrived 
at  as  the  result  of  practical  experieuo^',  are  invite<l. 

Notwitlistanding  the  attention  which  has  been  roiuvn- 
t rated  by  the  Admiralty  upon  tlie  question  of  the  l  orrosion  of 
tlie  condenser  tube,  it  must  be  remarked  that  the  actual  per- 
centage of  tubes  in  which  this  localised  corrosion  or  pitting 
lias  been  observed  is  exlreniely  small.  In  short,  one  of  tho 
chief  difficulties  in  studying'  the  behaviour  of  condensor 
tubes  under  corrosion  is  due  to  tlie  fact  that  the  corrosion  so 
seldom  appears.  In  spite  of  the  fact  that  some  millions  of 
tubes  are 丄 in  use  in  the  Royal  Navy  at  any  given  moment,  tho 
number  of  cases  as  coming  under  tlie  notice  of  the  author,  in 
which  localised  corrosion  has  been  observed,  do  not  at  preseiit 
amount  at.  the  most  to  more  than  about  two  per  annum.  This 
freedom  from  corrosion  must,  it  is  considered,  be  attril>ute<l 
to  three  causes :  Firstly,  to  the  particular  cliemioal  composi- 
tion of  the  metal  which  has  been  selected  for  the  nianufactiuo 
of  tubes.  Secondly,  to  the  very  satisfactory  manner  in  、vli"、h 
tube  manufacturers  are  able  to  jn-oduoe  tubes  of  tlie  oxa<  t 
cliemkal  composition  specified.  、In  this  connection  it  may 
be  stated  that  d urine:  tlie  past  ten  years  only  one  cas、、  is  known 
to  the  autlior  in  whioh  tlio  rluMnical  composition  of  a  corroded 
tube  could  in  any  way  be  considered  as  not  satisfying  the 
specified  limits,  and  in  that  particular  case  the  1  per  cent .  of 
tin  had  beeu  omitt^  from  the  mixture.)  The  third  cause  to 
whioh  the  fi'eodom  of  corrosion  of  the  oondensor  tubes  used 
in  H  /M.  service  is  to  be  attributed  is  undouhte<lly  tho  ron- 
sistent  manner  in  which  the  use  of  steel,  iron,  or  ziiw  prot-eotor 
slabs  and  bars,  &c.，  has  always  been  insist^  upo". 
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The  protective  action  of  iron  and  zinc  in  condensers  in 
H.M.  service  has  been  made  use  of  in  several  forms.  It  was 
originally  used  in  condensers  in  which  the  body  was  of  cast 
or  wrought  iron,  and  the  sea  water  passed  outside  the  tubes, 
and  was  therefore  at  the  same  time  in  direct  contact  with  the 
outside  of  the  metal  condenser  tubes  and  the  inside  of  the 
iron  case.  Under  these  circumstances  the  protection  was  very 
complete,  and  whilst  corrosion  of  the  steel  or  iron  casing  took 
place,  the  corrosion  of  the  tubes  was  practically  unknown.  A 
particular  aud  remarkable  case  in  which  this  protective  action 
of  a  cast-iron  casing  has  been  very  clearly  demonstrated  is  that 
described  by  Admiral  J.  T.  Corner.*  Steel  or  zinc  protector 
slabs  and  bars  have  been  used  attached  inside  the  condenser 
doors,  or  bh  the  tube  plates  themselves,  or  some  of  tlie  tubes 
of  the  condenser  have  been  replaced  by  iron  or  steel  or  even 
zinc  rods,  whilst  in  same  condensers,  built  about  four  years 
ago,  the  bodies  have  been  of  metal  of  a  composition  closely 
approximating  to  that  of  the  tubes,  and  the  doors  have  been 
made  of  iron  or  steel.  More  recently  condensers  have  been 
made  with  steel  bodies. 

The  presence  of  a  so-called  electro  -  p  osi  ti  v  e  protective  metal 
such  as  aluminium,  zinc,  or  iron,  is  not,  however,  alone  suffi- 
cient to  prevent  the  corrosion  of  the  condenser  tubes  iniinersed 
in  the  same  bath  of  sea  water.  It  is  essential  that  there  shall 
be  a  direct  electrically  conducting  conuection  between  the 
tubes  and  the  protecting  metal  or  metals,  and  that  the  pro- 
tector metal  and  the  condenser  tubes  shall  be  both  immersed 
ill  the  same  electrolyte.  It  has  been  shown  again  and  again 
that  any  want  of  a  good  electrical  connection  renders  the  pro- 
tective action  of  the  iron,  steel,  or  zinc  upon  the  condenser  tubes 
quite  nugatory.  AVliere,  however,  the  contacts  of  the  pro- 
tective metal  with  the  tubes  are  satisfactory,  corrosion  does 
not  occur. 

Some  facts  concerning  the  usual  length  of  life  of  main  con- 
denser tubes  in  H.M.  service  may  be  of  interest.  The  ordinary 
normal  length  of  life  for  the  main  condenser  tubes  of  a  battle- 
ship should  be  from  1 0  to  12  years,  and  many  such  cases  can 
be  cited.  Taking  four  first-class  battle-ships,  A，  B，  C,  and 
D.  These  ships  were  attached  to  one  port  from  1897  to  1906， 
and  during  that  period  none  of  the  main  condensers  was 
retubed  except  in  D.  In  this  particular  ca&&  of  the  ship  D， 
the  main  condensers  were  retubed  in  1903，  and  again  in  1909， 
but  this  was  a  special  case  ；  the  necessity  for  retubing  was  not 
due  to  corrosion,  but,  the  tubes  being  slack  in  the  diaphragm 
plates,  the  vibration  gradually  caused  the  tubes  to  be  cut 
through.  In  the  case'  of  the  ship  B，  some  trouble  was  experi- 
enced in  1899，  but  on  fitting  additional  protectors  this  was 
remedied,  and  as  far  as  is  known  the  condensers  have  not  been 
entirely  retubed  to  the  present  date ~ that  is,  13  years. 

The  first-class  twin  screw  armoured  cruiser  of  over  14,000 
tons  denoted  by  E  recently  had  her  co'ndeiiser  tubes  examined, 
aiid  tliey  were  found  in  good  condition  after  having  been  in 
use  for  eight  years.  They  were  all  replaced  in  the  condenser 
after  examination,  and  it  is  expected  that  they  will  last  at 
least  another  three  to  four  years.  A  first-class  battle-ship  F, 
built  and  put  into  commission  four  years  ago,  recently  had 
hei'  main  condenser  tubes  drawn  and  examined,  and  these 
were  all  found  in  excellent  preservation,  with  no  trace  of  local 
corrosion  ；  all  t he'  tubes  were  replaced. 

There'  are,  however,  cases  when  condenser  tubes  have  often 
been  found  to  require  renewal,  and  in  certain  ships  it  has  been 
necessary  to  renew  the  whole  or  part  of  the  tubes  after  two 
years'  service,  or  even  less.  In  all  such  cases— and  they  are 
very  rare ~ which  have  come  under  the  author's  notice,  the 
trouble  which  had  occurred  was  clearly  shown  to  be  due  to 
the  unsatisfactory  character  of  the  metal  connection  between 
the  tubes  and  the  protector  bars. 

A  further  peculiarity  of  the' 議 all  number  of  these  cases  in 
which  corroded  condenser  tubes  have  been  observed  is  the  fact 
that,  ill  almost  all  the  tubes  the  ('onWon  has  (x-curred  alouij 
Ihp  hottoni  of  Mjf>  inside  of  the  tubes,  and  it  is  cotisidered  thai 
this  indicates  that  the  trouble  has  been  e:ei  iij)  by  the  contact 
of  particles  of  coke,  carbon,  or  ferric  oxide,  or  otlier  conducting 
elei'tro-negative  solid  materials  deposited  from  the  cooling 
water  upon  the  inside  hottoni  surfaces  of  the  tubes  setting  vp 
local  ""i】vaiiic  action.  Sucli  action  is，  of  course,  increased  wIkmi 
a  condenser  is  not  in  use  and  the  tubes  remain  full  of  sea  \vat(M-, 
foi'  the  particles  then  have  time  to  settle  out  along  Hie  l)(>""m 
Hue  and  ^ve  rise  to  the  localised  corrosion. 

*  "  Journal  of  the  Institnte  of  Metals,"  No.  1,  1911,  Vol.  V.,  p.  119. 


If,  on  the  other  hand,  the  condenser  is  emptied  of  sea 
water  when  out  of  use,  there  would  again  appear  to  be  a  pos- 
sible source  of  danger  of  corrosion  along  the  bottom  inside 
surface  of  the  tubes,  owing  to  the  fact  that  this  portion  would 
be  longest  exposed  to  the  joint  action  of  salt  water  and  air. 

Ill  either  method  of  treatment,  however,  it  is  considered 
that  these  causes  of  corrosion  could  be  ininimised  or  altogether 
removed  if  it  were  found  to  be  at  all  feasible  to  employ  con- 
densers with  vertical  or  strongly  inclined  tubes,  aud  if  every 
precaution  were  observed,  to  take  up  the  cooling  water  from 
such  positions  as  will  give  the  least  chance  of  ashes  from  the 
ash  ejector,  &c.，  being  carried  into  tho  tubes. 

The  following  five  cases  of  coiTosion  of  condenser  tubes  are 
all  t  hat  have  come  under  the  author's  own  observatian  during 
the  past  three'  years,  and  in  only  one'  of  these ― Case  I, ― it  is 
not  possible  to  ascribe  the  corrosion  to  the  contact  of  particles 
of  electro-negative  solid  conducting  material.  It  must  be 
remembered  that  the  following  particulars  do  not  apply  to  the 
wliole  of  the  Navy,  but  only  to  such  cases  as  happened  to  come 
directly  under  the  author's  own  observation  ；  but  in  this 
respect,  as  】m)st  cases  in  which  corrosion  occurs,  the  precise 
causes  of  which  are  not  at  once  apparent,  are  referred  to  liim 
for  investigation,  it  is  probable  tliat  his  experience  errs  on 
the  side  of  having  been  too  largely  drawn  from  the  class  uf  less 
satisfactory  tubes. 

Case  I. ― Electko-generating  Station  Condensers. 
Result  of  analyses  of  five  corroded  condenser  tubes  ： —- 


Per  Cent. 

Copper  . -..  …  70-95  to  71,8 

Tin    0-96  to  098 

Lead   0-32  to  (H'l 

Zinc   By  clifiFerence. 


Circulatimj  Water. ― Sea  water  which  analysis  showed  to 
be  of  normal  composition. 
CasitKj. ― Gun-metal . 

Protectant, 一 Zinc  bars  used.  It  was  remarked  that  these 
protectors  only  corroded  very  slowly. 

lit  in  arks. ― The  tubes  had  been  drawn  without  any  note 
being  kept  as  to  their  position,  and  it  could  not  b©  definitely 
ascertained  as  to  whether  the  corrosion  had  occurred  along  the 
bottom  inside  surfaces  or  not. 

It  was  considered  evident  that  the  corrosion  had  been  due 
to  the  faulty  connection  between  the  tubes  and  the  zinc  pro- 
tectors which  had  been  very  little'  acted  upon. 

Case  II. ― Battle-ship's  Condensers. 
Result  of  the  analyses  of  ten  corroded  tubes  ： ― 


Per  Cent. 

Copper  -..   69-8  to  71.2 

Tin   …  0-92  to  1*30 

Lead   0*25  to  1'30 

Zinc   By  difference. 

Cifculating  Water, —— Sea  water. 


Casing. ― Gun-metal. 
Protectors. ― Steel  plates. 

Remarks, ―  Out  of  32  tubes  drawn   at  one  exaiiiiiiation, 
10  were  partially  corroded,  and  in  nine  of  these  the  corrosion 
had  taken  place  on  the  lower  inside  surface  of  the  tubes,  whilst 
in  the  reinaiiiiiig  one  it  had  (X'curred  at  the  t op .  Twcyiily-two  . 
of  the  tubes  examined  we're  quite  uiicorroded. 

Case  III.—  Electko-generating  Station  Coxdenseks. 
Composition    of     Tabes.  ―  Eight    corroded    tubes  were 
analysed  with  the  following  results  : ― 

Per  Cent. 

Copper   70-90  to  71-05 

Till     0.95  to  r09 

Lead     0-20  to  0-33 

Iron   0-05  to  0*08 

Zinc   By  difference. 

f'ircuhffiinj  Water. —— Sea  water  which  analysis  ^howtd  to 
be  ut*  normal  composition. 

( ^asinff, ―  Guu -】 netal . 

Protectors, ―  Steel  plates. 

Remarks. ― In  every  corroded  tube  the  corrosion  occiirrtHi 
along  the  bottom  insido  surface  on  the  sea-wat^r  side.  Tlie 
1  vilx^s  were  horizoiital,  and  the  axes  of  the  corrosion  pits  was 
in  every  case  groalest  along  the  】t、ngUi  of  tho  tubes. 

The  corrosion  was  move  marked  at  the  ends  of  the  tubes 
where  the  cooling  water  entered,  and  was  almost  all  within 
the  first  two-thirds  of  the  length  of  the  tube     Corroded  tubes 
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appeared  in  three  out  of  six  conden&ers,  a'nd  tlie  three  which 
were  free  from  corrosion  wei*e  those  that  had  been  most  con- 
stantly in  use.  In  one  of  the'  condensers  in  which  corroded 
tubes  were  observed,  all  the  corroded  tubes  were  situated  in 
the  lower  half  of  the  condenser,  i .e"  near  where  the  cooling 
water  entered,  and  most  were  in  the  very  lowest  tubes.  In 
the  second  condenser  in  which  corroded  tubes  were  observed 
three-quarters  of  the  corroded  tubes  were  found  in  the  bottom 
half  of  the  condenser,  and  most  of  these'  were  in  the  lowest 
seven  rows.  The  cooling  water  used,  although  sea  water  of 
normal  composition,  was  liable  to  contain  particles  of  coal- 
dust,  and  it  is  to  tlie  action  of  this  material  that  the  corrosion 
is  attributed. 

Cask  IV. ― Electro-generating  Station  Condensers. 
(^onrposifion  of  Tubes. ― Satisfactory  Admiralty  composi- 
tion. 

(HrcAilating     Water. ― Sea  water  wljich  analysis  showed  to 
be  of  normal  composition. 
(lasiny. — Wrought  iron. 
Protectors. — Zinc  plates. 

Remarks, ― Tlie  corroded  tubes  are  difitributed  fairly 
equally  over  the  whole  of  the  condenser,  but  the  corrosion  in 
each  case  occurs  mainly  along  the  bottom  of  eacli  tube  and 
throughout  the  length  of  tlie'  tube. 

Case  V. ― Torpedo-boat  Condenseb. 
Com  position  of  Ttvbes, ― Satisfactory  Admiralty  composi- 
tion. 

Circulating  Water. ― Sea  water. 
Casing. ― Cast  brass. 
Protector}^. ― Steel  slabs. 

Remarks,  —  The  corroeion  is  most  marked  along  the 
bottom  inside  surfaces  of  the  tubes. 


PECULIARITIES  OF  ALUMINIUM  CASTINGS. 

BY  J.  B.  THURMAN. 

While  the  average  clesig  ier  is  usually  more  or  less  familiar 
with  the  practical  work  of  the  machine  shops,  it  is  rare  that 
he  is  also  a  foundry  expert  and  acquainted  with  the  problems 
met  there.  Obviously,  then,  his  first  duty  is  bo  get  in  touch 
with  the  patternmaker  and  foundry,  where  it  is  possible, 
and  learn  for  himself  the  conditions  under  which  the'  results 
of  his  work  are  to  be  produced.  A  little  time  devoted  to 
tlii^i  one  thing  will  often  prevent  unnecessary  delay,  extra 
labour  and  cost ,  together  with  the  worry  so  caused.  An 
authority  has  said  that  fully  50  per  cent,  of  the  failures  in 
aluminium  castings  made  from  the  number  of  moulds  set  up 
may  bs  traced  directly  to  the  designer,  and  anotber  25  per 
cent,  to  the  patterniriaker.  This  k  probably  due  to  the  fact 
that  aluminium  possesses  certain  physical  properties,  such 
as  ite  exceptionally  high  contraction  and  weakness  just  after 
solidification,  that  are  not  always  allowed  for  in  the  design. 

All  castings  are  liable  to  defects  due  to  blowholes,  shrink- 
age, or  contraction.  Many  designers  seem  unable  to  grasp 
the  idea  that  the  last  two  expressions  refer  to  two  distinct 
changes  of  a  metal  in  its  heated  state,  but  the  same  is  true 
ii(»vertheless.  For  instance,  as  soon  as  aluminium  is  poured 
into  a  mould  the  metal  begins  to  set,  and  as  a  result,  shrinks. 
There  is,  however,  a  certain  point  at  which  it  ceases  to  shrink, 
and  settles  into  a  solid  state.  During  the  cooling  process 
that'  follows,  tlu'  metal  gradually  contracts,  and  it  is  while 
this  phvsical  change  is  taking  place  that  ruptures  occur 
between  different  section's  inijx^rfectly  proportioned  in  regard 
to  eacli  other.  Wero  it  always  praclicable  to  have  the 
heaviest  portion  of  the  (； astin"'  upponnost,  it  ie  quite  possible 
that  because  of  its  accessibility  for  feeding,  unsound  cast - 
itigs  would  be  as  rare  as  they  are  now  frequent. 

Now,  it  is  bv  no  nuninsi  possible  to  attain  souiidnct^s  in 
all  kinds  of  castings  by  the  nioaiis  just  (luott'd.  There  aro 
luanv  moulds  in  which  such  a  procedure  would  not  W  prac- 
ticable. Tho  prospective  desiiruer  rati  find  no  bettor  school 
tor  studving  defects  in  t-Jist iiig^^  than  the  scrap  pile.  There 
one  may  find  shrinkage  and  blowholes  in  all  forms,  and 
lUlets  that  were  iiittMided  to  add  stroii^tli  that  have  instead 
weakened  the  casti  igs.  Nearly  all  c {listings  are  more  or  less 
filleted,  and  it  is  a  mistaken  idea  that  the  larger  the  fillet 
the  stronger  the  casting.  Id  tlioso  ca^es  where  the  fillet  is 
fed  by  metal  contaiued  in  other  bodies  than  its  own,  the 


above  may  be  true  with  regard  to  strength,  but  they  are 
many  times  so  situated  that  they  cannot  be  fed  by  any  other 
metal  than  that  contained  in  their  own  bodies,  and  as  a 
result  castings  are  weakened  at  the  intersection  of  two  parte. 
The  strains  which  the  different  parts  of  a  casting  will  have  to 
stand  should  not  always  be  the  basis  upon  which  to  rest  the 
proportions,  for  it  is  better  to  increase  the  thickness  of 
respective  parts  in  excess  of  wiiat  strength  is  actually  required 
than  subject  the  metal  to  the  possibility  of  "draw-holes," 
due  to  an  unequal  thickness  of  parts.  All  these  are  points 
for  the  designer  and  patternmaker  to  bear  in  mind. 

In  foundry  practice  there  is  scarcely  any  other  factor 
that,  will  affect  the  condition  of  a  casting  more  than  the 
temperature  at  which  the  metal  is  poured.  The  speed  of 
ci ystallisation  is  governed  by  this  consideration  alone.  The 
cooler  a  metal  ca»i  be  poiired  into  a  mould  the  more  quickly 
it  solidifies,  and  tlie  crystals  have  less  time  to  arrange  them- 
selves. The  result  will  be  a  strong,  fine-grained  casting. 
The  lowest  temperature  at  which  aluminium,  or  for  that 
matter  any  metal,  can  be  poured,  is  that  at  which  the  metal 
will  run  perfectly  into  tlie  finest  part  of  the  mould.  If  the 
thinner  parts  are  so  designed  that  the  metal  must  be  poured 
at  extreme  temperatures,  the  longer  it  will  take  for  the 
thicker  portions  to  solidify,  and  the  weaker  the  parts  will 
be,  owing  to  a  :oai*ser  crystallisation 

By  increasing  the  size  of  the  lighter  parts  so  that  the 
metal  can  be  poured  100°  cooler,  at  least  10  per  cent,  may  be 
added  to  the  strength  of  the  whole  casting.  Here  again  it 
is  for  the  designer  to  decide  if  this  may  be  done  without 
doing  more  harm  than  good.  This  is  a  vital  point.  Inci- 
dentally the  weight  of  aluminium  may  be  taken  at  1621bs.  to 
the  cubic  foot.  To  obtain,  however,  the  most  reliable  data 
for  any  special  class  of  work,  it  is  necessary  to  pour  a  num- 
ber of  test  pieces  under  various  conditions,  and  adopt  that 
system  which  the  result  proves  to  be  most  adaptable  to  the 
requirement  desired. 

Great  care  and  considerable  skill  are  required  to  set  cores 
properly  in  a  mould.  Lack  of  proper  bearing  surfaces  causes 
thein  to  float  and  shift  frequently,  and  is  often  the  result 
of  defective  castings,  especially  if  the  cores  are  small  and 
under  a  heavy  bead  of  metal.  Large  cores  should  be  made 
hard  enough  to  allow  them  to  be  liauded  freely,  and  should 
be  made  solid  and  reinforced  with  iron  rods  and  wires.  This 
makes  them  hard  to  crush,  but  incidentally  the  compressive 
force  exerted  by  a  large  core  upon  a  thin  metal  surface  is 
liable  to  produce  cracks  in  that  surface,  and  the  addition 
of  one  more  piece  to  the  scrap-heap.  Tt  is  almost  impossible 
to  use  any  large  core  in  coiuiectkm  wit h  a  thin  section  of 
casting  in  a  complex  mould  without  avoiding  the  great  com- 
pressive stress  thus  developed. 

Tt  is  therefore  essential  that  coreprints  be  made  large  and 
deep,  giving  a  strong  anchorage,  to  hold  the  cores  in  the 
required  position  without  the  use  of  chaplets.  It  is  im- 
possible, without  pouring  the  metal  at  an  excessively  high 
temperature,  to  fuse  the  chaplets  into  the  body  of  the  cast- 
ing. Where  a  drv  sand  core  will  frequently  cause  a  casting 
to  crack  a  green-sand  core  will  crush  and  give  way  during 
the  cooling  process,  which  is  just  as  bad  :  but  the  use  of 
green -sand  cores  promotes  cheapness  of  output,  as  well  as 
convenience  and  ease  in  working.  Where  many  small  cast- 
ings of  a  given  kind  are  to  be  made,  it  ie  cheaj^er  and  better 
to  have  botli  the  pattern  and  core  made  of  metal,  since  they 
neither  warp  nor  crack,  as  is  so  often  the  case  with  wooden 
patterns. 

For  the  various  ]Hir poses  to  which  the  aluminium  cas- 
ings are  put  thei?  is  the  choice  of  using  practically  three 
alloys.  Coniinon  alloys  arc  made  with  from  2  to  12  i>er  cent, 
copper.  But  from  these  the  trade  at  large  has  designate 
three  for  standard  use.  No.  1  is  made  with  8  per  cent, 
copper.  No.  2  with  3  per  oont.  copi>er  and  15  per  cent,  zinc, 
and  No.  3  with  35  i>er  cent .  zinc.  Thef^e  alloys  are  remark- 
able for  their  strength,  malleabilit v,  and  ductility.  Test  bars 
made  from  the  foregoing  alloys  show  a  tensile  strength  per 
square  inch  as  follows  ：  No.  1,'  IS.OOOlbs.  :  No.  2.  22,00011*. : 
and  No.  3,  35.0001bs.  respectively.  Nine-tenths  of  the 
automobile  castings  that  are  made  from  aluminium  are  com- 
posed of  allov  No.  1.      The  reason  for  this  is  that  where 
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aluminium  is  used,  lightness  is  the  factor  usually  sought  for, 
and  while  No.  1  is  considerably  weaker  than  the  other  two, 
it  is  also  much  lighter.  No.  2  is  about  7  per  cent,  lieavier 
than  No.  1，  while  No.  3  is  18  per  cent,  heavier  than  the 
zinc  alloy  Zinc-contained  alloys  are  more  subject  to  shrink- 
age strains  than  those  alloys  containing  copper,  and 
deteriorate  】iioi'e  rapidly  with  increased  temperature.  The 
absence  of  these  strains,  lessening  the  possibility  of  cracks 
due  to  vibratory  stress,  together  with  its  lighter  weight,  ren- 
ders No.  1  particularly  applicable  to  use  in  automobiles, 
aeroplanes,  and  similar  machines. 

Other  ahuninium  alloys,  such  as  aluminium  bronze,  alu- 
minium brass,  silicon  and  iron,  antimony,  tin,  and  tungsten, 
are  used  for  various  pia'po^^es.  Aluminium  bronze  is  an  alloy 
composed  of  10  per  cent-,  of  ahmiinium  and  90  per  cent, 
copper,  and  comprises  many  characteristics  that  distinguish 
it  from  all  other  alloys.  The  tensile  strength  of  casting  made 
from  this  alloy  runs  from  75,0001bs.  to  90，0001bs.  to  the 
square  inch,  and  from  4  to  14  per  cent,  elongation.  Brittle 
alloys  are  produced  by  increasing  the  proportion  of  alu- 
minium beyond  11  per  cent. ,  and  therefore'  no  alloys  are 
made  for  standard  u&e  containing  more  than  this  quantity. 
Other  standard  grades  contain,  1  j,  21,  5，  and  7h  per  cent, 
respectively,  their  tenacity  varying  from  25,0001bs.  in  the 
first  to  65,0001bs.  in  the  last  named,  the  torsional  strength, 
elastic  limit,  and  resistance  to  compression  decreasing  pro- 
portionately. The  following  table  shows  the  result  of  tests  of 
aluminium  bronzes  ： ― 

Tensile  Strength. 


Aluminium 
per  Cent. 


11 

101 

7i 
5-51 

21- 

H 


Tons  per 
Sq.  In. 


40  to  45 
33  ,,  40 
25  ,,  30 
15  ,,  18 
13  ，，  15 
11  ,，  13 


Lb.  per  Sq.  In, 


Elongation 
per  Cent, 


89,600  to  100,800 


73,920 
56,000 
33,600 
29,120 
24,640 


89,600 
67,200 
40,320 
33,600 
29,120 


8 

14 
40 
40 
50 
55 


Specific 
Gravity. 


7-23 

7-  69 

8-  00 
8-37 
8-69 


Recent  teste  have  shown  that  the  use'  of  too  high  a  per- 
centage of  zinc  in  aluminium  is  likely  to  produce  brittleness 
to  such  an  extent  as  to  seriously  affect  the  alloy.  With  the 
increase  of  zinc  the  susceptibility  to  shocks  and  violent  vibra- 
tion becomes  greater,  and  as  a  result  the  automobile  trade 
have  gradually  been  replacing  castings  containing  this  metal 
with  those  made  from  alloy  No.  1.  But  no  matter  what 
changes  are  made,  much  depends  on  the  designer,  and  he 
must  decide  which  of  the  three  alloys  is  beet  adapted  to  the 
castings  he  has  in  mind.  If  he  will  constantly  keep  before 
him  the  oddities  of  the  metal  he*  proposes  to  use  he  will 
avoid,  as  far  as  possible,  complicated  cores  and  sections  of 
unusual  thinness.  If,  in  other  words,  lie  will  use  plain 
common-sense  in  tlie  design  of  his  machines,  there  is  abeo- 
lutely  no  reason  why  he  should  not  get  from  aluminium 
suitable  castings.  Without  these  requirements  all  the  art  of 
the  patternmaker  and  founder  will  prove  useless,  and  no 
matter  how  perfect  tlie  conditions  under  which  the  castings 
are  made,  the  result  will  prove  abortive  and  the  time  be 
wasted. ― "  Southern  Machinery/' 


Petrol  •  propelled  Tramcars, ―  The  first  petrol-propelled  tram- 
car  used  in  England  on  a  track  was  inaugurated  at  Morecambe 
on  the  15th  inst.  The  car,  which  has  been  built  by  Leyland 
Motors,  Ltd,,  has  a  total  length,  over  the  collision  fenders,  of 
31ft.,  a  width  over  all  of  7ft.  Tin.,  and  a  total  height  of 
10ft.  l^in.  The  gauge  is  4ft.  Siin.,  and  the  wheel  base  8ft. 
The  total  weight  of  the  complete  car  is  7  tons  5  cwts.  The 
engines  are,  capable  of  developing  55  h.p.  Transmission  is 
from  a  4 -speed  gear  box  through  universal  joints  to  a  gear 
case  on  one  of  the  axles.  The  two  axles  are  connected 
together  by  a  roller  chain.  The  axle  gear  case  contains 
heavy  spur  and  bevel  gears,  and  reverse  gear,  the  whole  run- 
ning' in  oil  on  ball  bearings.  The  car  is  completely  controlled 
by  the  driver  from'  either  end  at  will.  The.  car  is  lighted  by 
electricity.  Approximately,  the  cost  of  the  new  car,  which 
is  a  single  decker,  has  been  £1,050.  It  is  estimated  that  the 
cost  of  fuel  will  run  out  at  one  penny  per  car  mile. 


THE  MODERN  APPLICATIONS  OF  ELECTRICITY. 

At  a  iiieetiag  of  the  Ktjyal  Scottisli  >Society  of  Arts  licld  ut 
Edinburgh  on  the  15th  inst.,  Mr.  C.  N.  Kemp,  B.Sc, 
delivered  a  lecture  on  "  The  Modem  Applications  of  Elec- 
tricity/' The  dawn  of  the  electric  age,  he  said,  might  be 
assigned  to  the  last  quarter  of  the  19th  century.  In  1881 
in  Paris,  and  in  1882  in  the  Crystal  Palace,  London,  great 
electrical  exhibitions  were  held,  at  both  of  which  there  were 
brilliant  displays  of  arc  and  incandesc-eiit  electric  lighting. 
The  hitherto  supreme  position  held  by  gas  as  an  illuniinaiit 
was  seriously  menaced,  but  received  a  new  impetus  throu^^li 
the  invention  of  the'  Welsbach  incandescent  mantle,  which 
enabled  from  10  to  20  times  the  former  amount  of  light  to 
be  obtained  for  the  same  consumption  of  gas,  and  soon  ilw 
further  important  improvements  in  high  and  low-pressure 
gas  lighting  in  turn  threatened  the  carbon  filament  electri*' 
lamp  with  extinction.  Early  in  the  20th  century,  however, 
the  invention  of  the  metal  filament  electric  lamp  enabled 
more  efficient  lighting  to  be  obtained  at  about  one-third 
of  its  former  cost,  and  now  the  position  of  incandescent 
electric  lighting-  appeared  unassailable,  as  economy  was  com- 
bined with  its  many  other  unique  advantages.  The  improve- 
iiieiits  in  electric  generators  and  in  arc  lighting  were  soon 
followed  by  the  discovery  of  the  possibilities  of  the  electric 
furnace  and  of  electrolytic  methods  of  】naiuifa(、tui*e.  To 
the  electric  furnace  they  owed,  among  other  substances, 
calcium  carbide,  now  indispensable  to  the  motorist;  silica 
ware,  which  was  taking  the  place  of  the  costly  platinum 
vessels  formerly  used  ；  and  carborundum,  the  valuable 
abrasive,  exceeded  in  hardness  only  by  the  diamond. 
During  the  last  decade  of  the  19th  century,  in 
which  the  electrolytic  iiianufacture  of  aluminium  was 
fully  established,  the  worlds  production  increased  from 
approximately  200  tons  to  over  7,000  tons,  and  alumi- 
nium had  become  a  formidable  rival  to  copper  in  its 
applications  to  the  electrical  industry,  for  overhead  and 
other  power  transmission  lines,  and  in  electric  power  stations. 
The  enormous  value  of  that  marvellous  invention,  wireless 
telegraphy,  would  be  appreciated  when  it  was  stated  on  the 
authority  of  The  Marconigraph  ，'  that  a  recent  estimate- 
proved  that  at  least  3,000  persons  owed  their  lives  directly 
to  wireless  telegraphy.  Wireless  signals  had  been  received 
by  Mr.  Marconi  up  to  6,000  miles,  and  communication  had 
been  effected  with  both  aeroplanes  and  submarines.  A 
further  important  recent  application  was  the  distribution  ol 
wireless  time  signals,  enabling  ships  at  sea  to  ascertain 
their  longitude  with  a  hitherto  undreamt  of  accuracy. 
Similar  signals  were  used  to  mitigate  the  dangers  of  fogs. 
They  owed  so  mucli  to  the  inventive  genius  of  Edison  that 
it  was  no  surprise  to  learn  that  he  had  recently  perfected 
an  entirely  new  form  of  storage  battery,  as  the  result  of 
nine  years  of  patient  labour  and  research.  In  the  Edison 
cell  lead  plates  and  sulphuric  acid  gave  place  to  nickel  and 
iron  plates  with  an  electrolyte  of  caustic  potash  solution,  and 
it  was  claimed  among  other  points  that  for  cells  of  equal 
capacity  the  nickel  type  weighed  about  half  as  mudi  as  a 
lead  cell  and  was  of  superior  durability.  In  addition,  the 
Edison  cell  might  be  completely  discharged  or  short-circuited 
without  damage.  That  form  of  battery  would  seem  to  open 
out  a  new  future  for  electric  carriages. 


Personal. ― The  executive  committee  of  the  goveniiug  body 
of  the  Imperial  College  of  Scienoe  aud  Technology  have 
appointed  Prof.  W.  A.  Bone,  D.Sc -，  Ph.D.,  F.R.S.,  of  Leeds 
University,  Professor  of  Fuel  and  Refractory  Materials  in  con- 
nection with  a  new  department  of  Applied  Chemistry,  or 
Chemical  Tecluiology,  now  being  established  in  the  Imperial 
College  at  South  Kensington.  Mr.  Edward  C.  Ibbotson  has 
been  elected  secretary  of  the  Sheffield  Society  of  Engineers  aud 
Metallurgists,  in  succession  to  Mr.  F.  K.  Kno、v】es，  who,  after 
holding  the  office  for  some  20  years,  has  retired  in  consequence 
of  his  new  duties  in  the  iiietallurgical  department  of  the  Uni- 
versity. Prof.  Arnold,  D.Met.,  of  the  Applied  Science 
Department  of  the  Sheffield  University,  has,  we  understand, 
been  appointed  by  the'  Board  of  Education  to  the  post  of 
Government  Examiner  in  Metallurgy.  This  will  not  interfere 
with  his  work  in  Sheffield. 
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MISCELLANEA. 

Automatic  Reversible  Battery  Boosters. ― At  a  recent  meeting 
of  the  Scottish  local  section  of  the  Institution  of 
Electrical  Engineers  held  at  Glasgow,  Mr.  Robert 
Rankin  read  a  paper  ou  "  Automatic  Reversible  Battery 
Boosters."  He  classified  boosters  under  three  leading 
divisions,  describing  the  different  types  in  each 
division,  and  comparing  their  merits,  and  spoke  of  the 
methods  of  using  the  various  systems  and  their  applications 
to  load  equalisation  under  various  circumstances.  He  also 
described  the  method  of  using  externally  regulated  boosters 
on  alternating-current  systems  and  some  of  the  auxiliary 
pieces  of  apparatus  used  to  effect  control .  Practical  results 
from  installations  of  different  kinds  were  given.  The  paper 
was  illustrated  with  charts  exhibiting  the  results  obtained 
by  the  best  types. 

Estimation  of  Free  Sulphur.  —  At  a  meeting  of  the  London 
section  of  the  Society  of  Chemical  Industry  Mr.  C.  Davis  and 
Mr.  J.  L.  Foucar  described  a  rapid  volumetric  iiiethod  for 
the  estimation  of  free  sulphur  in  spent  oxide,  more  especially 
that  containing  small  quantities  of  organic  matter  soluble  in 
the  usual  organic  solvents.  In  the  estimation  of  sulphur  in 
the  latter  material  too  high  results  are  obviously  given  by  the 
extraction  test  and  an  oxidation  test  is  somewhat  tedious. 
The  method  proposed  was  to  treat  the  finely  powdered  and 
dried  material  with  a  solution  of  sodium  cyanide  in  absolute 
alcoliol.  t.lie  resulting  sulphocyanide  being  titrated  in  the 
lumal  way.  The  results  obtained  are  said  to  be  quite  suffi- 
ciently accurate  for  commercial  purposes. 

Formula  for  Browning  Steel  Articles. ― The  standard  formula 
of  the-  United  States  Government  for  use  in  browning  gun- 
barrels  and  similar  steel  articles  is  given  in  a  recent  issue  of 
the  "Brass  World."  Tho^  formula  is  as  follows  ：  Alcohol 
1  Jozs.,  tincture  of  iron  l^ozs,,  corrosive  sublimate  l^ozs., 
sweet  spirits  of  nitre  1  Jozs.,  blue  vitriol  loz.,  nitric  acid  |oz., 
warm  water  Iqt.  Dissolve  the  ingredients  in  the  water  and 
keep  in  glass  bottle.  The  gun-barrel  or  other  article  to  be 
treated  is  cleaned  with  potash  or  soda  to  remove  the  grease  and 
all  stains  are  then  scoured  off  with,  fine  emery  paper,  so  that 
an  even,  bright  surface  is  produced.  Tlie  bore  and  vent,  in 
the  case  of  a  gun-barrel  are  closed  by  plugs  of  wood.  The  solu- 
tion is  then  applied  to  the  surface  of  the  steel  with  a  sponge 
and  allowed  to  dry  in  the  air  for  24  hours,  after  which  the 
loose  rust  should  be  rubbed  off  with  a  steel  scratch  brush.  Now 
apply  another  coating  and  allow  to  dry  in  the  same  manner, 
and  then  rub  off  with  the  scratch  brush  a— n.  Finally  wash 
off  with  boiling  water,  dry  rapidly,  and  wipe  with  boiled  lin- 
seed oil  or  give  a  coat  of  lacquer. 

Birmingham  Association  of  Mechanical  Engineers. ― At  a  recent 
iiieetiug  of  the  Birmingham  Association  of  Mechanical 
Engineers,  the  president  (Mr.  C.  H.  Wall)  in  his  inaugural 
address  proceeded  to  trace  the  history  of  iron  and 
inechanical  engineering  from  the  earliest  ages,  and  afterwards 
referred  to  tlie  training  of  engineers.  By  testing  the  iron 
the  mechanical  engineer  knew  his  raw  material  had  certain 
strength  and  elasticities,  and  the  knowledge  prevented  labour 
b^ing  wasted.  Might  not  the  same  principle  of  ascertain- 
ing the  quality  of  the  raw  material  be  applied  to  the  case 
of  his  apprentices  before  work  was  put  upon  t  hem  ？  Might 
this  not  lead  to  similar  economic  results  in  producing  a  larger 
percentage  of  efficient  meclianiral  engineers ？  Might  they 
not'  regard  their  technical  schools  and  universities  as  the 
proving  houses  of  the  raw  nialorial  for  tlie  onpitieering 
apprentice  ？  Might  they  not  look  for  some  exact  knowledge 
of  their  mental  and  moral  strength  and  elasticity  before  they 
assigned  a  position  for  tliem  in  tlio  structure  of  a  inochanical 
engineer's  busiiioss ？  The  question  of  preparing  and  testing 
liunian  capabilities  was  infinitely  more  complicated  than  that 
of  testing  iron,  but  it  was  quite  as  important  for  their  wel- 
fare. In  recent  vea rs  rourses  of  instruction  in  the  p^'ieutific 
pri]HM])los  of  ('ngin'、(、rine  liad  imill ipliod  at  the  univorsit ios 
ami  itisl it ul ions  of  kiiuliod  tv|M、s  I'nmi  a  p"n、ly  '、n"r""、<"-i，iij 
]>()inl  of  view.  There  rould  ho  liltlo  <l<)ul)t  tliat  the 
morhanical  onijinoer  of  to-day  m"'《l，、<l  iiioro  education  than 
liad  suflit-ed  to  make  liim  successful  in  the  past. 


CORRESPONDENCE. 
New  Patents,  Designs,  and  Trade-marks  Act,  New  Zealand. 

To  the  Editor  of  the  "  Mechanical  Engineer ?， 

Sir, ― We  have  received  information  that  an  Act  relating 
to  patents,  designs,  and  trade-marks  has  recently  passed  the 
Legislature  in  New  Zealand,  and  is  to  come  into  force  on 
July  1st  next.  The  Act  has  been  based  principally  upon  the 
British  Patents  Act,  1907,  and  contains  most  of  tlie  provisions 
of  such  Act,  with  the  exception  of  that  relating  to  the  liability 
to  revocation  of  a  patent,  should  the  invention  of  which  it 
is  the  subject  be  manufactured  mainly  abroad.  Instead  of 
this  provision,  the  provision  of  the  Australian  Act,  1909，  has 
been  embodied  in  the  new  law.  The  position  of  patents, 
therefore,  will  be  that  at  any  time  not  less  thau  four  years 
from  the  date  of  the  patent  and  not  less  than  two  years 
after  the  commencement  of  the  Act,  any  person  may  petition 
for  an  order  declaring  that  the  patented  article  or  process 
is  not  manufactured  or  carried  on  in  New  Zealand  to  an 
adequate  extent.  An  order  may  then  be  issued  to  take  effect 
at  once,  or  at  a  future  date,  and  during  tlie  currency  of  the 
order  the  patent  will  not  be  infringed  by  the  luanufac-ture 
or  carrying  out  of  the  process  in  New  Zealand  by  others. 
Provision'  is  made  for  the  revocation  of  the  order  should  its 
benefits  not  be  availed  of.  Thus  in  any  event  the  patentee 
will  retain  full  patent  rights  so  far  as  the  right  to  import 
the  patented  article  into  New  Zealand  is  concerned.  Con- 
sequently, therefore,  the  patentees  of  inventions  that  cannot 
be  manufactured  in  New  Zealand,  or  manufactured  at  a  price 
to  compete  with  the  imported  article,  need  not  take  any 
steps  to  manufacture  within  the  Dominion  in  the  period 
referred  to.  The  Act  provides  for  an  investigation  of  the 
novelty  of  an  invention  before  the  grant  of  the  patent,  and 
for  the  refusal  of  the  application,  or  for  it's  grant,  on  con- 
dition that  a  reference  to  the  anticipations  be  inserted  in 
the  specifVcation.  An  appeal  from  the  Registrar's  decision 
may  be  made  to  tlie  Supreme  Court.  Hitherto  it  lias  been 
possible  to  oppose  the  grant  of  a  patent  on  any  grounds,  but 
the  new  Act  limits  the  grounds  of  opposition  to  certain 
specified  objections  corresponding  with  those  allowed  under 
the  present  British  Act  of  1907.  The  Act  also  follows  the 
British  provisions  so  far  as  it  relates  to  patents,  in  respect 
to  a  single  patent  for  cognate  inventions  covered  by  separate 
provisional  specifications  ；  patent  of  addition  ；  restoration 
of  lapsed  patents;  compulsory  licenses ；  revocation  of  patents 
on  grounds  of  invalidity  ；  exemption  of  innocent  infringer 
from  damages  ；  the  individual  rights  of  co-patentees;  restric- 
tion ou  conditions  of  sale  of  patented  articles  ；  the  granting 
of  costs  and  giving  of  security  for  costs  in  opposition  ami 
other  proceedings  ；  the  exemption  of  a  patent  from  the  effect 
of  unauthorised  or  unknown  vnor  iDublicatiou  of  the  inven- 
tion ； and  the  exeinption  of  the  patent  from  invalidity 
because  of  disconfonnity  between  the  complete  and  pro- 
visional specifications.  For  design  registrations  tlie  only 
important  departures  iiiade  by  tlie  now  Act  are  those  by 
which  the  term  of  registration  (five  years)  may  be  oxt<*nded 
for  two  further  periods  of  five  years  each,  and  for  the  saim' 
working  provisions  that  apply  to  patents  being  applied  to 
designs,  with  the  exception  that  manufacture  iiuist  comiuenro 
within  one  year  of  the  date  of  registration.  Tlio  trade-juark 
provisions  of  the  new  Act  follow  close* Iv  thos^  of  the  British 
Act  of  1905  with  respect  to  resjislerable  trade- marks,  and  we 
consider  that  the  practice  under  this  Act  will  follow  that 
built  u|)  under  tlio  British  Act.  They  provide  as  well  for 
the  lodging  of  security  of  costs  by  an  opponent  in  opposition 
proceedings,  or  an  appellant  from  a  decision  of  the  Registrar, 
where  such  opponent  or  appellant  is  outside  New  Zealand. 
Tliey  also  i)i'ovi(l(、  for  tlio  regist ration  of  asso<'iat-ed  marks. ~~ 
Yours  truly, 

'  .1.  0\\  PEN  O'BlIIKN.   M    l  M.E., 

Chartered  Patent  Agent. 

0.  Hank  Street.  Manchester. 
J anuaiy  ISth,  191*J. 

Bla«t  Furnace  Disaster.  —  A  hla^ifc  furnace^  fatality  occurrpd 
n  (  'Mit  Iv  at  Dnislmi  l;  ( Pni'^sia).  as  llio  result  of  wliirli  cif^hi 
men  were  killi、'l.  TUp  accident  is  supposed  lo  ho  due  to  "  hang- 
ing'," tlio  falling  "、； ""rial  <  ausiiie  pressure  sufricieiil  to  1>iirst 
the  walls  of  the  funia<  *\ 
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INDUSTRIAL  AND  TRADE  NOTES. 

Proposed  Ship-repairing  Yard  on  the  Mersey. ― It  is  undci'stootl  that 
Lord  Pirric  i^s  in  active  m'gutiatioii  w i 1 1 1  th(、  j\l(M\s(*y  Dock's  jiiid 
Harhovir  】5(>;u'(l  for  obtaining  an  extciiLsivo  .si to  on  the  iiorthiM  n 
extremity  of  Liverpool  dock  system  for  tli(、  uui'ixjso  of  estahlisli- 
inji;  a  ship-ropairin^  yard  on  a  large  scale. 

Central  London  Railway  Extension. ― The  extension  of  tlic  Central 
London  Kailwa)'  f  roni  the  Bank  to  the  LivtTpool  Sti'eet 
Station  oi'  tho  (ireat  Kastein  Railway  is  Hearing  completion,  the 
w  Iiolo  lon^tli  of  tho  tunnel  ha vinjj;  now  been  Ixn'od.  It  is  antici- 
pated til  a  t  thv  now  sei'tioii  will  be  ready  for  public  use  next  Juno. 

Colliery  Engincmcn's  Demand.  ―  The  National  Federation  of 
Colliery  EiiKintnuoii  and  StoktM's  have  docidod  to  support  tho 
deinaiul  made  by  the  union's  nieiubcrs  in  South  "Wales  ami  North 
Staffordshire  for  an  dglit-houi'  day  and  l>ettt'r  、vag(\s.  A  stop- 
page ballot  is  1)0 in^  tak;"i  in  the  districts  namocl,  while  negotia- 
tions are  still  on  foot  in  other  niiiihig  districts.  Tho  mines  arc, 
of  .course,  dependent  on  the  ou^iucmcii  (who  arc  not  members  ot 
the  Miners'  i，edei'atioii)，  and  a  strike  would  nioau  tlic  rendering 
ot  the  collieries  idle.  ' 

Discharge  Notes  in  Shipyards. ― The  coiii.t'rt'mv  lK't、vt'ui  tho  Sliip- 
buildinj^  Employors'  Fedoi-ation  and  the  Standing  Conimittoe  <jf 
the  federated  shiny  aid  unions  was  held  at  Carliisle  last  week,  on 
the  question  of  the  discharge  note  system.  After  prolonged  dis- 
cu-ssions,  (luring  the  course  of  wliich  proposals  passed  between  the 
cniploytMs'  and  tho  workmen's  roi>iesontatives,  it  was  mutually 
a}i,rood  to  adjoin-ii  until  Tuesday,  b'ebruary  Otli,  so  as  to  i)ermit  of 
both  parties  to  consult  their  respective  sides. 

State  of  the  Skilled  Labour  Market. ―  Tlie  Labour  Dena rtiiu  nt  of  tin? 
Board  of  Trade,  iu  tlu'ir  reiiort  on  the  stato  oi'  the  lal)uur  market 
iji  Dt'C'oniber,  states  that  cniuloyinciit  、vas  good  on  the  wholes  and 
showed  little  change  a-s  compared  with  a  year  ago.  There  was 
an  iniprovemeut  in  most  of  the  principal  industries,  tsptcially  in 
the  iron  and  steel,  engiiieeriugj  and  shipbuildinji;  trades.  In  394 
trade  unions,  with  a  net  membership  of  789,000,  making  returns, 
24,000,  or  3  1  per  ctnt"  we  re  i 义、 tuim'd  a»s  uiu'inployt'd  at  the  eiitl 
ot  Doconiber  Iajst，  compared  with  2*6  per  cent,  at  the  end  of  last 
Noveiiil)cr,  and  5  per  cent,  at  the  end  of  Deceiiibor^  1910. 

Railway  Development  in  New  Zealand.—  In  an  account  of  railway 
develop lut'iit  iu  New  Zealand,  the  United  States  Vice-Consul, 
Cleiieral  H.  D.  Baker,  .states  that  on  March  31st,  1911,  2；761  miles 
of  railway  were  open  for  traffic,  as  against  1^717  milc\s  the  pre- 
vious year.  In  addition  to  £97/200  to  be  expended  during  the 
n.ext  tour  years  on  grade-reduction  work  alone  on  Goveriunent 
railways,  otiier  contemplated  large  expend Lturos  are  covered  iu 
the  Loan  Bill,  which  iias  passed  the  New  Zealand  Parliament, 
pioviclin^  aiithuiity  fur  raising  £28(j，000  for  railway  construc- 
tiou  and  £-91,600  for  additional  rolling  stock.  Tiie  electrifica- 
tion of  the  railways  of  New  Zoalaud  iu  certain  sections  is  now 
under  contemplation  by  the  Govermneut,  especially  whire  there 
are  long  tunnels. 

Trade  Circulars  and  Catalogues.—  We  have  received  from  the  Bald- 
win Loc-oiuotive  Works,  Pliiliulolphia,  a  brochmc  (l^ecord  No.  71) 
describing  iuul  illu.strating  a  nuinbor  of  locomotives  recently  built 
by  thoni  for  industrial  and  contractors'  service. ― Alfred  Herbert, 
Ltd.,  Coventry,  send  us  a  booklet  describing  and  illustniting  thoir 
automatic  stud  machine. ― The  General  Electric  Comi^any,  Ltd,，  67, 
Qiieeu  Victoria  Street,  London,  send  us  a  sectional  catalogue  deal- 
ing witli  fire  lUann.s,  water  levels,  and  electric-  clocks. ― From  The 
I' moil  】<:lwtric^  Company,  of  Park  Street,  Southwark,  London,  S.E., 
\\c  have  received  a  catalogue  of  arc  lamps,  dyiiamoSj  su  itch  gear, 
and  meters. 

Copper. ― Mews.  James  Lewis  &  Sons,  in  their  annual  review, 
estimate  tho  world's  production  of  copper  la-st  year  at  875,000 
tons,  as  against  851,000  tons  in  1910,  an  increase  of  less  than  3 
per  cent.,  the  output  alone  of  the  United  States  being  500,000 
tons.  AVhiie  the  output  of  Europe  has  advn iktcI  about  30  pt"'  cent, 
during  the  last  ten  years,  of  Chili  about  14  per  cent.,  of  Australia 
about  40  pel"  cent.,  and  of  Canada  less  than  80  per  cent.  The 
consiuiiption  has  gone  up  80  per  cent.,  and  we  are  still  largely 
dependiMit  upon  the  increasing  yield  of  the  I'nitt'cl  States.  Prices 
durinj^  last  yea r  have  ruled  low,  but  with  an  expected  larger 
tloinaiul  ill  the  States,  (,(>iis"im、nt  on  trade  oxpaiKsion  and  cheaper 
nioiu'y,  and  with  a  coiitimiiince  of  tht*  -sliinyaid  activity,  clearer 
copper  during  1912  is  luokt'd  upon  as  certain. 

Machinery  Trade  in  India. ~ Tlic  oilicial  "hnliau  Trade  Journal''  of  1  Itli 

Dect'inlxM-  coiitii ins  an  article  on  the  ti'ado  in  niachinorv  in  liulia. 
Ill  that  oountry,  it  is  stated,  it  is  often  difficult  for  a  hx-al 
capitalist  to  obtain  the  expert  advice  and  assistance  ne'ecU'd  for 
estimating  th(、  requirements  for  and  cost  of  a  plant  for  any  given 
purpose.  In  recent  years,  however,  tho  Central  Government  and 
certain  of  the  Provincial  Governments  in  India  have  appointed 


foiHnicr(;ial  intelliffonco  officers,  oiio  of  \vlu).s<>  lUiu'tions  it  i.s  tu 
protuii'o  and  supply  in  formation  of  tins  kind.  Thos(，  officers  report 
that  th(\v  rocoiv<'  many  hona-lido  ('mjuhi(*«  1  roiii  ixm.soii.s  qualified 
linaiicially  and  by  int(^llit;oiico  to  establish  useful  works ；  and  the 
article  suj^j^osts  that  Briti.sh  inamifac'tiinM's  would  do  well  to  ； ^ct 
i  11  touch  v.'ith  the  oHirrns  and  a.ssi.st  tliem  w  itli  estimates  and 
(jiiotatioiis. 

Scottish  Tube  Combine. ― Tlic  sclit'im'  lor  uniting  tlic  8cotti«li 
iron  and  steel  tiiWc  ma kcrs  in  one  undertaking  has,  wo  iindei- 
stiiiid,  Ix'tMi  c-<)ni])l('to(l.  and  tho  i.ollmving  fii'iii.s  liavo  agr(、（>(l  to  join 
lia lids  :  ( /aledon in n,  C()atlirid;j;('  ；  ('l.v(l('.sflal(',  J{  'i tli('r;;l('n  ；  Coats, 
('(>;itbri(lj_;;t'  ；  (jllas^oWj  IJritlgctoii  ；  Da vid  K iclunond  it  C".，  Hut. 
clu'usoiitowii  and  (jJovaii  ；  Ti'ade'ston  Company,  Trad(、,sto"  ；  and 
Wilsons  and  Union,  Coatbridge.  Stc; warts  and  Lloyds  enter  tlu? 
partn(?rshi|)  as  shareholdorSj  and  one  of  the  firm  will  join  the  new- 
boa  rd.  Tho  capital  of  the  company,  which  will  be  known  a«  the 
" Scottish  Tuh(\s,"  is  fixed  at  £750,000,  in  tleb(Mitur(\s  and  pre- 
ference and  ordinary  .sluire.s  ；  only  tho  cleiiontin'cs  (£2'"3(>，（）(JO)  are 
to  l)c  offered  to  the  piil)lic,  and  tlu'y  have  boon  already  fully 
uiiderwrittt'n.  The  vendors  take  the  proferonco  and  ordinary 
shares,  less  £150,000,  which  are  to  be  held  ui  reserve  for  future 
disposal. 

Accidents  in  Mines. Hour-  Oflu'c  ha i.s.si.U'<l  h  geiirral 
rt'port  with  statistics  d(>aling  with  fatal  accidents  iit  and  al)(>ut 
mines  and  quarrit\s  at"  tho  United  Kingdom  (liu'ing  tlu*  year  1911. 
Under  the  Coal  Mines  Regulation  Act  there  w  as  a  total  of  1,200 
separate  fatal  accidents.  Of  this  total  1,0G4  ot.  the  fatal  accidfuts 
were  underground.  Tho  deaths  caused  by  these  accidi'uts  reached 
;i  total  of  lj2o9,  n.s  compared  with  l,77o  iu  the  precediiij^  year,  \\ 
(iccTcaso  oi  5 丄 (3.  ihere  was  a  total  ot  1- 丄 1 丄 （k'aths  ascribed  tu 
in  dergrouud  accidents,  Glo  from  tails  of  grmmd,  3(5  from  oxplo- 
sions  of  firedamp  oi*  coal  dust,  98  due  to  shaft  accidents,  and 丄 48 
ocoiirred  on  the  surface.  Under  the  Metalliferous  Mines  Act 
last  yea r  there  was  a  total  of  41  separate  fatal  accick'uts，  causing 
4,5  cleathvS.  I'he  figures  respectively  tor  the  prtx'eduig  year  were 
b6  and  43.  Twenty  of  the  accidents  acfurreel  iu  tlit'  】niulaii(l  aiitl 
soutliorii  di^stricts. 

Cleveland  Mine  Owners'  Association. ― The  annual  meeting  oi  the 
Clovelaiid  Ironstone  Mine  Owners'  Association  wa^s  licid  at 
丄 VUdcilesbrmigh  on  the  15th  inst.  Sir  Hugh  Jiell,  Bai't.:  w  lio 
occupied  the  chair,  was  re-elected  pro.sidi'Ut.  lU^proseiitativcs  ol 
tile  mi  lie  IS  atteiided  to  discuss  the  question  ot  、vageis.  'J'hu  o\Miers 
pointed  out  that  according  to  pa^t  formula  wages  should  be 
reduced  by  0.8  per  cent,  as  the  average  net  selling  price  oi:  iNo.  \\ 
Lie  vela  na  pig  iron  last  quarter  was  4*  s.  丄 （i.  per  ton.  i  lit- 
moil's  rep rcseiitatives  intimated  that  they  、vt'iT  pioparcd  to  sottU; 
Iho  wagey  question  tor  the  eJisuiug  quarter  if  tho  owiicis  uould 
I oiego  me  itciuction  iianioU.  It  wa^j  lUDiniateiy  aj^Tee (丄 to  leave  tlie 
wages  unaltered  for  the  first  quarter  of  the  year,  but  tho  owners 
intimated  that  tho  reduction  now  due  must  be  taken  into  coii- 
iiidcratiou  in  the  next  settlement,  if  the  ascertained  price  of  pig 
iron  should  entitle  the  men  to  an  advance. 

British  and  Foreign  Trade. ― Tho  Coiiiniercial  Department  of  the 
liuai'cl  of  Trado  lia«  i.ssuc<:l  the  usual  iiioiithly  ac-coiuit  relating  to 
the  trade  and  commerce  of  certain  foreign  countries  and  British 
J'o.sst\ssioiiSj  incliuiuig  tig u res  received  up  to  Dtx-eniber  31^t  last.  A 
comparison  of  tlie  total  hgureis  lor  the  11  moiillis  uncled  November 
30tlij  1911,  is  possible  for  live  cimiitiit\s,  as  follow  s  : ― 

1911.  1910 
£  £ 
IMPORTS. 

United  Kin-doiu    o21/i34,U00    ...  515,421,000 

Germany    425,823,000    . .  ■  39(),382,000 

France    293,828,U00    . . .  2.3;i,4()8,00U 

United  States    290,11-3,000    …  297,1-24,000 

Belgium    150,1^09,000    -..    141 ,01^3,C0U 

EXPORTS. 

United  Kin-d.nii    415,711.000  …  3y3,l(i(),0(JU 

Gcrinaiiv    360,089,000  …  332,383,,U0O 

France  ^   223,()90,OUO  ...  22o,18;3,OUO 

United  State    382,444,000  ...  333,837,01)0 

Belgium    121,22o,0U0  ...  Ii4/Jir,000 

Shipbuilders  and  Kcbalc  System.  ―  A  cont'ereuce  at  Clyde  Sliip- 

buildeis  and  Scotch  .steelmakers  took  place  in  Glasgow  on  Monday 
last,  at  which  the  ； shipluiilde"  stated  tlioir  objections  to  the  sy^toui 
of  rebates  on  steel  to  which  they  are  opposed.  Tlioy  l>ointvd  out 
tlmt  nioi-chants  had  f roqiieiitly  boon  able  to  give  clolivory  of  mate- 
rial w  luMi  it  could  not  bo  had  promptly  from  tlie  makers^  and  t!u\v 
、、（'iv  muvilliiig  to  give  up  tlie  relations  botwecu  thorn  and  tho 
iiirrchauts,  and  l>iiKl  thomsol vt'S  to  take  steel  only  In""  the 
makers.  The  shiplmilders  also  stat»'(l  that  tlu'V  did  not  think  the 
advantages  of  tiie  robato  system  \\t)iilcl  coinuonsat-o  tliem  tor  the 
inconveniences  that  would  ac-compaiiy  its  adttption.    TlioVj  there- 
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tore,  roq nested  the  'st(、<'lmak(、rs  to  give  up  that  systoni  and  r overt 
to  tho  form  or  practice  of  selling  freely  either  to  merchants  or  cus- 
tomers. A  request  was  also  made  by  the  shipbuilders  tliat  the 
steelniakoi's  should  undertake  not  to  sell  .sliii)l>uil(ling  material 
for  export  at  】()、v('r  prices  than  thoy  charged  to  the  lioino  trade. 
Tlie  coiiiVreiico  was  adjouruod  fso  that  the  steelmakers  iiiiglit  have 
an  opportunity  of  C'onsi(loriii<<  the  questions  rai.st'd,  ami  they  - 
iiiisfxl  to  iiitiinatc  their  decision  to  the  .sliiphuiidens. 

World's  Shipbuilding. 一  The  "Annual  Summary"  of  .sliip Ijuildiiiij; 
a t  hoiiic  and  ahroii (1  during  1911,  issued  by  Lloyd's  Register,  states 
that  772  iiuMcliant  v(\sseLs  of  1,803,844  tons  gross  Avere  laiuu-licfl 
in  tho  Unit(i(l  Kiiigdoni.  01  ihcse  700  woro  stoamers  of  l,7HL\i)08 
tons  ami  72  、ven、  sailing  vo.ssols  of  20,936  tons.  The  wa rships 
lauiiclu'd  at  both  Govc'ninient  and  private  yards  aniouiit  to  50  of 
230, 78()  tons  (lisi)Ia('(、i"(、nt.  11ic  total  output  of  the  United 
Kingdom  for  the  year  has,  tliorot'ore,  been  822  vessels  of  2，(j34，fi30 
tons.  The  output  of  iiuM'oantile  tonnage  in  th-o  United  Kingdom 
(luring  1911  si  laws  the  onornious  iiicroa-se  of  060,675  tons  on  that 
of  tlio  1)  rev  ions  year.  It  is  tho  highrst  total  evtM*  reocuded  by 
the  society  with  the  oxcoption  of  that  for  the  year  190()  (1 ,828,343 
tons).  A.«  regards  、viu'  vessels,  the  total  foi'  1911,  wlii<*h  ('mi-sti - 
tute  a  record,  is  96,141  tons  more  than  in  1910.  The  ineicantilo 
output  of  the  Avorld— 2,650,140  tons— is  higher  by  692,000  tons 
than  tlie  figuros  for  1910.  It  shows  a  net  increase  in  the  world's 
niercaiitih^  tonnage  of  about  1,787,000  tons,  steam  having 
iiicrcasod  by  1 ,940, 000  tons,  and  sail  diminishod  by  1~)3,000  tons. 
Tli<、  mimher  ol'  lai'g (、-  stt^amers  lauiicliod  in  the  United  Kingdom 
(luring  191 1  greatly  oxcct'dtnl  tlie  av(、rage  of  recent  years.  Tho 
returns  show  that  53  vessels  of  fi,0()()  tons  aiul  above  were 
launched.  Of  these  17  were  over  10,000  each,  the  largest  beinu 
tho  Wliito  Star  steamer  Titanic,  of  43,300  tons,  the  Ciinard 
steamer  liiicoiiia,  of  18,150  tons,  and  eight  ve.ssels  of  over  11,000 
tons  each.  Witii  regard  to  the  output  of  the  leading  ports,  it 
is  Ktatod  t  hat  t'li(>  Ninvcfustle  district  (xx-npiecl  the  first  place  anions 
the  sliiphviildiii^  centres  of  i\w  country,  siimving  an  output  of 
412,959  tons.  J  it  warship  tonnage,  (ilas^ow  led  with  74,166  tons 
(Usplaconient,  folio  wed  by  liarrow  36,740  tons,  and  Newcastle 
28,120  tons.  At  the  end  of  1)  (^comber  there  were  under  const  ruc- 
tion, including  a  niinibor  of  vessels  already  launclied  but  not 
(•umi)l(、ttHl，  51  vessels  of  betweon  6^000  aiul  10,000  tons  ；  lo  of 
l"、t、v(、<"i  10,000  iuid  1 0,000  tons  ；  three  of  l)e.t\veon  lo^OOO  and 
20,000  toll's;  and  three  of  over  40,000  toiiiis  each.  The  vosm'Is 
luuler  construction  included  one  of  2,000  tons  and  two  others  of 
oOO  tons  J  far  which  the  propelling  power  will  be  intei'nal《om- 
bustiou  engijms.  Attention  is  drawn  to  the  statistics  of  ve^isels 
Iaunch(Hl  abroad  (luring  1911.  Among  foreign  countries  tlie  load- 
iiif^  places  wt'io  lield  bv  (jorniaiiv  (25o,r)32  ton&)，  tho  United 
States  of  Anun-icH  (171,5(19  toius),  France  (125,472  tons),  Holland 
(93，0'-)()  tons),  J  a  pa  II  (44，3r,— )  tons).  A  n  s  t  r  i  a  H  i  n  i  ua  I'y  (37,8.'i()  tousj, 
and  Norway  (35,435  tons).  The  total  output  ol'  war  、- ('sst、ls 
abroad  (11!)，  of  538,083  tons  (lispla('t、im、nt)  exhibited  an  iiuToasjo 
of  about  362 J 000  tons  on  the  displacement  for  the  preceding  year. 


NEW  PATENTS. 

Specifications  of  the  foil  airing  are  now  published,  and  we  shall 
be  pleased  to  jorward  copies  post  free  on  receipt  of  lOd.  Address 
Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester. 


METAL  QUOTATIONS. 

TUE.SDAV,  JAiM'AKV  2:Jki>. 

Aluminium  ingot   (>；5/  -  per  cwt. 

，，         、、  ire，  according  to  sizes,   from  102/-  ，， 

，，        sheets        •，  ，，   ，  】：20/-  ,， 

Antimony   £27/10/-  to  £28/-/-  per  ton 

Brass,  rolled    TJcl.  per  lb. 

，，    tubes  (brazed)   ',   ！ *Ad.  " 

，，       ，，      (solid  dra w  n)   Sd.  ，， 

，,       "     wiru   7?d.  " 

Copper,  Standard   £()2/7/(i  per  ton. 

Iron,  Clovi'IaiKl   4S/I0A  ，， 

,， Scotch    54/lOA  ., 

Lend,  English    £1"/-/-  ,, 

" Foreign  (soft)    llo/L'i/-  ,, 

Mica  (in  original  cases),  small  ；.…  lid,  to  2/-  jht  lb. 

,,  ，，  ，，       nuMlium   2/ii  to  4 /- 

"  ，，  ..       liugu    4/»»  to  S/li  ,, 

Quirksilvi  r..   •■   £8/-/-  per  liottk  . 

Silvrr   2'>^(1.  ]m'  oz. 

Spoltor    £2iy/irt/~  por  ton. 

Till.  Motk   £188/15/-  ,, 

Tin  plaU's    lM/»>  ，， 

Zinc  shet'ta  (Sik、8"m>   £30/10/-  ，, 

"  (！ Stettin;  Virilli'  Muiitagne)   £30/ lo/-  ,' 


\'anal)le  .speed  <^ear. 
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Ke-jit  A  .Miichdl.  22783. 

1911. 


Driving  of  aerial  propL-lkT.s  driven  hy  iiitcriuil  ( ojnhustion  motors. 

Isaac^son.  83. 
Motor  vehicles.      Vallat.      ！ )1. 

Ivxli-acti.m  ol  copixT  ir()m  "n's  contai ii iiig  lliat  niclal.     U ussey. 

100.  ―  - 

("arljuretter  for  inUunal  conibustion  engines.    .M;n  tin.  131. 
Propulsion  of  ships.    Jensen.  13o. 

Conipo.sition  for  removing  incrustations  from  boilers.  Carl.  139. 
Exhaust  .sileiK'or.s  for  iiitcnia!  coml 川 stioii  engines.    lUcliardti  and 

Hodrup.  ]()7. 
lUn-k  drills.     liaynor.  231. 
Iiiteriial-combustioii  engines.    Alalldcli.  olio. 

Means  for  treating  metals  and  liquids  ]jy  heat.     Boiif ,  Wil&on, 

and  McCourt.  025. 
T r a m 、v a y  raiLs.    Crudgint^taii.  646. 

Pivvt'ntiiig  the  creeping  of  railw  av  rails.    Dieiistfertig  Haa&e. 

1061  ' 
8 1) ce tl  recor de rs .    "Whitehead.    1 298 . 

Starting  apparatus  for  interna  1-coniIjust ion  ciigijies.  Tlionipbon 

and  Netter.  1607. 
Rotary  engine.    Sw'wtzei'  &  Uny.  3370. 
G a-s-cr iicible  fiu'iiaces.     Ya tes .    36 4( ) . 

i\lecliani«m    for    relieving     coninrcssioii    in    i nti  inal  combustion 

engine.^.    Triumph  Cycle  Coiupaiiy  and  Franklin.  477'i. 
Manufacture  of  metal  tube.    Evans,    (i  IGO. 
C'ondensors.    Fisher  cV: 丄） ec'k.  7Uo9. 

"Cut- off  "  expansion  valve  gear  tor  steam  engines.  Barclay  A*  Bar- 
clay.   7333.  . 

Autoniatically-opci  att'd  I'y-pa'ss  valves.    Marks.    Vil  72. 

Eva poratiou  apparatus.  Soc.  d'Kxploitntioii  Precedes  Evapo- 
ratoiras  Systenie  Praclie  ami  】{uuiU()ii.    1 44*J2. 

Apparatus  for  the  liquid  transmission  of  poww  tor  controlled  move- 
ments.   Bar  bey.  14763. 

Gaa  producers.    Dor-Delattre.  14774. 

Motor  vehicles.    Twoinbly.  1J*278. 

Automatic  coupling  tor  railw  iiy  voliiclc*6,  Haselei'j  Izoii.  and 
liiicoy.  21207. 

A[)paratui5  for  tostiii^  i^i".  Dragerw  crk  lioiiir.  iV  Ik'nili.  I)ri»;:''r. 
24G54. 

ELECTRICAL  1911. 

Alter na tin <^-curront    arr    l;iiiiii'、.       (.);;ih  y  Webb,     liookt  r,  and 

Keiiioc'ke.  46. 
Eloctric^oneratin^  systi^ns  ot  vohicU'^.    Seal.  lo2. 
Electric  motors  and  pumps  coiiiiectLKl  tliorcto.     t;\vyiiuet>.  Ltd., 

Jiroezo,  and  Macdoiiald.  394. 
Ek'cti'ic  motor  reversing  switches.    Stobie.  072. 
Electric  transformers.    British  Thonisuii-Hoiistou  Company.  711, 
Boxcii  for  use  with  electric  ca h\vi>.    Dickiiisuii.  1302. 
l\)lyi>haso  alternatiiig-curreiit  (lynanioi>.    All-^euicino  Elcktricitats 

Roiiistancea  for  oloc-triLal  heating  and  cooking  apparatus.  Cimjikt. 
3745. 

Circuit  connections  for  electric  current  di:stribittion  w  itli  autu- 

traiKst'orniors.    Ko8si、lriiij^.  -1018. 
Spa rUing  plu^s  for  iutoriial-couibustion  "i^^im'cj.       IMavt'r  and 

Hill.    7789.  ' 
Kloctric  time  switch",    ^khne.  11238. 

Combiistitm  bridgo  for  a rc-Iii^ht  elect nxlob.    *J;mi，'\     1 143(i. 
Electroina^iictic  ignition  device  fur  intornal  voniiiustiuu  engines. 
KitUn-.  123G9, 

Switch  for  (Moctric  illuniinatin^  devitvci.  Grael>o  tV  Lclirhach. 
13311. 

Ctuiiitruc'tion    of    ii i a 1 1 cto -o  1    trie    ignilioii    ih.k  In'iu>.  K',l"Tt 

Bosch.  13705. 
I'MiH'trical  wall  MH-ket^.    Tucker.  14110. 

IMocciss  and  arra ngoniont  l\»r  forniin^  an  electrical  art*.  l>nM.li- 
nitz.  W.m. 

ili)ldors  tor  oliH'tric  lauins.    Siemens  Bros.  Dviiaino  Work;-,  Ltd. 

178G9.  .  ' 

Methods  ot"  nioiintiii^  ovrrlu^ad  、viri、s  for  i^Kvlric  l  ailu  ay>  Sir 

mens  tSrlnK'kortworko  Go*^.    -0031 . 
KltH'triral  w  jitor  hoalors.    KhXz.  1?3830. 

IN'^iiilat in;i  dovico  for  jK)lyphase  current  a w  lainpb.  lleiiuanu 
luul  St  haffer.  *2oo8G 
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Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  hira  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLbAK    wUl  stand. 

WHY   NOT  WEAR   A  SMILEP 

NONLEAK  JoiN?oW《PouND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BUlTlbH  MAKE  ！ 
TESTING  SAMPLES 


PREK  FROM  LEAD  ！ 

IMPROVES  WITH  AGE  1 


WILL  NEVER  BLOW  OUT,  SCALE,  OR 

88，  Leeds  Road, 
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Smoke-prevention  Enthusiasts. 

At  present  there  seems  to  be  an  outburst  of  the  agitations 
that  periodically  afflict  large  manufacturing  centres  with 
respect  to'  the  smoke  question.  It  is  impossible'  to  say  any- 
thing on  the  subject  from  the  scientific  point  of  view  that 
has  not  been  often  repeated,  but  this  does  not  prevent  tlie 
crop  of  extravagant  statements  respecting  waste,  of  fuel, 
injury  to  health,  buildings,  &c.，  put  forward  by  smoke-pre- 
veiitiou  entliusiast-s  being  reiterated  on  every  conceivable 
occasion.  Bradford  and  Sheffield  are  at  present  suffering 
from  agitations  of  this  kind,  and  Prof.  Arnold,  o£  tlie  latter 
city,  has  been  taken  to  task  by  certain  critics  for  venturing 
to  set  forth  in  a  series  of  articles  in  "'  Tlie  Sheffield  Daily 
Telegraph  ，'  a  few  of  the  elementary  facts  of  the  smoke  ques- 
tion, and  for  pointing  out  that  the  contemplated  action  of 
the  officials  of  the  National  Smoke  Abatement  Society  iu  the 
shape  of  a  Bill  giving  greatly  extended  and  drastic  powers 
for  the  prevention  of  sm'oke  】iiay  seriously  interfere  with,  the 
prosperity  of  large  manufacturing  centres.  The  smoke- 
prevention  enthusiast  views  the  atmosphere  with  a  purely 
^tlietic  eye,  with  a  profound  ignorance  of  chemistry 
and  of  manufacturing  requirements.  The  visible  smoke 
particles  that  obscure  light,  or  come  'twixt  the  wind  aud  bis 
linen,  are  the  only  oneti  that  annoy,  and  lieuoe  tlie  only 
products  of  combustion  that  concern  liim,  and  iu  conceutrat- 
ing  bis  abuse  of  manufacturing  chimneys  and  processes, 
appears  ignorant  of  the  fact  that  iu  large  towns  50  to  60  per 
cent.,  and  in  some  cases  more,  of  the  smoke  or  fog  troubles  that 
occur  are  due  to  domestic  chimneys.  Ignorance  of  chemistry 
must  be  the  reason  for  his  failure  to  recognise  that,  whatever 
kind  of  fuel  is  burned,  tlie  deleterious  aud  invisible  products 
of  combustion  iu  the  form  of  carbonic  acid  or  sulphurous 
acid  gas  remain  unaltered,  even  when  combustion  is  perfectly 
smokeless.  Iu  this  respect  a  clean  chimney  can  be  just  as 
poisonous  as  a  dirty  one,  but  it  may  impose  a  serious  task 
upon  a  manufacturer  iu  some  cases  to  maiiitaiii  the  gases 
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emitted  from  a  chimney  in  a  state  of  invisibility.  "We  cannot 
here  discuss  at  length  the  conditions  necessary  for  ellicieiit 
and  smokeless  combustion  in  a  boiler  furnace,  as  we  have  dealt 
with  it  so  often.  Briefly,  tliey  consist  in  maintaining  a  high 
temperature  and  a  proper  adjustment  of  the  air  supply.  The 
latter  is  a  somewhat  delicate  matter,  and  the  correct  balance 
may  be  easily  disturbed.  An  insufficient  quantity  may  cau&e 
smoke,  though  not  necessarily  any  loss  of  efficiency,  for  the 
solid  particles  in  a  cloud  that  would  obscure  the  sky  over  a 
decent-sized  township  would,  if  collected  and  compressed, 
probably  go  in  a  wheelbarrow,  and  certainly  would  not  repre- 
sent the  "  awful  waste  "  of  fuel  so  often  pictured  by  the  smoke 
enthusiast.  On  the  other  hand,  an  excessive  air  supply  may 
conduce  to  a  smokeless  chimney,  but  it  often  puts  a  toll  on 
efficiency  that  is  only  too  dearly  visible  in  the  coal  bill. 
The  margin  of  regulation  between  a  smoky  and  a 
smokeless  chimney  from  a  boiler  furnace  is  not  a  wide  one, 
and  even  with  the  best  plant,  if  regard  is  to  be  paid  to  economy 
and  efficiency,  it  is  difficult  to  avoid  occasional  trespass  on  the 
smoky  side  owing  to  the  ordinary  contingencies  of  working, 
represented  by  the  cleaning  of  fires  and  accidental  stoppages 
of  machinery,  and  restrictions  which  pay  only  a  scrupulous 
regard  to  the  appearance  of  the  chimney  top  and  none  to 
ordinary  interferences  witli  working  may  not  only  be  very 
harassing  bo  steam  users  but  a  serious  tax  on  industry.  Fur- 
ther, if  every  factory  chimney  stood  in  saintly  purity,  the 
innumerable  army  of  domestic  chimneys  would  remain  as 
dirty  as  ever.  The  only  method  of  dealing  with  them  appears 
to  be  the  substitution  of  gas  fires'  for  coal  fires  in  the  household 
grate,  and  experience  of  this  change  does  not  &o  far  justify 
unqualified  worship.  It  is  true  gas  fires  can  be  better  regu- 
lated than  coal  fires,  and  that  lessi  heat  goes  up  the  chimney, 
but  it  is  equally  true,  and  in  fact  a  consequence  of  this,  that 
they  give  less  ventilation  and  increase  the  risk  of  obnoxious 
gases  escaping  into  the  rooms  in  which  they  are  situated ― 
gases,  by-the-way,  which  are  not  the  less  poisonous  because 
they  are  invisible,  whether  poured  into  the  outside  atmosphere 
or  into  a  room.  The  question  of  preventing  smoke  in  fur- 
naces used  in  steel-making  is  largely  one  of  cost,  but,  as  Prof. 
Arnold  points  out,  in  dealing  with  steel  in  certain  stages 
of  its  manufacture,  it  is  essential  that  the  heating  flame,  if  it 
comes  into  contact  with  the  steel  at  all,  must'  be  noii-oxidising 
flame,  or,  in  other  words,  a  more  or  less  smoky  one  ；  and  any 
attempt  to  interfere  with  this  would  mean  either  conipleti'ly 
different  methods  of  heating  many  classes  of  steel  or  the  cessa- 
tion of  manufacture.  It  is  easy  for  enthusiasts  to  present  all 
kinds  ol  alternatives  and  urge  that  wliile  smokeless  they  would 
bo  equally  efficient  for  steel-mauufacturiiig  purposes,  but  these 
individuals  too  often  talk  from  the  book  and  not  from  practice, 
and  forget  that  a  manufacturer  in  these  strenuous  days  is  only 
too  keenly  alive  to  his  owu  interests,  and  is  never  averse  to 
adopting  improvements  if  they  can  be  shown  to  be  profitable. 
Tlierc  are,  of  course,  methods  of  heating  steel  besides  direct 
contact  with  coal  flames,  but  the  extent  to  which  these  are 
applicable  is  a  question  for  steel  manufacturers  rather  than 
fcmoke-prevention  enthusiasts,  and  any  attempt  to  impose 
harassing  restrictions  should  be  vigilantly  watched. 


The  Risk  of  Bursting  of  Turbine  Condensers. 

S')ME  of  our  readers  may  be  able  to  recall  an  appeal  to  the 
Court  of  Survey  in  Glasgow  made  by  Messrs.  Denny,  of 
Dumbarton,  on  account  of  a  refusal  by  the  Board  of  Trade  to 
grant  a  passenger  certificate  to  a  (urbino  steamer  constructed 
by  them  owing  to  their  refusal  to  submit  the  coiuUmusoi"  to 
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certain  pressure  tests  which  the  Board  of  Trade  desired  to 
impose.  We  gave  an  outline  of  the  facts  at  the  time,*  and  are 
reminded  of  them  by  a  failure  of  a  turbine  condenser  recorded 
ill  the  December  issue  of  Power.'"  The  details  of  the  actual 
coudeiiser  construction  are  somewhat  meagre,  but  the  explosion 
was,  from  the  photo  views  given  by  our  contemporary,  evi- 
dently very  violent  and  destructive.  The  cast-iron  shell  of 
the  condenser,  which  was  apparently  circular,  and  toiitained 
2,200  tul>es,  piu  diam"  by  16ft.  in  length,  and  worked  in 
con  juiK'lion  with  a  oOO  kw.  vertical  Curtis  turbine  lighting 
plant,  was  blown  to  pieces.  What  the  precise  combination  of 
circumstances  were  that  led  to  the  accession  of  pressure  to  the 
condoiiser  are  not  known,  as  the  engineer  was,  unfortunately, 
killed  ；  but  it  appears  that  he  had  expfrienred  some  trouble 
in  the  maintenance  of  the  vEu^uuin,  and  had  gone  iiito  the 
pump  pit  beueatli  it  to  try  and  locate  it  when  the  disaster 
occurred,  and  he  was  buried  in  the  debris.  It  is  obvious  that 
the  condenser  must  have  been  subjected  to  steam  at  consider- 
able pressure,  but  whether  this  was  due  to  a  fault  in  the  air 
pump  or  to  failure  elsewhere  could  not ,  our  contemporary 
remarks,  be  determined  by  the  evidence  available.  The  acci- 
dent, however,  indicates  the  possibility  of  turbine  condenser 
explosions,  and  in  view  of  the  disorganisation  which 
Kucli  a  failure  iiiiglit  cau&e  on  board  ship  thus,  to  some  extent, 
support  the  attitude  adoped  by  the  Board  of  Trade 
at  the  time  of  their  dispute  with  ilessrs.  Denny.  It  cannot, 
we  think,  be  denied  that  steam  turbines  do  afford  greater 
possibilities  for  the  advent  of  excessive  pressure  than  with 
reciprocating  engines,  and  the  confcention  of  the  Board  that 
to  secure  a  reasonable  margin  of  safety,  turbine  condeusei's 
should  be  submitted  to  an  hydraulic  pressure  of  301bs.  on  the 
inch  did  not,  as  we  stated  at  tlie  time,  appear  to  us  unreason- 
able. The  Glasgow  Court  of  Survey  sustained  Messrs.  Denny  s 
appeal  on  the  ground  that  the  Board  of  Trade's  action  was  a 
new  departure  in  survey  practice,  and  that  the  onus  lay  upon 
them  to  show  that  the  new  circumstances  justified  it.  Ou 
the  other  hand,  Messrs.  Deuny's  opposition  was  apparently 
dictated  hy  a  reluctance  to  establish  a  precedent  with  regard 
to  condenser  testing  which  would  place  turbine  ve&sels  at 
a  disadvantage  as  compared  with  ordinary  vessels  rather  than 
by  a  belief  that  testing  was  not  necessary,  for  it  transpired 
that  tliev  had  for  their  own  satisfaction  tested  the  con- 
denser in  question  to  a  pressure  of  251bs.  on  the  inch,  /.<  ., 
within  51bs,  of  the  pressure  demanded  by  the  Board  of  Trade. 
So  far  turbine  condenser  explosions  have  been  a  rare  tx'rur- 
I'ence  ；  the  only  other  i  list  a  nee  we  ran  recall  was  one  that 
occurred  about  four  years  ago  (August,  1907),  on  board 
H . M .  cruiser  '  Euryalus,"  but-  in  view  of  the  rompa ratively 
limited  number  of  vessels  fitted  with  turbines  it  would  be 
unwise  to  rely  too  much  on  this  ininiuiiitv.  The  chance  of 
explosion  may  be  remote,  hut  the  failure  just  recorded  shows 
it  is  not  impossible,  ajid  having  regard  to  the  consequences,  on 
board  ship,  the  Board  of  Trade  view  that  they  ^^bould  be 
constructed  to  resist  to  a  certain  extent  internal  pressure 
is  not  unreasonable. 

•  See  "The  Mechanical  Engineer.  '  June  "h， 】90l,  p.  809.  Vol.  XIIl. 


Steam  Pipe  Explosion  at  Yarmouth. ― On  Saturday  night  last 
"it、  main  stoaiu  pipo  in  tliv  oloctricity  station  at  Yarnioutli 
hm'st,  resulting  in  two  of  the  employes  being  scalded,  one  so 
severely  that  he  had  to  bo  taken  to  hospital.  The  accident 
caused  considerable  iucouvenieuco  to  residents,  as  the  tramway 
^v^rvice  was  brought  to  a  standstill  and  the  lighting  service 
disorganised. 
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DEVELOPMENT  OF  FOUNDRY  PRACTICE. 

At  the  lueetiiig  of  the  Sheflield  and  District  Branch  of  the 
British  Foundrymen's  Association  on  the  23rd  ulb.,  Mr. 
Percy  Longniuir,  who  was  re-elected  president,  gave  an  inte- 
resting address  on  "  The  Development  of  Iron  and  Steel 
Foundry  Practice.  "  He  remarked  that  there  were  many 
branches  of  the  foundrymen's  art  still  needing  careful 
researck  and  study.  Moulding  alou©  offered  a  big  field  for 
such  work.  The  knowledge  of  this  branch  was  far  from 
complete  and  it  was  doubtful  whether  it  would  be  complete 
ill  their  time.  Tliey  ought  to  tackle  it  to  a  greater  extent 
than  had  been  doue，  because  it  was  of  the  greatest  importance 
in  any  foundry.  In  core-making  tliere  was  a  field  almost 
equally  as  great  for  study.  They  would  also  agree  that  the 
question  of  melting  wanted  much  greater  attention.  One 
was  often  amazed,  whether  dealing  with  the  ordinary  foundry 
cupola,  the  Siemens"  furnace,  or  the  Bessemer  converter, 
when  producing  steel  for  castings,  at  the-  extraordinary 
fluctuations  under  apparently  the  same  conditions.  Some 
two  years  ago  he  had  the  opportunity  of  studying  closely 
several  German  foundries  which  were  flooding  England, 
Sheffield  included,  witli  liglit  steel  castings,  ail  the  product  of 
the  electric  furnace.  They  might  say  electric  melting  was 
too  costly.  So  it  was  for  certain  classes  of  work,  but  not  for 
light  steel.  Irou  founding  or  brass  founding,  in  view  of  their 
present  knowledge  of  electric  heating,  was  out  of  the  question, 
but  for  light  steel  work  this  class  of  heating  was  worthy  of 
serious  consideration. 

In  regard  to  cost  of  production,  business  men  recognised 
the  importance  of  securing  accurate  costs,  and  he  questioned 
whether  many  foundries  could  do  that  to-day.  Referring  to 
tho  after-treatment  of  malleable  iron  and  heat-treatment  of 
steel  J  he  said  they  had  only  touched  the  fringe  of  these  sub- 
jects. The  question  of  mass  was  of  vital  moment,  and  he  was 
afraid  that  this  point  bad  up  to  now  received  little  serious 
study,  and  one  of  the  finest  fields  for  research  lay  in  the 
study  of  failures  and  wasters,  witli  a  view  to  prevent  future 
errors.  The  man  on  the  foundry  floor  each  day  acquired 
knowledge  which  could  not  be  gained  in  the  best-equipped 
laboratory  in  the  world.  To  make  progress,  they  had  to 
couple  up  the  work  of  the  scientist,  the  engineer,  and  the 
foundryman,  and  by  properly  combining  the  experience  of 
the  so  three  much  valuable  knowledge  could  be  gained 


APPLICATIONS  OF  ELECTRO-METALLURGY. 

At  a  recent  meeting  of  the  Sheffield  Electro-Metallurgical 
Society,  Mr.  F.  Mason,  in  a  paper  on  the  above  subject,  said 
electro-metallurgy  dated  back  to  the  beginning  of  the 
nineteenth  century,  but  the  practical  applications  of 
electricity  to  metallurgy  were  confined  almost  to  the 
last  30  years.  Within  that  period  electricity  had  be- 
coiiie  an  indispensable  agent  in  the  bullion,  alu- 
minium, copper,  and  sodium  industries.  H©  could  not  for 
one  moment  venture  to  advocate  the  immediate  total  demoli- 
tion of  its  elder  brother  of  the  fuel  type.  The  conditions 
which  exist  to-day  in  and  around  Sheffield  did  not  warrant 
such  drastic  measures  being  taken  if  cost  of  production  was 
alone  to  be  considered.  Dealing  with  the  question  of  cost,  Mr. 
Mason  said  they  had  it  from  Prof.  J.  W.  Richards  that  1  kw, 
hour  melted  in  practice  approximately  7 lbs.  of  brass  or  bronze. 
Thia  was  50  per  cent,  below  the'  theoretical  value.  In  Shef- 
lield to-day  the  lowest  rate  at  which  electricity  was  supplied 
by  the  Corporation  (without  special  or  particular  agreement) 
was  'G  of  a  peuuy  per  unit.  From  these  figures  they  arrived 
at  the'  following  conclusion  :  That  in  large  quantities  alloys 
could  be  melted  under  present  conditions  at  the  cost  of  Id.  per 
1  TTllbs.  of  metal  by  means  of  the  electric  furnace.  On  the 
authority  of  eminent  metallurgists,  the  electric  furnace  was 
bound  to  influence  non-ferrous  metal  industries.  The  advan- 
tage of  electricity  over  fuel  for  some  branches  of  non-ferrous 
metallurgy  was  amply  demonstrated  in  tlae  manufacture  of 
aluminium.  In  1887  this  metal  was  £3,788  per  ton,  to-day  it 
could  be  bought  at  under  £80  per  ton,  and  this  remarkable 
reduction  was  due  to  the  use  of  electricity  in  its  production. 


THE  CENTRAL  HEATING  AND  POWER  PLANT  OF  McGILL 
UNIVERSITY.  MONTREAL 

At  a  meeting  of  the  Institution  of  Civil  Engineers,  held  on 
January  30bh,  a  paper  on  the  above  subject  by  R.  J.  Durley, 
M .  Inst.C .  E .  ，  was  read  ，  of  which  the  following  is  an 
abstract : —— 

Economic  and  other  conditions  have  led  in  many  places  to 
the  development  of  central  plants  for  the  distribution  of  heat 
to  large  groups  of  buildings  or  to  districts  in  towns,  and  these 
installations  are  in  successful  operation  both  with  and  without 
accompanying  electric  generating  stations.  The  present 
paper  describes  the  arrangement  and  equipment  of  a  central 
heating  plant,  combined  with  an  electric  light  and  power 
station,  designed  to  serve  the  various  buildings  of  McGill 
University.  Although  only  of  moderate  size,  the  installation 
is  of  interest  on  account-  of  the  somewhat  severe  climatic  con- 
ditions and  the  unusual  nature  of  the  service.  Attention  is 
called  to  the  fact  that  the  economic  possibilities  of  such  a 
station  depend  very  largely  on  the  relation  between  the 
demand  for  heat  and  that  for  electric  current. 

The  University  buildings  were,  up  to  1908,  heated  indivi- 
dually by  their  own  steam  or  hot-water  equipment,  and  took 
current  from  the  local  electric  supply  company.  The  coal 
used  for  the  heating  service  was  necessarily  of  an  expensive 
kind,  and  the  cost  of  current  was  rather  high.  Economy  and 
improvement  in  service,  therefore,  were  sought  by  utilising 
cheaper  coal  in  a  central  boiler  plant  and  heating  tho  various 
buildings  from  one  source,  employing  for  this  purpose  as  far 
as  possible  the  exhaust  steam  from  electric  generating  sets. 
The  buildings  which  will  ultimately  be  served  have  a  total 
volume  of  about  7,570,000  cub.  ft.  ；  they  contain  81,000  sq.  ft. 
of  direct  radiation  heating  surface,  need  185,000  cub.  ft.  of 
warmed  air  per  minute  for  ventilation,  and  require  as  a  maxi- 
mum about  475  kw.  for  light  and  power.  The  greatest 
demand  for  steam  for  heating  and  ventilation  for  all  the 
buildings  in  cold  weather  would  be  about  30,0001bs.  per  hour. 
The  station  as  at  present  working  supplies  current  to  11  build- 
ings and  heats  five  ；  and  the  heating  service  will  be  extended 
to  all  the  buildings  as  opportunity  serves. 

A  brief  discussion  of  the  systems  of  heating  and  ventilation 
in  general  use  in  Canada  for  large  buildings,  and  a  description 
of  the  nature  of  the  demand  for  steam  and  current  for  the 
University  purposes,  is  followed  by  notes  as  to  some  of  the 
problems  arising  in  the  design  and  construction  of  under- 
ground piping  systems  for  steam  and  hot  water.  The  McGill 
power  house  itself  is  not  of  an  unusual  type,  its  equipment 
including  four  water-tube  boilers,  thre€  st^am-electric  gene- 
rating sets,  the  necessary  heaters  and  auxiliary  machinery, 
and  the  ordinary  apparatus  for  the  switchboard  and  electric 
accessories.  The  heat  distributiou  to  the  buildings  being 
largely  by  means  of  forced-circulation  hot  water,  as  well  as 
by  steam,  the  heaters  and  circulating  pumps  are  installed  in 
the  engine-room,  and  are  at  present  capable  of  supplying  hot 
water  to  60,000  sq.ft.  of  direct- radiation  heating  surface. 
Means  are  provided  for  obtaining  a  record  of  the  heat 
delivered  to  the'  heating  systems  of  the  various  buildings. 
The  electric  distribution  is  by  underground  cables  throughout, 
the  cables  as  well  as  the  heat-distributing  pipes  being  carried 
partly  in  tunnel  and  partly  in  conduit.  Secondary  heaters 
have  been  installed  in  two  of  the  buildings,  in  order  to  avoid 
the  expense  of  renewing  their  existing  heating  pipes  and 
radiators.  The  paper  closes  with  a  description  of  the  methods 
of  operation  adopted,  and  the  systems  of  temperature  regula- 
tion employed,  together  with  some  notes  as  to  working  costs. 


Action  of  Vanadium  on  Cast  Iron.— A  meeting  of  the  Bir- 
iniugham  Branch  of  the  British  Foundrymen's  Association 
was  held  on  Saturday  last,  when  a.  lecture,  entitled  "  Some 
Facts  as  to  the  Action  of  Vanadium  on  Cast  Tron，"  was 
delivered  by  Mr.  J.  Kent  Smith,  of  Liverpool.  The  lecturer 
dealt  with  the  subject  more  especially  from  the  point  of  view 
of  the  application  of  vanacliuni  in  commerce  to  grey  and 
chilled  iron.  He  showed  the  best  means  of  using  vanadium 
in  the  commonly-kiiowii  processes  of  foundry  work,  and  em- 
phasized the  fact  that  the  two  most  important  effects  of  vana- 
dium on  irou  were  :  (1)  Its  extraordinary  resistance  to 
abrasive  wear,  and  (2)  that  it  oliniinated  almost  entirely 
the  porosity  difficulty  so  often  met  with  in  high-service  cast- 
ings. The  lecture  was  illustrated  by  a  uiiniber  of  lantern 
slides. 
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TRACTION  ENGINE  BOILER  EXPLOSION  AT  CRAWLEY. 

BOAKD  OF  TkADK  EnQUIKY  AT  WINCHESTER. 

At  Wiucliester,  on  Tuesday  last  week,  a  Board  of  Trade  formal 
enquiry,  under  the  Boiler  Explosions  Act,  1882  and  1890，  was 
held  into  the  circumstances  attending  the  explosion  of  an 
agricultural  traction  engine  boiler  on  April  24tli  last  year  at 
Manor  Farm,  Crawley,  by  which  one  man  was  killed  and  two 
others  injured.  The  explosion  was  extremely  violent,  as  will 
be  seen  from  the  accompanying  photo  views  of  the  wreck  re- 
produced by  kind  permission  of  our  contemporary,  "  Vulcan/' 
The  Commissioners  at  the  enquiry  were  Mr.  F.  Sims  Williams, 
LL.B.,  barrister-at-law  (president),  and  Mr.  G.  Fullerton  Bell 
(engineer).  Mr.  Greorge  C.  Vaux  appeared  ou  behalf  of  the 
Board  of  Trade,  and  Mr.  Percy  Sneiling,  of  Winchester,  on 
behalf  of  Messrs.  L.  &  T.  Morecroft,  the  owners,  and  also  for 
Messrs.  George  Tliurlow  &  Sons,  the  lessors  of  the  boiler. 

The  case  is  of  considerable  importance  to  users  and  dealers 
in  portable  locomotive  boilers  in  agricultural  districts. 

Mr.  Vaux,  in  opening  the  enquiry  on  behalf  of  the  Board 
of  Trade,  said  the  parties  to  the  enquiry  were  Messrs.  George 
Tliurlow  &  Sons,  Ltd.，  Messrs.  Lewis  and  Thomas  Morecroft, 
who  were  partners  in  the  firm  of  Messrs.  L.  &  T.  Moi'eci'oft, 
contractors,  of  Sutton  Scotney  ；  Mr.  Thomas  Oswald  Newman, 
who  was  a  xnacliinist  and  contractor,  of  Stanstead,  Essex,  and 
Clias.  Wells,  a  boilermaker.  The  boiler  whicli  exploded 
formed  part  of  a  steam  ploughing  traction  engine^  made  by 
Messrs.  John  Fowler  &  Co.,  Ltd.,  of  Leeds,  in  1878.  It  was 
constructed  for  a  working  pressure  of  lOOlbs.  per  square  inch, 
for  a  Mr.  Hartwell,  of  Scoles,  Yorkshire,  who  sold  it  in  1893 
to  a  Mr.  Newman,  who  kept  it  until  September,  1909.  The 
boiler  was  fitted  with  one  lever  safety  valve  with  a  Salter 
spring  balance,  which,  was  said  to  blow  off  at  a  pressure  of 
lOOlbs.  per  square  inch. 

Messrs.  George  Tliurlow  &  Sons，  Ltd.，  were  iiiei'cliants  at 
Stowmarket,  and  a  part  of  their  business  appeared  to  be  the 
financing  of  contractors  who  required  machinery  for  doing 
agricultural  work.    Messrs.  Lewis  k  Thomas  Morecroft,  of 
Sutton  Scotney,  were  contractors   for   doing   ploughing  and 
cultivating  work,  and  they  were  financed  by  Messrs.  Thurlow 
and  Sons.      During  the  summer  of  1909，  Messrs.  Morecroft 
wanted  to  obtain  another  ploughing  tackle  set,  and  requested 
Messrs.  Tliurlow  &  Sons  to  buy  a  set  for  them.    As  a  result 
of  negotiations,  the  boiler  and  engine  was  bought  from  Mr. 
Newman  by  Messrs.  Thurlow,  who  had  their  name  plate  put 
upon  the  engine,  and  from  whom  Messrs.    Morecroft  pur- 
chased the  engine  on  a  hire-purchase  agreement.      Mr.  New- 
man did  not  appear  bo  have  given  any  guarantee  as  to  the 
safe  working  of  the  pressure  boilers,  but  it  was  said  that  at 
the  time  of  delivery  the  safety  valve  was  set  to  blow  off  at 
lOOlbs.  per  square  inch.    There  appeared  to  have  been  some 
conversation  between  Mr.  T.  Morecroft  and  Mr.  Newman 
with  regard  to  the  necessity  for  re-boileriug  the  engine,  and 
it  seemd  certain  that  at  the  time  the  engine  was  handed 
over  to  Messrs.  Morecroft  a  patch  bad  been  fitted  on  the  top 
of  the  boiler,  where  the  plate  had  become  thin.    After  obtain- 
ing possession,  Messrs.  Morecroft  appeared  to  have  worked 
the  boiler  on  and  off  at  a  pressure  of  about  llOlbs.  for  a  period 
of  about  10  days,  until  October  28th,  1909，  when  it  was  laid 
up  for  the  year.    During  the  winter  following,  the  boiler  was 
examined    by   Mr.    Tbomas   Morecroft.     No   repairs  were 
effected,  but  a  Salter  spring  balance  was  fitted  to  the  boiler, 
and  was  set  by  Mr.  Thomas  Morecroft  to  blow  off  at  a  pressure 
of  riOlbs.  per  square  inch.    The  boiler  was  uot  insured,  and 
no  outside  persons  were  called  in  to  examine  and  report  ou  its 
condition.      On  April  17th,  】911，    Sir.    Thomas  Morecroft 
appeared  to  have  last  seen  the  boiler  at  work  ou  the  Manor 
； Farm,  Crawley,  belonging  to  Mr.  Philippi,  whore  Messrs. 
Morecroft  had  contracted  to  do  some  ploughing  work.  On 
Monday,  April  24t-h,  the  fire  was  lit  about  six  a.m.  by  Percy 
]V[m'(H'roft，  a  brother  of  the  lessees  of  the  engine,  who  was 
acting  as  driver,  and  who  had  had  16  years'  experience.  At 
about.  9-40  a.iii while  the  pressure  gauge  was  said  to  be  show- 
ing llOlbs"  the  boiler  exploded.      A  carter  in  charge  of  the 
water  cart  was  killed  instantaneously  ；  Percy  Morecroft  was 
scalded  and  thrown  out  of  the  engine  (、ab,  and  a  boy  standing 
near  sufTerod  injuries  ;  and  a  fitter,  standing  five  oi"  six  yards 
a\yay，  was  blown  for  a  distance  of  about  30  yards,  but 'by  a 
mirade,  beyond  a  severe  shaking,  suffered  no"  injuries  ；  while 
fragments  of  the  engine  and  boiler  were  carried  long  distances. 


Mr.  George  Gosey,  traveller  for  Messrs.  John  Fowler  and 
Co.,  of  Leeds,  said  the  engine  was  a  14  li.p.  normal,  single- 
cylinder  ploughing  engine,  and  he  had  been  able  to  ascertain 
tliat  the  boiler  was  constructed  by  his  firm  for  lOOlbs.  pressure. 

Percival  Morecroft,  driver  iu  charge^  and  brother  to  Lewis 
and  Thomas  Morecroft,  gave  evidence  of  having  worked 
the  engiue,  and  bore  out  the  details  of  the  explosion  as  given 
by  Mr.  Vaux.  He  said  that  the  gauge  of  tlie  engine  showed 
a  steam  pressure  of  llOlbs.  immediat'iHy  before  the  explosion. 
On  the  previous  Saturday  tlie  boiler  blew  off  at  1201bs.,  which 
was  the  same  pressure  the  safety  valve  spring  balance  indi- 
cated. 

Mr.  Arthur  Tarrant,  engineer  surveyor  to  the  Board  of 
Trade,  who  held  the  preliminary  enquiry  after  the  explosion, 
put  in  a  report  giving  a  detailed  description  of  the  engine  and 
Doiler,  and  the  flight  of  the  fragments.  The  back  end  plate  of 
tlio  boiler,  the  smoke  box,  and  a  tube  wei*e  blown  in  a  direct 
line  39ft.  ；  the  steering  axle  and  left  wheel,  a  distance  of  45ft. ； 
the  right  front  whoel  was  disconnected,  and  landed  63ft.  from 
the  engine  to  the  right  hand  of  tlie  smoke  box  ；  the  cylinder 
and  other  parts,  with  coutrol  valve  and  lower  part  of 
the  dome,  were  throwu  a  distance  of  90ft.  ；  fragments 
of  tho  dome  cover  and  the  upper  part  of  the  dome, 
including  the  safety  valve  and  lever,  were  detached  and  found 
174ft.  from  the  engine  ；  the  safety  valve  funnel,  tool  box,  com - 
paniou  wheel,  and  four  pieces  of  barrel  plating,  together  with 
a  number  of  small  parts  of  the  engine  and  boiler  lagging,  were 
strewn  around  within  a  radius  of  60ft.  ；  the  governor  brake 
was  found  420ft.  from  the  engine  ；  and  four  large  pieces  of 
shell  plate  at  distances  varying  from  195ft.  to  olOft.  The 
original  thickness  of  the  barrel  plates  was  §in.,  but  they  were 
wasted  by  external  corrosion.  Internally  the  boiler  was  in 
good  condition.  There  were  no  indications  of  shortness  of 
water.  The  boiler  was  only  ^iu.  thick  at  the  top  of  the  barrel, 
close  to  the  smoke  box,  and  on  this  an  external  patch  had  been 
placed,  attached  by  bolts  3iu.  apart.  The  patch  was  never 
any  good,  as  it  was  not  carried  far  enough.  The  heads  of  the 
rivets  were  not  substantial,  and  they  had  very  little  hold, 
while  there  was  considerable  play  in  them.  From 
his  examination  he  came  to  the  conclusioii  that  the 
weakest  part  of  the  boiler  was  under  the  patcli,  where 
the  bolts  weakened  the  plate  to  the  extent  of  21 
per  cent.,  and  that  tlie  initial  fracture  took  place 
in  this  weak  portion,  which  was  corroded,  and  brought  about 
the  other  fractures.  Iu  his  opinion,  the  explosion  was  caused 
by  the  thinning  of  the  shell  plating  of  the  barrel  by  external 
corroding,  whicli  reached  such  a  point  that  it  could  not  resist 
the  working  pressure.  He  thought  the  corrosion  was  caused 
by  the  water  dripping  from  the  cylinder.  Asked  if  the  hammer 
test  could  have  been  applied  to  the  weak  part,  he  replied  that 
he  did  not  see  bow  it  could  have  beeu  done  without  taking  off 
the  cylinder.  ' 

Ml'.  .George  Reader  Thurlow,  managing  director  of  Messrs. 
Thurlow  tk  Sons,  Ltd.,  gave  evidence  showing  that  the  engine 
was  hired  to  Messrs.  Morecroft  on  a  hire-purchase  agreement. 
He  was  not  an  engineer  or  boiler  maker.  They  did  not  put 
iu  new  boxes  or  boilers,  but  got  other  people  to  do  it'  for  them. 
Occasionally  they  fuianced  second-hand  maohinerv,  but  with 
the  exception  of  this  case  they  liad  had  every  engine  through 
their  shop.  It  was  not  their  practice,  until  last  year,  to  have 
every  engine  examined  by  an  insurance  company.  They  had 
never  examined  engines  while  out  on  a  hire-purcliase  agree- 
ment, but  they  now  examined  ever)'  boiler  through  an  insu- 
rance company.  When  】iis  firm  let  out  engines  il  was  their  prao- 
tice  to  examine  them  all  before  they  left  their  shop,  but  in  tlio 
rase  of  this  boiler  they  did  not  do  so.  \\\  tho  hire-pu rrliaso 
agreement  there  was  no  clause  which  compelled  the  hirer  to  in- 
sure against,  explosion.  Messrs.  Morecroft,  iu  a  letter  before  the 
purchase,  said  the  condition  of  the  engine  was  extra  good.  He 
arranged  for  tlie  engines  to  be  handed  over  to  Messrs.  More- 
croft by  Mr.  Newman  ；  and  left  it'  to  Messrs.  Mom  roft  to 
decide  how  and  what  pressure  was  to  be  used.  He  did  not- 
see  the  engine  after  the  explosion  ；  he  had  never  seen  it  from 
Il rst  to  last.  There  was  no  stipulation  in  the  agreement  as  to 
insurauce  against  explosion. 

Mr.  Vaux  ：  Don't  you  consider  there  was  some  responsi- 
bility on  you  if  voii  buv  aii  engine,  before  setting  it  to  work 
to  see  if  it  is  safe  to  be  set  to  work  ？  — I  never  kiiow  that,  but 
1  believe  now  what  you  say  is  true. 

Witness  agreed  with  the  Prosidont  thai  a  ui'  "  t  xlornal 
examination  was  not  sufficient  to  ascertain  the  coudilion,  but 


February  2,  ini2]  THE   MECHANICAL   ENGINEER.  125 


said  it  was  a  very  troublesome'  job  to  take  the  lagging  off.  He 
had  bought  some  hundreds  of  engines,  and  had  never  had  the 
lagging  off,  but  if  lie  had  known  the  boiler  had  been  patched 
he  would  not  have  bought  it. 

Thomas  Oswald  Newman,  machinist  and  contractor,  of 
Stanstead,  Essex,  bore  out  Mr.  Vaux's  opening  statement  as 
to  the  history  of  the  engine.  He  had  it  for  16  years  in  Lis 
possession.  For  eight  years  he  leased  it  out  on  hire.  When 
it  came  back  at  the  end  of  the  eight  years  he  did  not  examine 
it,  and  he  did  not  remember  ever  having  the  lagging  off  before 
he  sold  it.  He  set  the  gauge  at  lOOlbs.,  and  worked  the  boiler 
at  that.  He  had  a  ferrule  put  underneath  the-  spring  balance 
of  the  safety  valve,  so  that  it  could  not  be  screwed  down  lower  ； 
lOOlbs.  was  the  pressure  for  the  boiler  when  new.  He  adver- 
tised it  as  in  good  order,  and  for  all  h&  knew  it  was  in  good 
order.  He  did  not  examine  tli©  barrel  boiler,  nor  did  he 
have  the  lagging  off.    When  the  engines  were  dispatched  to 


with  Mr.  Newman  as  to  the  working  pressure.  He  thought 
that  when  the  engine  was  delivered  the  safety  valve 
was  loaded  to  12()lbs.  No  guarantee  was  given  by 
Mr.  Newman,  and  nothing  was  said  about  re-boiler- 
ing  the'  engines.  After  tliey  were  received  in  Sep- 
tember they  were  worked  for  about  three  weeks  at  the  pressure 
set  by  Mr.  Newman,  and  when  they  were  used  again  the 
following  April  he  set  the  gauge  at  1201bs,,  because  that  was 
the  pi-essuro  they  had  always  been  using.  During  the  winter 
of  1909-10，  the  engine  No.  3,489  was  stripped  of  its  lagging, 
and  tHe  outer  plating  of  the  boiler  was  scaled  and  painted. 
He  did  part  of  this  himself.  He  then  found  the  boiler  had 
been  patched,  but  took  no  steps  to  ascertain  the  thickness  of 
the  plates, 

Lewis  Morecroft,  brother  of  the  last  witness,  said  he  con- 
ducted the  correspondence  and  book-keeping  part  of  the  busi- 
ness, and  left  the  other  to  liis  brother.      He  generally  bore 
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Messrs.  Morecroft,  the  safety  valve  was  adjusted  to  lOOlbs. 
During  all  the  16  years  he  had  the  boiler,  no  complete 
examination  was  made. 

Thomas  Morecroft,  partner  in  the  firm  of  Messrs.  T.  and 
L.  Morecroft,  of  Sutton  Scotney,  said  the  only  experience  of 
boilers  lie  had  had  was  in  using  them.  His  business  was  that 
of  a  machinist  and  contractor.  In  1909  they  held  work  for 
another  pair  of  ploughing  engines,  and  lie  answered  an  adver- 
tisement of  Mr.  Newman's,  and  arranged  with  Messrs.  Tliur- 
low  to  purchase  the  one  in  question,  but  the  latter  never  saw 
it.  He  did  not  know  the  age  of  the  boiler,  and  never  asked , 
but  went  by  the  number  on  it.    They  had  no  conversation 


out  the  statements  made  by  liiin,  and  corroborated  as  to  the 
1201bs.  pressure  at  which  the  safety  valve  was  set  when  the 
engine  was  delivered. 

Mr.  Robert  McCi'ii'ick,  inspector  of  boilers,  engines,  &c., 
for  the  National  Boiler  and  General  Insurance  Company,  Ltd., 
said  he  inspected  the  remains  of  the  exploded  boiler  on  April 
27th  and  28th  last  year.  In  his  opinion  the  cause  of  the 
explosion  was  the  weakening  of  the  shell  by  the  external  wast- 
ing and  the  boiler  reputured  at  ordinary  working  pressure. 
He  had  looked  at  the  patch  on  the  boiler  and  had  come  to  the 
conclusion  that  it  was  placed  there  at  a  fairly  recent  dat« ~ 
within  the  last  five  years.    It  had  been  put  ou  the  boiler  after 
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the  severe  wasting  of  the  plate  had  occurred.  There  wafi  no 
corrosion  on  the  inner  side  of  the  patcli. 

Mr.  Vaux  then  put  in  and  read  the  following  list  of  qi">s- 
tions,  which  the  Cotiunissioners  were  asked  to  answer  : ― 

(1)  \Vli(、n，  by  whonij  and  for  what  working  pressure  was 
the  boiler  constructed  ？  When  and  to  whom  was  it  sold  ])\ 
the  makers? 

(2)  When  was  the  boiler  purchased  by  Mr.  Thomas  Oswald 
Newman  ？  During  the  time  it  was  in  his  possession,  at  what 
pressure  was  it  worked ？  What  repairs  were  effected  to  it? 
Were  they  properly  executed?  Was  the  boiler  ever  tested 
by  hydraulic  pressure  ？ 

(3)  What  were  the  rircunistances  in  wliidi  the  bnjler 


(6)  Were  proper  measures  taken  bv  Messrs.  Georgo  Tliur- 
low  &  Sons,  Ltd.,  and  by  Messrs.  T.  &  L  Morecroft  to  eusure 
that  the  boiler  was  worked  under  safe  conditions? 

(7)  What  was  the  causo  of  the  explosion  ？ 

(8)  Are  Mr.  Thomas  Oswald  Xewiiiaii  and  liis  boiler  maker, 
Mr.  Charles  Wells,  Messrs.  George  Tliurlow  &  Sons,  Ltd.,  and 
Messrs.  Thomas  &  Lewis  Morecroft,  or  is  any,  ami  which  of 
tlioni  to  blame  for  the  explosion  ？  Should  any,  and  which  of 
them,  pay  any  and  what  part  of  the  cost  of  this  formal  investi- 
gation ？ 

Mr.  Vaux  said  the  evidence  had  amply  justified  the  neces- 
sity for  that  formal  investigation.  There  seemed  to  be  a 
'Mirious  lark  of  business  im'thod  in  tliP  purchase  and  sale  of 


Explosion  of  a  Tu.vction  Engine  Boileu  at  Manor  FAKif,  Cuawlky.  H  vmi'shiiu:, 


sold  by  M  r .  Thomas  Oswald  New  in  an  to  Messrs.  George  Tliur- 
low &  Sons,  Ltd.,  in  the  year  1909? 

Was  any  guaraiitc;*  ^iven  by  Mr.  Thomas  Oswald  Nownum 
to  Messrs.  Georj^e  Thu rlow  &  Sons,  Ltd.,  or  Messrs.  L.  and 
T.  Morecroft,  or  did  he  lead  both  or  either  of  them  to  under- 
stand that  the  boiler  was  suitable  for  a  working  pressure  of 
1201bs.  per  square  inch  ？ 

(4)  Were  proper  measures  taken  by  Messrs.  George  Tluir- 
low  &  Sons,  Ltd.,  and  Messrs.  L.  &  T.  Moiwroft  before  using 
the  boiler  to  ascertain  the  pressure  at  wliidi  it  could  safely 
bo  worked  ？ 

(5)  During  or  after  September,  1909 ― (n)  Was  M r.  T. 
Morecroft.  justified  in  fixing  the  working  pressure  of  the  boiler 
at  rJOlbs.  per  square  inch  ？  (h)  Was  tlie  luanagenient  of  the 
boiler  entrusted  to  a  competent  jkmsom  ！  ('，)  Was  tlie  boiltM* 
thoroughly  and  efficiently  examined  by  a  competent  person  ？ 


boilers  of  this  desrriptioii  in  this  neighbourhood.  As  regarded 
Messrs.  Thu  rlow,  it  seemed  a  dangerous  proposition,  from  the 
public  point  of  view,  for  anyone  to  l)ny  boilers  of  this  desi  riji- 
tioii  and  to  delegate  the  responsibility  of  seeing  that  t hey  were 
fit  for  a  working  pressure  to  any  kind  of  person,  one  who 
mif^ht  be  quite  ignorant  of  how  to  examine  and  determine  for 
himself  whether  a  boiler  was  safe  or  not  to  work.  The  evi- 
dence showed  the  necessity  for  men  like  Messrs.  Moreoroft, 
who  had  no  knowltxlge,  to  call  in  ox  pert  evideiue  and  to  have 
their  boilers  examined  by  a  ])erson  who  really  knew  whether 
they  should  be  set  to  work  at  tlio  pressure  at  which  they  had 
worked  them  or  not.  This  should  be  done  jieriodirally.  An- 
other point  which  stood  out  by  itself  was  that  it  was  a 
prevailing  idea  tliat  tlie  fire  box  and  the  engine  must  be  looked 
a  ft  or  aiul  repaired,  and  that  the  barrel  was  a  portion  which 
seemed  to  bear  a  charmed  life  and  required  no  insperiion  at 
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all.  If  that  enquiry  did  uotliin"r  olse  hut  prm'*'  the  fallacy  of 
such  ail  idea,  it,  was  just ilied - 

The  President  then  delivered  judgment.  He  said  the 
Court  thought  the  boiler  was  originally  constructed  for  a 
working  pressure  of  lOOlbs.  per  square  inch.  There  was  no 
satisfactory  evidence  that  the  boiler  was  ever  tested  by 
liydraulic  pressure  during  the  period  from  1901-8,  nor  even 
examined  during  that  tinie,  either  externally  or  internally,  by 
a  competent  person.  None  of  the  parties  knew  that  the 
patch  was  on  the  barrel  of  tlie  boiler  which  exploded,  nor 
that  the  plate  under  it  had  been  reduced  in  parts  by  corrosion 
to  lin.  There  was  a  difference  of  opinion  as  to  what  the 
safety  valves  were  set  to  when  they  were  delivered  to  Messrs. 
Morecroft,  but  whatever  the  pressure  was,  the  engine  was 
worked  at  rJOlbs.  for  three  week.  During  the  winter  the 
lagging  was  taken  off,  and  Mr.  Thomas  Morecroft  then  saw 
the  patch  on  the  barrel  plate  near  the  cylinder,  but  to  him  it 
conveyed  nothing  whatever,  and  no  examination  worthy  of  the 
name  was  made  externally  or  internally  of  the  barrel  plates 
either  by  Mr.  Morecroft  or  anyone  else.  Messrs.  Thurlow 
never  inspected  the  boiler  or  called  upon  Messrs.  Morecroft  t :) 
repair  it,  but  left  everything  in  the  latter's  hands.  The  engiiio 
was  worked  at  1201bs.  without  consideration  as  to  what  woi  1 .1 
be  the  safe  working  pressure,  and  Mr.  Thomas  Morecroft  wi  s 
certainly  not  a  competent  person  to  fix  it.  He'  acted  perfectly 
honestly,  but  without  adequate  knowledge  and  without  seek- 
iiig,  as  he  ought  to  have,  competent  advice.  Referring  to  the 
patch,  he  said  there  was  no  evidence  as  to  who  put  the  patch 
on,  and,  continuing,  said  that  in  the  opinion  of  the  Court  the 
explosion  was  caused  by  the  plates  along  the  line  of  fracture  at 
the  top  of  the  boiler  being  so  reduced  by  external  corrosion  as 
to  be  unable  to  resist  the  working  pressure.  He  then  pro- 
ceeded to  answer  the  questions  submitted  on  behalf  of  the 
Board  of  Trade  as  follows : ― 

(1)  The  answer  to  this  we  have  already  given. 

(2)  Ditto. 
(3a)  Ditto. 

(3b)  Our  answer  is  in  the  negative. 
(4)  Ditto. 
(5a)  Ditto. 

(5b)  Mr.  Percy  Morecroft  was  a  competent  engine  driver. 
(5c)  Certainly  not. 

(6)  Ditto. 

(7)  This  we  have  already  dealt  with. 

(8)  As  to  Mr.  Newman  and  Mr.  Wells,  we  do  not  think 
tliey  are  to  blame  for  the'  explosion  ；  although  we  strongly 
deprecate  the  lax  way  in  which  the  boilers  were  worked  by 
Mr.  Newman  without  any  proper  examination  of  the  barrel 
plates  of  the  boiler.  With  regard  to  the  second  clause,  in  our 
judgnieiit  Messrs.  L.  &  T.  Morecroft  are  to  blame  for  the 
explosion  for  the  following  reasons :  (1)  No  proper  measures 
were  taken  by  them  before  using  the  boiler  to  ascertain  the 
pressure  at  which  it  could  be  safely  worked  or  to  ensure  the 
boiler  was  worked  under  safe  conditions  ；  (2)  Mr.  Thomas 
Morecroft  was  not  justified  in  fixiug  the  working  pressure  of 
the  boiler  at  1201bs.  per  square  inch  ；  (3)  the  boiler  was  not 
thoroughly  and  efficiently  examined  by  a  competent  person  or 
tested  by  hydraulic  pressure.  As  to  Messrs.  Geo,  Tliurlow 
and  Sons,  they  were  the  owners  and  lessors  of  the  boiler,  and 
we  think  they  were  to  blaine  for  allowing  this  second-hand  old 
boiler  to  be  used  without  any  examination  whatever  by  a 
competent  person.  In  our  opinion,  a  thorough  examination 
by  a  competent  person  would  have  disclosed  the  fact  that  it 
was  unsafe  to  work  the  boiler  with  the  barrel  plates  in  their 
wasted  condition.  We  wish,  therefore,  to  say  in  regard  to  all 
these  three  gentlemen 一  Mr.  Thurlow  and  Messrs.  L.  and  T. 
Morecroft ― that  they  gave  their  evidence  very  fairly,  and 
rendered  every  assistance  to  the  Court  to  enable  it  to  arrive 
at  the  cause  of  the  explosion,  but  we  cannot  hold  them  free 
from  blame.  We  should  also  add  that  Mr.  Lewis  Morecroft 
left  the  matter  entirely  in  the  hands  of  his  brotlier,  although 
this  does  not  release  liiin  from  his  responsibility. 

Boiler  explosions  are  nearly  always  due  to  preventable 
causes,  and  there  certainly  was  no  unavoidable  accident  in  this 
case.  We  think  that  the  explosion  would  have  been  averted 
by  reasonable  precautions  and  by  the  exercise  of  ordinary  care 
in  the  examination,  iiispeotion,  and  supervision  of  the  boiler. 
As  already  stated,  the  boiler  was  made  of  iron,  and  was 


■33  years  at  t  lie  I  iinc  of  explosion,  part  of  the  plates 
Ijeiii"  redut'f'd  by  fotiosion  (loui  j-Sin tin*  orii^inal  tliickiiess, 
to  ^iii .  at  t  he  time  of  the  explosion .  WV  would  also  point 
out  til  at  in  our  judgment  a  boiler  should  be  thoroughly 
examined  and  tested  by  a  competent  person  periodically,  to  en- 
sure that  it  is  worked  under  safe  coiidit ions.  Tlie  cylinder 
and  lagging  of  such  a  ploughing  engine  as  this  should  be  re- 
moved, and  a  thorough  internal  and  external  examination  of 
the  boiler  should  be  made,  and  the  soundness  and  efficiency 
of  the  stays  tested,  and  tli^  boiler  also  should  be  tested  under 
liydraulic  prossure  with  tlic  lagging  off,  accompanied  by  gaug- 
ing, careful  observat ion,  and  inspection. 

The  cxploftioM  of  stf'am  boilers  is  still  frpqueiit ,  and  evfin 
fatal  to  those  wlicxsp  duty  it  is  to  attend  to  them,  and  the  hard- 
ship of  working  an  old  worn-out  boiler  until  it  explodes  is  that 
not  only  those  whose  duty  it  ifi  to  attend  to  them,  hut  strangers 
who  may  be  casually  passing  by  or  even  far  away  from  the 
place'  of  the  ^explosion,  are  liable  to  be  killed  or  injured. 
Children  sleeping  in  their  beds  or  playing  in  the  fields  have 
been  killed  on  the  spot  or  maimed  for  life  by  the  flying  frag- 
ments of  an  exploded  boiler.  Only  a  few  years  ago  a  boiler 
exploded,  and  a  portion,  weighing  two  tons,  was  projected 
over  streets  and  houses  for  over  200  yards,  two  men  being 
killed  and  several  injured  by  tlie  explosion.  Tn  that  case,  as 
ill  this,  the  original  thickness  of  part  of  the  plate  liad  been 
reduced  by  corrosion  to  one-eighth  of  an  inch,  ami  in  that 
{•ase,  as  in  this,  the  worn-out  condition  of  the  boiler  was  only 
discovered  after  the  explosion,  and  not  before,  as  it  ought  to 
liave  been  by  a  thorough  and  effective  examination. 

This  is  not  the  first  explosion  of  a  ploughing  engine, 
atended  by  fatal  loss  of  life.  As  the  result  of  this  explosion 
one  man  has  been  unfortunately  killed  and  others  injured. 
We  are  expressing  no  opinion  as  to  legal  liability,  which  may 
involve  the  consideration  of  matters  foreign  to  this  enquiry, 
but  we  think  both  Messrs.  Thurlow  and  Messrs.  Morecroft  arc 
responsible'  before  this  Court  for  the  efficiency  of  tlie  boiler 
and  for  the  exercise  of  adequate  examination,  supervision, 
and  inspection  by  competent  persons  during  its  use.  The 
Act  of  Parliament  gives  this  Court  complete  discretion  over 
the  costs  and  expenses  of  this  enquiry.  We  have  taken  into 
consideration  what  has  been  ably  urged  by  Mr.  Snelling  on 
behalf  of  his  clients  and  all  the  circumstances  of  tlie  case,  and 
we  think  the  justice  of  the  case  will  be  met  by  ordering  Messrs . 
Lewis  and  Thomas  Morecroft  to  pay  £50,  and  Messrs.  George 
Thurlow  ik  Sons,  Ltd.,  to  pay  £25  towards  tlie  costs  of  this 
enquiry.  In  conclusion,  we  would  wish  to  thank  Mr.  Tarrant, 
the  engineer  and  surveyor  to  the  Board  of  Trade,  for  the  great 
assistance  he  has  given  us  in  this  case,  and  to  express  our 
sympathy  with  the  relatives  of  the  man  who  was  unfortu- 
nately killed,  and  to  the  otlier  persons  who  were  injured  bv 
the  explosion. 

The  enquiry,  which  extended  three  days,  then  closed. 


Hydro-electric  Power  Station  for  Chester. ― The  Chester  Town 
Council  lias  adopted  a  scheine  under  which  the  water  of  the 
River  Dee  at  the  weir  at  Chester  will  bo  used  for  the  genera- 
tion of  electricity-  The  scheme  has  been  prepared  bv  the  City 
Electrical  Engineer  (Mr.  S.  E.  Britton),  and  has  been  con- 
firmed by  an  expert.  The  Electricity  Coiiiniitt-ee  recom- 
mended that  permission  should  be  obtained  to  borrow  £13,000 
for  the  construction  of  works  on  the  sit^e  of  the  old  Dee  mills. 
The  Town  Clerk  reported  that  he  thought  the  Waterworks 
Company  would  offer  no  opposition  to  the  power  scheme.  The 
scheme  proposes  to  utilise  the  water  power  of  the  old  Dee 
mills  for  generating  electricity  by  means  of  three  water  tur- 
bines and  tlire-e  electrical  generators.  It  is  estimated  that 
1,500,000  units  can  he  obtained,  and  that  the  sale  of  elec- 
tricity so  generated  will  produce  £5,000  a  year,  yielding  a 
surplus  income  of  sonietliing  like  £3,000,  so  that  the  coin- 
inittee  would  be  able  to  repay  the  capital  involved  in  4 A  years. 
No  water  scheme  in  Encrland  at  present  exists  on  so  large  a 
scale.  Tlie  power  at  the  Dee  mills  had  been  used  for  centuries 
to  some  extent  by  the  mills  at.  present  situated  at  Chester.  A 
certain  amount  of  opposition  to  the  scbeTiio  was  expressed  at 
the  nieetini?,  but  two  amendments  for  deferring  it  were  de- 
feated, and  the  scheme  adopted. 
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PARSONS'  CENTRIFUGAL  PUMP. 

When  centrifugal  puinps  are  used  to  deal  with  fluids  in  which 
fibrous  or  solid  matter  is  present,  the  operation  of  the  pin  tip 
is  seriously  impaired  by  the  presence  of  such  material,  this 
trouble  frequently  arising,  for  instance,  in  the  pumping  of 
sewage.  In  the  endeavour  to  overcome  this  difficulty,  a  screen 
has  been  employed  at  the  inlet  to  the  pump  for  the  purpose 
of  excluding  this  solid  and  fibrous  matter.  Such  a  screen, 
however,  soon  becomes  choked,  and  its  cleansing  is  a  matter 
of  considerable  trouble  and  expense,  and  in  some  cases  is 
impracticable.  With  a  view  to  overcome  this  difficulty,  the 
construction  of  pump  shown  in  the  accompanying  illustra- 
tions has  been  designed  and  patented  by  The  Hon.  R.  C. 
Parsons,  M,A.，  3，  Victoria  Street,  Westminster,  London. 

Referring  to  the  illustrations,  Figs,  1  and  2  show  an  out- 
side elevation  and  an  end  view  of  the  pump,  with  the  part  of 
the  casing  containing  the  suction  pipe  removed.  Fig.  3  is 
an  end  sectional  elevation  through  the  shearing  plate  carrier 
on  the  line  1  of  Fig.  1.  Fig.  4  is  a  sectional  view  on  the  line 
2  of  Fig.  3.  Fig.  5  is  a  sectional  elevation  of  the  pump  on 
the  line  3  of  Fig.  2.  The  casing  of  the  pump  is  of  usual  form, 
with  suction  and  delivery  pipe,  B  and  C,  respectively.  The 
blades  D  are  attached  on  one  side'  only  to  a  circular  plate  E， 


eye  bolts  and  nuts,  the  cover  plate  carrying  a  web  Q,  which 
projects  into  the  pump  casing  for  the  purpose  of  supporting 
tlie  shearing  plate  G,  and  which  is  provided  with  planed  faces 
against  which  the  plate  can  bear.  The  shearing  plate  G  is 
securely  held  in  position  by  a  plate  R，  placed  against  the 
plate  Gr,  on  the  side  remote  from  the  web  Q,  and  secured 
partly  by  lugs  S，  which  engage  in  projections  cast  on  the  web 
Q,  and  partly  by  a  screw  T，  passing  through  the  wall  of  t he 
cylindrical  casting  M，  and  pressing  upon  the  plate  R.  The 
screw  T  thus  acts  to  transmit  directly  to  the  casing  of  tho 
pump  any  pressure  produced  by  the  cutling  action.  The  web 
Q  and  plate  R  are  provided  with  projecting  parts,  U  and  V, 
respectively,  as  shown  in  Fig.  3，  and  in  6ucli  a  manner  that 
wlien  in  position  these  projecting  parts  form  a  continuation 
of  the  inner  surface  of  the  inlet  pipe  B  and  of  the  conical 
portion  W  of  the  pump  casing,  so  tliat,  with  the  exception  of 
a  small  slit  through  which  the  shearing  plate  G  protrudes, 
there  is  no  interruption  in  the  internal  surface  of  the  pump 
casing.  Consequently  the  loss  of  power  through  the  forma- 
tion of  eddies  round  the  cutting  edge  is  reduced  to  a  iiiiiii- 
111  um.  The  position  of  the  shearing  plate  is  adjusted  hx 
means  of  a  screw-threaded  bolt  X  and  locking  nut,  the  former 
passing  through  the  cover  plate  N，  and  having  a  Lead  which 
engages  in  a-  notch  in  the  shearing  plate  G. 

Owing  to  the  curvature  of  the  rotating  blades,  each  blade 
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carried  by  the  pump  driving  shaft  F,  while  the  edges  of  the 
blades  D,  adjacent  to  the  inlet  pipe  B，  are  so  formed  that  their 
surface  of  revolution  is  entirely  or  partly  tliat  of  a  cone  hav- 
ing the  shaft  F  as  axis.  The  shearing  plate  G  has  an  edge  H， 
in  a  line  situated  in  a  plane  passing  through  the  axis  of  the 
cone.  The  plate  edge  H  is  a  straight  line,  and  being  in  con- 
tact or  nearly  in  contact  with  the  edges  of  the  blades  D,  forms 
therewith  pairs  of  cutting  edges.  In  order  to  prevent  any 
fibrous  or  other  material  lodging  against  the  shearing  plate 
G，  the  side  of  the  plate  facing  the  direction  of  inward  flow 
to  the  pump  is  provided  with  an  inclined  web  K，  attached  to 
the  inlet  pipe  and  projecting  radially  as  far  as,  or  beyond, 
the  centre  thereof,  as  shown  in  Fig.  4.  By  tins  means, 
solid  or  fibrous  material  is  prevented  from  lodging  against  the 
plate  G,  and  is  passed  into  the  pump.  The  shearing  plate  is 
fixed  in  such  a  position  that  its  plane  does  not  pass  through 
the  axis  of  tlie  cone  formed  by  the  rotating  blades  D，  but  is 
some  distance  tlierefroin,  so  that  thf  edge  of  the  rotating 
blades,  in  rubbing  against  tlie  shearing  plate,  always  main- 
tain a  sharp  cutting  edge,  IT,  on  the  latier.  Tho  shearing 
plate  is  arranged  in  such  a  manner  that  it  can  be  moved  for- 
ward towards  the  edge  of  the  rotating  blades  when  desired,  in 
order  to  conij)ensat-e  for  wear. 

The  method  of  effecting  this  is  illustrated  in  Figs.  3  and 
'1,  ill  which  the  conical  cover  is  formed  by  a  jwrtion  of  the 
purap  casing  with  a  cylindrical  castiug  M，  between  the  pump 
iulet  pipe  and  the  main  part-  of  the  casiuf^.  Tho  open  end  of 
tlie  cast  ing  "M  is  closod  l>y  a  rovnr  plat，、  N.  hold  in  posit  irm  In- 


will  only  contact,  with  the  shearing  plate  at  one  point  at  any 
given  iiistantj  and  this  point  of  contact  will  】nove  along  the 
cutting  edge  H  of  the  plate  G  as  the  blades  D  are  rotated. 
By  this  relative  motion,  between  the  rotating  blades  and  the 
shearing  plate,  any  solid  or  fibrous  matter  which  is  unable  to 
enter  between  the  rotating  blades  is  pushed  forward  and  cut 
into  pieces  of  such  dimensions  as  will  allow  it  to  pass  through 
the  pump.  In  order  to  ensure  that  no  solid  or  fibrous  matter 
shall  become  fixed  iu  the  passage  between  the  rotating  blades, 
or  in  any  other  orifices  of  the  pump,  the  inlet  passage  in  the 
vicinity  of  the  shearing  plate  is  arranged  to  be  of  smaller 
dimensions  than  those  of  any  other  part  of  the  pump,  the 
passages  of  flow  diverging  therefrom  to  the  delivery  of  the 
pump.  Iu  this  way  any  solid  or  fibrous  matter  which  i? 
unable  to  pass  between  the  rotating  blades  is  cut,  and  re-cut 
if  necessary,  into  portions  that  are  small  enough  to  pass  ea*;ily 
through  auy  other  passage  of  the  pump.  Tlie  shearing  plate 
may  in  some  cases  extend  throughout  the  whole  radial  dinien- 
sicms  of  tlie  rotatinc"  blades,  or  niav  be  arraiiE^od  to  t<*nninato 
at  any  less  radial  distance.  Iu  the  latter  caso  a  groove  A，  of 
spiral  form,  and  having  square  edge^,  is  formed  iu  the  internal 
surface  of  the  pump  casing  beyond  the  end  of  the  sliearinjr 
plate,  for  the  purpose  of  facilitating  the  passage  of  the  matter 
and  prevent  it  from  beconiiug  jammed  between  the  edges  of 
the  blades  and  the  conical  casing  after  passing  the  rutting 
edge. 

Usually,  the  junction  of  the  walls  of  the  volute  or  spiral 
obamber  of  the  puinp  witli  the  wall  of  the  delivery  pipe  is 
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continued  as  near  the  blade  outlet  edges  as  possible,  in  order 
to  provide  a  volute  continuous  from  tlie  blade  outlet  edge . 
It  is  preferable,  however,  to  form  the  above  continuation  by 
means  of  a  removable  plate  L,  as  shown  in  Fig.  2,  and  pur- 
posely of  less  strength  than  the  blades  D  and  attached  to  the 
pump  casing.  The  removable  plate  is  curved  so'  as  to-  lie  in 
the  path  of  the  outer  edge  of  one  of  the  blades  D,  and  i、s  pro- 
vided with  a  V-shaped  groove,  the  sides  of  which  form  cutting 
edges.  The  outer  edge  J  of  the  blade  whicL  contacts  with  the 
plate  L  is  shaped,  as  shown,  so  as  to  form,  together  with  the 


Fig.  3. 


Fig.  5.— Parsons'  Centrifugal  Pump. 

plate  L,  a  pair  of  edges  capable  of  cutting  any  hard  or  fibrous 
substance  which  might  become  entangled  with  the  plate  L. 
This  plate  is  supported  by  a  projection  0，  cast  on  the  sides  of 
the  pump  casing,  with  or  without  a  similar  projection  ou  the 
cover  M，  or  the  plate  may  be  kept  free  of  obstruction  by 
means  of  prongs  formed  upon  the  edge  of  the  blades  D,  and 
touching  or  nearly  touching  the  plate  L,  and  thereby  remov- 
ing any  substance  adhering  to  the  latter  in  their  passage  past' 
the  plate  during  the  revolution  of  the  disc  E.  These  prongs 
are  so  placed  upon  the  blades  D  that  while  all  of  the  in  would 
effectively  clear  the  whole  widtli  of  the  plate  L,  the  number 
of  prongs  upon  each  of  the  blades  D  would  be  so  small  as  to 
cause  only  a  negligible  obstruction  to  the  passage  of  liquid 
through  the  pump.  It  will  thus  be  seen  that  should  any 
hard  substance  pass  accidentally  between  the  impeller  blades 
and  the  plate  L,  so  as  to  cause  undue  stress  to  either  of  them, 
the  latter  will  break  first,  thereby  preventing  injury  to  the 
impeller,  and  allowing  the  pump  to  operate  as  before,  the 
broken  plate  L  being  subsequently  replaced  by  a  new  one.  As 
shown  in  Fig.  5，  the  apex  of  the  cone  formed  by  the  disc  E 
is  provided  with  teeth  P,  made  eccentric,  so  as  to  dislodge  or 
disintegrate  any  solid  matter  which  may  rest  against  the  disc, 
and  so  ensure  that  such  matter  is  carried  to  the  cutting  edge 
H  of  the  shearing  plate.  Provision  is  made  for  adjusting  the 
longitudinal  position  of  the  rotating  blades,  so  as  to  provide 
for  wear  of  the  blade  edges. 


ASSOCIATION  OF  CONSULTING  ENGINEERS. 

We  have  received  the  following  official  report  of  the  recent 
meeting  of  this  Association  : ― 

On  Monday,  tlie  1 5th  ult.,  the  inaugural  meeting  of  the 
above  Association  took  place  for  the  purpose  of  formally 
receiving  the  rules  wliich  liad  been  drawn  up  by  the  commit- 
tee appointed  for  this  purpose  at  the  opening  meeting  some 
18  months  ago.  Between  60  and  70  engineers  were  present. 
The  chair  was  taken  by  Mr.  James  Swinburne,  who  was  sup- 
ported by  the  majority  of  the 
committee,  which  consists  of 
the  following  engineers  :  John 
S.  Alford,  H.  Percy  Poulnois, 
Edward  M.  Eaton,  Robert 
Hammond,  Joseph  H.  Harri- 
son, Baldwin  Latham,  Charles 
Lorn  ax,  Sidney  R.  Lowcock, 
Ernest  L.  Mansergh,  Arthur 
J.  Martin,  Thomas  L.  Miller, 
William  M.  Mordey,  William 
H.  Patchell,  W.  LleweUyn 
Preece,  Henry  Rofe,  John  F. 
C.  Snell,  E.  Herbert  Steven- 
son, James  Swinburne,  A.  A. 
Campbell  Swinton,  Grotfred 
Midgley  Taylor,  and  Alfred 
H.  Dykes,  honorary  secretary. 

The  Chairman,  in  opening 
the  proceedings,  said  that  it 
was  his  first  business  to  explain 
Fig.  4.  the  objects  of  the'  Association, 

bub  that  he'  did  not  think  he  need  say  very  much  in  that 
direction,  because  they  all  knew  what  the  objects  were.  The 
Association  should  have  been  launched  50  years  ago  ；  in  the 
present  state  of  things,  however,  it  was  very  difficult  to  form 
an  Association  in  such  a  way  as  to  be  satisfactory  to  every- 
body. At  tho  same  time,  he  was  of  opinion  that  if  consulting 
engineers  did  not  take  this  opportunity  of  uniting  themselves 
together  there  was  no  chance  of  their  ever  doing  so.  It 
behoved  them,  therefore,  to  proceed  very  carefully  and  to 
build  on  sure  foundations. 

Most  institutions  had  begun  by  taking  in  everyone  they 
could  get,  with  the  idea  that  the  more  members  they  got  the 
more  powerful  the  institution  would  be,  and  the  result  was 
that  after  they  had  been  in  existence  some  time  they  had  to 
narrow  down.  He  thought  that-  they  should,  in  the  present 
case,  go  to  the  other  extreme.  If  they  began  by  making  it 
very  small,  perhaps  in  the  opinion  of  many,  too  small,  then , 
when  the  Association  was  in  active  existence,  it  could  always 
enlarge  itself  iu  any  direction  it'  desired,  should  it-  be  thought 
advisable. 

On©  of  the  qualifications  for  membership  in  the  rules  was 
that  the  applicant  should  be  a  full  member  of  the  institution 
controlling  the  branch  of  engineering  in  which  he  practised. 
It  was  true  that  the  rules  provided  that,  in  addition,  members 
should  be  of  such  standing  as,  iu  the  opinion  of  the  committee 
of  the  Association,  entitled  them  to  admission  to  the  Associa- 
tion ； but  in  the  initial  stage  in  which  they  were  at  the 
moment  (namely,  of  having  formed  the  Association  and 
appointed  the  committee,  drawn  up  rules,  and  recei\;_ed  appli- 
cations for  membership,  bub  not  having  yet  actually  any 
members),  the  comniittee  were  of  opinion  that  it  would  bo 
wise  to  adopt  some  recognised  standard  of  qualifications  and 
to  limit  the  first  members  to  those  possessing  the  qualification 
of  corporate  membership  of  the  Institution  of  Civil  Engineers. 

They  were  aware  that  this  restriction  might  be  criticised 
by  some  people,  who  might  say  that  they  were  mechanical 
engineers  or  electrical  engineers,  and  of  eminence  in  their 
profession,  and  did  not  see  why  the  fact  that  they  had  not 
joined  the  Institution  of  Civil  Engineers  should  prevent  them 
from  joining  the  Association.  On  the  other  hand,  it  must 
not  be  overlooked  that  the  Institution  of  Civil  Engineers  was 
not  only  the  oldest  institution,  but  was  the  parent  engineering 
institution,  and  that  the  majority  of  consulting  engineers 
already  belonged  to  it  in  addition  to  the  institutions  repre- 
senting the  particular  branch  iu  which  they  practised. 

If  any  competent  consulting:  engineer,  who  was  not  a 
member  of  the  Civils,  felt  aggrieved  that  he  could  not  belong 
to  the  Association,  siirelv  it  、vas  not  asking  a  very  great  deal 
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of  him  to  ask  him  to  join  the  Civils.  If  the  Association, 
starting  as  a  young  society,  could  use  a  body  like  the  Insti- 
tution of  Civil  Engineers,  which  had  always  been  fairly  strict 
in  the  selection  of  its  candidates  and  was  getting  stricter 
every  year,  and  thus  throw  the  responsibility  of  deciding  as  to 
a  candidate's  qualifications  upon  an  established  institution, 
leaving  the  Association  merely  to  decide  as  to  his  qualifica- 
tions in  other  respects,  they  were  solving  one  of  the  greatest 
difficulties. 

Later  on,  when  the  committee  would  be  in  a  position  to 
know  the  feeling  of  consulting  engineers  in  general,  and  when 
the  members  h ad  had  time  to  become  acquainted  with  the 
working  of  the  Association,  they  might  find  it  advisable  to 
make  some  change,  but  that  was  a  matter  for  the  future.  At 
anyrate,  tlie  present  committee  felt  strongly  that  the  lines  lie 


secretary,  at  11，  Victoria  Street,  Westminster,  S.W.  This 
will  enable  a  list  of  first  members  to  be  made  without  delay. 
A  meeting  of  members  will  then  be  called  to  ratify  the  Rules 
and  to  appoint  the  Executive  Committee. 


—十— 


Fig.  1.— Arrangement  for  Eliminating  Vibration  in  High-speed  Internal-combustion  Engines, 

had  indicated  should  be  followed  for  the  moment  ；  he  himself 
believed  that  they  were  the  right  lines,  and  probably  the 
permanent  lines.- 

There  was  another  direction  in  which  they  thought  the 
committer  ought  to  be  very  narrow,  which  was  also  a  matter 
of  considerable  difficulty,  and  that  was  with  regard  to  the 
admission  to  the  Association  of  engineers,  many  of  whom 
were  of  the  highest  eminence,  who  were  receiving  a  salary 
and  were  giving  practically  the  whole  of  their  time  to  some 
corporation  or  some  public  body.  The  committee  wished  to 
be  logical  in  carrying  out  their  idea  of  starting  on  the 
narrowest  lines,  and  felt  that  they  should  confine  the  Associa- 
tion initially  to  those  regularly  in  practice  as  consulting 
engineers  and  having  their  own  separate  office  and  staff. 

The  Association  did  not  aim  at  stopping  competent  con- 
sulting engineers  who  might  not  join  them  from  doing  con- 
sulting work,  nor  did  they  wish  to  claim  a  monopoly-  The 
committee  felt,  however,  that  engineers  falling  within  the 
class  he  had  outlined  were  entitled  to  associate  themselves 
together  and  to  form  an  association  which  would  gradually, 
through  its  own  standing  and  character,  become  recognised  as 
the  body  of  consulting  engineers. 

After  the  proposed  rules  had  been  introduced  by  Mr. 
Midgley  Taylor  and  Mr.  S.  R.  Lowcock,  a  general  discussion 
took  place,  the  speakers  being  Messrs.  B.  M.  Jen  kin,  AV. 
Fairley,  A.  Williams,  A.  G.  Hansard,  Cawley,  Robert  Ham- 
mond, E.  J.  Silcock,  H.  P.  Boulnois,  A.  S.  E.  Ackermann, 
H.  P.  Raikes,  F.  W.  Hodson,  Moss  Flower,  Druitt  Halpin, 
and  P.  Griffiths.  The  main  points  to  which  speakers  referred 
were  the  scope  of  the  Association,  the  desirability  or  other- 
wise of  the  membership  being  restricted  to  corporate  members 
of  the  Institution  of  Civil  Engineers,  registration  of  consult- 
ing engineers,  solicitation  of  work,  and  the  desirability  of 
consulting  engineers  being  free  from  trading  or  manufac- 
turing interests.  In  the  course  of  the  discussion  the  Chair- 
man pointed  out  that  the  rules  weie  put  forward  subject  to 
legal  revision. 

In  conclusion,  at  the  suggestion  of  Jlr.  Loniax  and  Mr. 
W.  Duddell,  the  Chairman  put  a  motion  to  the  meeting  to 
the  effect  thai  corporate  membership  of  the  Institution  of 
Civil  Engineers  be  a  condition  of  nienibership  of  thv  Associa- 
tion* (with  discretionar}'  】）cn、'er  to  the  t-onnnittco)  and  that, 
the  committee  have  power  to  elect  niotnbors  from  among  those 
who  have  applied.  This  】notioii  having  been  duly  carried, 
the  proceedings  terminated  with  a  vote  of  thanks  to  the 
chairman.  It  is  hoped  tliat  all  consnltinj;  oni^ineors  possess- 
ing the  necessary  qualifications  will  join  the  Association  and 
communicate  at  once  with  Mr.  A.  H.  Dykes,  the  honorary 

•  Kul<>  t  if)  now  ronilfl  as  follows ;  "  H"  Hhall  bo  ft  full  nuniibor  of  tUo  Institution 
v<M、resentiu«  Ihc  paitioulav  brauch  of  the  iirofession  in  wbicli  lie  practices  and  a 
corporate  member  of  the  Institution  of  Civil  Cngiueora." 


ELIMINATING  VIBRATION  IN  HIGH-SPEED  INTERNAL- 
COMBUSTION  ENGINES. 

In  high-speed,  luulti-cylinder,  iiitfnial-conibustion  I'ligiiies, 
such  as  are  used  in  vehicle  propulsion,  the  eliniiiiation  of 
torque  variations  is  effected  in  the  usual  way  by  the  use  of  a 
heavy  flywheel  secured  to  the  crank  shaft.  Such  crank  shafts 
present  a  new  problem  to  the  designer,  however,  for  at  cer- 
tain speeds  of  rotation  it  is  found  that  objectionable,  and 
sometimes  dangerous,  torsional  vibrations  are  set  up.  With 

t'ho   object   of   eliminating  such 
,  vibrations,  Mr.  F.  W.  Laiiclies- 

tei'，  53,  Hagley  Road ,  Edgbastoii, 
Biriiiinghain,  has  designed  and 
patented  the  arrangements  illus- 
trated herewith. 

Ill   Fig.    1，   wliicli  shows  one 
'ri  rrangement   apj)lM'cl    to   a  six- 
cyliiider   molor,   tlien*   is  keyed 
to    the    rotating    shaft    A  at 
tlie     end     furthest     from  the 
llyw  heel    B    a    coupling  piece 
C，     provided     with     discs  D 
projecting       outwardly.  Over 
the    coupling     piece     C  there 
is    fitted     a    heavy     wheel     E    having     internally  pro- 
jecting discs  F  projecting  between  the  discs  D  of  the  coupling 
piece.    The  heavy  wheel  E  is  provided  with  a  bearing  G  on 
the  crank  shaft.    A  suitable  oil  film  is  formed  between  the 
heavy  wheel  E  and  its  ribs  and  the  coupling  piece  C     In  this 
arrangement,  if  the  shaft  is  rotating  uniformly,  the  heavy 
wheel  E  is  carried  round  at.  the  same  velocity  as  the  shaft. 
If,  however,  owing  to  the  action  of  the  connecting  rods  on 
the  shaft  there  is  at  any  given  speed  a  tendency  to  set  up 
torsional  oscillations  at-  the  end  A  of  the  shaft,  those  o8('illa- 
tions  cause  variations  of  sp^ed  between  the  end  of  tlie  shaft 
A  and  the  uniformly  moving  heavy  wheel  E,  and  the  pull 
between  tlie  coupling  piece  C  and  the  heavy  wIuh'I  E  tlirougli 
the  oil  film  will  tend  to  damp  out  these  cxscillations.    In  the 


，- 
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 ―  Fig.  3. 

AltUANGKMKNTS  lOB  ELIMINATING  VIBRATION  IN  HlGH-SPKED  InTITRNAL 

COMBUSTION  Engines. 

form  shown  in  Fig.  2,  the  lieavv  wheel  E  is  formed  so  that 
it,  takes  a  bearing  on  the  wheel  H  keyed  to  the  shaft  A,  an 
oil  film  being  provided  between  the  wheels  E  and  H. 

In  the  "arranirenuMit  sliown  in  Fig.  3,  the  touplins; 
is  effected  by  means  involviuf^  the  flow  of  lif|ui<l  through 
restricted  apertures.  The  heavy  wheel  E  b  provided  with  a 
niiinbor  of  cvliiidt'rs  <>  in  wliirh  work  pistons  I),  ronnootod 
l)y  ronnec'ling  rods  Q  witli  a  :>leevo  R  on  an  tHveiitrir  S  kevod 
to  the  shaft  A.  The  space  between  the  pibtons  and  tlio  heads 
of  the  cyliiulors  filled  with  a  suit  ihle  liquid*  nnd  ro*>trict<*d 
passages  are  provided  whereby  this  liquid  can  be  forced  out 
or  in  should  there  be  a  tendency  to  relative  movement  between 
the  shaft  and  the  heavy  wheel.  In  this  design  it  is  es^ntial 
that  the  wheel  i^bould  do  some  work,  in  order  that  the  rate  of 
efflux  may  be  such  that  ^iven  increments  of  velocity  result  in 
subslaiilial  increiucutt'  of  rcsistauce. 
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HERRINGBONE  GEARS* 

With  Special  Reference  to  the  Wuest  System, 
by  percy  c.  day. 
{Concluded  from  page  95.) 

In  order  to  obtain  a  simple  rule  for  finding  the  proper 
dimensions,  the  results  of  experience  in  the  matter  of  safe 
working  loads  under  given  conditions  have  been  reduced  to  a 
relationship  between  pitch  line  velocity  and  the  shearing 
stress  on  the  pitch  line  thickness  of  an  imaginary  straight 
tooth,  assuming  only  one  tooth  in  engagement  at  a  time. 
The  shearing  stress  is  a  measure  of  the  specific  tooth  pressure, 
and  the  relationship  referred  to  affords  a  convenient  means 
of  arriving  at  reliable  dimensions.  The  curves,  Fig.  6，  give 
values  of  shearing  stress  K  in  pounds  per  square  inch  on 
pitch  line  section  of  an  imaginary  single  tooth  for  correspond- 
ing pitch  line  velocities  V  in  feet  per  minute.  The  values  are 
entirely  empirical,  but  they  are  based  on  the  results  of 
extended  experience,  and  lead  to  dimensions  which  are  safe 
and  reliable.  Different  curves  are  given  for  different 
materials,  and  it  is  necessary  to  use  that  curve  which  corre- 
sponds to  the  lowest  grade'  material  of  the  combination.  The 
dimensions  of  gears  can  bo  derived  from  the  curves  in  the 
following  manner : ― 

h. p.  =  brake  horse-power  transmitted 
iV  =  revolutions  per  minute 
D  =  pitch  circle  diameter,  inch 

p  =  circular  pitch  in  inches  (us©  nearest  diametral 
pitch) 

W  =  total  width  of  face,  inch 
F  =  pitch  line  velocity,  feet  per  minute 
P=  total  tooth  pressure  at  pitch  line,  pound 
K  =  stress  factor  (from  curve) 

 (1) 

o    h.p.  X33  000  ,o、 
 y- ~    • ， "） 

 (3) 

p_  2  2；^  (^^  normal  gears  of  moderate  ratio,  and  face\ 出 
一  P     \  width  equivalent  to  6  times  thecircularpitch/  ^  ) 

"Ik  (5) 

For  high  ratio  gears  take  TF  =Rf  (i?  =  ratio  to  1)  up  to  maxi- 
mum of  ^N  -10/}. 

,c、 

Usually  the  value's  of  h.p.  and  N  are  known.  In  many 
cases  the  diameters  or  centre  distances  are  fixed,  and  there  is 
no  choice  of  dimensions.  When  the  diameters  are  not  fixed 
there  are  many  solutions  to  the  same  problem  and  it  becomes 
largely  a  matter  of  experience  which  to  select  in  order  to 
obtain  the  most  economical  and  satisfactory  gears. 

In  normal  gears  it  is  safe  to  aim  at  pitch  line  velocities 
between  1,000ft.  and  2,000ft.  per  minute,  with  1,500ft.  as  a 
fair  average.  If  the  pinion  is  to  be  fixed  to  a  motor  shaft 
without  external  support,  the  diameter  must  bo  greater  than 
when  it  can  be  supported  on  both  sides.  Cast  iron  is  prefer- 
able to  cast  steel  for  gears  of  large  diameters  and  moderate 
power,  but  the  latter  will  be  found  more  economical  for  high 
tooth  pressures.  Pinions  are  usually  made  from  steel  forg- 
ings  of  0  40  to  0  50  per  cent,  carbon.  Soft  pinions  should 
never  be  used  for  herringbone  gears.  Besides  being  bad 
engineering  practice,  they  are  unnecessary,  because  steel 
pinions  run  without  noise  and  last  much  longer. 

The  following  is  a  typical  instance  of  the  rang©  of  choice 
in  dimensions  ：  A  pump  which  requires  150  li.p.  at  50  revs, 
per  minute  is  to  be  driven  from  a  motor  at  500  revs,  per 
minute,  with  shaft  end  4Ain.  diam.  If  the  shaft  is  unsup- 
ported, it  is  not  desirable  to  use  a  pinion  of  less  than  lOin. 
If  the  shaft  is  extended  to  a  third  bearing  a  7iin.  pinion  can 
be  used.    If  the  pinion  is  cut  solid  on  its  shaft  and  coupled 

*  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 


to  the  motor,  its  diameter  can  be  reduced  to  5in. 
arrangements  work  out  as  follows : — 


Tho  three 


Material 
for 
Gear. 

V. 

P. 

Diame- 
tral 
Pitch 

Face 
Width. 

A  lOin.    and  lOOin.  ... 

Cast  iron 

1,300 

3,800 

500 

2 

9i 

B   7iin,  and   75in.  ... 

Cast  iron 

975 

5,100 

530 

2 

12 

lot- 

5' 

Cast  steel 

975 

5,100 

】，060 

2J 

n 

J)   fjin.   and   50in.  ... 

Cast  steel 

650 

7,600 

1,150 

2i 

m 

Any  of  the  above  gears  will  do  the-  work  satisfactorily.  C  is 
the  most  economical,  but  B  or  D  would  make  the  least  noise. 
If  a  gear  case  is  to  be'  provided,  then  D  will  give  the  most 
economical  combination. 

The  foregoing  data  can  be  used  for  finding  the  required 
dimensions  of  herringbone  gears  for  all  general  applications. 
In  most  cases  it  is  sufficient  to  calculate  the  tooth  pressure 
from  the  average  working  load.  When  the  maximum  load 
is  very  far  in  excess  of  the  average,  it  is  usual  to  take  a 
mean  value  between  the  two.  Gears  for  electric  mine  hoists 
and  single-throw  pumps  fall  within  this  category.  Machine 
tools,  when  driven  from  variable-speed  motors,  are  required 
to  perform  maximum  duty  at  minimum  speed  only  for  short 
periods  at  long  intervals.  It  is  sufficient,  when  getting  out 
gears  for  a  drive  of  this  kind,  to  reckon  with  the  rated  out- 
put of  the  motor  at  the  mean  between  its  maximum  and 
minimum  speed. 

There  are  two  special  cases  where  the  ordinary  methods  of 
calculation  should  not  be  used.  Rolling-mill  gears  are  sub- 
jected to  stresses  which  are  so  far  in  excess  of  the  average 
working  load  that  it  is  necessary  to  consider  carefully  the 
strength  of  the  teeth  in  regard  to  possible  overloads.  Extra 
high  velocity  gears,  such  as  are  used   for  steam  turbines, 


2000 


1500 


V^Velocity 

Fig.  6.— Shearing  Stress  in  Relation  to  Pitch-line  Velocity. 

require  additional  wearing  surface,  and  are  cliaract-erised  by 
extreme  width  of  face  combined  with  abnormally  fine  pitch. 
These  are  two  extremes  in  gearing,  and  their  design  is  best 
left  to  those  who  have  made  a  special  study  of  them. 

Before  describing  some  special  applications  of  these  gears 
to  the  needs  of  various  industries  and  machines,  it  may  be  of 
service  to  summarise  the  salient  features  of  the  gears  and  tho 
changes  of  view-point  vvbicli  these  features  have  engendered. 

The  smooth  and  continuous  action  is  virtually  independent 
of  the  diameter  or  number  of  teeth  in  the  pinion.  Extremely 
high  ratios  of  reduction  can  be  used  without  fear  of  uneven 
driving  or  undue  wear,  and  without-  need  for  unwieldy  gear 
diameters  which  would  be  disproportionate  to  the  general 
design.  High-ratio  gears  of  this  type  transmit  power  with 
practically  no  more  loss  than  low-ratio  gears.  They  are  far 
more  efficient  than  belts,  ropes,  worm  gears,  or  compound 
trains  of  spur  gearing,  while  their  adoption  results  in  a 
wholesale  reduction  of  countershafts  and  bearings,  which 
reduces  the  power  consumption  and  running  costs  to  a 
remarkable  degree. 

There  are  many  instances  where  spur  gears  cannot  be  used 
because  the  vibration  which  they  set  up  lias  a  detrimental 
effect  oil  the  driven  machine  or  its  product.  The  incon- 
venience of  a  cumbersome  system  of  belts  or  ropes  has  usually 
to  be  borne  in  such  cases,  but  it  is  not  too  much  to  say  that 
the  requirements  of  almost  all  of  them  are  fully  satisfied  by 
this  type  of  herringbone  gears. 

The  application  of  spur  gears  has  been  much  restnct-ed 
by  the  noise  which  they  make  when  run  at  high  velocities^ 
The  use  of  rawhide  or  other  soft  materials  has  only  proved 
mcxleratelv  successful  for  comparatively  light  work,  and  is 
quite  unsound  for  heavy  gear  practice.     Herringbone  gears 
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Fig.  8.— Electrification  of  Mine  Hoist  foumerlv  Steam  Driven. 

and  cast- steel  gear  of  127  teeth,  lliu.  circular  pitch  by  16iu. 
face.  This  train  reduces  from  375  to  70  revs,  per  minute. 
The  final  gear  is  overhung  on  the  end  of  a  flywheel  shaft  22iu. 
diani  ，  which  carries  a  ily wheel  of  about  100  tons  between  two 
bearings  and  is  coupled  to  the  main  pinion  through  a  pair  of 
wobblers.  Both  sets  of  gearing  are  enclosed  in  casings  aud 
are  lubricated  by  oil  jets  from  a  pujiip  provided  for  the  pur- 
pose. This  mill  has  been  running  without  a  hitch  of  any 
kind  since  September  lotli,  1910.  The  gears  are  no[seless, 
the  installation  shows  remarkable  efiiciency,  the  rolls  run 
with  extreme  smoothness,  and  the  pinions  do  not  show  appreci- 
able wear.  The  success  of  the  geared  turbine  for  such  an 
application  as  the  one  described  makos  it  certain  that  similar 
arrangements  can  be  used  with  advantage  for  driving  textile 
and  other  mills  where  the  conditions  are  less  s^^vere. 

The  geared  turbine  is  making  rapid  progress  for  driving 


in  combination  with  durable  steel  pinions  make  less  noise 
than  soft  pinons  and  spur  gears  when  new,  and  while  the 
former  become  quieter  with  use,  the  latter  soon  begin  to 
rattle  as  they  become  worn.  It  should  be  noted  that  the 
use  of  soft  pinions,  while  mitigating  tlie  nuisance  of  excessive 
noise,  does  not  reduce  vibration  or  unevenness  of  motion. 

There  is  a  limit  to  the  pitch-line  velocities  at  which  spur 
gears  can  he  opera t<5d,  beyond  which  it  is  unsafe  to  use  them. 
This  limit  is  far  below  the  minimum  velocities  which  can  be 
used  ill  connection  with  steam  turbines  of  economical  design 
and  high  power. 

Accurate  herringbone  gears  operate  quite  smoothly  at 
velocities  which  arc  impossible  for  other  types.    This  feature 


iiig  lOin.  space  for  bearing  ；  actual  face  width,  24in.  ；  ratio 
of  reduction,  19'9  to  1. 

This  gear  has  now  been  running  regular  voyages  for  more 
than  a  year  and  has  covered  over  20,000  miles.  The  results 
have  been  interesting  and  satisfactory.  The  efficicMicy  of  tlie 
gear  is  fully  98  per  cent.,  including  the  losses  in  the  bearings 
on  the  gear  case.  The  geared  turbine  shows  a  sustained  all- 
round  saving  in  fuel  consumption  of  more  than  25  per  cent, 
over  the  original  engines.  The  gear  runs  with  remarkable 
smoothness  and  without  noise  or  vibration.  The  wear  on 
the  teeth  is  negligible  after  20,000  miles,  being  only  0"002m. 
at  the  pitch  lines  of  the  pinions.  Even  this  small  wear  is 
nearly  all  traceable  to  inadequate  arrangements  for  freeing 
the  oil  from  grit  during  the  first  runs. 

Not  by  any  means  the  least  important  gain  is  in  the  be- 
haviour of  the  vessel  in  rough  water.  There  has  been  no 
racing  of  the  propeller  under  circumstances  where  this  dis- 
agreeable feature  was  painfully  evident  with  the  original 
installation.  This  is  due  to  the  high  rate  at  which  the  tur- 
bine motors  store  up  energy  with  change  of  speed,  which 
makes  it  impossible  for  a  large  change  to  occur  during  the  time 
when  the  propeller  is  partially  uncovered.  Such  a  record  as 
this  is  so  conclusive  that  the  use  of  geared  turbines  for  marine 
propulsion  must  shortly  become  general.  Herringbone- 
geared  turbines  aggregating  3,600  h.p.  have  recently  been 
fitted  to  the  U.S.  s.s.  "  Neptune  ■'  by  the  Westingliouse 
Machine  Company.  The  performance  of  this  vessel  will  be 
awaited  with  interest. 

Mr.  Parsons  has  made  a  successful  introduction  of  herring- 
bone gears  in  combination  with  a  steam  turbine  for  driving 
a  continuous  plate  mill.  This  is  a  proposition  which  few 
engineers  would  have  considered  seriously,  yet  it  has  proved  a 
success  from  every  point  of  view .  The  mill  is  of  the  3-higli 
type  with  rolls  28in.  by  84in.  running  at.  70  revs,  per  minute. 
The  turbine  is  designed  for  mixed  pressure,  running  at  2,000 
revs,  per  minute  with  exhaust  steam  at  161bs.  absolute  or  live 
steam  at  601bs.  absolute,  and  giving  750  b.li.p.  The  turbine 
is  coupled  to  tlie'  rolls  through  a  double  train  of  herringbone 
gears.  The  first  train  consists  of  a  chrome  nickel  sted  pinion, 
cut  solid  on  its  shaft,  aud  cast-st^el  gear.  Pinion  and  gear 
have  25  and  131  teeth,  3^  diametral  pitch,  by  24in.  face. 
This  train  reduces  from  2,000  to  375  revs,  per  minute,  and  is 
coupled  to  the  second  train  through  a  flexible  coupling.  The 
second  train  includes  a  high  carbon  steel  pinion  of  23  teeth 


1  1 
TURBINE 

'  I 

Fig.  7.— Diagram  of  Gear  Connection  between  Hydbaulic 
Turbines  and  an  Electbic  Generator. 

would  appear  to  reserve  for  them  a  field  of  application  which 
has  great  possibilities,  and  is  likely  to  cause  some  great 
changes  in  the  standard  practice  of  to-day. 

Application  to  Steam  Turbines. —  There  are  many  instances 
when  the  power  of  the  turbine  can  be  more  conveniently 
applied  in  mechanical  form  than  through  electrical  trans- 
mission. The  advantages  of  high-power  turbines  have  been 
discounted  in  many  instances  by  the  necessity  for  expensive 
electrical  outfits  with  their  attendant  losses  of  generation, 
distribution,  and  conversion. 

Direct-connected  steam  turbines  for  marine  propulsion 
have  been  only  partially  successful  in  a  very  limited  field. 
The  screw  propeller,  working  in  a  dense  medium,  has  an 
economic  speed  of  rotation  which  is  far  below  the  best  speed 
for  a  steam  turbine  of  corresponding  power.  It  is  only  when 
the  power  required  is  very  great  and  the  speed  of  the  vessel 
usually  high,  that  the  direct-connected  turbine  can  be  applied, 
and  even  then  the  application  does  not  do  full  justice  to  either 
turbine  or  propd】er，  while  the  first  cost  is  much  higher  than 
it  need  be.  The  uso  of  direct-coupled  turbines  is  coiiftued  to 
ocean  fliers  and  ships  of  war.  Ordinary  vessels  of  oomnierce, 
which  are  built  in  vastly  greater  numbers,  cannot  be  adapted 
to  turbine  power  in  this  foim.  Mr.  Parsons  attacked  the 
problem  of  applying  the  turbine  to  an  ordinary  freight 
steamer  of  nioderato  power.  To  this  end  lie  purchased  the 
s.s.  "  Vespasian,"  a  modera  tramp  with  triplo-expansion 
engines  of  about  1,000  h.p.  and  a  speed  of  11  knots  with  pro- 
peller running  at  75  revs,  per  minute.  As  a  preliminary  to 
the  installation  of  geared  turbines  on  this  vessel,  the  original 
engpines  were  overhauled  and  tuned  up  and  a  series  of  coal- 
consumption  trials  made  under  regular  sea-going  conditions. 

Tlic  engines  were  then  removed,  and  for  them  were  sub- 
stituted a  pair  of  steam  turbines  connected  to  the  propeller 
by  lierringbono  gears.  Each  turbine  develops  about  ")00  h.p. 
at  1,500  revs,  per  inirmte.  The  propeller  runs  at  the  original 
speed  of  75  revs,  per  minute.  Eat'h  turbine  is  coupled  to  a 
herringbone  pinion  with  teeth  cut  solid  on  a  shaft  of  soft- 
grade  chrome  nickel  steel.  The  two  pinions  mesh  with  rolled- 
steel  gear  rings  mounted  on  a  cast-iron  spider  which  is  keyed 
to  the  propeller  shaft.  The  whole  gear  system  is  tncloaed 
in  a  case,  and  the  teet'li  are  kept  lubricated  by  oil  jets.  The 
great  width  of  the  pinions  in  proportion  to  their  diameter 
made  it  'necessary  to  provide  room  for  bearings  between  the 
right  and  left-hand  teeth.  The  proportions  of  this  remark- 
able gear  unit  are  as  follows  ：  Pinions,  20  teeth  ；  gear,  398 
teeth,  four  diametral  pitch  ；  teeth  of  involute  form,  120。  pres- 
sure angle,  23^  spiral  angle  ；  over- all  face  width,  34iu.  includ- 
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direct-current  generators,  and  several  large  sets  are  now 
running  and  in  course  of  construction.  Hitherto,  it  has  been 
usual  to  couple  the  turbine  to  a  high-speed  alternator  and  to 
convert  to  continuous  current  through  a  motor  generator  or 
rotary  converter.  The  geared  turbine  unit  costs  less  money, 
takes  up  less  space,  and  has  an  over-all  efficiency  at  least  6  per 
cent,  better  than  the  A.C. ― D.C.  combination.  Geared  tur- 
bines have  another  field  of  application  for  driving  centrifugal 
pumps.  Direct-driven  units  of  this  kind  have  poor  efficiency 
because  a  compromise  has  to  he>  made  between  turbine  and 
pump  speed  which  is  detrimental  to  both.  The  interposition 
of  a  set  of  lierri'ngbone  gears  allows  both  ends  to  be  constructed 
for  the  highest  economy,  and  since  the  loss  in  the  gears  does 
not  exceed  2  or  3  per  cent,  there  is  a  large  all-round  gain  in 
efficiency.  This  applies  also  to  turbine-driven  blowers  and 
fans. 

Geared  Hydraulic  Turbines. ― Tlae  spe^d  of  hydraulic  turbines 
is  controlled  by  the  available  head  of  water  supplied  to  them. 
The  greater  number  of  turbines  are  required  to  operate  under 
low  heads  and  must  run  at  slow  speed.  Hydro-electric  power 
has  usually  to  be  transmitted  to  a  considerable  distance,  and 
is  produced  in  tlio  form  of  alternating  current  of  defitiite 
periodicity.  The  speed  of  the  turbines  may  be  as  low  as 
50  revs,  per  minute,  or  even  less.  A  large  direct-coupled 
alternator  for  this  speed  is  an  expensive  proposition.  Herring- 
bone gears  can  be  used  to  speed  up  from  the  slow-running 
turbines  to  generators  of  normal  design,  speed,  and  efficiency. 
The  smooth  action  of  these  gears  is  unimpaired  when  the 
wlie^l  drives  the  pinion,  and  high  ratios  of  speed  increase  can 
be  obtained  from  them  without  noise  and  with  less  loss  than 
direct-coupled  units  will  give.  A  typical  installation  of  this 
kind  is  outlined  in  Fig.  7.  This  arrangemeint  shows  two  slow- 
speed  vertical  turbines  driving  one  generator.  A  herring- 
bone gear  is  mounted  on  each  turbine  shaft  and  both  gears 
mesh  with  a  pinion  which  is  coupled  to  the  generator. 

Rolling  Mills  and  Rod  Mills. ― There  are  two  advantages  in 
the  use  of  accurate  lierringbone'  gears  for  this  class  of  work  - 
The  absence  of  shock  in  transmission  renders  breakages  much 
less  frequent  than  witli  cut  spur  or  moulded  helical  gears. 
The  even  transmission  and  entire  elimination  of  vibration 
allows  the  finishing  rolls  to  be  gear  driven  for  the  finest  work 
without  showing  gear  marks  on  the  finished  product. 
Herringbone-geared  mills  run  with  very  little  noise.  This 
may  be  of  less  consequence  in  rolling  mills  than  in  most  other 
applications,  but  it  is  an  improvement.  Rod  mills,  with 
their  quantities  of  high-speed  gearing,  can  be  completely 
transformed  by  using  herringbone  gears  and  raill  pinions. 

Machine  Tools. ― The  field  for  accurate  herringbone  gears 
in  connection  with  machine-tool  driving  is  too  extended  to  be 
considered  in  detail.  For  individual  motor  drives  this  gear 
gives  a  positive'  transmission  which  is  free  from  vibration 
and  less  'noisy  than  so-called  silent  chains  or  rawhide  pinionB, 
while  tliere  is  no  trouble  from  slipping  belts  or  slack  chains. 
But  the  real  advantage  of  these  gears  lies  in  the  better  finish 
that  can  be  obtained  when  they  are  used  for  the  entire  main 
transmission,  and  in  the  higher  output  combined  with  reduced 
maintenance  whicli  they  give  to  heavy  machine  tools.  Chatter 
is  eliminated.  Even  the  speeding  up  to  the  wheels  of  grind- 
ing machines  has  been  successfully  accomplished.  Reversing 
gears  for  heavy  planers  are  a  revelation  to  those  familiar  only 
with  the  ordinary  spur  drive. 

Pump  Driving.  ― Electrically-driven  plunger  pumps  have 
not  enjoyed  the  popularity  that  might  be  expected,  duo  to 
the  noise  and  vibration  caused  by  the  gearing  between  motor 
and  pump  shaft.  These  objections  are  obviated  by  accuraiely- 
cut  herringbone  gears,  which  not  only  give  silent  and 
vibrationless  transmission  but  admit  the  use  of  higli  ratio 
single  reductions  with  compact  dime'nsions.  The  single  reduc- 
tion drive  has  a  much  higher  efficiency  than  the  ordinary 
double  train,  quite  apart  from  the  lower  gear  losses,  because 
at  least  one  countershaft  can  he  dispensed  with.  Similar 
drives  are  successful  for  air  compressors  and  vacuum  pumps, 
which  present  similar  difficulties  to  those  met  with  in  plunger 
pumps. 

Application  to  Mining. ― One  of  the  features  in  the  recent 
electrifications  of  the  Eckstein  group  of  mines  on  the  South 
African  Rand  is  a  train  of  herringbone  gears  betwee'n  motor 
and  drum  in  the  main  "hoists.  These  hoists  are  driven  by 
reversing  asynchronous  motors  ；  the  geared  countershafts 
being  connected  to  the  drums  by  drag  links  from  the  original 
crank  pins  that  were  "used  when  the  hoists  were  run  by  steam 
power.    The  arrangement  is  shown  in  Fig.  8. 
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111  installations  of  this  type  there  are  no  slipping  clutches, 
and  the  strains  on  the  gears  are  very  severe,  some  of  theiii 
having  to  transmit  3,000  h.p.  to  4,000  h. p.  at  pitch  line 
velocities  ranging  from  2,000ft.  to  3,500ft.  per  minute.  The 
large  coal  mines  in  Northumberland,  Yorkshire,  and  South 
Wales  are  rapidly  adopting  high-bensioii  3-phase  current  for 
the  distribution  of  power  below  ground.  Some  very  large 
TTiaiii  and  tail,  and  endless,  haulages  are  used  in  these,  and 
herringbone  gears  have  become  a  standard  for  this  class  of 
work.  The  hoists  range  from  30  h.p.  up  to  1,000  h.p.,  and 
invariably  use  a  high  reduction  with  ratios  which  are  soine - 
tiines  as  high  as  15  to  1.  Simplification  of  desig-n  and  saving 
of  space  is  obtained  in  this  way,  since  ordinary  spurs  require 
a  double  train.  The  gain  in  efficiency  and  absence  of  noise 
aro  remarkable,  while  the  first  cost  of  the  whole  outfit  is  often 
less  than  when  cheaper  gears  are  used.  The  elimination  of  all 
vibration  prevents  crystallisation  of  the  shafts  and  disintegra- 
tion of  the  insulating  material  in  the  motors.  These  gears 
offer  tlie  same  advantages  for  endless  haulages.  A  higher 
speed  motor  can  be  used  when  they  are  adopted,  while  no  more 
than  two  trains  of  gears  are  required. 

An  application  of  especial  interest  is  for  driving  tipplers. 
These  gears  for  this  purpose  have  replaced  worm  gears  because 
they  stand  up  to  the  heavy  strains  without  excessive  wear. 


Fig.  9.— Typical  High  Ratio  Ge.vr  and  Pinion,  the  Latter 
WITH  Eight  Teeth. 

The  available  space  for  the  gears  is  always  limited  in  such, 
cases.    A  typical  high-ratio  gear  is  shown  in  Fig.  9. 

Elevators. ― There  are  very  few  high  buildings  in  Europe, 
and  the  elevators  there  run  at  comparatively  low  speeds.  As 
a  consequence,  worm  gears  predominate  ther€  for  this  class 
of  work.  The  Wuest  type  of  gear  was  brought-  out  with  a 
view  to  overcoming  the  losses  inseparable'  from  worm  gears 
with,  high  ratios.  The  needs  of  American  sky-scrapers  have 
caused  the  development  of  elevators  in  this  country  to  run 
on  different  lines,  so  that  the  popular  type  of  to-day  has  the 
rope  sheave  direct  connected  to  the  motor.  Needless  to  say, 
the  motor  runs  at  exceedingly  slow  speed,  usually  not  more 
than  50  or  60  revs,  per  minute  as  a  maximum.  Such  a  motor 
is  expensive  and  inefficient.  The  syst-em  of  control  is  wasteful 
to  a  degree.  Field  regulation  is  out  of  the  question,  and  the 
speed  control  is  obtained  by  shunting  the  main  current' 
through  a  resistance  so  as  to  reduce  the  volts  across  the 
armaturo  of  the  motor.  The  survival  of  so  uneconomical  a 
type  of  machine  is  due  to  there  having  been  no  satisfactory 
gear  system  which  would  fit  the  peculiar  conditions.  A  num- 
ber of  elevators  are  now  being  equipped  with  herringbone 
gears.  The  motor  is  geared  to  the  sheave  through  a  single 
train  witli  a  ratio  of  about  10  to  1.  The  maximum  motor 
speed  is  about  500  revs,  per  minute,  and  the  speed  control  is 
nearly  all  obtained  by  simple  field  regulation.  .  The  following 
advantages  are  claimed :  The  powor  consumption  is  not  more 
than  60  per  cent,  of  "'liat  is  required  for  direct-counect^ 
motors,  the  electrical  switch-gear  is  far  more  simple,  has  less 
to  do,  and  is  not  so  liable  to  get  out  of  order ;  the  motor  can 
be  repaired  without  interfering  with  tlie  car  or  its  suspension. 
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ELECTRICAL  FURNACES. 

A  PAPER  on  electrical  furnaces  as  applied  to  the  manufacture 
of  steel  and  steel  alloys  was  read  by  Mr.  C.  Myers  at  a 
meeting  of  the  Manchester  Association  of  Engineers  held  on 
Saturday  lasb.  The  ever-increasing  demand  for  the  highest 
grades  of  steel,  the  ease'  by  which  comparatively  low-quality 
steel  could  be  converted  into  steel  selling  at  high  prices,  and 
the-  use  of  low-quality  raw  materials  had,  the  author  stated, 
brought  the  electric  furnace  to  the  position  it  had  reached 
to-day.  Electric  furnaces  employed  in  the  manufacture  of 
steel  were,  he  observed,  of  two  distinct  kinds,  the  arc  furnace 
and  the  induction  furnace.  In  the  arc  furnace  the  current 
flowed  insid©  the-  furnace  chamber  from  one  set  of  carbon 
electrodes  to  another  set,  either  directly  through  a  small  air 
space  which  intervened  between  the  electrodes  of  opposite 
polarity  as  in  an  arc  lamp,  or  indirectly  from  one  set  of 
electrodes  through  the  metal  bath  to  the  other  set.  In  this 
second  method,  ihe  electrodes  whicli  took  the  current  from 
the  furnace  were  usually  not  carbon.  In  the  induction  fur- 
nace no  electrodes  were  used,  and  the  heating  agent  in  the 
bath,  was  not  the  actual  supply  current.  It  was  well  known 
that  if  an  alternating  electric  current  was  passed  through  a 
circuit  in  the  neighbourhood  of  another  circuit  the  former  or 
primary  current  induced  a  secondary  current  to  circulate  in 
the  latter  circuit,  with  out  any  contact  between  the  two 
circuits.     On  '  this   principle   the   induction  steel-melting 

No. 


and  26  tons  for  those  being  built.  Similarly,  the  figures  for 
the  Keller  were  13  tons  and  8  tons,  ami  for  the  others  20  tons 
and  13  tons  respectively.  Of  the  induction  furnaces,  the 
Kjellin  furnaces  erected—  totalled  14  with  35  tons  capacity; 
and  the  RcK'hling-Rodenhauser  15  with  30  tons.  That  gave  a 
total  capacity  of  about  250  tons  for  the  11  arc  furnaces,  and 
100  tons  for  the  induction,  or  a  grand  total  of  350  tons  per 
charge  for  all  electric  steel  melting  furnaces.  In  June,  1910， 
comparing  the  Heroult  only,  as  an  example,  there  were  29 
of  these  furnaces  with  a  capacity  of  80  tons,  in  work,  and  50 
tons  in  course  of  erection,  130  tons  in  all,  whilst  in  September, 
1911，  there  were  43  furnaces  with  a  total  capacity  of  about 
242  tons.  The  output  of  electric  steel  in  Germany,  the 
United  States,  Austria  and  Hungary  in  】9】0  amounted  to 
about  112,000  tons,  which  is  an  increase  of  63,000  tons  over 
the  figures  for  1909. 

Before  the  beginning  of  1911  the  Heroult  furnace  at 
Edgar  Allen  &  Co.'s,  in  Sheffield,  was  the  only  arc  furnace  in 
steady  operation.  In  January  three  Heroult  furnaces  were 
commenced  in  England,  at  Messrs.  Vickers  and  Thomas  Firth 
and  Sons,  Sheffield,  and  at  Lake  &  Elliott's,  Braintree, 
Eessex.  A  Kjellin  furnace,  for  demonstration  and  manu- 
facturing purposes  also,  started  at  about  the  same  time  in 
Sheffield,  and  the  output  of  England  for  1911  should  amount 
to  about  13,000  tons.  A  15-ton  Heroult  furnace  was  working, 
or  just  about  to  do  so,  at  Skinningrove,  and  was  expected  to 
turn  out  200  tons  per  day.    Kjellin  induction  furnaces  also 
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No.  2. ― Analyses  of  Steel  and  Slag  Taken  at  Different  Periods  of  Heat, 
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furnace  was  designed.  The  metal  charge  was  placed  in  an 
annular  hearth,  almost  like  a  steel-melting  crucible  in  section, 
but  in  the  form  of  a  ring.  The  primary  coil  of  many  turns 
was  placed  in  the  centre  round  a  core  of  laminated  iron .  The 
bath  of  molten  metal  acted  as  a  secondary  circuit  of  a  single 
turn.  The  current  in  the  secondary  was  in  ratio  to  the 
current  in  the  primary  multiplied  by  the  number  of  turns  in 
the  primary.  The  secondary  circuit  acting  as  a  resistance, 
the  heat  was  tlius  produced  in  the  charge  itself  witliout  con- 
tact with  electrcxles. 

After  describing  the  various  types  of  arc  and  induction 
furnaces,  the  author  furnished  some  interesting  figures  relat- 
ing to  the  nunibor  of  furnaces  in  use  or  inulor  construction  - 
In  June,  1910,  there  were,  he  said,  about  118  furnaces  of  all 
types,  of  which  70  were  in  use,  10  not  working,  and  38  being 
l)uilt.  There  were  77  of  tlie  arc  furnace  recorded,  of  which 
29  were  Heroult,  17  Girod.  13  Stassano,  6  Keller,  and  9 
others.  There  was  also  one  furnace  at  Doinnarfiet,  Sweden, 
for  the  production  of  2,500  tons  of  pig  iron  per  annum  ；  also 
one  in  Norway,  and  one  at  Trollhatton,  Sweden,  both  in 
course  of  construction,  and  each  desii^ticd  to  prod  hop  about 
7,500  tons  of  pig  iron  annually.  Of  the  Heroult  furnaces, 
the  total  capacity  per  charge  of  those  working  was  about  80 
tons,  of  those  in  course  of  construction  about  50  tons.  The 
total  capacity  of  the  Girod  furnaces  (the  great  coin  pet  iters  of 
the  Heroult)  was  recorded  at  about  30  tons  for  those  in  work 


had  been  working  during  this  period  satisfactorily  at  Messrs. 
Vickers  and  at  Messrs.  Jessop's,  in  Sheffield,  and  an  experi- 
mental furnace  at  the  University  of  Sheffield.  Great  pro- 
gress was  expected  to  be  made  in  Germanv  with  t^leotric 
furnaces  during  this  year,  when  Heroult  furnaces  of  25  and 
22  tons  capacity  per  charge  were  to  be  const nu'ted.  In 
September,  1911,  the  largest  size  was  two  15  tons  Heroult 
furnaces  at  South  Chicago  and  Worcester,  belonging  to  the 
United  States  Steel  Corporation,  who  had  recently  ； if(|uiro(l 
the  Heroult  patents  for  America  and  would  probably  erect 
several  more  furnaces  shortly. 

Referring  to  the  chemical  actions  that  take  place  during 
the  refining,  tlio  dephosphorising  and  the  desul])hurisiiig  of 
the  steel  in  the  bath,  the  author  stated  that  the  action  took 
place  in  two  stages ― in  the  first,  which  was  the  oxidation 
period,  the  carbon,  silicon,  manganese,  and  phosphorus  were 
oxidised,  and  in  the  second,  whicli  was  t he  deoxidat ion  ])t* riod. 
when  the  metal  was  dead  melted  and  the  sulphur  eliminated. 
The  first  action  was  arrived  at  by  adding  to  the  charge  certain 
quantities  of  lime  and  oxide  of  iron,  which  under  the  influence 
of  the  high  temperature  oxidised  the  carbon,  silicon,  anrl 
manganese  and  removed  the  phosphorus  as  calrium  phosphate. 
The  slag  after  this  operation  was  removed  from  the  bath  and 
further  quantities  of  lime  (and  sometimes  carbon)  were 
； i(lde<l  ；  this  was  the  second  statro.  when  tlie  sulphur  passed 
into  the  slag  as  calcium  sulphide  which  was  not  soluble  in  the 
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metal  bath.  In  the  open-hearth  furnace  this  calriuni  sulphide 
would  very  readily  be  oxidised  into  calcium  sulphate  which 
would  combine  with  the  iron  to  form  sulphide  of  iron  and  so 
go  back  into  the  steel.  In  the  reducing  atmosphere  of  the 
electric  furnace  this  could  not'  take  place,  so  that  it  was 
possible  to  remove  the  sulphur  to  almost  any  extent. 

The  author  furnished  some  actual  data  relating  to  charges, 
additions,  power  used,  &c.  This  is  given  in  the  accompanying 
tables,  No.  1  being  a  copy  of  a  report  on  seven  consecutive 
charges  from  an  8-ton  Rochling-Rodenhauser  furnace,  and 
No.  2  from  the  Heroult  furnace. 

There  was  very  little  doubt,  the'  author  stated  in  conclusion, 
that  for  many  purposes  in  steel-making  the  electric  furnace 
was  the  furnace  of  the  future.  There  was  no  doubt  now  in 
the  minds  of  steel-makers  who  have  had  the  actual  experience 
with  up-to-date  furnaces  that  ifc  was  possible  to  make  steel 
equal  to  the  best  ever  produced  in  Sheffield  at  less  cost  than 
it  could  be  don©  in  the  crucible.  It  was  of  course  just  as 
necessary  for  care  and  skill  to  be  exercised  in  working  an 
electric  steel  furnace  as  it  was  in  any  other  steel  process. 


BALANCING  OF  INTERNAL-COMBUSTION  ENGINES. 

With  high-speed,  two-stroke  cycle  internal-combustion  engines 
of  the  vertical  type,  in  which  crude  oil  is  used  as  fuel,  tbero 
are  large  accelerations  of  the  comparatively  large,  and  there- 
fore heavy,  scavenging  pump  piston,  in  addition  to  those  of  its 
crossliead  and  connecting  rod.  These  accelerations  are  par- 
ticularly iioticeable,  as  scavenging  pumps  work  at  a  pressure 
only  slightly  exceeding  that  of  the  atmosphere,  and  this  excess 
of  pressure  exercises  practically  no  reducing  influence  on  the 
piston  acceleration.     In  the   vertical    types    of  high-speed 


J  A 


Fig.  1.  Fig.  2. 

Balancing  of  Internal-combustion  Engines. 


engines  these  accelerations  are'  transmitted  to  the  engine 
frame,  and,  when  the  piston  is  at  it's  highest  point,  cause  con- 
siderable vibrations  in  the  whole  system.  It  has  been 
attempted  to  obviate  these  drawbacks  by  arranging  several 
smaller  scavenging  pumps,  or  by  arranging  two  or  more  cylin- 
ders of  the  same  alternately  on  a  balance  beam  in  such  a 
manner  that  the  vertically  reciprocating  piston  accelerations 
neutralise  each  other.  These-  arrangements,  however,  are  com- 
plicated, and  balance  weights  of  the  proper  size  could  not  be 
provided  witliiu  the  crank  casing,  even  when  the  speed  of  the 
engine  was  high. 

In  the  arrangements  illustrated,  the  invention  of  Sulzer 
Bros.,  Wintertllur,  the  scavenging  pump  is  driven  by  a 
separate  crank,  and  is  arranged  in  such  a  manner  that  the 
pressure  of  one  or  more  stages  of  the  air-supply  pump, 
arranged  concentrically  with  tJie'  scavenging  pump  cylinder, 
considerably  reduces,  or  even  entirely  neutralises,  the  momenta 
or  accelerations  of  the  pump  pistons.  The  stages  of  the  air- 
eupply  pump,  which  serves  to  balance  tlie  pump  piston 
accelerations,  are  formed  between  the  scavenging  pump  piston 
and  its  crank  gear.  In  that  way  the  reactions  of  the  forces 
take  place  at  a  smaller  distance  from  the  rigid  support  of  the 
engine,  which  considerably  reduces  the  action  of  tliei  hori- 
zontal components  of  the  forces,  owing  to  the  centre  of  gravity 


of  thoj  whole  movahio  system  being  placed  lowor,  and  tlius 
facilitates  balaiu'-iiig  of  the  various  in  asses. 

Fig.  1  shows  an  arrangment  where  a  two-stage  air-supply 
pump  is  employed.  In  this,  construction  A  is  the  piston  of  the 
scavenging  pump,  which  draws  in  atmospheric  air,  and  then 
forces  it  witli  a  small  excess  of  pressure  into  the  working 
cylinder  B  of  the  engine  through  the  pipe  C  during  the 
scavenging  and  charging  operations.  The  low-pressure  piston 
E  of  the  air-supply  pump  also  draws  in  atmospheric  air  and 
conveys  it  at  a  pressure  of  several  atmospheres  through  ilie 
pipe  H  into  the  high-pressure  cylinder  G.  From  the  latter 
the  high-pressure  air  passes  througli  tlio.  pipe  J  to  the  fuel 
valve  K,  through  which  the  fuel  is  then  injected  in  a  finely 
divided  state  into  the  cylinder  B.  The  driving  of  the  high- 
pressure  piston  L  of  the  air-supply  pump  is  effected  from  the 
connecting  rod  M  by  means  of  a  link  N，  rocking  beam  0， 
and  connecting  rod  P,  and  the  shaft  provided  with  the  crank 
Q  can  be  driven  in  any  desired  manner  from  the  main  shaft. 
In  this  construction  the  pressure  in  the  cylinder  F  opposes  the 
piston  acceleration  of  the  scavenging  pump  during  the  up- 
stroke, and  thus  assists  the  balancing  of  the  pump  piston  and 
prevents  shock  near  the  upper  dead  centre.  The  diameter  of 
the  piston  E  is  determined  in  accordance  with  the  equalising 
pressure  required. 

Fig.  2  sliows  a  construction  in  which  the  momenta  or 
accelerations  of  the  reciprocating  parts  of  the  scavenging 
pump  are  equalised  during  both  the  down  and  up-strokes. 
Between  the  low-pressure  stage  F  and  the  high-pressure  stage 
G  of  the  air-supply  pump  is  inserted  for  this  purpose  an  inter- 
mediate-pressure  stage  R.  The  piston  E  is  formed  as  a  double- 
acting  piston,  acting  during  its  up -stroke  as  a  low-pressure 
piston,  and  during  its  down-stroke  as  an  intermediale-pressure 
piston,  in  the  chamber  R.  The  high-pressure  stage  G  is 
driven  siepafafcely  by  the  connecting  rods  N,  0，  P. 

In  the  construction  shown  in  Fig.  1，  the  piston  accelera- 
tions are  equalised  during  the  up-strok©  by  the  pressure 
exerted  by  the  piston  E,  and  in  the  construction  shown  in 
Fig.  2  the  momenta  of  the  reciprocating  parts  are  balanced 
on  the  up-stroke  by  the  pressure  in  the  low-pressure  cylinder 
F，  and  on  the  down-stroke  by  the  pressure  in  the  intermediate- 
pressure  cylinder  R. 


The  Coal  Mines  Act.  ― It  lias  come  to  the  notice  of  the 
Home  Office  that  certain  institutions  which  give  instruction  in 
mining  have  issued,  under  a  misapprehension,  statements 
implying  that  they  have  power  to  grant  the  certificate  which 
persons  appointed  or  acting  as  firemen,  deputies,  or  examiners 
after  January  1st,  1913，  will  be  required  to  possess  under 
Section  15  (1)  (b)  of  the  Coal  Mines  Act,  1911.  The 
Department  desires  to  warn  intending  applicants  for  certifi- 
cates that,  in  order  t'o  comply  with  the  section ,  such  certifi- 
cate must  be  granted  by  "  a  mining  school  or  other  institution 
or  authority  approved  by  the  Secretary  of  State/'  and  a 
certificate  granted  by  an  institution  not  so  approved  will  have 
no  validity  for  the  purposes  of  the  Act.  No  institution  has 
as  yet  been  approved  by  the  Secretary  of  State,  and  there- 
fore HO  institution  is  at  present  in  a  position  to  grant  these 
certificabes.  A  list  of  approved  institutions  will  bo  duly 
published  in  the  press  when  it  is  finally  decided  upon. 

Oil -driven  Battleships  for  United  States  Navy. 一 The  Wo  battle- 
ships, " Texas  "  and  "  New  York/'  which  have  recently  been 
laid  down  for  the  United  States  Navy,  will  be  unique  vessels 
of  their  size  and  power,  in  that  they  will  be  driven  by  means 
of  oil,  and  no  coal  will  be  carried.  Reciprocating  engines 
of  a  new  type  are  to  be  fitted,  which,  it  is  calculated,  are 
more  economical  at  cruising  speeds  than  turbines,  and  cost 
about  the  same  to  run  at  high  speed.  As  compared  with 
the  new  United  States  battle-ship  "  Delaware,"  of  equal 
power,  the  machinery  weights  in  the  boiler  compartments  of 
the  new  vessels  will  be  reduced  by  300  tons,  or  about  30  per 
cent.  The  length  of  the  space  required  for  boilers  will  be 
reduced  by  one-half,  and  the  fireroom  force  one-half  that 
required  for  the  "Delaware."  By  reducing  the  weights  in 
the  boiler-rooms  it  has  been  possible  to  increase  the  ami  our 
protection  of  these  battle-ships.  Each  vessel  will  moxint  ten 
14in.  guns ^ throwing  a  shell  of  l,4001bs.— and  twenty  5in. 
quickfirers. 
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RECENT  DEVELOPMENTS  IN  STEAM  TURBINE  PRACTICE, 

BY  K.  BAUMANN. 

(Continued  from  page  102.) 

Maximum  Output  of  Turbines. 

The  inaximum  output  for  which  steam  turbines  can  be  designed 
depends  on  tlie  maximum  weight  of  the  steam  which  can  be 
passed  through  the  low-pressure  part  with  reasonable  efficiency. 
The  groator  tlio  steam  quantity  the  greater  tlio  output  of  the 
turbine. 

The  weight  of  steam  is  given  by  the  following  formula  : ― 

tttD  A  c 


and  ilx'  iiiaxiinurn  output  in  kilowatts  by 

TT  J)  he 


N 


3,600 


(i) 


(2) 


where 

G  =  weight  of  steam  flowing  through  the  turbine. 

V  ^  volume  of  steam  flowing  through  the  lust  blades. 

V  =  specific  volume  of  steam  at  exhaust. 

D  =  mean  diameter  of  last  blades  (see  Fig.  20). 

h  =  length  of  last  blades. 

c  =  axial  steam  velocity  tlirougli  last  blades. 

S  =  steam  consumption  per  kilowatt-hour. 

T  =  thickness  coefficient  (0-90 ~ 0-95). 

Hence  the  maximum  output  depends  mainly  upon  : ― 

(1)  The  specific  volume  v  at  the  exhaust  of  the  turbine 
which  depends  on  the  vacuum. 

(2)  The  outlet  velocity  c,  whicli  depends  on  the  permissible 
leaving  loss. 

(3)  The  mean  diameter  D,  whicli  depends  upon  the  maximum 
permissible  peripheral  speed. 

(4)  The  maximum  permissible  blade  height,  which  depends 
on  the  method  of  fixing  the  blade. 

(1)  Influence  of  Vacuum. ― The  specific  volume  of  the  steam 
depends  mainly  on  the  vacuum,  and  its  value  for  saturated  steam 
from  27in.  up  to  29in.  is  given  in  the  following  table  :— 

Table  I. 


27in. 

27Mn. 

28iD. 

28^in. 

29in. 

231 
14,4 

338  •(! 
2M 

440 
27-5 

r)54'5  cub. 
1  ft./lbs. 
i  40-8  m.Vke. 

This  table  indicates  that  the  maximum  output  which  a  turbine 
can  be  designed  to  give  depends  mainly  on  the  vacuum,  and  is, 
other  conditions  remaining  the  same,  about  2-83  times  larger 
ut  27in,  than  at  2\)'m.  vacuum.  In  order,  therefore,  to  compare  the 
drum  with  the  disc  turbine,  as  regards  maximum  output,  Ave 
must  assume  the  same  vacuum  for  both. 

(2)  Influence  of  Leaving  Losses. ― In  order  to  reduce  the 
leaving  loss  to  a  minimum  tlio  blading  should  be  so  arranged 
tliiit  tlie  absolute  outlet  velocity  from  tlie  last  wheel  is  in  an  axial 
direction. 

If— 

i,  =  total  lieat  drop  available. 

c  =  the  absolute  outlet  velocity  from  the  last  Avhecl. 
J  =  mechiiuical  equivalent  of  】ieat. 

= 424  (metric  units)  or  778  (English  units). 
The  leaving  loss  of  tlie  tiubine  is  given  by ― 


In  metric  units- 


In  English  units ― 


/,,  =  —  - 上一 


f',  、- 


c- 


(3) 


r.ii'i  i'  read  before  tho  Maucbester  sectiou  of  the  Institution  of  Electrical 
f-utiiuoors,  January  16th ^  19】2, 


Allowing  for  the  prcssuro  drop  through  the  *rovernor  valve, 
the  total  lieut  drop  avaihible  with  the  standard  high-pressure 
turbine  conditions,  mentioned  later,  namely  1801bs.  per  square 
inch  gauge.  ] 50^  Fah.  superheat,  and  28in.  vacuum,  is  200 
calories  or  3(i(J  B.Th.U. 

Therefore — 


lo  =  0-6 


100 


I  =0-0555 


100 


per  cent,  for  metric  units  | 
per  cent,  for  English  units  I 


Hence  the  maximum  output  is  proportional  to  the  squaro 
root  of  the  leaving  losses,  and  we  get  : 一 
Leaving  loss,  per  cent.        1       '1       3       4  5 
Outlet  velocity   . .       . .  129  182-5  223  -5  258    289  m./sec. 
Outlet  velocity    ..        ..  424    观    733    請    948  ft.  W. 

(3)  Influence  of  Stresses  in  Drums  and  Discs. ― The  maximum 
mean  diameter  D  of  a  turbine  depends  on  the  peripheral  velocity 

u  二    —-  ，  which  itself  is  limited  bv  tlie   maximum  stresses 
nU  * 

allowable.    These  are  considered  separately  for  drums  and  discs 

in  the  following  investigation  : ― 


Thickness  coefficjeno  T  =-^- 


FiG.  20.— Last  Wheel  of  Tubbine. 


(a)  Stresses  in  Drums, ― The  stresses  in  rotating  drums 
without  blades  ('an  be  calculated  very  easily  by  the  formula  usihI 
for  calculating  stresses  in  rotating  rings 一 

<r  =  /jL  w.r  (4) 

(T  =  tangential  stress  in  drum. 

jui  =  specific  mass  of  material.    (For  steel  8  : 】0— ''  kii. 

cm '一  sec-  or  7-35  . 10~'lbs.-mcli~^  sec.-,) 
w,,  =  mean  peripheral  speed  of  drum. 

According  to  this  formula  the  following  table  has  boon 
calculated  : ― 

In  metric  units ― 

Ud  =    50       75     100        125        1  ：)0  m./sec. 
c  =  200     4：)0     800     1， 丄 30     1，8(X)  kg./cm.^. 

In  lbs, -inch  units ― 

u^i  -     100      200      3(X)        400        脚 ft,  'sec. 
a  =  1,000    4,230    "，r)30    1","3U    26 AGO  Ibs./sq.  in. 

If  the  drum  is  loaded  with  blades  、ve  have  to  consider  uu 
additional  stress  which  can  be  calculated  from  the  expression  : ― 

r 


(7  ―  a„- 


S 


(5) 


where ― 

or'  =  additional  stress  in  drum  due  to  the  centrifugal  force 
of  the  blades. 

0\,  =  load  ou  drum  duo  to  the  centrifugal  force  of  tho 
blades  per  unit  surface  (Ibs./square  inch  or 
kg. /cm.'"). 

r  =  moan  radius  of  drum. 

S  =  thickness  of  drum. 

At  tlie  low- pressure  end  of  tlio  drum  this  additional  stn>ss  is 
generally  about  2o  per  cent,  of  tho  stress  duo  to  the  centrifugal 
force  of  the  drum  itself,  so  that  the  total  stress  is  approximately — 

(r,ui  =  M>5  (r=  1-25  、  fA  X       .    .    .    •  (6) 
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The  blade  height  of  the  last  row  is  usually  not  moro  than  ono-fiftli 
of  tlie  diametor  so  that 一 

Mean  D  =  1-25  I),,' 

and —— 


Mean  u  =  1  '25  u,. 


and  therefore —— 


"•tot.  =1"25  V,, 


1-25 


(l-25f 


(7) 


or ― 


a-rot.  =0*8  IX  .  n~. 
The  maximum  stress  should  not  exceed ― 
One-third  of  the  elastic  limit,  or  about 
One-fifth  of  the  tensile  strength  of  the  material. 
The  physical  properties  of  the  steel  available  for  commercial 
manufacture  of  drums  and  discs  are  given  in  the  following  table  : 一 

Table  II. 


Material. 

Breaking 
Strength. 

Elastic 
Limit. 

Elonga- 

Maximum 
Stress. 

Kg. /cm  .2 

Lbs./sq. 
in. 

Kg./cm.2 

Lbs./sq. 
in. 

tion. 

Kg./cm.2 

Lbs./sq. 
in. 

Forged  steel  •  • 

4,700 

67,000 

2,840 

40,000 

Per 
Cent. 

20 

940 

13,300 

3  per  cent.  Ni- 
steel       . . 

6,300 

90,000 

18 

1,250 

17,800 

According  to  these  stresses  the  mean  blade  velocity  should 
not  exceed ― 

u  =  120  m./sec.  or  400  ft./sec.  for  forged  steel  drums. 
u  =  140  m./sec.  or  405  ft./sec.  for  3  per  cent.  Ni-steel 
drums. 

(h)  Stresses  in  Discs. —— In  a  rotating  disc  there  are  two  different 
kinds  of  stresses ― 

o-^  =  stress  in  radial  direction. 

o-f  =  stress  in  tangential  direction. 

For  any  point  on  a  circle  of  radius  r  the  stresses  tr^  and  rr, 
remain  constant,  and  for  plain  steel  discs  of  uniform  thickness 
are  given  by- 

3*3  "2  「1     /丄 Y"] 

刁」  卜 •  （8) 

1  —  0.5751 J 


3*3 


10" 


The  stresses  reach  a  maximum  in  the  centre  of  the  disc  where- 

3-3 


'1¥ 


(9) 


Thus  the  maximum  stresses  in  the  case  of  a  plain  rotating  disc 
are  only ― 

=：41'25  per  cent. 

of  those  of  a  drum  rotating  at  the  same  pexipheral  speed  ；  or,  in 
other  words,  to  obtain  the  same  stresses  a  plain  rotating  disc 
must  be  run  with  a  peripheral  speed  55-5  per  cent,  higher  than 
that  of  a  rotating  ring  or  drum.  The  distribution  of  the  radial 
and  tangential  stresses  in  the  disc  are  shown  in  Fig.  22  by  curves 
(r,、(f  and  cr",. 

Unfortunately  discs  used  for  steam  turbines  must  be  provided 
with  a  hole  at  the  centre  for  the  purpose  of  fixing  them  on  to 
the  shaft.    If  the  diameter  of  the  hole  be  r^,  the  stresses  are  given 

by〜r=,[i+(^^)- (判" 


10' 
3*3  u' 


[1  + 


r 


■  n 
■0-575 


+ 


(10) 


10*'    L.      \  /"  y  \  r.>  /     \  /• 

The  distribution  of  stresses  in  discs  with  holes  of  various  diameters 
is  plotted  in  Fig.  21.  If  the  hole  is  very  small  the  stress  tr,. 
on  its  periphery  will  become  zero,  the  stress  falling  according  to 
the  curve  o^i.  On  the  other  hand,  the  reduced  stresss  (r,】 
must  obviously  be  balanced  by  an  increased  stress  o",!,  and  from 
the  formula  given  above  calculation  shows  that  the  tangential 
stress  near  the  periphery  of  the  hole  is  increased  to  double  the 
stress  in  a  solid  disc  without  a  hole. 


This  moanvS  that  a  disc  with  a  vory  small  holo  is  only  vovy 
little  stronger  than  a  ring  rotating  with  tho  mimo  jKM'iphonil 
velocity.  For  larger  holes  the  tangential  stresses  increase  still 
moro  (soo  Fig.  21),  the  radial  strossos  don'oasin at  tin*  samo 
time,  and  for  a  very  large  hole  the  disc  finally  lakes  tho  form  of  ;i 
ring,  (T,  becoming  very  small  and  a-f  equal  to  the  stress  for  a 
ring. 

A  pluin  disc  with  a  hole  in  the  centre  is  not,  liowovor,  strong 
enough  for  turbine  work,  and  it  is  therefore  necessary  to  increase 
its  strength.  This  may  be  clone  in  the  following  manner : 
(1)  Strengthening  tho  disc  near  tho  periphery  of  tlio  hole  by  a 
boss.  (2)  Increasing  the  thickness  of  the  disc  towards  the  centre 
in  ordor  to  obtain  as  nearly  as  possible  a  disc  of  unifoim  stivn<|th. 

The  different,  kinds  of  disc  shapes  at  present  uskI  in  turhirip 
practice  are  shown  in  Fijj;.  2-2.    Fig.  A  shows  a  plain  tiipcrcd 

disc  with  cylindrical  boss  in  which  ^  = 】 '77.    Figs.  H  ； md  (' 

show  a  tapered  disc  with  a  hyperbolic  profile,  increasing  the 
thickness  towards  the  boss. 

For  wheel  B  1^=2-35, 
For  wheel  0-^  =  4-17. 

2/2 


go  ido 


隱^ 肅 /〃/々///z〃/，〃//w//〃/》】 
東 


Maximum  cr,  =  3'3  x  1("  n- 


FiG.  21.— Distribution  of  Stresses  in  Uniform  Disc  with  Hole. 

The  values  of  the  stresses  in  these  cases  are  shown  by  tho 
curves  or,  and  a-,.  It  has  been  found  that  the  maximum  stress 
is  always  a  tangential  stress  and  (for  disc  A)  is  .ii,ivon  by  the 
formula 一 

Maximum  cr!  =4-4  x  10"  ?/-. 

For  disc  B— 
For  disc  C— 

Maximum  a;  =2-  7  x  10-';  w- 
Tliis  means  that,  compared  with  a  plain  disc  of  uniform  thickness, 
disc  B  is  of  equal  strength,  disc  A  is  33  per  cent,  weaker,  and  disc 
C  is  18  per  cent,  stronger. 

Allowing  maximum  permissible  stresses  according  to  Table 
II. ，  these  discs  can  be  run  up  to  the  peripheral  speeds  shown  in 
the  following  table.  Thus  in  the  case  of  disc  A  the  peiiphoral 
velocity  can  be  1  -35  times,  disc  B  1  •--),—>  times,  and  disc  (，  1  72 
times  the  maximum  velocities  for  drums.  Mild  steel  discs  of 
shape  B  which  represent  usual  practice  can  U>  run  at  peripheral 
velocity  of  168  m./sec"  so  that  for— 

n  =3,000  revs,  per  minute  the  mean  (li;mioTi、r  woiiKl  bo 


m.. 


or- 


=1,500  revs,  per  minute  tho  mi、an  diametor  wouUI  be=84in; 
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(4)  Influence  of  Stresses  in  Blading. — It  will  be  soon  from  the 
formula'  which  wo  arc  discussing  that  the  maximum  steam 
quantity  is  proportional  to  the  blade  height.    The  larger  the 


Peripheral  Velocity  of  Discs. 


Forged  Steel. 
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blade  the  larger  the  steam  quantity  and  also  the  output, 
stress  a  t  tl、(、  blade  root  is  given  by ― 


<r,,  =  2/x"'2( 去) . ， •    .    •  (11) 


、 


increase  the  blade  height  above  one-fifth  of  tlic  mean  diamotor  D， 
as  already  pointed  out. 

(6)  Disc  Turbines. ― The  blade  height  which  can  be  used  in 
disc  turbines  is  dependent  upon  the  stress  at  the  root  of  the  blade. 
Taking  the  maximum  blade  height  of  Rateau  turbines  to  be  one- 
fifth  of  the  mean  diameter,  the  stress  at  the  root  of  the  blade  is 

= 3,2m2    1("  j 卜, 

i.e"  about  the  same  as  the  stresses  in  a  disc  of  shape  B，  Fig.  24. 

The  following  table  gives  the  values  of  this  stress  for  different 
peripheral  speeds  : ― 
For  u  = 

100       125       150       17-—)       200  m./sec. 

320       500       720       080     1 .1^80  kg./cm.^. 

100       200       300       400       「)()(）       fiOO    TOO  ft./sec 

423  3.810     ".773  10.584  15,240  i>().74()lbs./s(i.  in. 

Assuming  for  disc  turbines  that  h=  ？  formula  (:>)  becomes ― 


Maximum  output  in  KW  =   ^  x  SJiOO     ..  (I'la) 
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Hence  the  maximum  output  is  proportional  to  the  square  of  the 
diameter. 

5  _>\aximum  Outputs  of  Disc  as  Compared  with  Drum  Tur- 
bines.—lu  order  to  compare  the  two  difltercnt  types  of  turbines, 
it,  is，  of  course,  necessary  to  assume  the  same  outlet  losses. 

From  formula  (2)  it  follows  that : ― 

K  W'l 膚 =T— c  X  3,600. 

V  o 

K"  W  T    Ddise   hii^r  C  X  3  goo 

丄、 ' ' disi  en  ， 


ZO 


zo       50       I'D       50  cm. 


Fig.  22 —Distribution  op  Stresses  in  Tukbine  Discs. 

AvluM'O ― 

<r,,  ^stress  in  the  blade  root. 
/X  =tlie  specific  mass  of  material, 
w -peripheral  velocity. 
^=blado  height. 
D  =moan  diameter  of  disc. 

(a)  Drum.  Turbines. — As  the  ratio  A  is  generally  less  tliau 

one-fiith,  the  stress  at  the  root  of  the  blades  (for  drum  turbines) 
is  I  /A  u^,  i.e.,  only  half  of  the  stress  of  tlie  drum  which  has 
boon  shmvn  to  be  a  =  0-8  ^  u-.  In  drum  turbines,  therefore, 
tlie  blade  lioight  is  only  dependent  upmi  the  reliability  of  the 
method  employed  for  fixing  the  blades  to  the  drum.  If  the  tur- 
bine is  to  realise  its  maximum  permissible  output,  blades  of 
considorablo  length  are  roqiiirocl.  ami  these  cannot  bo  lield  rigidly 
enough  if  the  usual  methods  of  caulking  the  distance  pieces  aro 
used*;  ('onse(|uontly  methods  similar  to  those  at  present  applied 
to  impulse  turbines  must  bo  adopted. 

It  can  bo  shown  that  there  arc  methods  of  iixinu  tho  bladinir 
existing  with  whwh  no  stress  is  producod  in  any  part  larger  thuu 
that  at  the  root,  and  since,  as  shown  by  the  above  formulae,  this 
stross  is  of  no  iniportaiu'o.  the  maximum  hoiiiht  of  the  blades  in 
chum  turbines  is  limited  by  other  consitlmiti 鳴； in  order  to 
keep  the  difference  of  the  peripheral  speeds  at  the  root  and  at  the 
top  of  tho  blades  within  practical  limits  it  is  not  advisable  to 


r，  V,  and  S  being  the  same  in  both  cases' 
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(13) 


as  h  =  —  in  1  )oth  cases. 

0 


For  a  given  number  of  revolutions  of  tho  turbine,  the  diameter 
is  proportional  to  the  peripheral  speed  and  the  output,  and  for 

the  same  stress  in  discs  and  drums 

K  Wdmm  -  ('^jXnnnY'  =        - 丄 approximate! V    .    .  (14) 

K  Wdisc      、W?      'i-t  ^ 
wliich  means  that,  other  couditions  remaiiiiuH  the  sanu'.  a  disc- 
tiubiue  can  be  built,  having  twioo  the  maximum  output  of  a 
drum  turbine. 

The  fact  tluit  some  makers  have  recently  begun  to  use  solid 
(Inims,  which,  according  to  our  investigation,  、vould  tliooretically 
be  stressed  onlv  to  tlie  samo  figure  as  disc  turbines,  does  not  alter 
tho  above  statement  with  regard  to  relative  capacity,  because  it 
is  unsafe  to  run  solid  drums  at  a  higher  peripheral  speed  than 
ordiiiiu  v  drums.  This  is  due  to  small  faults  in  tlieir  interior 
which  it  is  quite  impossible  to  detect,  and  which  it  has  boon  shown 
increase  the  calculated  stresses  to  more  than  double.  Both  tlio 
disc  and  tho  ordinary  drum  constnirtion  havo  the  advantage  of 
allowing  inspection  to  be  made  of  eacli  part,  tlius  i-nsiirinii  tliat 
tlio  material  is  homogeneous  throughout. 

(i— Maximum  Outputs  Obtainable  from  Disc  Turbines.— The 
maximum  cmtput  of  a  disi-  tiubino.  b.'iim  pn.port  ioiuil  to  tlic 
square  of  tho  diameter  is— for  a  given  permissible  stress— in- 
versely proportional  to  the  square  of  the  revolutions  per  mimito. 
Consequently  the  output  of  a  disc  turbine  is— 

Four  times  larger  at  1,500  revs,  per  minute  than  at  3.(XX)  revs, 
per  minute. 

Nine  times  larger  at  lO  revs,  p'-r  minuto  tlian  :it  3.,M>0  revs, 
per  miuute. 

Sixteen  times  larger  at  750  revs,  per  miuute  than  at  3.000  revs, 
per  minuto. 

In  pnu  tico.  however,  it  is  not  advisable  or  necessary  to  stress 
the  material  in  large  turbines  to  the  same  extent  as  in  small 
turbines,  so  that  the  relation  betwoon  speed  iuul  output  may  bo 
taken  as  follows  : ― 

Maximum  output  for  l.-iOO  revs,  per  minuto.  throe  times 
larger  than  for  3.(KK)  revs,  por  minuto. 
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Maximum  output  for  1,000  revs,  per  minute,  five  times  larger 

than  for  3,000  revs,  per  minute. 
Maximum  output  for  750  revs,  per  minute,  eight  times  larger 

than  for  3,000  revs,  per  minute. 

These  figures  can  be  approximately  obtained  from  the  formula- 


Maximum  output  = 


Constant 


(15) 


from  which  the  maximum  output  for  any  spewed  can  be  obtained, 
other  conditions  remaining  the  same  if  the  maximum  output  for 
any  one  speed  is  known.  As  the  stresses  are  proportional  to 
the  square  of  the  diameter  for  a  given  speed,  it  follows  that,  other 
conditions  remaining  the  same,  the  maximum  output  is  pro- 
portional to  the  tensile  strength  of  the  material. 


,6870  Kw 

„8oOO 


Fig.  23,  -Maximum  Output  obtainable  from  Disc  Turbines. 


The  maximum  output  is  effected  in  the  same  way  by  the 
decrease  of  stress  obtained  by  improving  the  disc  and  blade  shape. 
For  a  given  turbine  of,  say  42 in.  mean  diameter,  running  at  3,000 
revs,  per  minute,  the  maximum  output  only  depends  on  the 
vacuum  and  the  leaving  losses.  The  relations  between  these 
quantities  have  been  plotted  in  Fig,  23  in  the  calculation  of  which 
the  following  figures  were  assumed  : ― 

Initial  pressure  . .  =  1801bs./sq.  in.  gauge. 

Superheat  -150°  Fah. 

Turbine  efficiency        .  •     =70  per  cent. 
Generator  efficiency     . .     =94  per  cent. 
Specific  volume  as  in  Table  L，  allowing  for  (5  to  8  per  cent, 
moisture. 

Thickness  coefficient  for  last  wheel  =0  •  92  to  0  •  94  per  cent. 

(7)   Recent  Development  of  Outputs  of   Turbo-generators. ― 

The  question  of  the  maximum  outputs  which  can  be  obtained 
with  the  different  types  of  turbines  becomes  very  important  in 
view  of  the  great  increase  in  the  maximum  capacities  of  turbo- 
alternators  during  the  last  three  years.  This  is  mainly  due  to 
the  rapid  development  of  the  impulse  turbine,  the  high  costs  of 
which  fox*  small  outputs  and  great  economy  for  large  outputs 
have  caused  the  manufHcturers  of  these  turbines  to  introduce 
designs  of  turbo-generators  capable  of  giving  very  large 
outputs  at  relatively  high  speeds.  Whereas  four  years  ago 
1,000  kw.  was  considered  a  very  large  output  for  3,0U0  revs,  per 
minute,  manufacturers  are  at  present  prepared  to  go  up  to 
3,000  kw.,  and  even  higher  for  this  speed.  The  increase  of  the 
output  of  turbo - alternators  has  been  more  rapid  in  the  United 
States  and  on  the  Continent  than  in  this  country.  For  example  : 
The  American  Westinghouse  Company  recently  built  5,000  k.v.a. 
running  at  3,600  revs,  per  minute,  and  15,000  kw.  maximum  rating 
at  1,800  revs,  per  minute.  The  A.  E.  Gr.  Company  is  reported 
to  have  in  work  1^15,000  k.v.a.  at  1,000  revs,  per  minute,  and 
Siemens-Schuckert  Works  4,000  k.v.a.  at  3,000  revs,  per  minute. 

{To  be  continued, 、 


EMPLOYERS  AND  LEGISLATION  rc  "PICKETING," 

In  an  introduction  to  the  report  of  their  proceedings  for  the 
past  year  the  Employers'  Parliamentary  Council  emphasi2>e 
the  need  for  the  closer  co-operation  of  employers'  associations. 
The  session  of  1911，  they  observe,  has  provided  a  lesson  and 
a  warning.  The  proceedings  of  the  House  of  Commons  in 
connection  with  the'  National  Insurance  Bill  indicate  thai 
unless  there'  is  more  cohesion  among  employers  to  resist  en- 
croachments upon  the  rights  of  trade  and  industry,  party 
legislation  in  the  future  will  be  of  a  one-sided  character.  The 
refusal  of  the  Government  to  give'  any  assurance  that  steps 
would  be  taken  to  save  the  country  from  the  grave  evils  that 
have  followed  the  passing  of  the  Trade'  Disputes  Act.  1906, 
shows  that  the  interests  of  employers  are  ignored  for  the 
simple  reason  that,  regarded  as  an  electoral  group,  they  are 
of  tio  account  compared  with  the  wage-drawing  classes  who 
make  up  the'  voting  multitude.  The  House  of  Commons,  it 
is  stated,  is  no  longer  a  deliberative  assembly,  but  has 
degenerated  into  a  mere  machine  for  registering  the  arbitrary 
decrees  of  autocratic  ministries  whose  will  is  supreme,  and 
whose  conduct  of  public  affairs  is  marked  by  an  utter  disregard 
of  principles  of  public  policy. 

The  events  of  last  autumn  in  connection  with  the  so-callecl 
" national  strike  ，，  more  than  justified  the  predictions  of  the 
opponents  of  the  Trade  Disputes  Act,  1906.  The  country 
passed  through  a  period  of  unprecedenied  terrorism,  and 
witnessed  the  sorry  spectacle  of  the  Government  pitifully 
suing  for  the  permission  of  the  strike  promoters  to  use  vehicles, 
horses,  and  men  to  carry  the  State  mails,  while  the  hospitals 
had  to  obtain  a  special  permit  from  these  conspirators  before 
ice  and  otliei"  necessaries  could  be  conveyed  for  the  use  of  the 
patients.  These  incidents,  together  with  the  long  reign  of 
despotism,  brutality,  and  incendiarism  in  South  Wales,  and 
the  fact  that  under  this  gross  and  monstrous  system  of  labour- 
union  tyranny,  legalised  by  the  Trade  Disputes  Act,  peaceful 
citizens  were  intimidated,  molested,  and  maltreated  in  nearly 
every  part  of  this  so-called  "  laud  of  liberty,"  provided  an 
urgent  reason  for  the  total  and  immediate  repeal  of  that  char- 
ter of  labour-union  terrorism,  violence,  and  outrage,  which 
was  enacted  by  Parliament  in  response  to  the  demand  of  a 
powerful  and  organised  minority  which  insisted  upon  the  right 
to  threaten,  bully,  and  attack  an  unorganised  majority  under 
the  sanction  of  the  law  of  the  land. 

Tlie  council  issued  a  lengthy  memorandum  giving  the  his- 
tory and  thei  results  of  the  Act,  and  calling  attention  to  the 
fact  that  tlie  whole  system  of  labour  unionism  is  nothing  short 
of  a  Euge  conspiracy  against  private  freedom,  industrial 
peace,  and  a  national  well-being.  They  presented  to  the 
Prime  Minister  a  memorial,  signed  by  65  central  associations 
of  employers  connected  with  the  industrial,  trading,  and  com- 
mercial interests  of  the  country,  urging— 

(1)  That  picketing  should  either  be  rigorously  suppressed 
or  the  number  of  pickets  should  be  limited  to  two,  and  such 
pickets  should  be  required  to  wear  a  distinguishing  badge, 
and  to  attend  only  where  a  person  works  or  carries  on  business. 

(2)  That  unions,  whether  of  workmen  or  masters,  should 
be  subjected  to  the  ordinary  law  of  the  land,  and  made 
responsible,  like  all  other  classes  of  the  comniunity,  for  their 
actions. 

(3)  That  a  federation  of  unions  for  the  purpose  of  "  para- 
lysing the  country  "  by  means  of  a  general  strike  or  lock-out, 
throwing  all  industries  and  communications  into  disorder,  and 
stopping  the  food  supplies  of  the  nation,  should  be  suppressed 
as  an  unlawful  combination  and  immediately  so  proclaimed. 

At  the  request  of  the  council,  questions  were  addressed  to 
the  Prime  Minister  in  the  House  of  Commons  as  to  the  inten- 
tions of  the  Government  with  regard  to  the  matters  urged 
by  the  memorialists  ；  but  beyond  a  vague'  intimation  that 
the  questions  were  receiving  attention  by  the  Government,  no 
reply  was  given,  but  the  Prime  Minister  promised,  if  the 
council  would  submit  in  writing  the  arguments  it  was  desired 
to  urge,  he  would  give  them  careful  consideration  I  When 
Parliament  is  again  in  session,  the  council  will  send  to  the 
Prime  Minister  such  a  statement  as  he  suggests.  The  ques- 
tion will  not  be  allowed  to  remain  in  its  present  position. 
The  council  will  persist  in  its  demand  that  the  Trade  Disputes 
Act  shall  be  repealed,  and  that  these  labour  unions,  privileged 
by  its  provisions  to  do  wrong,  should  be  subjected  to  the 
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ordinary  law  of  the  laud,  and  made  resDonsible,  like  all  other 
classes  of  the  community  for  their  actions - 

Can  employers,  the  council  ask,  do  anything  to  remedy  the 
present  deplorable  state  of  things,  and  guard  the  industrial 
and  trading  interests,  whicli  owe  their  existence  to  private 
initiative  and  personal  enterprise,  and  wliieh  have  been  built 
up  under  conditions  of  freedom  and  security  which  it  is  the 
first  duty  of  all  civilised  governments  to  uphold  and  defend  ？ 
Only,  they  assert,  by  a  united  policy  of  firm  determination 
and  stern  resistance  on  the  part  of  employers  as  a  class,  adding 
that  employers  will  have  themselves  to  blame  if  something  is 
not  done  to  retrieve  the  past,  and  resist  future  attacks  on  their 
interests  by  office-holding  or  office-seeking  political  parties. 
The  present  state  of  things,  they  observe,  has  become  in- 
tolerable, and,  if  not  promptly  cliecked,  must  inevitably 
lead  to  widespread  disaster,  in  which  employers  and  work- 
people alike  will  be  involved,  and  from  whicli  recovery  may  be 
impossible. 

THE  EVOLUTION  AND  PRESENT  DEVELOPMENT  OF  THE 
TURBINE  PUMP.* 

liY  DR.  i:i)\VARD  HOPKINSON  AND  MR.  ALAN  E.  L.  CHORLTON. 

To-day  the  turbine  principle  seems  to  be  the  accepted  ideal 
of  almost  all  primary  machines.  It  would  appear  that  th-e 
age  of  the  reciprcx'ating  engine,  for  the  various  duties  of 
niocliaiiical  engineering,  is  passing,  and  that  the  rotary  engine 
of  the  turbine  type  is  steadily  taking  its  place.    In  that  of 


time  available  than  by  considering  in  particular  one  type 
only,  and  that  the  authors  believe  to  be  the  original.  As  a 
description  of  the  commercial  application  of  the  steam  turbine 
is  a  history  of  the  Parsons  machine,  so  that  of  the  turbine 
pump  can  be  adequately  portrayed  by  an  account  of  the  evolu- 
tion of  the  Osborne  Reynolds  pump. 

The  rotary  machine  for  raising  water  iu  the  form  of  a 
<'entrifugal  pump  is  a  very  old  contrivance,  and  was  the  fore- 
runner of  pumps  of  the  turbine  type.  At  the  beginning  of 
the  ISth  century,  Denis  Papin,  the  French,  physician  and 
physicist,  afterwards  a  Fellow  of  the  Royal  Society,  com- 
municated to  the  Society  a  paper*  in  which  he  describes  how 
" being  busy  for  a  coal  mine,  which  has  been  left  off,  because 
of  the  impurity  of  the  air,''  he  had  devised  improvements  in 
the  Hessian  bellows,  with  a  view  to  applying  them  both  to 
wind  and  water.  His  improved  apparatus  consisted  of  radial 
wings  caused  to  revolve  about  an  axis  in  a  cylindrical  chamber 
of  which  the  portion  external  to  the  wheel  was  of  a  spiral 
shape.  His  drawings  show  clearly  the  volute  casing  of  the 
modern  centrifugal  pmnp.  Papin  had  no  means  of  driving  his 
fan  or  pump  other  than  by  hand  power,  and  more  than  a 
century  elapsed  before  his  ideas  were  applied  in  practice. 

Centrifugal  pumps  w-ere  in  the  past  accepted  by  engineers 
as  suitable  appliances  for  easily  and  cheaply  (as  to  first  cost) 
raising  water  to  low  heads.  It  was  not  realised  that  they 
were  capable  of  dealing  with  any  but  such  heads;  in  fact,  such 
a  view  became  a  canon  of  ordinary  engineering  practice, 
creating  a  tradition  which  took  many  years  to  remove.  That 
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-Centrifugal  Pump  (John  Gwynne,  1851). 


Fig.  2.— Tubbink  Pump  (Oshounk  Keynolds,  1875). 
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KlG.  3.— ObUOliNE  llKYNOLDS  PCMP.  1887. 

steam  primr  movers  it  has,  perhaps,  already  taken  the  lead 
ov(M*  tlio  m'iprocatin"'  t y)K\  and  the  tMigino  of  Watt  must 
now  be  relegated  to  sih  ond  place.  Ii\  other  fields  and  duties 
its  progress  to  date  is  so  great  as  to  warrant  i\\e  surmise  that 
at  no  distant  time  a  similar  comparison  of  precedence  will 
l>o  made.  In  no  domain,  perhaps,  has  the  turbine  rotary 
principle  arhievod  greater  sucooss  in  the  last  few  years  than 
that  of  high-lift  pumping',  though  the  realisation  of  its  possi- 
bilities for  such  duties,  l)y  some,  is  perhaps  as  old  as  or  older 
t  han  tilt'  steam  turhino  itself.  Still'  its  general  accept  a  iu*o 
； us  rorrix-'l  engineering;  praclico  is  onl v  a  iiiattvr  (»f  t ]\*^  last 
five  years. 

At  the  ])resoiit  time  tlu'  um*  of  t  lio  t  \irhiiu-  puinp  lias 
become  so  oxlondrd  that  it  is  difficult-  to  iiiul  sorvit  os  to  whicli 
it.  cannot  be  advantaijeously  a])pliiHL  It  will  no  douht,  tliori"- 
foro,  be  a  mat  lor  of  interost  to  t ran*  tho  evolution  and  dovolop- 
inont  of  niaihinps  of  this  design,  and  this,  prrhaps,  caiinot 
be  better  done  within  tlio  limits  of  a  single  paper  and  tlie 
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Fig.  5.— Matheu-Rkynolds  PcMr.  1895. 

this  opinion  was  not  universal  is  shown  at  a  very  early  date 
by  the  omnibus  patent  of  John  Gwynii J.J  lucludod  in  this 
invention  is  the  design  of  a  series  centrifugal  pump  sliowu 
in  Fig.  1. 

G Wynne's  specification  contains  many  claims,  and  amongst 
other  interesting  designs  lie  shows  a  reaction  impeller,  now 
used  for  self-regulation,  and  also  a  means  of  dealing  with  end 
thrust.  This  specification  seems  to  be  the  first  proposal  to 
use  centrifugal  impellers  in  series,  and  though  in  the  forms 
shown  and  having  no  E:uide  vanes  it  could  hardly  be  expo<'t^ 
to  attain  even  with  low  efticienrv  the  heads  now  successfully 
dealt  with,  still  it  shows  a  conception  of  a  machine  very  much 
in  advance  of  the  times.  It  is  singular  that,  Ihougli  the 
water  turbine  with  its  guide  vanes  was  a  matter  of  common 
knowledge  at  the  time,  no  attempt  appears  to  have  been  made 
to  reverse  its  action  with  the  prospect  of  obtaining  a  similar 
liiirli  efficiency  and  iiKToase  of  head,  for  the  purpose  of  raising 
water.    There  was,  however,  one  exception  iu  the  invention 

•  PbilosophicAl  TrAnsnrlions.  Vol.  XXIV..  No.  300.  1T05. 
t  raWDt  No.  13577  of  1851. 
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of  Prof.  Osborne  Reynolds.  It  is  the  object  of  the  present 
papOT  to  trace  and  discuss  the  development  of  this  invention. 

In  the  year  1875  Prof.  Osborne  Reynolds  invented  a  tur- 
bine pump*  of  the  series  type',  fitted  with  guide  vanes  (Fig.  2). 
Comparison  of  this  figure  with  illustrations  following  show 
how  the'  essential  features  of  his  original  proposition  have 
been  adopted  in  subsequent  practice.  In  this  pump  the 
impeller  delivered  it's  water  to  ta'ngent  guide  vanes,  as  shown 
in  Fig.  2， 卞  and  the  similarity  to  an  inward-flow  turbine  of 


had  four  impellers  in  series,  and  gave  at  1,500  revs,  per 
minute  a  total  head  of  148ft.  or  37ft.  per  chamber.  The 
average  efficiency  recorded  in  the  tests  made  by  Prof.  Reynolds 
was  58*5  per  cent.,  a  high  result,  having  regard  to  its  small 
size,  for  a  pump  made  25  years  ago.  The  readings  were 
taken  from  a  dynamometer  fixed  between  the  pump  and  the 
belt  pulley,  and,  as  no  method  of  damping  the  indicating 
finger  seems  to  have  been  employed,  they  may  be  liable  to 
some  error.    Thus  the  maximum  efficiency  obtained,  viz.,  70 


Fig. 


..—Impeller  and  Guide  Passages,  1895 
(Matheb-Keynolds). 


the  Thomson  type  is  noticeable,  for,  as  in  that  machine,  the 
mouths  of  the  guide  channels  could  be  regulated  to  raise  the 
efficiency  of  tlie'  pump  for  smaller  outputs,  a  device,  however, 
seldom  adopted  in  later  practice.  He  claims  "the  arrange- 
ment and  combination  of  two  or  more  centrifugal  pumps  or 
fans,  in  which  the  fluid,  after  leaving  the  moving  passages,  is 
received  into  fixed  passages,  so  formed  as  to  deprive  it  of  all 
velocity  of  whirl." 

Nothing  of  any  commercial  value  appears  to  have  been 
don©  with  the  invention  for  many  years  ；  in  fact,  the  first 
pump  of  which  records  a'nd  tests  are  available  was  only  con- 
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A.— Malhev-Jleynoltls  1895  Piuup.  B.— Modern  High-lift  Pump. 

structed  in  the  year  1887  by  the  firm  of  Mather  &  Piatt,  for 
the  Engineering  Laboratory  of  the  Owens  College,  Manchester. 
This  pump,  shown  in  cross  and  longitudinal  section  in  Fig.  3， 


gallons  per  minute 

Fig.  7.— Head  and  Efficiency  Curves.    Comparison  of  Kksults  witu 

DiFFEBENT  ImPELLEKS. 

per  cent.,  appears  open  to  some  doubt.  The  guide  vanes,  after 
leaving  tbe  wheel  in  a  curve,  reached  the  inner  periphery  of 
the  outer  shell  of  the  chamber  afc  an  angle.  The  water, 
having  had  its  velocity  of  whirl  converted  into  pressure  head 
in  these  passages,  had  then  to  pass  sideways  at  right  angles 
into  radial-return  passages  formed  in  the  back  portion  of  the 
chamber  and  marked  "A  "  in  Fig.  3.    In  these  passages  the 


Patent  No.  724  of  1875. 

十 See  also  Patent  Specification  13578  of  1894.  Osborne  Reynolds 
ments  in  Rotary  Pump  a  and  Turbines." 


" Iiijprove- 


Fig.  8— Guide  Vanks  of  1895  Pump  (MATHEit-JlETNOLDs)  and  Modekn  Pump. 

water  was  guided  and  prevented  from  rotating  by  radial 
vanes.  The  water  on  reaching  the  centre  passed  into  the  eye 
of  the  second  impeller,  and  so  on  until  it  、vas  finally  delivered 
at  the  pump  outlet  at  the  head  pressure  required.  It  will  be 
observed  from  Fig.  3  that  the  impeller  was  of  the  open  type 
with  radial  vanes. 

The  tests  of  Prof.  Reynolds  proved  the  capability  of  the 
pump  to  perform  many  duties  previously  thought  impossible 
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by  ceintrifugal  pumps,  and  in  1893  the  firm  of  Mather  &  Piatt 
took  up  its  commercial  manufacture. 

The  mechanical  construction  of  a  standard  Mather - 
Reynolds  pump  as  built  in  1895  is  illustrated  in  longitudinnl 
section  in  Fig.  5，  and  in  photo,  Fig.  4.  It  consists  of  four 
chambers  working  in  series.  At  the  one  end  these  are  secured 
by  bolts  against  the  circular  flange  of  a  frame  carrying  th" 
driving  pulley  or  shaft  coupling,  this  having  the  suction 
bra'ncli  and  entrance  to  the  first  chamber  cast  with  it.  At 


the  following  impeller.  As  shown  iti  photos,  Fig.  4  and  Fig. 
8  (right-hand  bide),  there  are  four  guide  passages  in  this  par- 
ticular pump,  and  their  form  is  clearly  illustrated. 

In  comparing  such  a  pump  with  a  modern  one,  it  will  be 
found  that  it  is  in  the  form  of  its  impeller  and  its  delivery 
casing  that  the  original  Mather-Reynolds  pump  differed  most 


GALLONS  PCR 


Fig.  9. 


A,  Head  and  Ellioiency  Curves  of  Mather-Key noUls  1895  PuiDpi; 

B,  Head  and  Efficiency  Curves  of  Modern  Pump.     At  Constant 

Si)eeci  ot  600  revs,  per  luin. 

the  otlier  end  the  delivery  chamber  forms  the  final  cover,  and 
has  the  delivery  pipe  cast  on  the  upper  part  connecting  to  the 
annular  space  into  which  the  last  set  of  guide  passages  deliver, 
and  at  this  end  a  suitable  stay  is  attached  to  support  the 
pump  from  the  floor.  The  chambers  are  secured  to  each  other 
by  bolts  through  external  flanges,  each  chamber  being  recessed 
and  spigot'cd  so  as  to  preserve'  correct  alignment  of  the  whole. 
This  forms  an  inexpensive'  design,  and  permits  of  accurate 


Fig.  11.— Seokt  and  Long  Guide  Passages. 
See  Curves  A  and  B.  Fig.  10. 

from  the  present  design.  The  impeller  as  shown  in  photo, 
Fig.  4，  is  of  the  open  type  (not  shrouded),  with  radial  vanes, 
the  roots  of  which  are  carried  across  the  openings  of  the  eye 
into  the  boss,  necessitating  the  use  of  a  modified  form  of 
Fraticis  entrance.  This  form  was  probably  adopted  in  order 
to  secure  sufficient  strength  to  drive  the  vanes,  necessitating 
them  being  carried  through  full  width  to  the  boss  on  the  pump 
shaft,  and  not  starting  level  with  the  outer  diameter  of  the 
eye  as  now.  The  impeller  was  turned  all  over,  and  revolved 
a  close  fit  in  its  casing,  which  was  turned  to  a  corresponding 
form.  This  prevented  leakage  and  loss  of  efficiency  by  the 
return  of  the  water  from  the  tip  to  the  suction  along  the 
impeller  sides. 

The  reasons  that  induced  Prof.  Reynolds  to  adopt  such  a 
radial  impeller  are  not  quite  clear,  as  the  shrouded  form  with 
curved  back  blades  was  in  common  use  at  that  time,  and  is  a 


GALLONS    PEP  MiNUTr 


Kui.  10— Hkad  ani>  Kfficien-cy  Curves. 
A,  short  guide  paesa^os  ；  B,  loDg  giiido  passB^os. 

manufacture.  It  allows  of  chambers  being  added  or  sub- 
tracted for  higher  or  lower  heads.  Each  chamber  is  distinct 
in  itself,  and  has  on  one  side  the  guide  vanes,  receiving  tho 
discharge  from  the  impeller,  and  on  the  other  the  return 
passage  to  the  eye  of  the  next  impeller.  This  return  passage 
is  walled  by  a  diaphragm  integral  with  the  casting.  Tho 
walor  leaving  the  impeller,  guided  by  the  delivery  vaiiee, 
passes  to  the  next  chamber  and  is  Ibore  guided  to  the  eye  of 


2500 


Fig.  1-2.— Heaj>  and  Efficiency  Curves.  Showing  Kffect  of  Guii>k 
Passa<;ks  and  Rkturn  Passagks  of  Differ knt  Form  . 

more  efficient  and  stronger  type.  Recent  experiments  of 
Dr.  Gibson  and  Mr.  Ryan  have  shown  that  iu  centrifugal 
pumps  with  open-vano  iinpollors  the  frictiona】  resistance  is 
three  to  Ave  times  as  great  as  with  closed  or  shrouded  ones, 
tliougli  it  must  be  noted  that  these  experiments  were  made 
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with  cleara'nces  considerably  greater  than  obtained  with  the 
Reynolds  impeller.* 

In  the  1895  pumps  the  speeds  of  the  water  through  the 
impeller  and  passages  were  comparatively  low,  and  large  areas 
were  therefore  necessary  (see  Fig.  6),  Eax;h  wheel  being  of 
the  open  typo  was  nearly  balanced  as  to  end  thrust  in  itself, 
and  so  with  the  moderate  heads  pumped  against  troubles 
with  lateral  end  thrust  were  'not  experienced.  There  is  no 
doubt,  however,  that  end  thrust 
did  occur,  and  this  caused  the 
impellers  to  rub  on  the  sides  of 
their  casings,  with  consequent 
friction,  wear  causing  leakage 
and  loss  of  efficiency,  the  vary- 
ing conditions  of  which  make 
the  true  comparison  of  various 
tests  difficult.  This,  however, 
did  not  cause  any  serious 
trouble  in  practice  on  account 
of  the  large  areas  on  which  the 
end  thrust  was  taken,  and  the 
low  head  per  chamber. 

Fig.  7  shows  curves  taken  on 
the  works  test  tanks  from  the 
impellers  A,  B,  C，  D，  tested 
in  the  same  single-chamber 
pump  body,  and  with  one  set 
of  short  guide  vanes.  These 

impellers  were  not  of  the  1895  type,  but  shrouded.  The  curves 
are  given  solely  for  the  purpose  of  showing  the  effect  of 
different  forms  of  impeller  vanes  working  under  similar  con- 
ditions. They  illustrate  the  advantage  in  efficiency  of  the 
impeller  with  the  backward  curved  vanes ，十 and  in  head  of  the 
one  with  radial  vanes.  Impeller  C  most  nearly  corresponds 
to  the  radial  vanes  of  Reynolds,  and  impeller  A  to  the  modern 
type.  The  reaction  wheel  D  gives  a  gradually  falling  head 
curve  as  the  quantity  becomes  abnormal,  with  smaller  ten- 
dency to  increase  the  driving  power  and  lower  efficiency.  To 


t'U.be,  which  must  have  a  certain  (long)  length  if  serious  loss 
is  not  to  be  occasioned  by  converting  velocity  into  pressure. 
Tlic  differe'nce,  therefore',  between  the  efficiency  of  an  1895 
and  modern  pump,  as  shown  in  curves  (Fig.  9)，  is  probably 
due  to  the  form  of  the  Reynolds  impeller  and  its  guides,  with 
its  cramped  eiitranc^^  at  the  eye  with  consequent  shock  to  the 
eniering  water,  and  to  the  loss  at  the  periphery  from  the 
radial  vanes,  also  to  the  shortness  or  too  rapid  opening  out 


 " — 4 
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Fig.  13.— Four-Chamber  High  Lift  Centrifugal  Pump  (Sulzer). 

of  the  guides.  The  importance  of  long  and  carefully  formed 
divergent  guide  channels  is  shown  by  curves,  Fig.  10，  and 
pkoto,  Fig.  11，  the  same  impeller  being  used  in  each  case. 
Fig.  11  shows  photos  of  the  short  and  long  guide  passages. 

The  effect  of  the  curvature,  length,  and  dimeiisions  of 
entrance  of  the  guide  passages  and  of  the  curvature  and  angle 
of  delivery  of  the  return  passages  on  to  the  eye  of  the  impeller 
are  shown  in  curves,  Fig.  12.  These  curves  have  no  relation 
to  the  curves  of  Fig.  7，  being  taken  at  ati  earlier  date  with 
a  different  pump. 

Head  and  efficiency  curves  are  given  for  four  different 
designs  of  guide  and  return  passages,  the  same  impeller  of 
standard  shrouded  type  being  used  in  each  case.  Design  A 
has  short  guide  vanes  with  wide  opening  on  the  radial  line. 
The  return  passages  are  of  similar  curvature.  Design  B  has 
similar  guide  vanes,  but  the  return  passages  have  a  short 
curve  becoming  radial  near  the  eye  of  the  impeller.    Design  C 
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Fig.  14— Test  op  Four-chamber  Turbine  Pump  (Sulzer)  when  Eunning 
AT  A  Constant  Speed  op  875  revs,  per  minute. 

obtain  the  best  results  of  each  impeller,  different  guide  passages 
with  suitable  entrance  angles  should  have  been  used. 

Considering  uow  the  guide  vanes,  it  will  be  seen  that  ，•" 
the  1895  pump  these  are  shorter,  or  rather  opm  out  quick 
than  in  a  modern   pump    (see  photo,  Fig.  8).      They  are 
obviously  less  efficient  if  judged  from  the  analogy  of  a  Venturi 

*  Proceedings  Inst.  C.E..  Vol.  CLXXIX.  1910. 

t  For  a  discussion  of  the  superior  eflicienev  of  curved  vanes  over  radial  vanes 
see  Dr.  Stanton's  paper.  Proceedings  lust.M.E..  1903,  "Centrifugal  Pumn  Effici- 
ency." 

Note.— The  authors  are  informed  that  in  some  tests  on  the  efficiency  of  pumps 
the  kinetic  enerj^y  of  the  water  as  delivered  from  the  pumps  is  added  to  the  energy 
as  measured  by  the  product  of  the  head  (measured  by  ^'auges  fixed  at  the  same 
^ve}  on  the  delivery  and  suction)  and  the  quantity  in  detenuiuiuM  the  work  done 
by  the  pump.  This  is  obviously  incorrect,  unless  the  kinetic  ener^'y  of  the  water 
entering  at  the  suction  side  is  deducted  from  the  work  done  bv  tlic  piunp.  As  in 
general  the  velocity  of  inflow  and  outflow  is  the  same,  the  two  factors  balance  each 
p^er,  and  the  work  done  is  truly  represented  by  the  product  of  the  quantity  and 
tne  bead. 


Fig.  15.— Modern  Foub-chamber  Pump  (Mather  &  Platt、. 

also  has  similar  guide  vanes,  and  the  return  passages  are 
similar  in  curvature  to  those  of  A,  but  are  not  extended  to 
the  outer  periphery  of  the  return  chamber.  Design  D  has  a 
narrower  opening  on  the  radial  line,  one-half  that  in  A,  B， 
and  C.    The  return  passages  are  similar  to  C. 

The  head  and  efficiency  curves  are  given  for  speeds  of  1，000， 
1,500,  2,000,  and  2,500  revs,  per  minute  respectively.  An 
inspection  of  the  curves  shows  that  design  D  is  much  inferior 
both  in  head  generated  and  in  efficiency,  due  to  the  throttling 
at  the  throat  of  the  guide  passages,  and  incidentally  that 
self-regulation  may  be  readily  attained  by  such  throttling,  as 
it  may  also  be  obtained  by  tlirottling  at  the  eye,  or  less  effec- 
tively by  a  reaction  form  of  impeller,  as  shown  in  curves, 
Fig.  7.  Secondly,  that  design  B  is  superior  to  both  A  and  C 
in  generation  of  head,  especially  with  larger  quantities,  and 
superior  to  A  in  efficiency,  especially  at  the  low  speeds,  but 
it  is  much  inferior  to  C  in  maximum  efficiency,  except  at  the 
high  speeds.      At  these  spe^s  eddying  and  whirling  take 
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place  in  the  whirlpool  chanibor  of  C，  which  is  prevented  by  the 
guicks  forming  the  continuous  passages  of  design  B.  Design 
B  is  most  usually  adopted  as  best  meeting  average  conditions. 

Tliinily,  that  design  C,  which  approaches  more  noarly  to 
the  conditions  of  a  single-chamber  pump,  giv<^s  considerably 
higher  imiximuin  efficiency  at  speeds  of  1,500  and  2,000,  due 
to  less  power  being  absorbed  by  friction  against  the  walls  of 
the  guide  passages,  and  also  to  tangential  motion  imparted  to 
the  water  as  it  enters  the  subsequent  impeller  by  the  tangential 
curvature  of  the  return  passages. 

A  considerable  number  of  pumps  of  the  1895  form  were 
constructed  for  installations  in  this  country  and  abroad,  some 
of  which  arc  described  lat-er.  Meanwhile  Messrs.  Sulzer 
Bros.,  of  Wintertliur,  had  commenced  the  manufacture  of 
multiple  turbine  pumps  about  t】ie  year  1896,  and  had  evolved 
various  modifications  in  the  Osborne  Reynolds  design,  whereby 
both  tlio  efficiency  and  the  lifting  capacity  were  considerably 
improved.  They  had  established  in  1898  an  interesting  and 
novel  installation  of  these  improved  pumps  at  the  Spanish 
mines  of  Horcajo,  which  attracted  considerable  attention. 
Two  years  later  an  agreement  was  concluded  between  Messrs. 
Sulzer  Bros,  and  Messrs.  Mather  &  Piatt  providing  for  an 
interchange  of  future  improvements,  and  due'  acknowledgment 
of  the  original  work  of  Prof.  Osborne  Reynolds  and  of  the 
improvements  made  by  the  two  manufacturing  firms. 

A  four-chamber  pump  of  the  Sulzer  design  is  shown  in 
longitudinal  and  cross  sections  in  Fig.  13.  Comparing  this 
with  the  1895  design,  three  important  differences  are  notice- 
able. Firstly,  tlie  body  casting  of  the  pump  is  constructed 
in  one  piece,  with  the  intermediate  pieces,  guide  vanes,  and 
impellers  put  in  from  one  end.  Secondly,  tlie  impellers  are 
shrouded  and  have  backward  curved  vanes.  Thirdly,  the 
imp(41ers  are  arranged  back  to  back  to  compensate  for  the 
increased  lateral  end  pressure  set  up  by  the  higher  heads 
worked  against.  This  arrangement  of  the  impelkrs  involved 
the  use  of  somewhat  tortuous  passages  in  the  piunp  to  bring 
the  discharge  of  the  first  impeller  to  the'  eye  of  the  second, 
and  so  on.  Moreover,  these  passages  passing  several  joints 
increased  the  probability  of  internal  leakage  from  one  stage  to 
another.  Curves  of  head  and  efficiency  of  such  a  pump  are 
shown  in  Fig.  14. 

Tlie  agreement  between  Sulzer  Bros,  and  Mather  &  Piatt 
came  to  an  end  by  niubual  consent  in  1904，  and  after  that 
date  each  firm  further  developed  their  pumps  on  their  own 
lines.  The  authors  deal  now  only  with  the  improvements  of 
Mather  &  Piatt,  not  having  knowledge  of  Messrs.  Salter's 
work  beyond  what  is  generally  available  through  publication. 

Proi'fcdiiig  now  to  the  discussion  of  later  dcvsigiis,  a  four- 
chanibor  puui])  is  shown  in  longitudinal  section  in  Fig.  15， 


Fig.  16.— Impeller  of  Modern  Four-chambek  Pump.   (Matbku  &  Pi.att.i 

it's  guide  vanes  in  photo  Fig.  8  (left-hand  side),  and  its  ini- 
pt'ller  ill  photo  Fig.  16.  It  will  be  seen  that  construrtioiially 
this  pump  differs  priiu-ipally  in  that  the  extended  suction  end 
is  shortened,  and  is  similar  to  the  delivtM'v  end.  This  enables 
various  classes  of  drives,  motor,  bell ,  or  steam  turbine  to  be 
bett/er  negotiated  with  a  standard  pattern .  Successive 
chambers,  instead  of  being  secured  to  their  neighbours  by 
bolts  and  flanges,  are  held  togetluM*  by  long  bolts  extoiidins^ 
the  entire  length  of  the  pump  body  and  held  only  at  tlio  t.wo 
ends  (suction  and  delivery).  This  const  rm't ion  secures, 
amongst'  other  things,  some  economy  in  nianufarture. 

The  impeller  is  of  the  slirouded  type,  having  vaiios  bent 
well  backwards,  and  the  puide  passajjes  are  longer  ami  more 
correctly  divergent,  whilst  tho  return -way  to  the  eye  of  the 
liext  impeller  is  of  a  curved  form  and  more  in  line  and  con- 


tinuous with  tlip  roceptive-  ports,  thus  preventing  the  abrupt 
i  i;^lit-aiigle  turn  through  the  casing  obtaining  in  the  Reynolds 
pump.  The  losses  in  the  Reynolds  impeller  through  side 
friction  in  its  casing  are  obviated,  and  any  leakage  from  the 
periphery  back  to  the'  suction  is  prevented  or  greatly  miiii- 
niised  by  the  outer  circumference  of  the  impeller  eye  running 
ill  neck  bushes  with  a  very  small  radial  clearance,  amounting 
to  less  than  0'005in.  The  importance  of  preventing  this 
leakage  is  very  great  if  higli  efficiency  is  to  be  secured.  The. 
impeller  is  turned  all  over  outsidt^  to  reduce  loss  by  skin 
friction,*  and  with  the  same  object  it  is  usual  to  use  as  many 
wheels  as  the  circumstances  will  otherwise  allow  of. 

The  end  or  axial  balance  of  the  ini]>ellers  is  obtained  by  the 
automatic  device  shown,  which  acts  well  in  practice,  and  com- 
pensates for  wear  and  variable  leakage  taking  place  in  the 
pump.  In  other  respects  the  arrangement,  directio"  of  flow 
of  water,  and  assemblage  of  tlie  puiii])  are  the  same  as  in  the 
original  Mather-Heynolds  pump. 

Representative  curves  of  head  and  ofliciencv  of  sucli  a  pump 
are  shown  in  Pig.  9. 

*  For  a  discussion  of  this  skin  friction  set-  juiiu-r  by  (libson  and  Ryan  cited  above . 
(To  he  voniinued. ) 


CASTING  STEEL  AND  ALLOYS  IN  A  VACUUM. 

nV   E,   F.  LAKE. 

While  casting  metals  in  is  an  old  priii<-iple,  it  has  not 

been  developed  to  any  extent  until  quite  r event ly.  Occluded 
gases  and  those  segregated  in  large  enougli  volumes  to  form 
miniature  bubbles  or  the  larger  blowholes,  are  only  beginning 
to  be  recognised  as  the  real  injurious  elenients  in  metals  of  all 
kinds.  The  oxygen,  nitrogen,  and  other  elements  that  form 
tliese  gases,  enter  into  combination  with  the  elements  that 
are  parts  of  the  various  alloys  from  wliicli  castings  are  made 
aiul  form  oxides,  nitrides,  &(•.，  and  thus  dttrimentally  affect 
tlie  strength,  wearing  qualities,  and  oilier  propertii'S  that  it 
is  desirous  to  obtain  in  the  various  metal  pa  i  t  s  that  are  manu- 
factured. By  melting  metals,  or  casting  them  in  a  vacuum, 
these  gases  can  be  almost  entirely  removed  and  the  ine<-lianical 
properties  of  metals  or  alloys  greatly  improved.  This  priiu-ipie 
is  fast  growing  in  favour,  and,  therefore,  it  may  not  be  very 
lon^  before  castint^^  hi  a  vaciunn  will  \w  quito  coniniou. 


Fhj.   1.— TkK.MING  Ixr.OTS  in  a  VACrVM  CHAMBER. 


A  viU  Lium  in  connection  with  melting  metals  has  been  used 
to  some  extent  with  very  good  results.  Some  metals  are 
very  brittle  substances,  and  wlien  、、- orkod  by  ordinary  methods, 
lannot  be  rolled  ami  tlrawn.  When  mel"、d  in  a  vacuum, 
however,  they  have  been  drawn  into  wire  for  various  ])ur|K)Sies. 
Examples  of  such  metals  «ire  tungst<»n  and  tantalum,  wliich 
are  made  into  wire  for  incaiulosreiit  lamps.  Aiiotlu  r  metal 
that  is  very  difficult  to  melt  in  the  o]>en  air  i?i  magnesium,  and 
this  has  been  readily  melted  in  a  vacuum  furnace.  This  is 
accomplished  bv  building  an  air-tight  chamber  around  the 
nieltmg  pot  or  furnace  an<l  ]nuii]>ini;  out  all  tho  air.  An 
elcH'trio  vunent  then  gem"'ii"'s  tlic  heat  lu^essarv  for  iiK^ltinjj; 
the  metal,  and  no  oxidisation  can  take  pla('t'，  as  the  oxygen 
has  been  removed,  likewise  the  nitrides,  sulpliides,  phosphides, 
iVi'.,  do  not  form,  and  tlie  nn^lal  has  a  more  dense,  honiofjeneous 
grain  tlian  can  be  tjivon  it  by  any  other  process.  No  oxidising 
effect  cau,  therefore,  be  given  the  uietal  wbeu  a  good  vacuum 
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is  obtained  and  tlio  reducing  effect  of  the  atmosphere  in  tlio 
furnace  is  very  slight,  even  at  the  highest  temperatures. 

Even  though  the  principle  of  casting  in  vanio  is  very  old, 
the  first  recorded  invention  of  apparatus  for  this  ])ur])ose  was 
that  patented  by  H.  V.  Barnuni,  in  1879,  as  shown  in  Fig.  2. 
Here,  A  is  the  vacuum  chamber,  and  B  a  door  through  wliich 


is  falling-  into  t'li<、  mould  and  flowing  around  to  (lifTni-ont  parts, 
the  ^ases  an'  ''an'iwl  away.  With  this  arrangciucnt  a  uni- 
versal joint  makes  it  easy  to  connect  to  each  iiigoi  mould  in  a 
short  time,  and  t Ims  vcrv  little  time  is  lost. 

Casting  Sand  Moulds  in  a  Vacuum. ― Another  apparatus  for 
casting"  saiul  moulds  ； i,  raruo  was  brouglit  out  in  1893  ；  its 
construction  and  method  of  operating  is  shown  in  Fig.  Tii 
this,  A  is  the  vacuum  chamber;  B  the  top  which  lifts  ofT  to 
admit  the  mould  ；  C  the  ladle  container,  which  is  also  a 
vacuum  chamber,  and  D  the  ladle.  To  operate  it,  cover  E  is 
swung  back,  as  shown  in  the  upper  left-hand  view,  while  the 
ladle  of  molten  metal  is  lowered  into  its  holder  F.  The  cover 
E  is  then  swung  over  the  top  and  it  fits  air-tight,  as  shown 
in  the  other  views.  \Vli"n  tlie  air  lias  been  exhausted  from 
chambers  A  and  C,  ladle  U  is  turned  over  in  its  trunnions 
H  H,  and  pours  the  molten  metal  into  the  mould.  In  the 
ladle  cover  at  I  and  in  the  top  of  the  mould  chain bei'  at  J  J， 
a  re  located  glass  plates,  so  the  operator  can  see  hmv  t  lio  ladlf* 
is  working  and  when  the  mould  has  been  filled. 

By  pouring  moulds  in  a  vacuum  chamber  in  this  manner, 
thf-  metal  more  readily  flows  to  all  corners  of  the  cavity,  filling 
all  interstices,  and  thus  producing  sharp,  clean  castings.  The 
vacuum  proves  a  stronger  attraction,  so  to  speak,  than  the 
molten  metal  for  oxygon,  nitrogen,  and  other  gases,  and  lience 
as  the  】netal  is  being  poured  into  the  mould,  m ost  of  the  gases 
are  drawn  out  of  the  metal.  This  overcomes  any  tendency 
toward  the  forniatiou  in  t!ie  casting  of  blowholes,  gas  bubbles, 
air  pockets,  cold  shuts,  and  like  imperfections,  and  the  losses 
from  bad  castings  are  greatly  reduced. 

While  exhausting  the  air  from  vacuum  chambers  A  and 
C，，  the  gases  and  vapour?  rising  from  the  molten  metal  are 
carried  away,  and  this  renders  the  metal  dead  by  removing  all 
tendencies  toward  ebullition.  By  removing  the  gases  front 
the  metal,  a  more  dense  and  nne  grain  is  given  the  castings, 
and  as  the  molecules  that  form  the  mass  are  not  separated  by 
these  gases  they  are  held  together  with  a  great  cohesive  force. 


Fig.  "2. —Apparatus  for  Casting  in  a  Mould  in  a  Vacuum. 

any  kind  of  a  mould  can  be  inserted.     This  door  covers  the 
whole  end  of  the  vacuum  cliaiiiber.      A  clay-liiied  pot  D  of 
molten  metal  is  fastened  to  the  top  of  the  vacuum  chamber 
in  such  a  way  that  no  air  will  be  admitted,  and  when  the 
mould  is  ready  to  pour,  valve  E，  which  is  made  of  some  refrac- 
tory material,  is  raised  by  lever  G  out  of  valve  scat  F,  which 
is  also  made  of  refractory  material,  and  this 
allows  the  molten  metal  to  flow  from  pot  D 
through  spout  C  and  into  the'  mould.  Spout 
C  is  made  fan-shaped  so  the  vacuum  may 
cause  the  escape  of  most  of  the  gases  out  of 
the  molten  metal  as  it  flows  over  the  surface. 

Casting  Steel  Ingots  in  a  Vacuum. ― Practically 
this  same  principle  is  used  for  casting  steel 
ingots  by  the  Ellis  May  Steel  Syndicate, 
Ltd.,  of  England.  This  apparatus  is  shown 
in  Fig.  1.  The  vacuum  chamber  A  is  sunk 
below  the  floor  line,  and  liouls  12  ingot 
moulds  B  placed  in  a  circle.  The  ladle  of 
molten  metal  D  is  brought  to  the  vacuum 
chamber  and  located  in  the  centre  of  the 
cover  over  spout  C.  The  apparatus  is 
arranged  so  that  when  ladle  D  is  dropped 
into  position  it  makes  the  vacuum  chamber 
air-tight,  and  the  air  is  then  pumped  out 
of  vacuum  chamber  A.  When  this  has  been 
done  the  spout  underneath  the  ladle  is  made 
to  revolve  from  one  ingot  mould  to  another 
until  all  have  been  poured.  While  the 
metal  is  flowing  through  the  spout,  any  gases 
that  may  be  in  the  molten  metal  are  sup- 
posed to  escape .  It  is  said  the  pipe  is  thus 
considerably  reduced. 

In  Fig.  4  is  shown  an  American  device  for 
casting  ingots  In  vacuo.  In  this  the  ingot 
mould  and  ladle  are  constructed  in  such  a 
way  that  when  the  ladle  of  molten  metal  is 
placed  on  top  of  the  ingot  mould,  it  seals  it 
air-tight.      To  remove  the  air  from  ingot 

mould  A,  a  tank  much  larger  than  the  mould  „     ^    ^  ^  "、'^        -,^     .  VArrrv 

• ，丄;     丄 1  °  ^  ,    .  Fig.  3.— Equipment  for  Pouring  Sand  Moulds  in  a  \  acuum. 

IS  located  at  ±5,  and  vacuum  pump  C  bnngs  . 
about  a  vacuum  in  tank  B.  In^ot  mould  A  is  connected  by  piping     Thus,  vacuum  castings  excel  ordinary  castings   by  having 
to  tank  B，  and  when  the  ladle  of  molten  metal  D  is  lowered     greater  strength,  wearing  qualities,  and  other  nitH-lianu;al  pro- 
to  the  top  of  the  ingot,  ready  to  teem,  valve  E  is  turned  on     perties,  and  by  being  more  homogeneous,  soft,  and  ductile, 
and  into  tank  B  is  exhausted  the  air  in  the  interior  of  ingot  If  desired,  an  attachment  could  be  easily  put  on  cover 

mould  A.  The  vacuum  pump  is  kept  working  all  the  time  by  whidi  the  metal  in  the  mould  may  be  stirred  by  a  disc, 
the  ingot  mould  is  being  filled.    Thus,  while  the  molten  metal     located  on  the  em\  of  a  bar,  passing  tlirough  the  oentie  oi  the 
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cover  and  attached  lo  a 】e\'ei-  on  the  outside.  Such  an  arrange- 
ment is  shown  in  the  lower  riglit-liand  view  of  Fig.  3.  It 
would  hasten  the  pouring  as  the  ladle  is  turned  over  as  soon 
as  tlie  gases  cease  to  rise  from  the  molten  metal.  Stirring 
would  bring  all  parts  of  the  molten  metal  subject  to  the 
vacuum  condition,  and  thus  quicken  the  escape  of  the  gases. 
To  facilitate  this,  a  fusible  plate  is  located  at  K  to  separate 


Fig.  4.— Exhausting  Am  from  each  Ingot  as  Teemed. 


the  Jadle  chamber  from  the  mould  chamber.  Thus,  the  air 
can  be  exhausted  from  each  separately,  and  the  gases  drawn 
away  from  the  ladle  without  interfering  with  the  mould.  As 
soon  as  the  molten  metal  strikes  this  plate  it  melts  aud  allows 
the  metal  to  flow  through,  as  shown  in  the'  lower  left-hand 
view. 

Application  of  Vacuum  to  Die-casting. ― The  most  successful 
and  largest  application  of  the  principle  of  casting  in  vacuum 
is  ill  connection  with  the'  manufacture  of  die-casting.  As 
permanent  moulds  that  are  made  of  metal  are  used  to  give 
the  castings  their  shape,  a  vacuum  can  be  established  in  tlieir 
cavity  without  using  a  vacuum  chamber,  or  the  die-niould  can 
he  located  inside  of  a  vacuum  chamber  without  specially  con- 
structing the  mould,  fear  of  injuring  it,  or  altering  its  ability 
to  make  perfect  castings.  They  can  be  made  to  operate  auto- 
matically either  inside  or  outside  of  a  vacuum  chamber,  and 
very  little  additional  apparatus  is  required  on  the  die-casting 
inacliines.  The  vacuum  overcomes  faults  that  it  is  very  diffi- 
cult to  get  rid  of  in  any  other  way  when  squirting  molten  metal 
into  metal  moulds  under  pressure. 

When  this  is  done  in  the  presence  of  air,  the  continual 
churning  that  the  die-casting  alloy  gets,  both  in  the  melting 
pot  and  when  being  squirted  into  the  mould,  causes  it  to 
absorb  more  or  less  of  the  oxygen,  nitrogen,  01、  other  gases  in 
the  air,  and  generally  it  is  more.  These  gases  form  compounds 
with  the  various  metals  composing  die-casting  alloys  which 
greatly  weaken  them,  and  they  also  tend  to  fill  them  with  gas 
bubbles  and  occluding  gases.  These  bubbles  usually  form  on 
the  interior  of  ciie-castiugs,  and  make  it  spongy  and  porous, 
while  the  exterior  may  be  smooth  aud  have  a  perfect  appear- 
ance. This  is  due  lo  the  fat't  that  the  molten  metal  squirlod 
into  tlie  mould  has  a  tendency  to  cling  to  the  metal  surface  in 
t he  cavity  that  forms  the  outer  surface  of  the  castings. 

The  large  majority  of  die-castings  that  are  made  outside 
of  a  vacuum  are  of  this  nature,  and  one  has  but  to  break  them 
open  to  see  these  miniature  blowholes  or  gas  bubbles.  They 
can  very  plainly  be  seen  with  the  aid  of  an  ordinary  magnify- 
ing glass.  When  these  are  present,  it  means  that  some  of 
the  molecules  that  form  the  mass  are  separated  hy  the  gases 
and  tlieir  inherent  cohesive  force  is  interrnpted.  Thus  the 
mechanical  strength  is  entirely  destroyed  at  this  point.  This, 
together  with  the  injurious  compounds  that  are  formed  with 
the  metals,  have  conclusively  proved  that  such  gases  as  oxygen, 
nitrogen,  and  hydrogen  are  the  most  injurious  elements  that 
can  be  present  in  metals,  and  it  is,  therefore,  imperative  that 
these  should  be  reduced  to  the  very  smallest  percentages  if 
castings  are  to  be  made  that  liavo  any  stren^tli  properties. 

To  establish  a  condition  of  vacuum  when  luanufacturing  die- 
castings,  several  forms  of  inachines  attach  piping  directly  to 
the  casting  cavity  in  the  die-moulds  and  oonneot  this  pipin;^ 
to  an  air  pump.  This  removes  the  air  from  the  mould  just 
before  squirting  in  the  molten  metal.    This  ensures  that  every 


corner  and  crevice  in  the  die-mould  is  completely  filled  with 
molten  metal,  and  good  sharp  castings  with  perfect  exteriors 
are  obtained.  The  losses  from  bad  castings  are  also  reduced 
to  a 】ninimum，  as  air  pockets  do  not  form  to  prevent  the 
molten  metal  from  flowing  to  certain  parts  of  the  mould. 

A  die-casting  machine  that  uses  this  principle  is  shown  in 
Fig.  5.  In  the  upper  view,  die-mould  A,  which  is  in  three 
parts,  is  connected  by  flexible  hose  B  to  air-pump  C.  In  this 
position,  the  die-mould  is  ready  to  receive  the  molten  metal 
that  forms  the  casting.  In  the  lower  view,  the  mould  is  shown 
as  it  IS  opened  for  the  ejection  of  the  casting.  As  will  be 
seen,  the  outer  half  of  the  mould  is  located  on  a  carriage  that 
rocks  away  from  the  irmer  half  of  the  mould  ；  while  the  upper 
part  of  the  inner  half  is  raised  away  from  the  lower  part. 
This  machine  is  driven  by  pulley  and  belt,  and  all  of  its  move- 
ments are  performed  auto】nati('a】ly  by  the  aid  of  gears  and 
cams.  All  the  attendant  has  to  do,  therefore,  is  to  keep  the 
melting  pot  filled  and  carry  away  the  castings. 

While  the  extraction  of  the  air  from  the  die-mould,  as 
shown  in  Fig.  5，  has  many  good  features,  it  is  not  possible  to 
extract  any  of  the  gases  that  may  be  contained  in  the  molten 
metal.  In  order  to  obtain  a  more  complete  vacuum,  therefore, 
a  die-casting  machine  like  the  vertical  one  shown  in  Fig.  6， 
was  designed,  and  this  is  in  daily  use.  Here  a  comparatively 
large  vacuum  chamber  A  forms  the  body  of  the  machine, 
and  the  melting  pot  D,  with  its  gas-heating  furnace  C，  is 
located  over  it  in  a  very  similar  manner  to  that  of  tlie  sand 
mould  casting  aparatus  shown  in  Fig.  2,  and  the  ingot-casting 
apparatus  shown  in  Fig.  1.  In  this  case  the  driving  shaft  B, 
with  its  pulley  R,  and  the  cams  that  control  the  movements 
of  the  machine,  are  located  in  the  base,  below  the  vacuum 
chamber. 

The  die-mould  E  is  located  just  below  the  melting  pot  aud 
inside  vacuum  chamber  A.  To  make  such  a  machine  success- 
ful, therefore,  the  mould  iiiust  be  opened  and  dosed  ；  the 
molten  inetal  squirted  in,  and  the  casting  ejected  from  the 
mould  automatically,  and  that  is  the  maniuM-  in  which  this 


Fio.15.— Exhausting  Air  fuom  thk'DikIMot'ld. 


uiachiue  operates.  The  mould  opening  and  closing  auto- 
matically inside  of  this  vacuum  chamber,  no  air  is  allowed 
to  collect  in  the  casting  oavitv,  even  when  the  mould  is  opened 
lo  ejoot  the  casting.  Any  gases  that  may  be  in  the  metal 
wheu  entering  the  die-mould  are  inclined  to  be  drawn  through 
the  veut  openings  of  tlie  mould  aud  out  into  the  vacuum 
chamber.  A  more  complete  vacuum  can  thus  be  obtained 
thau  with  the  principle  shown  iu  Fig.  5.    In  the  latter,  the 


February  2,  1912] 


THE   MECHANICAL  ENGINEER, 


147 


air  must  be  pumped  out  of  the'  mould  before  every  casting  is 
made.  And,  again,  owing  to  the  difficulty  of  making  the  die- 
mould  air-tight  on  the  parting  surfaces,  a  high  vacuum  cannot 
be  realised  in  the  mould.  If  it  were  possible  to  make  these 
surfaces  air-tight,  it  would  be  exceedingly  difficult  to  part  the 
mould  for  the  removal  of  the'  casting. 

By  placing  the  die-mould  inside  a  vacuum  chamber,  as  in 
Fig.  6,  these  troubles  are  overcom©,  as  a  continuous  vacuum 
can  be  maintained  in  this  chain ber.  By  milling  out  sections, 
one  or  two  thousandths  of  an  inch  deep,  o'n  the  parting  sur- 
faces of  the  mould  the  mould  will  be  vented,  so'  a  continuous 
vacuum  can  be  maintained  in  its  casting  cavity.  The  mould 
is  then  easily  parted,  and  these  vent  openings  are  not  large 
enough  to  fill  with  metal  and  form  fins  on  the  castings.  In 
addition  to  causing  the  metal  to  be'  drawn  into  all  crevices  of 
the  mould,  the  molten  metal  is  forced  into  the  mould  with 
from  SOlbs.  to  lOOlbs.  per  square  inch  pressure.  This  tends 
still  further  to  refine'  the  grain  of  the  castings. 

In  the  left-hand  view  of  Fig.  6，  the\ 
mould  is  shown  closed  ；  but  when  the 
double  cams  F  turn  over，  rollers  G  on 
rods  H  operate  levers  I，  and  thiisi  pull  the' 
halves  of  the  die-mould  apart.  As  there 
is  always  a  tendency  of  molten  metal 
dripping  when  the  die-mould  is  pulled 
away  or  parted,  a  drip  deflector  J  is 
immediately  pushed  under  the  nozzle  and 
causes  any  drippings  to  fall  into  pocket 
T .  This  prevents  molten  metal  from 
spoiling  the  finished  castings.  A  second 
air  cylinder  L  moves  brush  M  over  to 
bru&h  out  the  casting  cavity  in  the  die- 
mould.  To  force  the  metal  into  the  mould 
when  it  is  closed,  valve  N  is  pulled  away 
from  its  seat  iu  the  nozzle  opening,  and 
this  closes  another  seat  above  it  at  O, 
where  the  metal  enters  the  passage  from 
the  melting  pot.  When  opening  O  isi 
closed,  plunger  P  is  forced  down,  and  tliis 
squirts  the  metal  contained  iu  the  pas- 
sage into  the  die-mould. 

All  of  these  motions  are  timed  so  the 
various  operations  will  follow  each  other 
continuously  and  manufacture  castings 
without  any  manual  labour  except  tliat  of 
filling  the  melting  pot.  They  are  turned 
out  by  this  vacuum  machine  much  faster 
than  they  cau  he  iiiade  by  any  hand  - 
operated  machine.  In  fact,  as  fast  as  the 
metal  will  solidify  in  the  mould,  the  ca.st- 
ing  is  thrown  out,  and  the  mould  closed 
for  another  without  any  lost  time.  As 
the  mould   is  opened   and  the  castings 

ejected,  they  fall  into  deflector  spout  R，  which  throws  them 
into  pocket  S，  and  they  are'  then  easily  taken  away  from  the 
machine.  This  is  doubtless  the  most  perfect  manner  iu  which 
castings  of  any  kind  are  made-,  and  it  shows  the  height  of  the 
development  of  the  die-casting  process  and  the  perfection  that 
lias  been  readied  iu  casting  methods.  With  it  more  castings 
can  be  made  in  a  day  and  the  losses  from  bad  castings  are 
lower  than  with  any  other  method  that  has  been  devised  for 
casting  metals.  In  addition  to  that,  the  castings  are  made 
with  an  absolutely  smooth  outer  surface,  and  the  necessity  of 
machining  in  any  of  the  various  ways  is  done  away  with. 
Castings  that  go  to  make  up  the  moving,  as  well  as  stationary, 
parts  of  various  machines  and  instniinents  are  taken  directly 
irom  the  casting  machine,  and  assembled  iu  their  respective 
places. 

A  horizontal  machine  of  this  same  type  fastens  one-half  of 
the  die-mould  to  the  nozzle'  and  locates  the  other  half  on  a 
carriage  that  slides  back  and  forth.  Thus,  tlie'  back  half  is 
drawn  away  from  the  forward  half  to  eject  the  casting,  the 
vacuum  is  established  by  two  ta'nks,  in  which  a  continuous 
vacuum  is  maintained,  located  on  each  side  of  the'  mould. 
When  the  half  mould  moves  to  the'  closed  position,  connections 
are  made  to  these  vacuum  tanks,  and  the  air  is  sucked  out  of 
the  cavity  of  the  die-mould.    The  exact  form  of  the 


IS  immaterial  as  long  as  the  vacuum  is  successfully  created  in 
the  casting  machine. 

Still  another  form  of  die-casting  machine  that  removes  the 
air  from  the  mould  before  filling  it  with  molten  metal  is  shown 
in  Fig.  7.  This  is  a  hand-operated  machine  connected  to  an 
air  pipe  at  F.  It  does  not  produce  such  good  castings  as  the 
machine  shown  in  Fig.  6，  but  is  being  successfully  used  in  the 
manufacture  of  die-castings.  The  two  halves  of  the  mould 
are  drawn  apart  by  raising  level*  D.  Then  a  ladle,  like  that 
shown  at  A,  is  filled  with  metal  at  an  ordinary  melting  furnace 
and  placed  inside  of  a  cavity  above  the  clie-moulcl.  Lever  D 
is  then  brought  down  to  close  the  mould.  After  that,  a  valve 
is  opened  that  takes  the  air  from  the  iiiould  through  outlet  C 
and  pipe  F,  and  the  ladle  full  of  metal  is  then  turned  upside 
down.  Compressed  air  is  next  turned  on  by  opening  valve  B 
and  the  metal  that  has  been  dumped  out  of  ladle  A  is  forced 
into  the  casting  cavity  at  H  by  this  incoming  current  of  air. 
The  mould  is  then  opened  and  lever  I  is  pushed  iu  to  force  the 


Fig.  6.- 


— Machine  with  Vacuum  Chamber  in  which  the  Die-muuld 
^operates  automatically. 

casting  out  of  the  mould,  with  ejector  rods  E.  This  is  the 
only  machine  that  uses  suction  to  draw  the  air  out  in  combina- 
tion with  compression  to  force  the  metal  into  the  mould.  As 
this  machine  is  only  hand-operated,  it  is  much  slower  than  the 
machine  shown  in  Fig.  6. 

With  a'ny  of  these  die-casting  machines,  it  is  not  possible 
to  cast  metals  having  a  melting  point  that  is  over  1,200^  Fall. 
This  is  largely  due  to  the  fact  that  no  metal  or  material  has 
been  found  that  will  withstand  the-  action  of  any  higher  tem- 
perature and  at  the  same  time  have  wearing  qualities  that 
will  enable  one  die-mould  to  make  enough  castings  to  be  com- 
mercially successful.  Consequently,  castings  with  the  strength 
of  the  bronzes  and  steels  cannot  be  obtained  in  die-castings. 
Die-castings,  therefore,  are  always  】iiade  from  the  low  melting, 
white  metal  alloys,  and  the  yellow  metals  or  any  of  the  iron 
products  cannot  be  successfully  manufactured  into  castings  in 
this  way.  The  white  metal  alloys,  however,  can  be  made  with 
a  strength  that  is  equal  to  yellow  brass  castings,  and  where 
such  strength  or  wearing  qualities  will  suffice,  no  better  or 
cheaper  method  has  been  devised  for  manufacturing  castings 
that  will  do  away  with  iiiachiue  work  - 

Parts  that  can  be  gotten  into  shape  by  the  punch  press  or 
similar  methods  are  much  cheaper  than  those  die-cast ed.  Many 
intricate  pieces,  however,  that  cannot  be  punched  out  ami 
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would  necessitate  machining,  if  cast  in  sand  】nouWs，  or  forged 
are  much  cheaper  when  made  by  the  die-casting  process.  The 
thing  that  lias  made  it  possible  to  manufacture  die-castings  of 
the  strength  of  yellow  brass  is  the  application  of  the  vacuum 
principle  to  die-casting  machines.  To  construct  a  die-casting 
ina(  hine  and  inoulds  that  will  stand  a  high  enough  pressure 
on  the  incoming  metals  to  make  dense,  sound,  a!"l  strong 
fastings  would  be  very  expensive,  but  by  adapting  tlie 
vacuum  principle  to  these  machines,  this  has  been  accomplished 
at  a  cost  that  is  not  prohibitive. 


Vio.  7,— Ai"  Suction  comj*i\i:d  witu  Aiu  Compression  in  Die  Casting. 


All  kinds  of  castings  a  re  made  so  nuu'li  better  by  casting 
1  lirm  〃'  ninui^  as  well  as  by  ineltiiig  the  nvetals  in  a  vacuum, 
t  I  his  principle  is  bound  to  increase  in  commercial  use,  and, 
(louhtless,  vacuum  castings  will  become  more  coiiunonly  made 
and  used  in  th(、  fut ur<v  TiiiprovfMiionts  will  probably  1)<、  made  in 
llic  metliocls  of  casting  sand  moulds  in  a  vacuum  that  will 
make  these  cheap  enough  to  be  a  commercial  success,  and 
wIkmv  any  kind  of  a  periitaneiit  mould  can  bo  used,  castings 
fur  machine  part  s  or  for  various  kinds  ol'  appa rat  us  and  insl  ru- 
lueiits  can  be  profitably  made  in  a  vacuum. — "  The  Iron  Age." 


The  Pioneer  Oil  Tank  Steamer.  - -Tho  lirst  stoaiiiship  spedally 
(Icsigm'd  iov  caiTviii^^  oil  in  hull;  was  tlio  '•  Vado rhuid,"  built 
by  Messrs.  Palmers,  at  ,] arrow,  in  1872.  Prior  to  that 
])otroleuin  was  shipped  in  barrels,  althougli  in  the  parly  sixlios 
tluw  iron  sailing  ships  wore  constriuted  to  carry  oil  in  hulk. 
Tlie  m()(l(>ni  petrolouni  sloamer  is  very  lari^oly  tho  oul<'onie  of 
I  ho  iiiviMitivo  t^onius  and  ontorprise  of  llio  late  Col.  Swan,  of 
Messrs.  Armstrong,  Wliilwoit h,  Co.,  at  whoso  Walker  yard 
(|uito  a  fleet'  of  oil  carriers  have  l"vu  huilt  -  Tlu'  lirsl  of  I  host' 
lankors  was  tlie  "  Ghukauf,  '  lauiu'lu'd  in  I 


RED  BRASS  INGOTS. 

liY   U.    C.  PAUUOtK. 

Red  brass  ingote,  properly  made,  offer  the  following  advan- 
tages to  the  foundry  man  ：  (1)  Uniformity  ；  (2)  known  con- 
tents ; (3)  full  value  ；  (4)  low  shrinkage  ；  (5)  low  handling 
cost  - 

Uniformity  in  ingots  depends  upon  the  stock,  the  amount 
of  the  charge,  and  the  proper  handling  of  the  metals  when 
melting  and  tapping.  In  this  respect,  the  direct  flame  rever- 
beratory  furnace  has  advantages  over  the  crucible,  A  charge 
of  50,0001bs.  melted  at  one  time  on  a  large  hearth,  though 
made  up  from  a  carload  of  various  sorts  of  scrap,  will  yield 
a  carload  of  ingots  that  show  only  a  negligible  variation 
throughout.  This  follows  naturally  from  the  nature  of  the 
process.  Each  ingot  is,  for  all  practical  purposes,  exactly 
like  every  other  ingot. 

In  the  crucible  made  ingot,  the  unifoniuty  of  ingots  from 
the  same  lot  depends  to  a  large  extent  upon  the  ability  of 
the  man  employed  to  pile  and  quarter  ;  or  to  select  by  judg- 
ment and  experience,  with  the  usual  liability  of  huiiiaii 
error.  The  large  furnace  is  free  from  this  chance,  which 
meaus  that  in  purchasing  a  carload  of  iiigote  one  analysis 
will  show  the  foundrymaii  what  he  is  buying  wlieu  taking 
the  ingots  made  on  one  hearth  in  a  large  quantity,  while  in 
buying  a  carload  made  up  in  small  lots  a  10  per  cent,  varia- 
tion might  result  over  the  entire  car.  Such  a  variation  would 
mean  a  possible  loss  in  making  one  customer  s  castings  or  the 
shipment  of  poorer  material  ou  another  order,  to  the  cus- 
tomer's loss.  An  analysis  of  a  carload  is  best  made  by 
selecting  six  or  more  ingots  at  random,  drilling,  and  mixing 
thoroughly,  and  analysing  the  mixture,  according  to  ap- 
proved methods. 

However,  it  is  evident  that  the  use  of  ingot  of  either 
method  of  manufacture  is  preferable  to  the  purchase  ami  use 
of  promiscuous  scrap.  There  is  no  way  in  which  the  foundry - 
man  can  ascertain  the  exact  quality  of  a  barrel  of  scrap  except 
by  melting  the  whole  lot,  and  analysing  the  contents  of  each 
crucible.  The  small  maker  cannot  do  this  economically. 
This  is  what  the  ingot  maker  does,  taking  his  analysis  before 
tapping,  in  order  to  correct  the  bath,  if  necessary,  by  the 
addition  of  new  copper,  tin,  lead,  or  zinc.  Tho  product  is 
tlieii  an  exact  one,  and  is  uuiforiu  throughovit.  It  is  further 
evident  that  the  ingot  maker  will  piirchage  scrap  to  better 
advantage,  since  ke  buys  direct  from  the  source  of  supply, 
and  ill  larger  quantities  than  the  foundrj'inan.  He  is  in  a 
position  to  select  and  so  maintain  the  original  quality  of 
his  raw  material,  an  advantage  to  himself  and  ultimately  to 
his  customer. 

Since  the  bath  is  t-ested  prior  to  tapping,  it  is  evident 
that  the  metal  can  be  brou^jht  to  exact  formula  (within 
reasonahlr  】i"iitfO.  A  buyer  may  ask  for  any  analysis  he 
desired  with  a  variation  of  1  ]>er  cent,  on  t'opiH*r,  •',  j)cr  cent, 
on  1  in.  with  lead  and  zinc  within  1  jhm-  cent.  Such  an  ingot 
is  close  to  specifications  and  the  be^t  product  obtainable.  It 
therefore  coiniiiaiuls  t he  hiuhost  price. 

Or  ingots  may  be  ordered  to  read  ： ― 

Per  cent. 

C()]^|)er  not  less  than    8 12 

Till  not  less  than  …  4 

Lead  not  more  than   …  7 

Zinc  not  more  tlian    9 

Impurities  not  more  than  (includinjr  antimony)  '75 
The  iiii^ot  maker  funiislu 、； s  an  airilysis  with  his  material  : 
t lie  fouiuli yinan  checks  \\\\>>  analy^if'  by  seloction  at  raiuloni 
from  the  car.  The  contents  thus  det?nnine<l  show  the  foun- 
drvinaii  with  certainty  the  niatorial  h?  is  using.  With  this 
certainty  lu'  not  《mly  Oi>Uiblisli<>  liis  ir.vtals  for  his  ni.、"，"K'r  ft 
l，"n(、fit,  but  guards  his  own  profits  in  knowiim  that  \\v  is 
t lirowini;  away  ""、tals. 

1m  filling  an  order  the  loundryinau  is  auxious  to  eatifify 
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his  customer's  formula  first,  and  to  make  a  profit  in  so  doing. 


. opper 


Lead   

Zinc   

Iron,  Sulphur' 


No.  1 

No.  2 

No.  3 

No  .  4 

79-50  ... 

82-00  . 

.. 85-00  . 

.. 82-00 

10-00 

8- 00  . 

-. 5-00  , 

,.. 4-00 

9-50  ... 

7-00  . 

.. 5-00  . 

.. 700 

0-50  ... 

2-40  . 

.. 4-50  . 

.. G-00 

-  0-50  ... 

, 0-60  , 

.. 0-50 

... 100 

Arsenic 


100-00  100-00  100-00  10000 
That  is,  au  ingot  can  be  furnished  having  79  5  ooppt'i', 
10  tin,  9i  lead,  with  a  balance  of  ingredients  1  per  cent,  or 
less.  From  this  grade  the  ingot^^  range  to  No.  4，  a  low  tin, 
red  brass,  very  suitable  for  commercial  red  brass  work.  No.  1 
is  the  iiiost  expensive  ingot,  not  only  because  of  the  high  tin, 
but  also  because  of  the  low  zinc  content. 

A  foundrynxaii  buying  in  large  (luantilics  can  afford 
to  allow  a  strong  variation  in  contents,  since'  lie  always 
knows  this  content  exactly,  and  applies  his  various 
lots  of  ingots  to  various  m'flers'  without  clanger  of 
losing  iiioiiey  or  ol"  disappoiiitiii^'  a  customer  by  using  the 
wrong  inetal  ：  but,  the  main  thing,  lie  also  buys  his  ingot、s 
at  the  best  price,  since  he  can  allow  the  ingot  maker  a  reason- 
able variation  in  filling  orders.  This  enables  tlic  ingot  maker 
to  fill  orders  with  】ess  expense  and  delay.  The  purcha&e  oi 
ingots  to  analysis  means  a  full  retuni  to  the  foundryiiiaii  ；  lie 
can  (leniand  a  full  guarantee  that  the'  met'al  is  like  the  sample 
or  test  ingots. 

The  melting  loss  in  using  brass  ingots  will  be  less  than 
that  existing  with  the  use  of  scrap.  The  exposed  surface'  per 
unit  content  is  less  in  the  first  place,  and  there  will  be  Ic&s 
surface  oxidation.  In  the  second  place  the  foimdryman  will 
not  have  to  melt  unnecessary  dirt  or  dross  or  to  melt  material 
ill  which  the-  zinc,  for  instance,  is  high,  and  it  will  therefore 
be  necessary  for  him  to  add  unusual  amounti&  of  other  metals 
to  bring  the  pot  to  the  right  analysis.  Since  lie  knows 
exactly  what  each  pot  contains  at  the  start,  the  enriching  or 
cutting  down  is  absolutely  under  his  control.  Or  if  the  ingot 
is  approximately  correct  for  the  casting  desired,  a  small 
amount  of  one  or  more  new  metals,  in  addition  is  always 
sufficieut  for  the  purpose.  This  means  quick  heats,  low  】nelt* 
ing  ratios,  freedom  from  gas,  and  a  low  loss  in  melting. 

The  use  of  brass  ingots  means  a  low  handling  cost  ；  carry- 
ing from  car  to  store-room  and  the  placing  of  a  tabulator 
card  on  the  pile  covers  the  handling.  There  is  no  sorting  to 
do  ；  no  rejection  of  junk,  iron,  zinc,  babbitt,  solder,  and  the 
various  impurities  sometimes  found  in  a  barrel  of  so-called 
clean  brass  or  bronze.    The  saving  here  is  obvious. 

It  ift  not  intended  here  to  present  scrap  ingots  as  a  substi- 
tute for  new  metals.  It  is  true,  however,  that  brass  ingots 
properly  made  can  be  used  with  economy  and  without  detri- 
】iieiital  effects  in  all  commercial  castings  oontaining  copper, 
tin,  lead,  and  zinc.  Tliey  can  be  purchased  ami  used  to 
advantage  in  castings,  even  where  zinc  is  limited  to  -},-  per 
cent"  and  they  can  be  used  obviously  in  any  casting  where 
scrap  is  allowable.  They  are,  of  course,  unsuitable  for  a 
pure  mixture  of  copper  and  tin,  since  lead  and  zinc  are 
always  present,  and  should  not  be  used  wliert'  the  buyer 
specifies  all  new  metals  and  pays  accordingly.  The  best 
foundries  to-day  are  buying  tlies^  ingots,  mixing  with  sera]) 
copper,  and  with  new  material  as  well,  when  necessary,  and 
are  turning  out  excellent  castings.  By  buying  on  analysis  in 
their  laboratories  and  so  obtaining  uniformity,  full  value 
and  known  contents,  such  foundries  have  every  advantage 
over  the  jobbing  foundry  buying  scrap  from  various  sources. 
The  big  foundry,  even  with  its  high  fixed  charges,  by  use  of 
such  ingots,  can  underbid  even  the  one-man  plant,  on  the 
basis  of  delivering  metals  for  value  received  ：  or,  in  other 
words,  insisting  with  the  ciisbonier  that  he  knows  what  lie  is 
buying  and  paying  for.  In  】r»?my  casetj  brass  and  bronze 
specifications  are  extremely  lax.  The  foundrymau  iu  com- 
petition  will  find  it  to  his  advantage  to  establish  a  customer's 
analysis  for  him  and  to  maintain  the  grade  at  all  times. 
These  ingots,  properly  inaHo,  will  be  of  the  greatest  assistance 
in  this  kind  of  work. ― The  Brass  World." 


MISCELLANEA. 

Lectures  at  the  Institution  of  Civil  Engineers. —— By  request  of 
the  Council,  Captain  11.  Riall  Saiikcy,  R.E.,  M.In6,t.C.E. , 
will  deliver  two  lectures  at  tlie  Institution  on  "  Steam  Tur- 
bines : Some  Practical  Applications  of  Theory,"  on  Friday 
evenings,  February  2ml  and  9tli,  at  8  o'clock.  The  Vcriioii 
上 larcoud  lectures  will  be  delivered  at  the  I  n.stitutioii  on  Fri- 
day evenings,  February  16tli  and  23r<l,  at  8  o'clock,  by  Mr. 
W.  T.  Doughusis,  M.Tnst.C.E,,  his  subject  being,  "  Works  for 
the  Prevention  of  Coast  Erosion."  The  two  coura's  of  lectures 
above'  named  are  intended  in  the  first  place  for  the  instruction 
of  students  of  the-  Institution,  but  they  are  open  also  to 
members,  and  all  cla^sses  of  the  Institution  are  cordially 
invited  to  attend  them. 

The  Institution  of  Locomotive  Engineers.  ― TIil'  annual  geiieiai 
meeting  of  this  institution  was  held  in  London  on  Saturday, 
January  13tli.  Prof.  Elliott  was  elected  president  for  the 
year  1912,  the  retiring  president  being  Mr.  John  IT.  Adams. 
Mr.  Alfred  Trevithick  was  elected  a  vice-president  of  the 
institution.  The  following  gentlemen  were  re-elected  as  vice- 
presidents :  Messrs.  E.  L.  Ahrous,  L.  B.  Billiuton,  A.  Rosliiig 
Bennett,  B.  K.  Field,  W.  Beckit-Burnie,  D.Sc"  and  R  Goose. 
Also  as  chainiiau  of  the  coum'il,  Mr.  C.  A.  Suffield  ；  vice- 
c'hairniaii,  H.  W.  Garratt,  and  the  following  as  members 
of  the  council  ：  Messrs.  H.  F.  Anelay,  S.  P.  Smith, 
W.  J.  Bennett,  H.  P.  Bray,  J.  Speakman,  D.  Slieppy, 
G.  W.  C.  Jackson,  H.  J.  Maiden,  W.  McKie,  and  11.  W. 
Dearberg.  Mr.  G.  F.  Burtt  was  reappointed  secretary  aud 
treasurer,  and  to  him  all  communications  should  be  addressed 
to  46，  Mailing  Street,  Lewes. 

A  Diesel  Locomotive. 一 Some  interesting  particulars  are  given 
in  "  The  Times"  engineering  supplement  of  the  locomotive 
driven  by  a  Diesel  engine  which  has  been  constructed  at  Messrs. 
Sulzer's  works  at  Winter! hur,  and  which  has  now  begun  its 
preliminary  trials.  This  locomotive  is  the  outcome  of  many 
years  of  collaboration  between  Dr.  Diesel  and  the  Swiss  firm, 
while  the  truck  has  been  built  by  the  well-known  Borsig  Com- 
pany. The  present  intention  is  to  run  the  locomotive  on  the 
Prussian  State  Railways  if  its  operation  is  found  to  be  satis- 
factory. The  motor  is  of  the  4-cylinder  type  working  on  the 
single  acting  2-cycle  principle  and  capable  of  developing  nor- 
mally about  1,000  b.h.p.,  though  it  is  anticipated  that  this 
will  be  considerably  exceeded.  The  engine  drives  a  loose  shaft 
to  which  the  two  driving  wheels  are  coupled,  the  locomotive 
having  two  2-axle  bogies.  In  order  to  produce  a  high  starting 
torque  and  to  develop  greater  power  when  ascending  inclines 
an  arrangement  has  been  devised  by  which  an  auxiliary  supply 
of  fuel  and  air  is  provided  for  the  cylinders.  The  weight  of 
the  locomotive  on  the  rails  in  running  order  is  between  80  and 
90  tons,  and  the  length  over  the  buffers  is  about-  55ft.  Thus 
the  motor  is  exceptionally  light  for  the  power  developed. 

Electrical  Steering  Gears. ―  At  a  recent  meeting  of  the 
Glasgow  University  Physical  Society,  a  paper  on  "Elec- 
trical Steering  '，  was  contributed  by  Mr.  B.  P.  llaigh, 
of  the  Engineering  Department  of  the  University.  Before 
entering  on  a  description  of  electrical  steering  gears,  the  lec- 
turer dealt  with  the  conditions  which  such  gears  must  satisfy. 
Besides  possessing  adequate  power  to  put  the  helm  hard  over 
in  a  case  of  emergency  in  a  minimum  of  time,  they  must  be 
very  sensitive,  especially  in  fast  fine-lined  vessels.  To  enable  ？ 
vessel  to  keep  a  good  course  the  helm  must  not  oiilv  respond  to 
small  motions  of  the  hand  wheel,  but  must  do  so  without  undue 
time- lag,  and  in  this  latter  respect  electrical  steering  pro- 
mised an  advance  over  ordinary  steam  gears.  Probably  no 
machinery  required  to  be  more  free  from  risk  of  breakdown 
than  steering  gears,  but  it  should  be  noted  that  steering  mis- 
haps were  not  necessarily  due  to  defects  in  the  steering  gear. 
The  lecturer  explained  the  liability  to  suction  that  existed 
when  two  vessels  run  on  parallel  courses  in  narrow  channels, 
and  suggested  that  the  recent  collision  between  H.M.S. 
"Hawke»，，  and  6.s.  "  Olympic  might  be  due  to  the  slip  of 
the  port  propeller  of  the  ((  Hawke，，  in  the  wake  of  the 
('Olympic."  Mr.  Haigh  proceeded  to  describe  with  the  aid 
of  drawings  and  lantern  slides  a  number  of  electrically-driven 
steering  gears.  The  advantages  of  electrical  storing  gear  were 
many,  but  ono  which  would  appeal  to  everyone  was  the 
absence,  of  steam  pipes  and  steering  chains  led  aft  through  the 
paescnger  accommodation  of  the  vessel . 
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PRACTICAL  METALLOGRAPHY. 

A  MEETING  of  the  West  of  Scotland  Iron  and  Steel  Institute 
was  held  on  the  26tli  ult.  in  the  rooms  of  the  Institution  of 
Engineers  and  Shipbuilders^  Glasgow,  the  president,  Mr. 
Walter  Dixon,  in  tlie  chair,  when  Dr.  J.  E.  Stead,  of  Mid- 
dlesbrough, delivered  a  lecture  on  "  Practical  Metallography/' 
illustrated  by  lantern  slides.  The  lecturer  described  the  con- 
ditions mosl  favourable  to  the  application  of  this  practical 
te&t,  which  was  coming  to  be  regarded  as  a  most  useful  guido 
to  the  practical  metal  maker  and  metal  worker.  It  was 
explained  how  valuable  metallography  wa*s  as  a  scientific 
research,  but  its  use  as  an  adjunct  to  practical  work  needed 
some  considerable  degr&e  of  experience  in  interpreting  the 
results,  which,  however,  did  not  detract  from  its  immense 
practical  value.  A  large  part  of  tlie  lecture  was  descriptive 
of  liow  clo&ely  and  accurately  the  microstructure  revealed  the 
previous  treatment  of  the  metal,  both  physically  and  ther- 
mally. The  lecturer  also  poiuted  out  what  valuable  infomia- 
tiou  could  be  got  from  a  careful  inspection  of  the  fracture  of 
metals,  especially  those*  which  had  failed  in  service,  and  al&o 
from  an  examination  of  the  microstructure  visible  through,  an 
ordinary  pocket  lens.  The  simplicity  of  the  outfit  necessary 
was  amply  demonstrated,  and  the  preliminary  operation  of 
fine  polishing  was  described  as  eminently  suitable  for  carry- 
ing out  by  ladies.  Some  of  the  simplest  instruments  used 
bad  been  designed  by  Dr.  Stead,  who  exhibited  a  portable 
form  of  his  workshop  microscope  which  had  lately  been 
brought  into  service  in  many  workshops  ahd  foundries.  Some 
of  the  ambiguities  which  had  arisen  in  the  nomenclature  of 
steel  metallography  were  explained  by  Dr.  Stead,  and  lie  advo- 
cated the  use  of  an  etching  agent  for  tempered  steels  whicli 
he  had  found  invaluable  for  a  practical  determination  of  the 
temperature  to  which  the  annealing^afber  quenching  had  been 
carried.  It  consisted  of  a  1  per  cent,  solution  of  nitric  acid 
in  isoainyl-alcobol.  Some  of  Dr,  Stead's  latest  researches 
had  shown  the  great  advance  possible  in  knowledge  of  the 
effecte  of  crushing  strains  upon  metal  as  investigated  micro- 
scopically, and  he  strongly  recommended  it  as  a  guide-  to 
practice  in  steel  foundries,  steel  case-liardeiiing  shops,  and 
also  the  rapid  estimation  of  the  arrangement  of  sulpliur, 
phosphorus,  and  combined  carbon  iu  pig  iron  as  u&ed  in  iron 
foundries. 


The  Junior  Institution  of  Engineers. ― A  party  of  members 
of  this  institution,  llirougli  the  kind  permission  of  Mr.  G.  E. 
丄） iugi'ce,  managing  director,  paid  a  visit  recently  to  the  works 
of  the  Western  Electric  Company  at  North  Woolwich,  and 
spent  a  most  iuterestiug  and  profitable  time  in  beiug  shown 
over  the  various  departments.  The  magnitude  of  the  works 
impressed  the  visitors,  who  were  lucky  in  seeing  the  various 
processes  and  macliiuery  iu  operation,  and  their  thanks  were 
voiced  by  Mr.  Walter  T.  Dunn,  chairmau  of  the  institution,  to 
whicli  Mr.  G.  II.  Nasli  and  Mr.  Chas.  Rice  replied,  ami  the 
visit  came  to  a  conclusion.  On  February  12tli  the  institution 
is  holding  a  combined  meeting  with  the  Architectural  Associa- 
tion to  hear  and  discuss  a  paper  by  Mr.  Paul  Waterbouse, 
M.A.,  F.R.I.B.A.,  on  Bridges/'  and  on  February  17tli  the 
institution's  annual  dinner  is  to  be  held. 

Fatal  Accident  through  Bursting  of  Hydraulic   Cylinder. 一 An 

iiK|Ucst  w ah  hold  at  Weduebbury  Town  ilall  on  the  2 4tb  ult. 
respecting  the  death  of  a  press  worker,  who  was  killed  at  the 
Monway  Works  of  the  W(.'dnei>l)ury  Patent  Shaft  and  Axletree 
Company  on  the  previous  Monday.  The  evidence  showed 
that  the  deceased  was  working  a  pressing  machine,  when  a 
loud  report  was  heard,  and  a  shoot  of  wat^r  was  seen  to 
envelop  him.  lie  was  afterwards  found  dead,  a  lever  of  the 
machine  having  struck  his  neck  and  broken  the  spinal  colunm. 
An  investigation  showed  that  the  hydraulic  cylinder  which 
worked  the  in achiiie  had  broken.  This  cylinder  had  pre- 
viously been  repaired,  ami  a  band  put'  round  it,  but  it  was 
pointed  out  by  the  manager  of  the  company  in  evidence  that 
when  losted  it  was  found  to  be  quite  safe,  and  that  the  reason 
it  burst  was  that  there  was  an  iutx、nial  crack.  This  would 
not  have  been  iioticeablo  ti'o 川 the  outi>ide,  oven  if  (here  had 
not  been  a  baud  ou  the  cyliuder.  A  verdict  of  •'  Accidoutal 
death  '  •  was  returned. 


INDUSTRIAL  AND  TRADE  NOTES. 

Exhaust  Turbine  for  Manchester. ― The  Manchester  Corporation  have 
recently  placed  an  order  with  Messrs.  J.  Howdeu  &  Co"  Ltd. 
Glasgow,  for  an  8,000  b.h.p.  turbine,  to  work  with  exhaust  steam 
supplied  from  four  compound  reciprocating  engines. 

New  Steelworks  for  Swansea.— It  is  reported  that  Messrs.  Jialdwius, 
Ltd.,  are  about  to  erect  large  new  steelworks  adjacent  to  King's 
DockSj  Swansea,  where  they  have  already  a  tinplate  Avorks  of 
12  mills.  It  is  proposed  that  the  plant  shall  be  made  capable  of 
producing  5,000  tons  weekly.  The  cost  of  the  jiew  works  will  be 
between  i;lOO,OOU  and  £150^000.  It  is  also  intended  to  erect  new 
bhistluniacos. 

Advance  in  English  Tube  Prices.  — Following  the  success  of  the  ettbrts 
to  unite  Scotch  】i'oii  and  steel  tubemakv^rs  into  one  undertaking, 
the  English  tubemakers  who  are  centred  in  Staltordshiro  and  the 
MidlaiKls  havo  advanced  prices  10  to  15  per  cent.  The  advance 
is  aoconiplLshed  by  a  reduction  in  gross  disco imts.  The  new  dis- 
counts ijecome  :  Gas  tubes,  77^  to  76  per  cent.  ；  ste-diUj  72^  to  70; 
iiud  boiler,  (35.  Haw  material  has  advanced  10s.  per  ton  since  the 
beginning  of  December,  being  now  £7.  2s.  6d.  to  £7.  5s. 

Coal  Wages  Conference.  —A  Jive  days'  sitting  of  the  representatives 
of  the  coalowiiens  and  uiiuers  in  the  federated  mining  areas  in 
EngJaud  and  iNortli  Wales  was  held  in  l/omlon  last  week.  As  a 
result  the  following  official  statement  was  made  to  the  representa- 
tives of  the  Press :  "  The  Joint  Committee  of  owners  and  work- 
men's representatives  in  the  federated  area  have  iiad  several 
meetiugs,  and  liave  <?xciianged  views  upon  the  demand  of  tue 
aimers  with  relerence  to  abnormal  places  ami  a  niinimum  wage. 
A  rex>ort  will  be  submitted  to  the  coalowuers  and  miners  iu  tJie 
clifierent  districts  within  the  federated  area."  The  con ference 
adjourned  until  the  5th  inst. 

The  Motor-car  Trade. ― According  to  "  The  Motor/"  the  production  of 
British-made  pleasure  cars  and  chassis  is  generally  estimated  at 
22, WO  for  the  year  1911.  Of  these,  5,272  were  exporUnl,  leaving 
16,800  tor  sale  at  home  ；  whilst,  of  the  cars  i  in  ported,  l】,iKJiJ  were 
retained,  thus  putting  nearly  2^,000  new  cars  into  use  during 
the  yedv.  llie  ngures  given  l)y  our  coiitempoiar)'  show  a  sloacly, 
yet  rapid  J  growtli  of  tne  import  and  export  trade  m  cars  and 
parts,  lor  we  are  now  importing  and  keeping  over  £ 0,300,000 
worth  of  cars,  cha^isj  and  parts  ±rom  foreign  makers.  Oiir  export 
trade  ixi  foreign  cars  and  parts  amounted  to  £(>/8,48Gj  ami  ot 
British-made  cars  and  parts  to  £3,185,717. 

Minerals  in  Egypt. — The  Eiuancial  Adviser  to  the  Kgyi'tiaii 
(jlovcrjimciit  iitates  iu  his  Sote  on  tho  Budi^et  for  丄 iJlli 
that  the  extraction  of  phosphate  rock  on  the  lied  ciea  Coast  has 
been  carried  on  with  encouraging  results,  and  regular  com- 
mercial production  on  an  increased  scale  is  anticipated  duniig 
1912.  Prospecting  for  man^^auose  has  taken  place  in  Siuai,  ami 
reports  of  extensi\'e  deposits  ot  good  grade  liavo  botMi  received. 
Prospecting  for  petroleum  also  has  been  active  oil  the  IUkI  Sea 
Coast,  and  steady  progress  has  been  made,  although  no  soiisa- 
tioiial  disco\'eries  have  occurrecl.  A  couipan^^  is  now  undertaking 
the  thorough  testing  and  opening  up  ot  the  Jeinsii  area.  Po t ro- 
le um  has  been  regularly  produced  in  siuail  iiuantitios  fm'  cou- 
sumption  as  fuel  m  pi'ospectiug  operations  tluoughovii  the  voar. 
Storage  and  shipping  facilities  a  re  now  be  in*;  provided  in  aiituipa- 
tiou  of  the  begiuniug  ot  operations  on  a  commercial  scale. 

Trade  Unions  in  the  British  Isles. 一 Tlic  portion  of  the  report  of  tlie 
Chief  i{c'gistra r  of  l-'ru'iullv  Sck- ietie.s  dealing  with  trade  unions, 
lor  the  year  cMulotl  J)ocoinix'r  31si ,  1910^  has  been  issuoil  as  a 
Wliito  Paper.  Every  tnulo  union  a  vailing  itself  ot  tho  a<.I\  anlagos 
couferred  by  registnitioii  unclor  the  Trade  Union  Acts  is  required 
to  furnisli  anuually  to  tho  Registrar  ot"  Trade  Unions  a  general 
statement  iu  the  form  i>i*escribed  by  the  Chief  Registrar  of 
Frieuclly  Societies.  From  those  it  appesn's  that  at  tho  close  of 
the  year  1910  thoro  rem  a  i  nod  noon  tho  rogistor  (50i，  tnulo  uiitons  ； 
ot  these  J  038  furnished  ivturns.  Tho  total  nuMiilKMslnp  for  Givat 
Britain  ami  Irolaiui  oi  tho  t)38  unions  w  aj>  2.(>17,Go(i :  their  iiu-oino 
aniouutcd  to  £3. 137,415,  and  their  oxiKMulilure  to  £3.1:i7，（、S0， 
while  tho  balaiue  of  tuiuls  at  ond  ot  yea r  a mounteil  to  £0,^23.3^38. 
The  figures  for  liUO,  conipaivil  with  those  for  the  previous  vear, 
show  ail  increase  in  im、nil»onshii>  of  59.75'2.  or  3  052  i>er  cent...  an 
introaso  in  income  of  £144.94 4.  and  a  decr<>ase  iu  oxiKMuliture  of 
£21,G13.  During  tho  year  1!：>10  income  oxceedod  ox|x»ndituro  by 
£*5l),330.  tho  halaiH-e  ot  funds  at  tho  close  of  the  voa r  Mimmntiiu; 
to  nearly  six  millions  sterling.  Tho  average  gross  iiicoino  per 
member  was  £1.  lis.  7d.,  and  tlie  amount  of  funds  per  imMuber 
£2.  18s.  9d.  In  llHKl,  601  unions  made  returns,  tlio  nunil>cr  of 
nioinbors  boin;;  l..')7*J.8»il,  tlu>  total  incomo  .€2/2o(),in»l ,  iho  total 
oxi>oiulitnro  tl.Gl (;."":、.  and  tho  l»alaiKO  of  funds  £4.i37.8<iO. 

Some  Large  Diesel  Engines.  —The  largest  Diesel  engine  so  tar  con 
-strm't'、l  is  ot  lMKU»  -2. 100  li.p..  niannfactured  l»y  Messi-s.  Sul"'r 
Bros.,  of  Wintcrtliur,  and  it  is  now  stated  that  an  order  has 
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hi^en  pl;ir(>(l  with  the  same  firm  i'or  lour  1 ,000  h.li .p.  (Mifjjiics  lor 
electric  driving  in  (，liik、.  Tliesc  will  he  of  the  (i-cyliiider  typo, 
working  on  the  principl(\  and  theL  design  will  hp  prac 

tically  the  same  a.s  that  of  a  marine  engine  of  tlie  sa nic  p()\vrr 
without  the  reversing  gear.  Crosslioa ds  will  Ik'  ernployod,  ； nid 
it  is  intended  that  the  engines  shall  l>e  rendered  as  simple  as 
possible,  followitig  on  the  general  lines  of  the  lai'ge  2 -cycle  engines 
already  constructed.  The  field  for  internal- combustion  engines 
in  South  America  se-enis  to  he  very  large,  owing  to  the  high  pri(,(、 
of  coal  prevailing  in  most  parte.  In  our  issue  of  January  5tli 
we  illustrated  a  large  ^as-ciigiiio  plant  (two  engines  of  ^10  li.p. 
each)  opt^rattnl  hy  proclucoi*  jj;as，  、vhi('h  were  being  constructod  l>.v 
Messrs.  Mather  &  Piatt,  of  Manchester.  、 

Anglo  Canadian  Trade.  —  A  meeting  of  representative  men  in  London 

c'oniiectod  with  Canadian  affairs  has  decided  to  t'orni  in  the  United 
Kingdom  a  Canadian  Chamber  of  Commerce,  "  having  amongst 
its  objects  the  encouragement  and  promotion  of  Anglo-Canadian 
trade  and  commerce,  the  safeguarding  of  Canadian  credit,  the 
development  of  Canadian  industries  by  British  capital,  and  the 
furtherance  of  Canadian  interests  in  the  United  Kiiiji;dom."  The 
Hon.  J.  H.  Turner  ( Agent-Geiieral  for  British  C'ohnnltia)  Avas 
appointed  cliairinan,  and  Mr.  B.  H.  Turner  vice-clia ii'inaii.  T1k、 
council  will  he  composed  as  follows :  Mr.  Hugh  A.  Alia u  (Allan 
Royal  Mail  Line),  Mr.  A.  M.  Gi'e'nfell,  Mr.  G.  McL.  Brown 
(European  manager,  Canadian  Pacific  Railway),  Mr.  E.  W. 
Ha  ruber  (iiianagei、  Dominion  Bank)^  Mr.  W.  M.  Botsfoi'd 
(manager,  Koyal  Bank  of  Canada),  Mr.  V.  W.  Aslie  (inaiiagtM-, 
Union  Ban k  of  Canada),  Mr.  B.  H.  Morgan  (GeiKnal  Electric 
Company,  Ltd.),  the  Hon.  J.  H.  Turner,  Dr.  P.  Pel  let  km*  (Agent- 
General  tor  Qm'heo),  and  tlie  HUm.  John  Howard  ( Agent-Geneia I 
for  Nova  vScotia ). 

The  South  African  Steel  Company.— The  Union  Steel  Corporation  (of 
South  Africa),  Ltd.,  lia.s  been  formed  、vith  a  capital  of  £250, UOO. 
The  company  is  estal)lishing  iron  and  steel  works  and  rolling  mills 
iu  the  Transvaal  with  a  view  to  manufacturing  drill  and  bar 
steel,  iron  and  steel  forgingSj  and  castings,  for  which  there 

has  be^n,  for  many  years,  a  large  and  increasing  demand  in 
South  Africa.  An  agreement  has  been  entered  into  with  the 
Government  of  the  11  n ion  of  South  Africa  for  the  purchase  of 
scrap  for  16  years  at  £1  pei'  ton,  and  certain  important  concessions 
have  been  seen  red.  The  prospectus  estimates,  on  an  annual  out- 
put of  only  5,000  tons,  net  profits  of  £20,000.  The  estimated 
capacity  ot  the  proposed  \\orks  is  1U,(H  10  tons  per  aniiiim.  The 
Government  of  South  Africa  has  a  right  to  noniuuite  one  director 
ou  the  Boa  i  d . 

Census  of  Production. ― The  Board  of  Trade  have,  in  confonnity  with 
the  provisions  of  section  1  of  the  Censius  of  Pr(jd ii ctiou  Act, 
appointed  the  following  gentlemen  as  niemhers  of  the  general 
advisory  i-ommittee  m  oonuection  with  the'  second  census  of 
production  :  Sir  Hugh  Bell,  Sir  Charles  Macara,  Sir  P.  Ratcliffe 
Ellis,  Mr.  J.  H.  C.  Crockett,  Mr.  B.  B.  Harmer,  Mr.  W.  H. 
Mitchell,  J. P.,  Mr.  Alexander  Siemens,  and  Mr.  J.  W.  White. 
Mr.  G.  A.  G.  Stanley  will  act  as  secretary  to  the  committee. 
An  order  of  the  Board  recently  laid  liefore  Parliament  prescribed 
that  tho  second  census  should  he  taken  iu  the  year  19 13^  so  tliat 
the  particulars  which  will  he  required  will  relate  to  the  year 
11)12.  The  functions  of  the  general  advisory  committee  are  to 
advise  tho  Board  in  the  preparation  of  the  forms  and  instructions 
necessary  for  the  taking  of  the  census,  and  in  making  any  rules 
under  the  Act.  It  is  intended  to  proceed  at  once  with  the  pre- 
paration of  tlie  schedules  on  uhicli  returns  ai'e  to  be  】Tia(le，  and 
the  draft  schedules  will  be  f'oniiiuiiiicated  to  trade  associations^ 
chambers  of  coninierf-e.  cVc.,  so  that  those  interested  may  liave 
as  early  an  opportunity  as  possible  of  acquainting  tliemselves  with 
the  nature  of  the  information  which  they  、、- ill  he  required  to 
prepare. 

Scottish  Ironworkers. ― The  ballot  of  tl»e  uunmoulder.s  of  St'Otland 
on  the  question  of  a  strike  to  enforce  a  general  increase  of  wa g€s 
has  resulted  as  follows :  For  a  strike,  0,7U4  ；  against,  1,185. 
Most  of  the  men  are  members  of  the  Associated  Society  of  Iron- 
moulders,  who  are  mgaged  in  heavy  casting.  Recently  the 
employers  offered  an  advance  of  Jd.  per  hour  in  the  case  of 
time-workers  and  of  2^  i>er  cent,  iu  the  case  of  piece-workers. 
The  other  ironnioulders,  、vho  do  light  casting,  are  connected  w  ith 
the  Central  So<'iety,  and  to  these  the  employers  lia vo  refused  ； m 
advance  of  wages  on  the  ground  that  the  state  of  trade  does 
not  justify  it.  The  two  unions  have^  however^  resolved  to  take 
joint  action  iu  support  of  the  demands  of  the  Central  Society, 
which  is  the  smaller  body.  The  unions  have  a  combined  ineinher- 
vship  of  a  1)0 lit  13^000,  but  other  classes  of  workers^  including 
fitters,  pattern-makers,  and  labourers,  will  also  he  invaJ.'tMl，  and 
in  the  event  of  a  stonnn go  it  is  estiniati'd  that  ； J)oiit  2(),0(!(1  va<  n 
will  1.)e  directly  or  indirectly  affect^?d.  , 

Employment  and  Wages  in  I9II.— The  laljour  <k、imi'tim"it  tlu> 
】 仏; n(l  of  Trade,  iu  its  annual  report  on  eniploynieut ,  \\ai;os,  Arc., 
ill  1911,  states  that  employment  in  1911  was  good  in  most  of  the 


|)riiirip;il  i ii<l nst rics,  in  spiic  of  mkiiiv  iiiiportiint  dispntos  in  tlio 
transport  iratU's.  Tli<'  sliiplmildin^r  indiistiy,  w  liich  was  fdv (！ rsoly 
； iflV('t<、（l   b.v   iho  I'liKi ktM's'  dispute   in    \  lio   Iatt<M-   portion  of 

I !*I 0,  slK)\ve<l  a  ma i-kcd  n'('ov("'.v     u'lv  in   1  Ml  I .  a ikI  ''mpjo.vni(»iit 
"； IS  vovy  n;oo(l  throughout  the  yva  v.       Tlio  m(';m  |K'rcojita^(* 
t fjulc  iin ion   momber.s  imcniployod  in  this  iiuiiisl  rv  <liirin{i;  1911 
w  as   卜 3，  conipa rtnl  w  itli  in  tlu*  prcA'iotis  \ <■；! r  ； 1  nd  22*1  in 

1909，  a  .V ('； ir  not  seriously  aff(u't('(l  Uy  i tul iist I'ia I  <iisturl""i(,<'. 
Tlie  porct'iitiigc  iiiuMiiploycd  i'm'  1  w a s  tlx*  low  'st  r<'('or(h>(l 
since  1001 ,  、vh(、"  it  a niountcd  to  3'7.  In  tin*  ('("1 1  mining  in<liistr  \ 
(、mplo,vnit、nt  coiitiniKHl  i'airly  gooil  throughout  the  year,  and  the 
； ivfiragG  weekly  niunhjr  of  days  worked  I)y  the  pits  (5 '20)  was 
.slit^litly  ill  e^ccess  of  the  mean  tho    preceding    ton  .years. 

Kiiiploynient  in  tho  pifr-iroii  iiidustr,,  contimiod  fa i v  for  the  first 
lour  niotitlis  of  tlio  yo;i r  ；  duriii;;  tho  noxt  six  months  tli(、re  was 
a  (Iccliiu*,  III"  t Ikm'c  w'ms  soiih*  slight  r(，（'fm、r.v  at  tlu'  <'n<!  of  the 
\  Oil  r.  Tin"  i  I'oii  a  nd  steel  ii  ado  sho\v<>(l  n  n  i  mpr()vwiK"it  on  tho 
pi'tn'ious  year.  In  Decpml)er,  1911 .  tin-  vol，mi(>  oi"  <'mpU).\'m<"it 
was  nearly  li)  pei-  cent.  groaUu*  than  in  DeconiiKii',  15)10.  'i'lic 
tinphit<、  anil,  .steel-sheet  industry  continued  exceptionally  busy. 
】:iipIovni('nt  ill  tin-  en l:;! necri n^'  tr:i 山、 -y  w a.s  good,  bettor  tlin  ti  in 
1910,  and  very  much  U'Ut'r  tluni  m  1909  and  1908.  Tho  iu'':ui 
l)(.MTeiitage  uneinplovcd  was  3  2,  ('ompared  with  o'8  iii  lOin.  11" 
in  1909,  and  10-3  i】; li)()8.  The  avcra^  for  tin-  ten  years 
1910  was  6*0  per  cont.  Retui-ns  rolatiiiji;  to  alK)iit  8(M),()0()  nu'iii 
bers  of  trade  unions  show  that  the  mean  of  the  uert/cnta^c  of 
inemhers  returned  as  xuiemployed  at  the  end  of  each  niojith  oi 
was  3'(),  as  compared  with  4-7  in  1910.  7.7  in  1909,  and 
7"8  iu  1908.  The  .slight  iipw  a  r<l  iiim  em('iit  in  w  ajzes  w  liich  hc^an 
in  191U  was  maintained  on  the  whole  during  IMll,  hut  did  not 
become  at  any  time  very  marked.  The  second  lialf  of  the  yea r 
was,  however,  cnnsiderahly  Ix^tter  than  the'  first  halt',  the  net 
increase  up  to  June  3Uth  being  £4,647,  as  compared  with  £21,280 
from  July  to  Dec^niher. 


TRAMWAYS  AND  LIGHT  RAILWAYS. 

The  annual  return  of  the  Railway  Department  of  tlie  Board 
of  Trade,  recently  issued,  gives  some  interesting  figures  relat- 
ing to  the  growth  in  capital  and  traffic  of  the  tramways 
and  light  railways  of  the  United  Kingdom  for  the  year 
1910-11.  Since  1878  the  route  lengths  of  line  open  for  traffic- 
in  the'  United  Kingdom  has  increased  from  269  miles  to  2,597 
miles,  the  capital  expenditure  from  £4,207,350  to  £75,672,8'J6, 
the  number  of  passengers  carried  from  -  146,000,000  to 
2,907,000,000,  and  the  net.  receipts  from  £230,956  to 
£5,276,060.  Out  of  a  total  of  1,744  miles  of  line  owned  by 
local  authorities,  1,530  miles  were  worked  by  those  authorities, 
or  by  other  local  authorities  leasing  from  then),  and  the 
remaining  214  miles  by  leasing  companies.  Last  year  the 
rout?  mileage  open  of  electric  lines  was  2,467  miles  out  of 
2,597,  the  remainder  being  5  per  cent .  of  the  total  length  of 
line  Of  the  296  undertakings,  174  belonged  to  local  authori- 
ties, and  122  to  companies  or  other  parties.  The  net  receipts 
of  local  authorities  who  work  tramway  undertakings  belonging 
to  them  or  leased  from  other  local  authorities  amounted  to 
£3,849,380  for  the  year,  and  they  applied  £1,178,795  towards 
reduction  of  tramway  debt  and  £370,435  in  relief  of  rates, 
carrying  £888,639  to  reserve  and  renewal  funds.  The  figures 
of  five  local  authorities  and  seven  companies  show  an  excess  of 
working  expenditure  over  gross  receipts.  With  regard  to  the 
appropriations  for  interest  or  dividend,  &c.，  the  return  shows 
that  in  28  cases  it  was  necessary  to  seek  aid  from  rates  to  meet 
some  part  of  the  charges  for  the  year  (including  interest  and 
redemption  of  debt).  The  total'  amount  thus  obtained  was 
£68,055.  Although  there  is  a  small  increase  in  the  rate  of 
capital  expenditure  per  mile  of  route  open,  an  increase  in  the 
number  of  passengers  carried  per  route  mile  and  per  car  mile, 
coupled  with  a  decrease  in  ratio  of  working  expenditure  to 
gross  receipts,  improves  net  receipts  to  such  an  extent  as  to 
afford  a  better  percentage  on  capital  outlay  than  was  shown  in 
1909-10. 


The  Institution  of  Civil  Engineers :  Students'  Meeting.  —At  the 

students'  meeting  recently  held  at  the  Inslilution,  Mr.  G. 
Ingram,  Stiul.Iiist.C.E.,  read  a  paper  on  "  The  Turbo-Blower 
and  Turbo-Compressor."  The  author  outlined  the  develop- 
】】ipnt  and  theory  underlying  the  design,  and  discussed  at  some 
length  the  most  suitable  nie^ns  of  driviiiir  these  machines  as 
us£^d  for  blast,  furnaces  and  mines.  The  paper  was  illustrated 
by  luuiieroiis  slide  diagrams,  showing  details  of  construction 
and  results  of  teste. 
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Specifications  oj  the  following  arc  no w  published,  and  w'c  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL.  1910. 

Apparatus  lor  iiidicatiiig  tlio  aiigulM r  nmv('m<"it  ol  sli;i lis.  C'alLoii. 

Wa ilway  sUh^jkm-.s  of  leiiiforced  ooiit  rete.     Gcliliiiixlt.  1?8；^.")8. 
Motliod  f)t'  working    internal  combustion    engines.  ScliiiooKt'li. 
28582. 


1911. 

Ntocl  iirliclt 


illi 


■list  lHOt)t 


'at 


Process  for  (ovcriiifx  i fon 

ing.    Jiauer.  241. 
Liquid  i)iston-oxplosion  <Migiiies  for  raising  l"|iii(ls.    Si(、m("is  Hros. 

Dynamo  Work's,  Ltd.,  and  Vernon.  814. 
llaih\  ay  signallinj^  appliances.    Jac'qu<^«.  018. 
Furiiac(\s.    vSackett.  071. 

】）r;i、、--I"u'  springs  for  railway  vehicles.    Spem't'r.    ！) 07. 
A]>|>iiratiis  for  compressing  air  and  other  gasos,    jl<'ssliiig.  i)Oi). 
Valve  mechanism  of  intei'iial  coni))Ust  ion  onginos.    Till.  919. 
D ri \        belts.    Ro^e rs.    1 090. 

Mo(W  of  and  means  for  tightening  and  slacken iii<z;  driviii<i  haiKls, 
belts,  or  ropes.    Joshua  B uckton  &  Co.,  and  Wickste<、（l.  lo8(i. 
Carburetters  for  intornal-com])Tistion  engines.    Jlainill.  2031. 
Chani^o-spocd  vSpur  and  clutch  o;ea ring.    Cavill.  23-")*i. 
Combined  i.(HHl-、vaior  h(、ator  and  grease  sldniim"'.    Clausen.  2888. 
Manufacture  of  springs.    Hii rdley.    3491 . 

Stems  of  rne(*h a n i oal  1  y -oper a t«<l  valves  of  fluid  pri'ssur*'  <'iigiiics. 

Harrisoi)  <fe  Mel  mo  re.  4579. 
Bushing  extractor  for  rock  drills.    Marks.  4(i01. 
C<Mitrii"ugal  fans.    C.  Wliittaker  &  Co.，  ami  T:i ttersall.  ； 501)7. 
Continuous  、vii'e-(Jni'、ving  machines.    Rooko.  5779. 
Moa t-actiiat«d  ^us  pumps.    Amlei'soii.  6063, 

Al)pliaiU'fKs  for  the  automatic   generation    ami    storage    of  cm- 

！) luetted  air  gas.    Smith.  6132. 
Toothed  sprocket  and  ratchet  wheels.    Bi'oadfield.  0489. 
Radiators  for  lieating  buildings.    Bourdon.  G791. 
Chiiiii  gearing.    Coventry  Chain  Company  (1907),  and  JHill.  7525. 
Means  for  producing  an  explosive  mixture  for  ca rhmctted  air  for 

11  so  in  inter II al-(U)iiil)U.stioii  engines.    Marsdeii.    7(522 . 
C';i rhnrottcM's  for  interna l-coiiibnstion  engiiies.    Ha rdy.  8231). 
\*aiH)ris<,M'S  for  intcinal-conibiistion  engines.    RoIuTts.  88(11. 
Water  tubes  and  flues  of  steam  generators.    Thmnton.  9:34". 
Air  compressors.    M arcou.    94 69. 
A  Hon  s  tor  use  in  making  dynamos.    Rul>el.    12-1 83. 
J'，《、（'<1  <levk-o.s  for  stea in  generators.    Kxshaw.  1274o. 
Shaft  hangers.     Hook.  13418. 
Klastic-fliiid  t，ir】>im's.    lU^arick.  1404(3. 
Steam  traps.    Re  id.    1 1 112. 

Reversing  mechanism  for  iiitonial- coiiil 川 -stioii  engines.  】〈im(ls(Mi. 
14946. 

Piston-rod  packing.    Mason.  15028. 

Starting    iiuh-Iumusiu    for    iiit<MMial-conil)ustion    onLiinos.  JJoult. 
1：)171. 

l?<»^ul;i  toi's  lor  Huid  comprossons.    No\\  ton.    Ifi-V)! . 

Aiitoiiuitic  <MiuMiioiK-y  Ijrakes.    Choumhrot.  17301. 

J^)clv  drills.    New  toil.    17  II. 5. 

Stav  bolts.    Selton-JojK\s  (Clark).  18510. 

WaVo  motors.    Wall.  19115. 

Wa\o-actuato<l  air  compressors.    AVall.  11)128. 

Pro.ssod- stool  pulleys.  Justice. 

Unl!<»r  l>oni*iiigs.    Porkins.  197oG. 

Radiators  tor  liontin;j;  I 川 ildings.     I'laiik.    2{>2  II . 

Driving  and  r(、v(、rsinji  jj:<、;u'.    C<)U|H^r  A:  Liiulsay. 

lilou out  (l('\  icos  For  st(、iim  U)ik、rs.    Brows.    201)  18. 

Lubricators  ior  intornal combustion  engines.    Mooio  and  .\mi'r():"t、 

Sliardlow  iV  Co.  2175(>. 
Ill""'  lockin*;"  apparatus  lor  tlic  operating  k、v<M>  ot  r;nl\\  n y  si^iui  1- 

ling  appliances.     】lo<igM"，，  and  Saxliv  tV  Farmer,  Lt<l.     'J  1 875. 
Steam  traps.     Roid.  2*2393. 
、'： u  ial)io- siK、（>(l  iX(^n  riiij^.     Mooio.    2321  i>. 
Minors'  saiVty  lamps.     I hiilu ood.  2"U1)3. 
Safety  appliance  lor  pit  ami  mine  cages,  hoists, 

mid  K(l\\  a  nis.  2()88G. 

ELECTRICAL,  1910. 

Printing  toli'^iai>liii.  "'m  m、 .     1  l":'". 

1911. 

lOUn-t rir  w  ir  in.u  ot  Imildiiigs.     Miln*、.  IS. 
I'iUn'tric  niotalliirgit'iil  turnacos.    Stol)io.    G7 1. 

jippa ra tus  adapt od   lot-    uso    in  u"ii，' 
Foundry  Company,  aiul  Duttoii.  680. 


'1  litis.  Cioldin-: 


Machine  for  autoniatiraUy  wiiuling  ami  insulating  electric  toils. 

Easthope  &  Easthopc.  715. 
Means  of  control  for  petrol  elec-tric  vehicles.    Stevens.  933. 
h:l<vtri(,  (•ontroller.s  or  .switd'cs.    Jack.son      Pearson.  1(558. 
Means  for  charging  storage  l)atU»rios.    Perry .    1880.  - 
ComhiiKHl  magneto  ignition  ^oar  for  internal  combustion  engines 

ami  wireless  telegraphy  aunaratus.      8uctor,  Boothbv,  and 

Pat<?rson.    3334.  ^ 
Sparking  plugs  for  electrical  ignition  purposes.    Jones.  ； 5700. 
Switches  and  internmtors  lor  electric  rimiit-s.    Sclniltz.  7097. 
S!>;irldiiK  plugs  for  int<^nKil conilmstioii  <Migines.    Plaver  dc  Hill. 

7810.  ' 
KliH-tri*' motor  starting  .s\\  itchos.    Jolinsoii.  Holo. 
Hi<i:li  Ircqiiency  transformer.    Goklschmidt.  111G2. 
'IV'lcphoiiic  exchange  switchboards  and  arrangements.  Graham. 

13887. 

Telephone  exchange  systems.  "Western  Electric  Company.  1(3073. 
Ti  me  switches.    Zen  nor.  17718. 

IiicaiKlescence  bodies  for  elootric  glow  lamps.     } i uru  itz.  1^0*223. 
liiciindosfont  electric  lamps.    S('h、vah.  2038U. 

Plug  and  socket  connections  used  on  ek'ctric  lighting  or  power 
circuits.    Lundberg,  Luiidberg,  &  Lundl^erg.  21678. 

Plug  and  socket  oonnoctions  for  electrical  apparatus.  Naanilooze 
N'cnnootschap  Fal)riek  van  Instruniontoii  vn  Elc-trische  A p pa- 
ra ten  " Inventa."  23622. 

Th ree-c'ontact  plugs  for  telephone  switchboards.  Siemcus  Bros, 
and  Co.,  and  Grinstod.  23910. 

Electromagnets.    Quast-unborg.  2414(3. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  30th. 

Alutuiiiitini  ingot.   ti'i/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/-  " 

，，         sheets        ，，  ，，    ，，  120/-  ，， 

Antimony   £27/】0/ —  to  £28/-/-  per  ton 

Brass,  rolled    7^(i.  per  lb. 

"    tubes  (brazed)    9|d.  ，， 

，，       ，，      (solid  drawn)   8d.  ，, 

"       "     wire  i   7Jd.  " 

Copper,  Standard   £(51/5/-  per  ton. 

丄 run,  Cleveland   48/9  ，， 

，， Scotch    o4/i>  ，， 

Load,  English   £15/17/6  ，， 

，， Foreign  (soft)    £15/13/9  ，， 

Mica  (in  oiigin.il  cases),  small   *kl.  to  2/-  per  lb. 

，，  "  ，，       medium   2/0  to  4/-  " 

，，  ，，  ，，       large    4/(i  to  8/0  ，， 

Quicksilver   £8/.')/-  per  bottle. 

.Silver   2«)}fd.  per  oz. 

Spelter    £2(i/2/i>  por  ton. 

Tin,  block   £195/-/-  ，， 

Tin  plates    13/6  " 

Zinc  sheets  (Silesian)   £29/10/-  ，， 

,，  (Stettin  ；  VieiJle  Montague)   £30/-/-  ，， 


The  Uses  of  High-pressure  Gas. ― At  a  recent  meeting  of  the 
Biriniughain  Soioiitiru-  Society,  ； Mr.  E.  W.  Smith,  chi^f 
chemist  of  the  Birminghain  Gas  Department,  delivered  a  lec- 
ture on  "  lligh-j)i'(\ssure  Gas  and  Some  of  】tcs  Industrial  Appli- 
cations." lie  explained  the  advantagcfe  of  high-pre^8Hlv  gas 
lor  the  purpose  of  brass  melting  and  blow-pipe  work,  and  in 
regard  to  the  latter  said  that  all  tho  effects  of  (ho  usual  air- 
blast  blow-pipe  could  be  obtained  without  power,  bellows,  or 
iuiy  other  form  of  air-pressure  apparatus  simply  by  using 
Ingh-pressure  gas.  1 1 igli-]ires8Ur«  l^bs,  he  said,  was  becoiniiig 
very  popular  with  tbr  industrial  fmns  of  Binniiit^hain,  a  con- 
siderable number  of  whom  had  already  pla<^cl  contracts  with 
the  department  for  large  installations  for  bra^ss-inelting  fur- 
naces, for  use  in  heating  soldrriiii:  irons,  for  gold  and  silver 
"u、h  ing，  and  ot  her  purposes.  The  mot  hod  adopted  l)y  t  he 
(Icpartinenlwlien  t^nquiriovS  were  made  was  to  astoi  tai"  tlio  con- 
ditions under  which  tlio  gas  was  required,  and  then  to  allow 
tho  tinns  or  their  roprosont at ivos  to  make  their  own  ox|>eri- 
mrnts  at  tho  Wimlt^"*  St  root  gas  works,  where  a  vS]>ocial 
fo\nulrv  had  been  erected.  In  this  practical  way  tho  advaii- 
(a^ooiis  ust、  of  liigh-prossuro  s;as  、va5  domonst rat<^(l,  and  the 
snrct^ss  which  liad  boon  arliioved  liad  more  than  justified  the 
eiitorpiijsc  of  the  departmeut. 
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JUST  PUBLISHED. 

Second  and  Greatly  Enlarged  Edition  of 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
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By  W.  W.  F.  PULLEN, 
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Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53，  New  Bailey  Street,  Manchester. 
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Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom  :  12/6  per  annum,  post  free. 
Anywhere  Abroad  : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ，，  Thick  " 

*Foreign  Remittances  by  International  Money  Order  only. 
Note— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Institution  of  Mechanical  Engineers  and  Entrance  Examinations. 

Fkom  the  report  to  be  pretsented  to  the  annual  meeting  of  the 
Institution  of  Mechanical  Engineers  on  the  】6tl 丄 iiist.,  it 
appears  that  the  Council  propose  to  take  the.  step  fore- 
shadowed in  tlie  President's  address,,  and  to'  impot^e  in  future 
an  examination  test  upon  applicauts.  se-eking  admission  to'  the 
Institution.  The  suggestion  will,  we  are  sure,  meet  witli 
general  approval.  Such  a  test  has  for  a  good  many  years 
been  applied  by  the  Institution  of  Civil  Engineers,  and  in 
view  of  the  growing  exactitude  of  the  fields  of  engineering 
more  particularly  dealt  with  by  the  Mechanicals,  and  the 
high  standard  of  scientific  attainments  required  for  success, 
some  strictly  impartial  means  of  denoting  their  possession 
than  those  previously  existing  has  been  deemed  necessary. 
Such  a  course  has  been  decided  upon  by  the  Institution  of 
Electrical  Engineers,  and  there  is  no  reason  whatever  why  the 
Institution  of  Mechanical  Engineers  should  in  any  way  lag 
behind.  We  should  be  the  last  to  worship  an  examination  as 
an  infallible  measure'  of  a  man's  capacity,  especially  in 
mechanical  engineering,  where  so  much  is  determined  by 
experience  of  actual  work  done,  and  should  be  sorry  if  such  a 
test  excluded  from  the  Institution  men  wlio  through  no  fault 
of  their  own  were  deprived  of  the  educational  advantages 
which  are  the  common  lot  of  the  young  men  of  to-day,  but 
who,  nevertheless,  have  proved  their  ability  by  long  years  of 
experience  in  responsible  positions.  We  are  glad,  therefore, 
that  in  the  arrangements  proposed  a  certain  flexibility  of 
entrance  for  such  men  will  be  preserved.  An  exaiiiiuatiou 
test  will,  undoubtedly,  confer  an  advantage  upon  the  younger 
men  who  have  availed  theiii&elves  of  present-day  opportuni- 
ties, and  enable  t.liem  by  an  impartial  test,  to  demonstrate 
their  fitness  for  more  serious  responsibilities.  The  report 
gives  an  outline  of  the  draft  scheme  of  examiuatioiis  sug- 
gested, ami,  as  far  as  we  can  judge,  we  do  not  tbink  much 
exception  can  be  taken  to  it'.  It  is  comprehensive,  and 
appears  to  cover  practically  every  field  within  which  tho 
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candidates  may  from  local  circumstances  have  been  bounded 
in  his  a^cqiiirement  of  technical  knowledge,  while  full  credit 
is  awarded  for  engineering  Scholarship  degrees  in  recognised 
universities  or  colleges.  Experience,  doubtless,  may  show 
the  need  for  modification  here  and  there,  but  taking  it  as  a 
whole  the  Council's  proposals  will,  we  think,  meet  with  general 
approval. 


The  Proposed  Association  of  Consulting  Engineers. 

Some  of  our  readers  will  be  aware  that  during  the  past  18 
months  an  attempt  has  been  made  to  form  an  Association  of 
Consulting  Engineers.  The  attempt  has  not  been  particularly 
successful,  and  we  should  imagine  after  the  circular  that  has 
just  been  issued  by  the  Institution  of  Civil  Engineers  to  its 
members,  very  little  more  will  be  heard  of  it.  As 
we  commented  at  length  on  the  aims  of  the  Associa- 
tion when  it  was  first  promulgated  (see  pages  85  and 
213,  Vol.  XXVI.)  it  is  not  necessary  to  recapitulate  our 
objections.  To  many  no  doubt  it  must  have  seemed  curious 
that  the  Institution  of  Civil  Engineers,  which  is  supposed  to 
specially  watch  over  the  interests  of  its  members  and  to 
regulate  their  etiquette  and  behaviour,  should  have 
preserved  silence  in  the  presence  of  what  to  many  seemed  an 
arrogation  of  its  functions.  It  is  evident,  however,  from  the 
circular  that  the  Institution  has  not  been  so  quiescent  in  the 
matter  as  some  have  imagined,  as  will  be  evident  from  the 
following  letter  addressed  to  the  proposed  Association  by  the 
Council  on  October  28tli  last,  and  which  it  now  makes  public 
in  vi&w  of  the  numerous  enquiries  it  has  received  respecting 
the  attitude  of  the  Institution  towards  the  Association  in 
question.  As  the  letter  sums  up  the  pros  and  cons  of  the 
case,  we  reproduce  it  in  extenso : ― 

Proposed  Association  of  Consulting  Engineers. 

llefvrring  to  the  communications  received  from  you  on 
behalf  of  the  proposed  Association  of  Consulting  Engineers, 
and  to  the  views  expressed  by  members  of  the  deputation 
w  hic'h  was  received  by  the  council,  I  am  desired  to  .say  that 
the  council  have  considered  very  carefully  the  proposals  of 
the  Association  and  the  representations  submitted  by  the 
deputation.  The  council  are  in  coidial  sympathy  、vith  the 
obj(-*ets  of  tho  deputation  in  so  far  as  they  are  diiected  to 
the  maintenance  of  a  high  professional  tone  among  engineers, 
and  to  the  prevontioii  of  abrsos  which  operate  to  the  dis- 
advaiita^^e  of  engineers  occupied  in  private  practice.  The 
.(Iciiuitioii  of  a  "  consulting  engineer"  obviously  pre&eiits  no 
iimall  tlifficiilty,  and  apparently  no  complete  conditions  have 
l)oeii  laid  down,  the  fulfilment  of  which  would  entitle  an 
individual  to  claim  the  distinctive  title  of  consulting  engineer 
which  members  of  the  Association  propose  to  adopt.  The 
council  hold  the  view  that  no  body  or  organisation  can  be 
in  a  position  to  give  a  bettor  and  more  satisfactory  pro- 
fession al  qiialiH^'atioii  than  tlio  Institution  itself  ；  and  it  is 
obvio Uii  that  when  possessed  of  such  a  qualification,  any 
nuMubor  of  the  Institution  who  duly  adheres  to  its  rules  of 
professional  conduct  should  be  able  to  exercise  freely  any 
professional  engineering  functions.  The  council  also  observe 
that  the  proposals  of  the  Association  iiivolvo  tho  omission 
fioiu  tlio  category  of  ccmsiilting  eiigim、ei's  of  pei'soiis  who 
(jccMipy  at  tho  time  oflicial  positions,  although  thoy  may  he 
at  the  .saino  time  frtHiiiently  r-allod  upon  to  act  in  a  con- 
sultative ca parity  in  onginoerin^  mattors  of  no  loss  im por- 
ta nee  than  those  dealt  with  by  engineers  who  do  not  liuld 
such  posts.  It  is  thought  that  any  stop  tondinp:  to  excliuh' 
fn、iu  advisory  ami  consultative  woi  k  on^iiUHMs  who  hold 
ofiicial  positions  in  the  various  l>ranch('*;  ot"  tho  profession, 
and  whose  exporioiice  may  specially  qualify  tiiem  to  y;ive 
advice  on  matters  with  u Inch  thoy  are  conversant,  would  he 
an  injustice  to  tlieni  and  a  scM'ious  lass  to  the  public  intoi  rst. 
Tho  council  fool  obliged  to  express  tho  view  that,  under  tin* 
conditions  put  ，》of(m、  tluMU.  it  u ould  W  \\u(\vs\vi\h\o  for  tho 
Institution  to  lond  its  oHici:iI  ^iijiport  to  tho  propositi 
or«^aiu;>ation. 

We  are  glad  that  the  comuiuuioatiou  has  Ixhmi  niado 
public,  as  it'  removes  auy  doubt  and  uiuertainty  as  to  the 


Institution's  attitude,  and  confirms  not  only  what  we  have 
said  but  what  we  think  is  the  feeling  of  the  great  majority 
of  its  members. 


Circulating  Hot-water  Boilers  and  Frost 

Notwithstanding  periodical  warnings,  a  keen  frost  seldom 
comes  without  bringing  in  its  train  the  usual  outbreak  of 
explosions  from  boilers  employed  for  the  circulation  of  hot 
water  for  domestic  purposes  in  dwellings,  or  for  heating  and 
ventilating  public  buildings,  and  the  recent  spell  has  been 
marked  by  quite  a  crop  of  this  clasa  of  failure,  attended  in 
several  instances  with  fatal  consequences.  As  a  protection 
against  them  some  rely  not  so  much  on  a  positive  means  of 
relief,  such  as  is  afforded  by  a  safety  valve,  as  a  sharp  watch 
on  the  outlet  taps  to  make  sure  the  circulating  pipes  are  free 
before  lighting  a  fire.  This  is  all  right,  to  a  certain  extent, 
but  a  brief  flow  of  water  from  the  taps  in  the  cir- 
culating pipes  in  the  ordinary  domestic  apparatus  is, 
in  many  cases,  not  an  infallible  test  that  no  danger  exi&le, 
for  it  may  be  simply  the  result  of  excessive  pre- 
sure  in  part  of  the  system,  especially  where  hot-water 
storage  cylinders  are  fixed.  For  this  reason,  the  taps,  both 
in  the  "flow  ，，  and  "  return  "  pipes,  should  be  tested,  and  if 
they  do  not  both  discharge  freely,  there  may  be  serious  risk 
if  a  fire  is  lighted.  In  heating  systems  where  test  taps  are 
often  not  fitted,  surli  a  test  as  we  have  described 
cannot  be  made,  and  serious  danger  then  may  exist  if  the 
apparatus  is  not  fitted  with  a  safety  valve  ；  and  having  regard 
to  the  simple  and  inexpensive  character  of  such  a  fitting,  no 
heating  apparatus  should  be  allowed  to  work  without  one. 
Moreover,  this  fitting  should  be  fixed  either  dirfn'tly  on  the 
boiler  or  so  close  to  it  that  there  is  no  possibility  of  the  con- 
nection being  plugged  witli  ice  when  the  boiler  contains  hot 
water,  and  on  no  account  should  it  be  possible  to  close  this 
connection  with  a  tap  or  valve.  A  safety  valve  properly 
attached  will,  of  course,  absolutely  prevent  any  possibility 
of  explosion,  but  cannot  prevent  the  water  in  the 
pipes  from  freezing,  and  then  there  is  a  risk  of  the  pipes 
being  burst  by  the  expansion  of  the  ice.  To  avoid  the  imoii- 
veiiience  often  caused  by  this  in  places  of  worship  or  other 
buildings  which  remain  unoccupied  for  days  in  siucession,  it 
is  a  good  policy  to  keep  the  apparatus  going  continuously,  if 
only  gently,  so  long  as  severe  cold  continues,  in&t^^ad  of  light- 
ing the  fire  only  on  the  day  of  occupation. 

British  Standard  Heads  for  Small  Screws. ― AVe  have  received  a 
coj)Y  of  the  report  on  British  Staiidard  Heads  for  Small 
Screws  Report  No.  57.  The  report  contains  the  recommenda- 
tions of  the  cGniniittee  for  the  dimensions  of  countersunk, 
instrument,  round,  cheese,  and  filister  heads  for  B. A.  screws 
of  sizes  0  to  14，  and  for  the  saw -cuts  in  the  same. 

The  Society  of  Engineers.  -  The  first  ordinary  meeting  of  the 
present  session  was  held  on  Monday,  the  5tli  iiist.,  al  the  Insti- 
tution of  Electrical  Engineers,  Victoria  Eiubankment,  W.C. 
The  chair  was  first  occupied  by  the  retiring  president,  Mr.  F. 
G.  Bloyd,  wlio  pi'esenU^  the  following  preiniuins  awarded  for 
papers  published  in  the  Journal  during  1911: ― The  Presi- 
dent's gold  medal  to  Mr.  W.  R.  Baldwin-Wiseman  for  his 
paper  on  *•  The  Administrative  Aspect  of  Water  Couser- 
、am'v  '  ;  tlio  Clarke  PnMniuiu  to  Mr.  T.  J.  Guerilte  for  his 
paper  on  "  The  Mechanical  Installation  and  Upkeep  of  Per- 
manent Way  on  Railways  ；  the  Bes^mer  Premium  to  Mr. 
ft.  W.  A.  Brewer  for  his  paper  on  ''  Two-Stroke  Cycle 
Engines";  a  Society's  Preniiinn  to  Mr.  E.  Kilburn  Scott  for 
his  paper  on  "  Nitrogen  Produrts  made  with  the  aid  of  Electric 
Power";  a  Society's  Premium  to  Mr.  F.  G.  Wool  lard  for  his 
paper,  entitled  "  Some  Notes  on  Drawing  Office  Organisation." 
^Ir.  Bloyd  then  vacated  tlie  rhair  in  favour  of  Mr.  John 
Ki'unedy,  the  president  for  1912，  who  was  received  with 
acclamation. 
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THE  SAFEGUARDING  OF  PERMANENT-WAY  MEN  ON 
RAILWAYS. 

Mr,  H.  a.  Yorke,  in  his  report  to  the  Railway  Department 
of  the  Board  of  Trade  on  a  fatality  which  occurred  at  Caiii- 
lachie,  on  the  North  British  Railway,  on  December  1 1th  last, 
when  a  train  ran  into  a  squad  of  platelayers  during  a  fog, 
killing  four  of  them  and  injuring  a  fifth,  makes  strong 
comments  on  the  neglect  of  precautions  too  often  shown  when 
men  are  working  under  such  conditions.  The  accident  was 
primarily  clue  to  the  inadequate  and  negligent  manner  in 
which  the  look-out  man  performed  his  duties.  His  behaviour 
may  have  been  due  either  to  stupidity  or  ignorance,  or  to 
that  apathy  which  seems  to  overtake-  men  regularly  employed 
in  dangerous  occupations,  and  which  leads  them  to  take  little 
or  no  heed  of  the  risks  to  which  they  and  their  fellow  men 
are  exposed.  But  though  this  man's  action  was  the  direct 
cause  of  the  disaster,  Mr.  Yorke  does  not  think  that  he 
should  be  called  upon  to  bear  the  whole  responsibility.  Rail- 
way companies  are,  he  says,  disposed  to  assume  lhat,  having 
left  it  to  the  foreman  or  ganger  to  appoint  a  look-out  man, 
no  matter  how  stupid  or  unintelligent  he'  may  be,  their 
responsibility  ceases,  and  that  nothing  more  can  be  done,  and 
submits  tBat  the  known  carelessness  of  the  men  renders  it 
all  the  more  necessary  to  spare  no  effort  in  securing  iu  every 
case  the  services  of  a  trustworthy  person  for  the  important 
position  of  look-out.  This  man  in  the  present  case  had  a 
rule  book  in  his  possession,  but  as  ho  is  unable  to  read,  he 
might  just  as  well  have  been  without  it.  He  was  given  no 
instructions  by  his  foreman  where  to  stand,  or  what  he  was 
to  do  iu  case  of  fog.  The  report  points  out  that  the  "  look- 
out " ought  to  have  been  provided  with  a  whistle,  horn,  or 
other  means  of  giving  alarm,  instead  of  having  to  depend 
entirely  upon  shouting.  In  1907  the  Board  of  Trade  wrote 
to  all  the  railway  companies  in  the  United  Kingdom,  suggest- 
ing that  a  whistle  of  a  distinctive  type  should  be  supplied 
to  every  platelayer  employed  upon  the  permanent  way. 
Forty-four  of  the  companies,  including  some  of  the  most 
important  railways  in  the  country,  agreed  to  act  upon  this 
recommendation  ；  13  other  companies  said  that  tliey  would 
supply  whistles  to  their  gangers,  foremen,  assistant  gangers, 
or  leading  men,  and  to  the  look-out  men,  but  not  to  the  whole 
permanent  way  staff  ；  while  47  companies,  including  the  North 
British,  have  hitherto  refused  to  give  whistles  to  any  of  the 
men,  even  to  the  look-out  men  -  Attention  is  also  drawn  to 
Rule  No.  273  (d)  in  the  Railway  Clearing  House  Rule  Book, 
viz,  ：  "  The  men  must  also  desist  from  work  in  cages  of  fog 
or  falling  snow  when  the  foreman,  ganger,  or  leading  man 
considers  that  they  would  not  have  sufficient  warning  of  the 
approach  of  a  train,  provided  that  such  discontinuance  of  work 
does  'not  endanger  the  safety  of  the  trains/'  and  adds  that  in 
the  present  instance  the  men  should  have  been  withdrawn 
from  work  as  soon  as  the  fog  descended  and  rendered  it  im- 
possible for  the  look-out  to  see  the  signal.  Mr.  Yorke 
remarks  that  th&  interests  of  platelayers  do  not  seem  to  be 
sufficiently  safeguarded.  Their  employment'  is  one  of  the 
most  dangerous  in  railway  service.  The  annual  number  of 
accidents  to  permanent  way  men,  exclusive  of  point  oilers 
and  labourers  employed  on  miscellaneous  duties,  far  exceeds 
that  of  any  other  class  of  railway  men,  while  the  percentage 
of  fatalities  to  the  number  of  men  employed  is  less  only  than 
that  of  two  other  classes,  the'  figures  for  the  last 
five  years  ^giving  an  average  of  86  killed  and  143 
injured .  A  great  deal,  he  continues,  is  heard  from 
time  to  time  of  the  dangers  to  which  other  classes 
of  railway  servants  are  exposed,  and  lie  admits  that  a  con- 
siderable number  of  the-  accidents  appear  to  be  due  to  the 
men's  "  own  want  of  caution,"  but  urges  this  only  proves  that 
the  men  are  so  helpless,  and  iu  some  cases  reckless,  that  it  is 
all  the  more  necessary  to  protect  them,  and  not  turn  them  on 
to  a  railway  like  a  flock  of  sheep  without  a  shepherd  to  guide 
them.  Tiie'  protection  of  the  men,  lie  remarks  finally, 
resolves  itself  largely  into  a  question  of  organisation,  super- 
vision, and,  above  all,  of  careful  selection  and  instruction  of 
the  men  employed  to  act  as  look-out  men,  the'  responsibility 
for  wRich  should  rest  upon  the  officers  of  the  engineering 
departmeut. 


GAS  PRODUCER  WITH  RISING  AND  FALLING  GRATE. 

In  this  design  of  producer,  the  invention  of  Eniile  Dor- 
Delattre,  Dorplein-Budel,  Holland,  the  rising  and  falling 
grate  is  carried  by  a  plunger,  the  grate  being  arranged  in  the 
shaft  within  the  mass  of  coal  at  a  higher  level  than  the  ashes 
and  slag,  and  by  it  the  coal  can  be  wholly  or  partially  raised 
without  altering  the  size  of  the  annular  outlet  for  the  ciiiders 
and  ashes,  which  can  be  readily  removed  during  the  working 
of  the  producer.  Owing  to  the  arrangement  of  the  trou^li 
into  which  the  ashes  are  admitted  through  a  large  openin^^ 
of  constant  size,  it  is  not  necessary  to  provide  any  supple- 
mentary mechanism  for  their  discharge.  Referring  to  the 
illustration,  the  shaft  A  of  the  producer  is  closed,  at  its 
lower  end,  by  a  rota  table'  base  C  in  the  form  of  a  circular 
trough  filled  with  water  up  to  a  certain  height  and  forming  an 
hydraulic  joint.  This  trough  is  arranged  to  receive  the  slag 
and  ashes  which  fall  through  the  annular  passage  fonned 
between  the  interior  of  the  shaft  and  a  vertical  grate  D.  The 
rotating  base  C  comprises,  moreover,  under  the  trough  C，  a 
chamber  E  adapted  to  receive  the  fine  ashes  which  pass 
through  the  grate  D  ；  cleaning  holes  are  provided  in  the 
chamber  E.  The  grate  D  is  arranged  vertically  in  the  central 
part  of  the  trough  C  and  is  iu  one'  piece  with  a  conical  head 


Gas  Produckr  with  Kising,  Falling,  and  Revolving  Gratk. 

kept  cool  by  a  current  of  water.  The  whole  arrangement 
comprising  the  grate  D  and  the  conical  head  is  carried  by  a 
column  J  connected  to  the  piston  H  of  a  hydraulic  press,  which 
admits  of  raising  the'  grate  D  and  its  head  vertically.  The 
lowering  of  the  conical  head  and  the'  grate  D  is  effected  by  the 
weight  of  the  parts.  The  admission  of  the  cooling  wat^r  to 
the  conical  head  is  effected  by  the  hollow  column  J，  supplied 
from  a  pipe  S.  The  water  passes  away  through  the  pipe  K  and 
siphon  L，  whilst  the  hydraulic  joint  M  is  also  supplied  by  the 
water  issuing  from  the  overflow  pip©  K.  Air  is  blown  under 
the  grate  D  from  the  pipe  N. 

When  the  only  movement  to  be  obtained  is  that  of  raisiug 
and  lowering  the  grate  D，  the  trough  C  remains  stationary, 
and  it  is  only  necessary  to  admit  wat-er  under  pressure  beneath 
the  piston  H  of  the  hydraulic  press.  During  the  lifting  this 
piston  H  raises  the  hollow  column  J  and  cousequently  tlie 
grate  D  and  conical  head.  The  speed  of  liftdng,  its  extent  and 
frequency  can  be  easily  controlled  by  regulating  the  arlniission 
of  water  to  the  hydraulic  press  by  means  of  a  suitable  valve. 
This  raising  and  lowering  of  the  grate  D  and  of  the  conical 
head  puts  the  coal  continually  iu  motion  and  stirs  it  up  over 
the  whole  surface.  The  vertical  movement  of  the  grate  D  cau  be 
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accompanied  by  tlie  rotation  of  the  trough  C  which  greatly  Wheelbase ― 

facilitates  the  clearing  of  the  ashes.    This  double  movement  Bogie  centres   6ft.  6in. 

causes,  moreover,  a  better  agitation  of  the  coal.    The  rota-  Centre  of  bogie  to  driving   lift.  Sin. 

tion  of  the  trough  C，  which  is  always  very  slow,  is  obtained  Driving  to  intermediate   7ft.  Oin. 

either  by  means  of  pawl  and  ratchet  mechanism   or  by  worm  Intermediate  to  trailing   7ft.  Oin. 

gearing.    These  two  inoveiiients  are  quite  independent  of  one  Coupled   14ft.  Oin. 

； motlier.      The  grate  D,  whilst  having  a  rising  and  falling  Total  of  engine   28ft'.  6in. 

movement,  also  turns  with  the  trough  C.    This  latter,  as  it  Tender,  leading  to  centre  wheel   6ft.  Oin. 

rotates,  drives  the  hollow  column  J  by  means  of  a  fixed  key  O.  Tender,  centre  to  trailing  wheel   6ft.  Oin. 

Tlie  two  movements  described  are  only  employed  when  using  Total  of  tender   12ft.  Oin. 

coal  which  is  readily  convertible  into  coke,  with  the  object  Total  of  engine  and  tender   48ft.  3iii. 

of  preventing  the  formation  of  fissures  during  the  vertical     Length  over  buffers   57ft.  Tin. 

(lisplacenuMits  of  the  grate.  Weight  in  working  order— 

  On  bogie  wheels   20  tons. 

On  driving  wheels   ^  16  tons. 

GREAT  EASTERN  RAILWAY  SIX-COUPLED  EXPRESS  On  intermediate  wheels   14  tons. 

PASSENGER  ENGINE,  NO.  1.500.  On  trailing  wheels   14  tons. 

On  coupled  wheels   44  tons. 

Through  the  courtesy  of  Mr.  S.  Dewar  Holdeii,  the  Loco-  Total  of  engine                                                   64  tons 

motive  Superintendent  of  the  Great  Eastern  Railway,  we  are  Tender,  on  leading  wheels   12  tons,  2  cwts.,  3  qrs. 

able  to  give  the  leading  particulars,  along  with  a  photo  view,  Tender,  on  centre  wheels   】3  tons,  3  cwts"  1  qr. 

of  the  first  of  a  class  of  4 ― 6 ― 0  locomotives  designed  by  him  Tender,  on  trailing  wheels   13  tons,  19  cwts. 


G lucAT  Kastkun  ]{ail\vay  Six-Coui'i>KD  Express  Passenger  Kngink.  No.  1.3U0. 


for  working  the  more  exacting  of  the  company's  heavy  main 
line  passenger  trains.  The  chief  dimensions  are  as  follows  : ― 
Boilei*— 

Fitted  with  Schmidt  superheater  (21  elements). 


Barrel,  telescopic   length,  12ft.  6in. 

Length  between  tube  plates  12ft.  lOin. 

MaxijHuni  diameter,  inside   5ft.  Oin. 

Maximum  diameter,  outside   5ft.  l^in. 

Firebox  casing,  length   8ft.  6in. 

Firebox  casing,  width  at  top   5ft.  3§in. 

Firebox  casing,  width  at  bottom   4ft.  O.Un. 

Ordinary  tubes,  191,  outside  diameter   I'^in. 

Large  tubes,  21，  outside  diameter   5|in. 

Superheater  element  tubes,  outside  diamet-er   l^in. 

Working  pressure  per  square  inch   1801bs. 

Heating  Surface ― 

IJin.  tubes   1,123-0  sq.  ft. 

S^iu.  tubes   366  1  sq.  ft. 

Superheater  element  tubes   286  4  sq.  ft. 

Firebox   143-5  sq.  ft. 

Total    1,019    sq.  ft. 

Grate  aroa   26*5  sq.  ft. 

Cylinders,  two  high-pressure,  diameter   20in. 

Cylinders,  two  high -pressure,  stroke  28in. 

Diaiiiotf^r  of  coupled  wheels    ..6ft.  Gin. 

Diameter  of  bogie  wheels   3ft.  3iii. 

Diameter  of  tender  wbeela  4ft.  lin. 


Total  of  tender   39  tons,  5  cwts. 

Total  of  engine  and  tender   103  tons,  5  c\vt«. 

Capacity  of  tender,  coal   4  tons. 

Capacity  of  tender,  water   3,700  galls. 

Adhesive  power  (50Slbs.  per  ton)   22.3olllbs. 

Tractive  power  (mean  effective  pressure  taken  at  82 

per  cent,  of  boiler  pressure)   21 .194lbs. 


Four  3in.  safety  valves  are  fitted  to  the  boiler.  The  fire- 
box is  of  the  Belpaire  type  ；  the  front  half  is  iudiued  above 
the  intermediate  axle  and  the  back  half  is  horizontal.  The 
cylinders  are  placed  horizontally  between  the  frames,  and 
the  piston  valves  are  fitted  with  their  centres  vertically  above 
the  cylinder  centres.  These  piston  valves  are  lOin.  diain., 
with  inside  admission,  1  Jin.  lap  and  ^in.  exhaust  negative 
lap,  and  are  operated  by  a  Stophenson  link  motion  through 
the  medium  of  a  rocking  shaft.  The  (.onnecting  rod  is  7ft  .  3in. 
long  and  of  I  section.  A  Wakefield  S-feed  mechanical  lubri- 
t'ator,  driven  off  tho  right-liaiid  valve-spindle  nosslioad, 
affords  forced  lubru-atioii  to  cylinders,  valves,  and  piston  tail 
rods.  The  tender  is  of  the  standard  6-\vheeled  type,  litted 
with  air  scoop  for  wat-er  pick-ujv 


Association  of  Railway  Locomotive  Engineers. —— Mr.  Pic-korsgill, 
fhiof  iiUHliaiiiral  t'ngiii'vr  ("-  ilir  ("v;"  North  of  Scotlaiul 
Railway,  lias  been  elected  Pre^=ident  of  the  Association  for 
1912，  and  Mr.  llarrv  S.  Wainwright,  chief  iiiorhanical  engi- 
neer of  the  South-Easten)  ami  Chatham  Railway,  has  Ikh*ii 
elected  Vice-president.  Mr.  Wainwright  Las  been  secretary 
of  the  association  since  1898. 
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RECENT  DEVELOPMENTS  IN  STEAM  TURBINE  PRACTICE. 氺 

BY  K.  BAUMANN. 

{Oontinued  from  page  hl-K) 

The  Critical  Speed  of  Turbink  Rotors. 

In  the  design  of  steam  turbines  a  most  important  factor  is  th(、 
critical  speed  of  the  shaft.  In  this  matter  the  disc  type 
of  turbine  has  a  very  considerable  advantage  over  the  drum,  in 
that  its  critical  speed  can  be  calculated  with  ease  and  certainty. 
The  first  turbiaes  of  the  Rateau  and  Zoelly  type  were  made  with 
a  flexible  shaft,  i.e.,  the  normal  speed  was  above  the  first  critical 
speed.  At  one  time  there  was  even  a  tendency  to  neglect  the 
critical  speed  altogether,  in  spite  of  the  investigations  mude  by 


1 


Fig.  24. 


Fio.  25. 


Fm.  '2(1. 


Prof.  Stodola,  as  it  was  found  that  turbines,  if  properly  balanced, 
could,  under  normal  conditioa,  be  run  very  satisfactorily  even  at 
the  critical  speed.  Unfortunately,  it  was  soon  found  in  commer- 
cial running,  when  abnormal  conditions  are  bound  occasionally 
to  occur,  that  if  the  shaft  were  deflected ― as,  for  instance,  when 
water  is  carried  over  with  the  steam ― it  remained  deflected 
because  it  was  running  at  the  critical  speed. 

The  question  of  the  critical  speed  is  of  the  first  importance 
when  using  tlie  3-bearing  design,  which  is  becoming  more 
generally  adopted  for  small  turbines.  It  will  therefore  be  of 
some  interest  to  recall  the  main  facts  relating  to  critical  speeds 
of  rotors,  as  used  for  turbines,  generators,  blowers,  compressors, 
and  pumps.  The  critical  speed  of  a  shaft  is  usually  defined  as 
that  speed  at  which  a  very  small  eccentric  mass  will  cause  the 
shaft  to  deflect  to  a  very  great  extent.  It  can  be  demonstrated 
that  this  speed  coincides  with  the  natural  frequency  of  vibration 
of  the  shaft,  and  also  that  it  is  that  speed  at  which  any  accidental 
deflection  of  the  shaft  results  in  a  centrifugal  force  due  to  its 
rotation  about  its  position  of  rest,  sufficiently  large  to  maintain 
this  deflection. 卞  In  the  following  investigation  a  shaft  will  be 
referred  to  as  rigid  if  its  critical  speed  is  above  the  normal 
running  speed,  and  as  a  flexible  shaft  if  its  critical  speed  is  below 
the  normal  running  speed. 

1.  Critical  Speed  of  a  Weightless  Shaft  with  One  Wheel. ― 
When  a  vertical  shaft  loaded  with  one  wheel  of  mass  M  is  run 
much  below  the  critical  speed  it  retains  its  straight  position 
(Fig.  24).  On  the  other  hand,  a  horizontal  shaft  has  an  initial 
deflection,  due  to  the  weight  of  mass  M  (Fig.  25),  and  if  caused  to 
rotate  will  still  keep  this  configuration ― i.e.,  the  deflection  of  the 
shaft,  due  to  the  weight,  will  remain,  the  same,  and  the  shaft  will 
not  straighten  itself,  as  might  be  expected  at  first  sight. 

In  either  case,  if  the  shaft  is  run  much  below  the  critical  speed, 
and  is  for  any  reason  deflected  from  its  position  of  rest,  the  elastic 
forces  of  the  shaft  will  restore  it  to  its  original  position.  The 
critical  speed  is  reached  when  the  deflection  of  the  mass  M,  owing 
to  its  rotation  about  its  position  of  rest,  produces  a  centrifugal 
force  sufficiently  large  to  maintain  this  deflection.  It  is  evident 
therefore,  that  the  critical  speed  of  a  shaft  is  the  same,  whether  in 
a  vertical  or  a  horizontal  position,  as  the  additional  deflection 
due  to  centrifugal  force  is  identical  in  either  case.  In  general 
terms,  this  means  that  the  position  of  the  shaft  does  not  influence 
its  critical  speed. 

It  is  clear  from  the  above  that  the  governing  condition  oi  the 
critical  speed  is  that  the  centrifugal  force  P,  which  is  equal  to 

*  Paper  read  before  the  Manchester  section  of  the  Institution  of  Electrical 
fc-ngmeers.  January  16tb,  191 '2. 

t  For  a  more  complete  investigation  of  the  phenomena  of  critical  speed  see 
gi'of.  Stodola's  "  Dam])fturbine,"  4th  ed.,  upon  whioh  these  remarks  "have  l)een 


M  y  0)2,  must  be  large  enough  to  keep  the  shaft  ia  the  deflected 
position,  e.g.,  in  the  case  of  the  shaft  shown  in  Fip.  2G— 
T>        48  E  I 

P  ==y  ~ n ~~  (I") 


whore — 


E: 


=modulus  of  elasticity. 
I  ^transverse  moment  of  inertia, 
/^length  of  shaft. 

maximum  of  deflivtion. 
More  generally  V  =ay,  where— 

a -constant  for  given  shaft,  position  of  weight,  and  mctliod  of 
support. 

y  =  deflection  of  the  shaft  moasiuod  at  the  point  where  tin* 

woight  is  carried. 
This  fonmilii，  combined  with  P  ::M  y  w'-,  will  give— 

M  y  (o-  r^a  y, 


or— 


M  a>2  =  a  (17) 

Thus  the  critical  speed  is  independent  of  the  deflection  ini- 
pii^i'^ed  to  the  shaft,  or,  in  other  words,  a  shaft  running  at  tl"' 
critical  speed  is  in  neutral  equilibrium. 

Although  the  critical  speed  has  really  nothing  whatever  to  do 
'^i'th  the  deflection  due  to  gravittj,  there  is  a  very  simplo  rolatioii 
between  the  critical  speed  and  the  deflection  f  of  the  shaft,  due 
to  the  weight  of  mass  M  when  supported  horizontally.  The 
relation  is  given  by 

G-=M  g  ^  af  (18) 

Combining  (17)  and  (18)  we  got 

f         g  (1") 

where 

f  =  the  deflection  of  the  shaft  due  to  the  weight,  and  is 

measured  at  the  point  where  the  weight  is  carriod. 
o>  =  critical  angular  velocity  in  radians /seconds. 
g  =  constant  of  gravitation. 

This  formula  applies  to  any  weightless  shaft  loaded  "vvith  ono 
concentrated  mass  in  any  position  and  for  any  method  of  support. 
A  few  of  the  most  important  cases  are  illustrated  in  Fig.  27.  It 
will  subsequently  be  proved  that  by  a  very  slight  modification 
of  the  constant  this  formula  can  be  used  equally  Avell  for  shafts 
with  any  distribution  of  load  which  may  occur  in  practice. 

2.  Critical  Speed  of  Shafts  with  Uniformly  Distributed  Loads.— 
For  a  uniform  shaft  with  a  uniformly  distributed  load  it 
can  again  be  demonstrated  that  the  critical  speed  corresponds 
to  the  natural  frequency  of  vibration.    The  critical  speed  is  given 


Fig.  27.— Different  Cases  op  Concentrated  Loading. 

by  the  following  formula  for  all  the  five  different  methods  of 
support  illustrated  ia  Fig.  28  : ― 


■  k- 


(•20) 


where 


I  =  length  of  shaft,  as  shown  in  Fig.  28. 
/  二  transverse  moment  inertia  of  shaft. 
E  =  modulus  of  elasticity. 


= ― mass  per  unit  length. 

w  =  weight,  load  per  unit  length. 
If  only  one  weight  be  used,  there  is  but  one  critical  speeil.  ami 
as  the  speed  is  raised  above  this  the  running  becomes  sttuidier. 
Extensive  use  of  this  fact  has  been  made  by  Laval  in  his 
single-wheel  turbine,  iu  which,  in  older  to  rodiue  vibration,  tho 
running  speed  is  seven  times  greater  than  the  critical  speed.  If 
more  than  one  weight  be  used  the  shaft  、vill  luivo  critical  spoods 
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Case  3 


A'^=   /-56  =  5-06  =  =  fQ06 

/f=   fO  =  3l-f  =  6-76  =  ff-56 


Case 子. 


k  二  15  =  £-3  =  -^  5  -4*5 


of  higher  frequency,  and  in  tho  case  of  shafts  with  unitormly 
distributed  loads  there  are  theoretically  an  infinite  number  of 
critical  speeds,  of  which,  however,  only  the  first,  second,  and  in 
exceptional!  cases  the  third  and  fourth,  are  of  practical  importance. 


design,  this  figure  may  ho  further  rodured  by  the  use  of  smaller 
shaft  diameters  in  the  contre  bearing,  from  "which  the  practical 
difficulties  of  a  3-bearing  machine,  running  betweon  the  first  and 
second  critical  speed,  are  apparent.  This  statement  is  only 
correct  when  the  critical  speed  of  both  the  spans  are  about  equal. 

When  one  span  is  a  rigid  and  the  other  a  flexible  shaft  the 
combined  effect  raises  the  first  critical  speed  of  tho  flexible  shaft 
to  a  maximum  determined  by  the  ratio  of  the  first  critical  speed 
of  case  2  to  that  of  case  3,  and  the  second  c  ritical  speed  may  be 
sufficiently  far  from  the  first  to  render  a  3-bearing  machine, 
running  above  the  first  critical  speed,  quite  practicable.  It  will, 
however,  always  be  necessary  for  the  designer  to  satisfy  himself 
as  to  the  approximate  position  of  the  different  critical  speeds. 
For  this  purpose  Fig.  28  will  be  o£  considerable  help. 

We  will  now  proceed  to  find  a  relation  between  deflection  due 
to  gravity  and  the  first  critical  speed.  In  all  five  cases  the 
maximum  deflection  due  to  u  uniformly-distributed  load  is  given 
by  the  following  formula  : ― 

f  =  cfy*[/  (21) 

The  values  of  the  constant  c  aro 

For  case    12  3  4 

c    =  1/8       5/384       1/185  1/384 

Combining  formula  (20)  with  (21)  we  get ― 

/  0)'-  =  C  l-^  TT*  (J  

writing — 

y—  c 

we  get — 

/  ^"=y  .7   

The  value  of  y  for  the  different  cases  being  : ― 
Case     1  2  3  4  5 

1-55        1  -27       1-35       】'2!»  1-27 
(23)  is  of  similar  form  to  the  formula  found  for  the  critical  speed 
of  a  weightless  shaft  with  one  wheel.    The  additional  factor  y 
shows  that  the  critical  speed  given  by ― 


5 

5/384 
. (22) 


(23) 


f  to*" 


9 


Fig.  2S.  — Critical  Speeds  of  Shafts  with  Uniformly  Distriiiutkd  Loads 

The  constants  k  and  A-  for  these  different  critical  speeds  are 
given  in  Fig.  28  together  with  the  corresponding  elastic  curves, 
whicli  an'  cluiiacttM'istk'  of  th("n.  With  the  lu'lj)  of  this  table,  all 
important  criticul  speeds,  or  natural  fr(MiiK'n(  ">s  of  vibration,  can 
be  calculated  for  any  of  the  conditions 
given.  The  first,  or  fundamental 
critical  speeds  are,  oi  course,  of  the 
greatest  importance,  and  for  the 
different  cases  tlieir  relative  values  are 
given  by  the  constant.  k'K 
Case  1  2  3  4  5 
jfc2=o-35G      1  0     1-50     2-25  1 

Tliis  shows,  for  iastanco,  that  the 
critical  speed  of  tlie  ovoiiumg  shaft  is 
about  ono-tliird  of  that  of  a  shaft  sup- 
])orto(i  in  two  bearings.  It  is  very 
iniporliiat  to  know  the  second  critical 
speed  of  shafts  running  above  tho 
first  because  it  is  essential  that  tlu' 
nmning  sp(M、d  be  sulKciently  removed 
from  lH)th  tho  iirst  and  the  socond  in 
Older  to  reduce  the  vibration  to  a  small 
amount.  Also,  it  is  very  ofttMi  iin- 
]H)ssil)lo  to  calculate  tlu、  criticjil  sptunl 
with  absoluto  iu-t-iiracy.  a nd  conse- 
quently it  should  he  made  a  standiird 
practice  to  have  the  riiimii""  spml  at 
loast  30  per  cent,  ahovo  or  below  any 
critical  speed.  The  ratios  of  the  highor 
critical  spctnls  to  tho  ftindaniontal  ； uv 
""vi、n  by  the  value  of  K  in  Fiir.  1*8. 

For  case  1  the  second  critical  speed  is  8'2(>  times  higher  than 
tho  first  ：  for  case  2,  4  times  ；  case  3.  3  '一'4  ti"i，、s  ：  casi*  4,  2  -  78 
times  ;  and  for  case  5.  onlv  1  •(»  times  l»i"'l"、r.    In  the  hist  ('iise. 


is  to  be  multiplied  by  the  coefficiently  in  order  to  obtain  the 

exact  critical  speed  for  the  different  cases,  i.e., 

Case  _         1  2  3  4 

By  Vy  =    1-25        M3  113 

In  all  five  cases  the  difference  in  the  value  of  the  coefficient  is 
remarkably  small,  and  thev  ('over  nearlv  all  possible  arran*roment8 
of  shafts.      Considering  the  actual  distributions  of  loadin^i  are 


Fio.  29.— Low-pBrssunB  TruRiNK.    British  Wkstisohovsk  Compant.  1910 


combinations  of  concentrated  and  uniformly-distributed  loads, 
it  will  be  an  ousy  matter,  by  the  aid  of  Fig.  28.  to  estimate  to  a 


、vliirli  often  occurs  in  pnictite,  and  is  known  as  tl\o  ； MuMriug 


very  fine  di>i:m、  tW  limits  of  tW  fiu  tor 
3.   Critical   Speed  and  Deflections 


of  Turbine 


Rotors.— The 


C^se  J. 

h  ^  O  53  7  =  /  ^3  =  Z-J 

><人 0  356  =  i?  "  ^  6-2:5 

A  ^  /  0  =  6  Z6  =//-53 


Case  6 

>;.^i>^^^^  j^ii-'T'*;.^  fl^i^^Oj^i"^^  (T^^^'Tr^-^ 


Case  z . 

^^^ZfLZ^  <r^"v^^  ^r^^^-^^^  iTv^^"^ 


- /  56 


- 5'06 
^  5'06 


=  2.-0  ^JO  =40 

=40  =3-0  :  i6.0 

-斗， O  =9-0  :i6.0 


/  /  / 

一 1  --  一  I 


o 力 9 

/  /  / 

-I  >i  » 
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author  has  had  an  opportunity  of  verifying  the  rolation  existing 
between  the  critical  speeds  and  deflections  for  shafts  us  used  in 
impulse  turbines,  blowers,  and  compressors.  By  well-known 
methods  the  critical  speed  and  deflection  due  to  gravity  were 
calculated  (as  accurately  as  possible  by  different  engineers)  with 
the  invariable  result  that  - 

/a>2=(1.07  to  1  -08)  g  ； 
or  in  cm./sec.  units  with  —  j/=l)81  cm  ./sec.  ^ —— 

/a>2  =  1,050  to  1,060. 
With  this  formula  it  is  possible  to  answer  at  once  the  question. 
What  is  the  maximum  deflection  of  a  turbine  shaft  rimning  at 


governing  (2  per  cent,  at 


Fig.  30.— Mixed-pressure  Turbine.   Buitish  Westinghouse  Company,  1910, 

3,000  revs,  per  minute  if  the  critical  speed  is  30  per  cent,  above 
the  running  speed  ？ 

n  =3,900  revs,  per  minute. 

w  =410  sec— 1. 

/=\^  ==0-0063  cm.  -  0-063  mm.  =2 -5  mils. 

For  a  turbine  running  at 

1,500  revs,  per  minute  f  would  be  O  OlOin. 

1,000  ，，  /       "  0-022in. 

750  ,，  /       ，，  0  040iu. 

Governing  of  Steam  Turbines. 

Steam  turbines  are  generally  governed 
by  a  throttle  valve,  which  is  connected  to 
a  mechanical  governor,  either  directly  or 
indirectly,  by  means  of  steam  or  oil 
relay.  Direct  governing,  which  has  been 
adopted  from  steam-engine  practice,  is 
very  satisfactory  for  small  turbines,  pro- 
vided the  valves  are  absolutely  balanced  ； 
for  larger  turbines,  steam  relays  with 
pulsating  motion  have  been  used,  but 
now  nearly  all  manufacturers  of  steam 
turbines  use  oil  relays,  and  this  is 
undoubtedly  the  most  satisfactory  arrange- 
ment. 

In  the  case  of  combined  turbines, 
governing  by  cutting-out  nozzles  improves 
the  economy  at  partial  loads.  Special 
nozzles  for  cutting-out  by  hand  were  first 
used  by  the  de  Laval  and  later  by  the 
General  Electric  Company  ；  the  latter  also 
introduced  automatic  nozzle  cut-out  gov- 
erning, i.e.,  an  arrangement  by  which 
nozzle  control  valves,  under  the  control 
of  the  speed  governor,  are  opened  in  succession  according  to 
the  load.  Similar  arrangements  have  been  adopted  by  the 
A.E.G.  in  connection  with  their  Curtis-Rateau  turbines. 

It  has  been  stated  that  a  disadvantage  of  the  combined 
turbine  is  that  it  must  be  provided  with  nozzle  cut-out  govern- 


itig  at  partial  loads,  in  order  to  obtain  satisfactory  consump- 
tion at  these  loads.  This,  however,  is  not  so,  as  there  is,  of 
course,  no  reason  why  ordinary  throttle  governing  should  give 
less  satisfactory  results  at  partial  loads  with  <-oinhined  tur- 
bines than  with  "  pure  ■，  types  of  turbines.  It  is  a  fact  that 
automatic  nozzle  control  complicates  the  governing  mechanism 
to  such  an  extent  that  it  should  only  he  adopted  in  excep- 
tional cases,  where  turbines  are  run  for  a  considerable  length 
of  time  'At  low  loads  and  where  the  loads  may  change  rapidly. 
In  most  cases  ordinary  throttle  governing  is  preferable,  as 
the   small    improvements    obtainable    with    nozzle  cut-out 

】oad，  4  +  5  per  cent,  at  .\-load )  do 
not  justify  the  additional  compli- 
cation in  the  governing  apparatus. 
The  practical  diflicultios  of  auto- 
matic nozzle  control  are  due  not  to 
the  necessity  of  arran<(ing  valves 
in  front  of  the  nozzles,  but  to  the 
complicated  gear  required  to 
operate  the  valves,  which  latter 
must  be  reasonably  tight  wlien 
closed.  These  difficulties,  there- 
fore, do  not  exist  when  hand- 
operated  valves  are  used,  and  in 
most  cases  these  meet  the  require- 
ments. The  problem  of  cut-off 
governing,  which  has  been  suc- 
cessfully solved  for  steam  engines, 
is  more  difficult  in  the  case  of 
steam  turbines,  but  it  is  also  of 
less  importance. 

Increase  of  the  Field  of 
Application  of  Tukbixks. 
1.  Hi^h-pressure  Turbines. ― The 
steam    turbine   is   the  machine 
for   large   outputs,    and   it  has, 
during  the  first  half  of  the  last 
decade,    superseded    the  steam 
engines   for   outputs  above 
1,000  kw.    The  recent  improvements  in  steam  turbines,  which 
resulted  in  the  adoption  of  the   combined    types,  has  still 
further  reduced  the  minimum  output  at  which  a  steam  engine 
is  more  advantageous  than  a  steam  turbine.    Units  of  500  kw. 
capacity  are  now  usually  ordered  as  turbines,  and  even  250  kw. 
turbines  are  able  to    compete    successfully    with    the  best 
modern  stean)  engines.      In  countries,  as  for   instance  the 
United  States,  where  the  cost  of  coal  is  of  second  importance, 
there  is  a  tendency  to  adopt  turbines  for  even  the  smallest 
outputs.      For  small  units  generally  the  pure  Curtis  types 
with  only  a  single  wheel  are  used.    These  are  also  used  very 


Figs.  31  and  32.— Govekn'OR  for  MixED-pitEssi  RK  Ti-rbisks. 

successfully  for  special  purposes,  as,  for  instance,  the  driving 
of  condenser  and  high-lift  pumps,  which  are  discussed  more 
fully  in  the  last  paragraph. 

The  developments  which  have  taken  place  during  the  last 
five  years  show  an  improvement  not  only   in  high-pressure 
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condensing  turbines  as  used  for  power  stations,  but  also  a 
tremendous  increase  in  the  application  of  turbines  to  all 
possible  industrial  purposes.  This  has  involved  the  】nanu- 
facture  of  new  kinds  of  machines  known  at>  present  as : —— 

Low-j)ressui'e  or  L.P.  turbines. 

Mixed-pressure  or  M.P.  turbines. 

Back-pressure  or  B.P.  turbines. 

Eediiciii^:  or  R.  turbines. 
2,  Low-pressure  Turbines.  一 The  great  importance  of  low- 
pressure  turbines  was  first  pointed  out  by  Prof.  Rateau,  who 
invented  the  Rateau  steam  accumulator,  which  is  really  a 
necessary  accessory  for  low-pressure  installations.  The  first 
plant  iitcliulinf{  low-pressure  turbines  and  steam  accumulator 
in  roiijuiu-tioii  with  winding  engines  was  installed  by  Prof. 
Rateau  in  1903  for  the  Mines  de  Bruay. 

Tlie  Rateau  accumulator  allows  low-pressure  steam  at  a 
constant'  or  approximately  constant  rate  to  be  taken  from  a 
inacliine  which  is  working  intermittently.  If  the  available 
low-pi'essui'e  steam  quantity  is  always  sufficient  for  the  output 
required,  the  installation  of  a  low-pressure  turbine  is  quite 
satisfactory,  and  if  for  short  periods  no  low-pressure  steam 
is  available,  higli-pressure  steam  must  be  reduced  into  the 
low-pressure  steam  main .  If,  however,  this  occurs  for  long 
periods,  or  if  the  low-pressure  steam  quantity  is  not  sufficient 


back  pressure  on  the  steam  engine  drops  below  atmosplieric 
pressure]  it  is  therefore  essential  to  steain-seal  the  glands  on 
the  low-pressure  cylinders  of  the  steam  engine  in  order  to 
reduce  air  leakage  to  an  absolute  iiiiniinum  and  to  secure  the 
highest  possible  vacuum. 

The  following  figures  are  based  on  the  average  conditions 
which  usually  occur  in  these  combined  plants  in  the  case  of 
compound  engines.  The  steam  consumption  of  the  engine 
running  iion -condensing  will  be  about  35  per  cent.  (30  per 
cent,  to  40  per  cent.)  greater  than  when  rumiiug  condensing. 
The  exhaust  steam  from  the  engines  will  give  an  additional 
output  in  a  low-pressure  turbine  of  ： ― 

61  per  cent,  of  the  output  of  the  engine  al  27iii.  vacuum, 
70       "  ，，         ，，         ，，  、  ，，        28in.  ，， 

81       ，，  ，，         ，，         ，，  "       29in. ，， 

and  the  steam  or  coal  consumption  would  be  ； -― 

1  "35  ―  |84  per  cent,  of  the  ori*^inal 
•61     t    steam  consumption, 

1-35      80        ,, ,, ,, 


For  27in.  vacuum  : 


28in. 


29in. 


70 

35 


1^ 


= 75 


BA(  K-PRKSSITIIF,  TUKBINE,  Snil*  LIGHTING  SKT.      BRITISH  AVkSTINO HOUSE  COMPANY,  1911. 


to  produre  tlie  ))()\ver  required  from  the  turbine,  the  losses  due 
to  throttling  high-pressure  steam  to  below  atmospheric  pres- 
sure are  too  large.  lu  such  cases,  whick  represent  the  normal 
condition,  tlie  installation  of  a  mixed-pressure  turbine  is 
necessary. 

The  mail)  applit  alion  of  low-pressure  turbines  is  at  present 
in  connection  with  steam  engines  iu  existing  power  stations. 
Engines  previously  run  condensing  are  changed  to  run  noii- 
c'()ml<'nsiii"r  and  allowed  to  exhaust  into  a  low-pressure  tur- 
bine, the  alternator  of  which  is  coupled  elertrii-ally  to  t hat- 
on  the  steam  engine,  so  tliat  engine  and  turbine  form  one  set. 

This  arrangement  is  very  economical,  providing  the  normal 
output  of  t lie  coinhiiipd  set  is  iticreased  at  least  per  cent, 
above  thai  of  tlie  engine  alone.  Usually  tlie  loinbined  set 
is  arranged  so  that  the  normal  full  load  of  the  engine  alone 
when  exhausting  against  a  back  pressure  of  about  IGlbs.  per 
sq  uare  im'h  absolute  is  kept  the  same  as  bo  fore,  the  low- 
pressure  turbine  utilising;  the  exlia ust  stoain  rmniiig  from  the 
engine.  It  is  advisable  to  pass  the  oxliaust  steam  from  the 
engine  tlii'ou^h  an  oil  separator  whioh  acts  also  as  a  \vat<*r 
separator.  The  additional  output  which  ran  he  obtainod 
from  t he  low-prt^ssure  tu rbino  (It'pt'mls  mainly  on  the  vaomiin. 
The  iTiiprovonuMit  in  economy  is  miuh  larger  in  cases  where 
l  iver  or  sea  water  is  available  for  cooling  walor  than  in  cases 
wliere  cooling  towers  are  neoossary.      At  partial   loads  the 


As  the  turl)ine  is  electrically  coupled  to  tlip  engine,  no 

special  (governing  of  the  turbine 
is  required.  For  starting  and 
paralleling  generally,  high-pressure 
steam  is  required,  which  is  either 
regulated  by  hand  or  by  a  mechani- 
cal governor.  It  is  not  necessary 
to  provide  a  reducing  valve,  as  the 
steam  pressure  in  the  low-pres- 
sure turbine  will  anyhow  not  be 
higher  than  atmospheric  pressure, 
due  to  the  very  large  areas  through 
the  blading  of  the  turbine.  A 
section  of  a  low-pressure  turbine 
is  illustrated  in  Fig.  29,  from 
which  it  will  be  seen  that  it  is 
simply  a  high-pressure  turbine 
with  the  first  wheels  taken  off. 
The  section  of  this  turbine  shows 
five  wheels  with  full  admission, 
and  the  capacity  is  1,000  k\v.  at 
2,700  revs,  per  minute. 

3.    Mixed-pressure     Turbines. ― 

M  ixed  pressure  turbines  are 
high-pressure  turbines  with  an 
additional  inlet  for  low-pres- 
sure steam,  or  low-pressure 
turbines  with  additional  high- 
pressure  stages  to  utilise  high- 
pressure  steam  in  case  the 
available  low-pressure  steam  quantity  is  not  sufficient  for 
the  load  required.  They  are  generally  used  in  collieries, 
rolling  mills,  utilising  low-pressure  steam  coining  from  diffe- 
rent kinds  of  engines,  which  are  exhausting  against  a  back 
pressure  of  about  1  Gibs,  per  square  incli  absolute  through 
steam  accumulators. 

A  section  through  a  mixed-pressure  turbine  consisting  of 
one  velocity  wheel  and  one  Rateau  、vhee】  in  the  high-pressure 
part  and  five  Rateau  wheels  in  the  low-pressure  part  is  shown 
in  Fig.  30. 

Mixed-pressure  turbines  are  not  generally  coniuvted  elec- 
trically witli  the  sl-eain  enijines  from  which  tlie  supply  of 
low-pressure  steam  is  obtained,  and  must  theivfore  be  sepa- 
rately governed  by  a  speed  i^ovenior.  In  order  to  obtain 
satisfactory  running  in  parallel  with  other  engines,  it  is 
essential  that  i he  load  of  the  turbo-set  bo  inde])eiuleiit  of  the 
steam  conditions,  which  means  that  the  speed  of  the  turbine 
must  be  only  dependent  upon  the  load  of  the  alt<»rnator,  and 
indopendeiit  of  the  low-pressure  st^ni  quantity  available. 
Tlie  I'liange  in  speed,  when  changing  from  hisjli-pressurf 
steaiti  to  lo\v-])ressure  s"、ai",  or  、- it'e-vers5,  must  therefore 
be  as  small  as  possible.  These  conditions  wero  first  realised 
bv  Prof.  Rat<vui,  who  invents  a  goveni6r  fulfilling  these 
('omlitimis  (see  Eii<;lish  Patent  No.  3,822,  1905),  ami  which 
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IS  now  applied  by  nearly  all  the  manufa<:turers  of  mixed- 
pressure  turbines. 

Figs.  31  and  32  show  a  sectional  diagram  of  the  mixed - 
pressure  governor  made  by  the  British  Westinghouso  Com- 
pany in  accordance  witli  Prof.  Rateau's  patents. 


Fig.  34.—  Back-pbessube  Turbine  Governok. 


Although  it  is  only  five  years  since  the  first  niixed-pressiue 
turbine  was  installed  in  this  country  for  the  Gloucester  Rail- 
way Wagon  and  Carriage  Company  by  the  British  Westing- 
house  Company,  its  development  has  been  very  rapid  during 
the  last  two  years  The  present  importance  of  the  mixed- 
pressure  turbines  for  this  country  is  best  illustrated  by  the 
fact  that  nearly  40  per  cent,  of  the  turbines  ordered  are  of 
the  mixed-pressure  type.  It  is  interesting  to  compare  the 
two  main  turbine  types,  the  drum  types  and  disc  types,  when 
designed  as  low-pressure  or  mixed-pi'essui'e  turbines.  The 
only  factor  we  need  to  consider  is  the  maximum  output  which 
can  be  obtained  from  the  low-pressure  part  of  these  turbines. 
The  steam  consumption  of  low-pressure  turbines  is  about 
double  that  of  high-pressure  turbines,  which  means  that  a 
low-pressure  turbine  has  to  deal  with  twice  the  steam  quan- 
tity of  a  high-pressure  turbine  of  the  same'  output,  or  the 
maximum  output  of  a  low-pressure  turbine  is  only  half  that 
of  a  high-pressure  turbine,  assuming  the  outlet  velocity  of 
the  last  rows  of  blades  is  the  same  for  botli  high-pressure  and 
low-pressure  turbines.  As,  however,  the  available  heat  drop 
of  a  low-pressure  turbine  is  only  about  half  that  of  a  high- 
pressure  turbine,  the  leaving  losses  when  expressed  in  per 
cent,  of  the  heat  drop  appear  twice  as  high.  It  is  therefore 
of  great  importance  to  keep  these  leaving  losses  as  low  as 
possible.  Diagram  Fig.  23  can  bf  used  for  the  approximate 
calculation  of  maximum  outputs  of  the  low-pressure  and 
mixed-pressure  turbines,  when  taking  the  maximum  outputs 
to  be  half  and  the  leaving  losses  to  be  double  those  indicated. 

It  shows,  for  instance,  that  for  impulse  turbines  running 
at  3,000  revs,  per  minute  and  a  leaving  loss  of  5  per  cent,  the 
maximujii  output  is  only  2,300  kw.  at  27iin.  vacuum, 
or—  1,900  kw.  at  28in.  vacuuni, 

or—  1,600  kw.  at  28iin.  vacuum, 

whereas  for  drum  turbines  the  leaving  losses  for  llio  saino 
outputs  would  be  20  per  cent.,  which  in  niosl  cases  would  be 
far  too  high,  so  that  a  double-flow  turbine  would  be  necessary. 
From  this  it  is  dear  that  in  the  case  of  low-pressure  turbinos 
the  maximum  outputs  obtainable  depend  more  on  tlie  turbine 
tliaii  the  alternator,  which  is,  of  course,  the  reverse  of  what 
we  found  in  the  case  of  high-pressure  turbines. 

4.  Back-pressure  Turbines. ― Back-pressure  turbines  exhaust 
against  a  back  pressure,  which  is  above  atmospheric  pressure. 
Turbines  run  non-condensing  and  exhausting  into  free  atmo- 
spliere  are  also  included  in  this  class. 

The  exhaust  steam  is  generally  used  for  heating  purposes, 
as,  for  instance,  iu  ships  for  heating  the  feed  water,  or  in 


mills  for  lieatiiig  water  in  open  pans,  or  in  salt  works  for 
evaporating  brine.  Fig.  33  represents  a  low-f^x 化 d  Hhip- 
lighting  set  400  kw.  running  at  1 ,500  revs,  p'.r  minute  driving 
a  direct-current  generator,  and  exliausting  against  201  bs.  per 
square  inch  absolute  back  pressure.  The  exhaust  steam  is 
used  for  heating  the  feed  water.  The  small  output  at  a  very 
low  speed  and  tlie  light  wci^^ht  required  made  it  "":('ssai'y  to 
use  velocity  wheels. 

Tlio  governing  oi"  tln'se  turbines  may  difTer  acroi'fliiig  to 
the  conditions  prevailing.  When  all  the  steam  is  required 
for  healing  purposes,  independent  of  the  load,  an  ordinary 
speed  governor  is  used,  opening  or  closing  a  liigk-prcssure 
throttle  valve  according  to  the  load  required.  When,  on  the 
other  hand,  the  turbine  is  required  to  work  iu  parallel  with 
other  engines,  and  is  intended  to  utilise  only  that  amount  of 
steam  required  for  heating  purposes,  it  iie<KJ  not  be  provided 
with  a  speed  governor  at  all,  tho  steam  being  controlled  by 
the  pressure  in  the  heating  steam  pipe.  If  more  heating 
steam  is  required  the  pressure  in  the  heating  steam  main 
decreases,  and  this  change  of  pressure  can  be  used  to  open 
the  governor  valve  in  a  similar  manner  to  that  used  for 
reducing  valves.  Fig.  34  shows  an  arrangement  where  either 
of  the  two  methods  can  be  used,  governing  by  mechanical 
governor  or  by  the  pressure  in  the  heating  main. 

Neither  of  the  two  methods  are  quite  satisfactory  in  all 
rases.  If,  in  the  first  case,  more  load  is  required  than  that 
obtainable  from  the  heating  steam  available,  steam  must  be 
passed  through  the  turbine  and  blown  into  atmosphere.  This 
represents  a  great  loss,  as  this  steam  could  be  utilised  in  a 
low-pressure  turbine.  The  second  method  is  absolutely  satis- 
factory in  this  respect,  but  it  is  necessary  that  it  be  run  in 
parallel  with  other  engines,  the  load  of  which  is  changed 
according  to  the  heating  steam  quantity  required. 

An  absolutely  satisfactory  arrangement  can  be  obtained 
by  the  use  of  the  :  ~ - 

5.  Reducing  Turbines. — Iu  case  the  load  of  the  turbine  is 
more  than  that  obtainable  from  the  heating  steam  quantity 
required,  the  surplus  steam  is  by-passed  to  low  pressure 
wheels  which  are  fixed  on  the  same  shaft  and  placed  in  the 
same-  cylinder.  The  sectional  blading  arrangpinent  and  the 
governing  arrangement  of  a  reducing  turbine  are  shown  in 


Fig.  35.— Kepucing  Turbine  Govkhnor. 

Fig.  35.  This  drawing  refers  to  a  1,500  kw.  turbine  juimiug 
at  3,000  revs,  per  minute,  and  supplying  normally  47,0001bs. 
of  steam  per  hour  at  161bs.  per  square  inch  absolute  back  pres- 
sure for  salt  works. 

Govornin^'  ai'iangements  for  rediuin^  turbines  have 
already  been  patented  in  this  country  in  1892  by  T.  Murric 
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(Patent  No.  14,013/1892).  Patents  on  the  same  subject  have 
been  taken  out  in  Germany  by  E.  Mennig  and  G.  D.  Picard 
(No.  18,932/1903),  and  P.  Beck  (No.  139,013/1902).  The 
governing  arrangement  for  the  turbine  shown  is  similar  to 
the  mixed-pressure  governor  described  above.  The  heating 
steam  main  is  in  communication  with  the  under  side  of  the 
spring-balanced  piston  N，  which  operates  the  low-pressure 
valve  M  by  relay  valve  S  and  power  piston  R，  admitting 
steam  to  the  low-pressure  turbine.  In  addition,  both  high- 
pressure  and  low-pressure  valves  are  always  under  the  control 
of  the  speed  governor  through  the  horizontal  lever  T，  relay 
valve  U,  and  power  piston  V. 

■When  the  turbine  is  running  at  a  certain  load  and  the 
heating  steam  quantity  decreases,  the  pressure  rise  in  the 
hoatinfj  steam  main  will  cause  piston  R  to  rise,  and  conse- 
quently the  low-pressure  valve  to  open,  and  simultaneously 
the  high-pressure  valve  to  close.  More  power  will  be  deve- 
loped on  the  low-pressure  side,  and  less  on  the  high-pressure 
side.  The  load  is  kept  constant  without  appreciably  affecting 
tlio  position  of  piston  V，  and  consequently  the  speed  of  the 
turbiii  e. 

Oil  the  other  hand,  when  the  output  increases  the  decrease 
in  speed  causes  the  piston  V  to  rise.  The  high-pressure  valve 
will  first  be  opened,  and  afterwards  the  low-pressure  valve, 
oil  account  of  increasing  back  pressure.  Thus  both  high- 
pressure  and  low-pressure  valves  are  automatically  adjusted 
for  the  larger  load  without  any  change  in  the  heating  steam 
quantity.  Variation  in  the  outputs,  or  in  the  heating  steam 
quantity  of  the  opposite  nature  to  those'  considered  above, 
result  in  a  reverse  series  of  operations. 

In  order  to  obtain  automatically  overloads  with  small 
quantities  of  heating  steam,  it  is  necessary  to  increase  the 
pressure  in  front  of  the  low-pressure  wheels,  so  that  a  corre- 
spondingly increased  steam  quantity  is  passed  through  the 
low-pressure  turbine.  This  is  done  automatically  by  lever  F， 
which  is  operated  by  the  low-pressure  valve  as  soon  as  the 
latter  is  full  open.  The  same  arrangement  may,  under  cer- 
tain circumstances,  be  used  for  full  load,  the  principle  being 
to  throttle  always  the  smaller  quantities,  either  the  low- 
pressure  steam  or  the  heating  steam,  in  order  to  secure  the 
highest  possible  e<;ouoniy  at  all  loads. 

(To  be  continued.) 


The  Institution  of  Naval  Architects. —- The  annual  meetings  of 
tlie  Institution  of  Naval  Architects  will  be  held  in  the  liall 
of  the  Royal  Society  of  Arts,  John  Street,  Adelphi,  London, 
on  March  27th  and  the  two  following  days.  The  Marquis 
of  Bristol  is  announced  to  preside.  The  annual  dinner  will 
take  place  in  the  Connaught  Rooms  on  March  27tli.  The 
council  of  the  Institute  intimate  that  they  "  will  be  willing 
to  present  a  gold  modal  to  any  person,  not  being  a  member 
or  associate  member  of  council,  \vho  shall  at  the  forthcoming 
meetings  read  a  paper  which  in  the  judgment  of  the  council 
shall  be  deemed  to  be  of  exceptional  merit.  The  council 
will  also  be  willing  to  present  a  premium  of  books  or  instru- 
uieiits  to  the  reader  of  any  paper,  not  being  a  member  or 
associate  member  of  council,  whose  paper  shall  in  tlie  jiidg- 
UH* lit  of  the  couuc-il  merit  this  distimticm." 

Fatal  Spurwhccl  Accident, ― An  inquest  was  held  a  few  days 
ago  at  Birniingliain  touching  the  death  of  a  millwright's 
labourer,  who  was  killed  as  the  result  of  an  accident  at  the 
works  of  Messrs.  Guest,  Keen,  &  Nettlefold,  at  Smetbwick. 
Evidence  showed  that  tho  a(('i<l("it  was  caused  by  the  break- 
ing of  a  cogwheel  in  the  shafting  tunnel.  The  wheel,  which  was 
5ft.  diam.，  was  examined  every  week,  and  had  been  in  the 
same  position  for  11  years.  During  the  morning  of  the  acci- 
dent t he  I'ogwheels  were  at  work ,  aiul  were  making  156  revs, 
a  minute.  Shortly  after  11  o'clock  a  crunching  noise  was 
lioard  in  one  of  the  tunnels,  and  tlie  iiiarhinei v  was  stopped, 
w lie II  it  was  found  that  the  wooden  box  over  the  wheel  had 
been  knocked  ofT.  and  the  deceased  waj^  lying  unoonsrious 
near  by.  One-third  of  the  rim  of  the  wheel  had  been  torn 
away,  and  two  teeth  of  the  remaining  part  had  been  knocked 
off.  An  examination  of  tlie  wliool  showed  a  blowhole,  which 
exten<lefl  for  about  8in.  It  would  not  ho  vimhlo  from  out- 
side, and  had  exist^^d  from  the  time  the  wlioel  was  originally 
oast .  The  weight  of  the  broken  portion  of  the  wheel  was 
from  8  rwt .  to  10  i  wt.  A  verdict  of  "  Accidental  death  "  was 
voturnod. 


BOOK  KEVIEWS. 

Machine  Tools  Commonly  Employed  in  Engineering  Workshops.  By 

.James  Weir  French,  B . Sr .  Two  Vols.  13 by  lOin. 
Vol.  1，  170  pages;  Vol.  2,  212  pages.  London  :  The 
Gresham  Publishing  Company.    Price  42s. 

The  most  striking  features  of  these  two  imposing  volumes 
are  the  wealth  of  beautiful  half-tone  illustrations  on  highly- 
glazed  art  paper  and  the  almost  complete  absence  of  sectional 
illustrations  or  scale  drawings,  though  as  some  atonement  for 
the  absence  of  the  latter  a  number  of  cut-out  and  super- 
imposed coloured  model  views  are  given .  But  however 
interesting  these  may  be  to  some,  they  are  a  poor  substituta 
for  good  sectional  views.  The  description  of  the  photo-pictur:* 
views  of  the  various  tools  described,  though  clear,  is 
woefully  disappointing  to  anyone  who  seeks  definite  informa- 
tion on  machine  tool  design  or  performance.  Such  informa- 
tion as  is  given  is  expressed  in  the  general  phraseology 
customary  in  makers"  catalogues,  and  would  appear  to  be 
mainly  derived  from  them.  As  a  choice  selection  of  extracts 
of  this  kind  the  book  may  not  be  without  interest  to  a  certain 
class  of  readers,  but  the  tool  draughtsman,  ihe  engineer, 
or  the  student  who  desires  to  know  something  about  tlie  root 
principles  of  machine  tool  design  and  operations  will,  we  fear, 
regard  it  as  disappointing  and  expensive. 

*  *  ^c- 

Tcchnical  Arithmetic  and  Geometry  for  Use  in  Technical  Institutes  and 
Workshops.  By  C.  T.  Mills,  M.I.Mech.E.,  Principal 
Borough  Technical  Institute.  London  :  Methuen  &  (3o.， 
Ltd.  T^in.  by  5in.  300  pages.  Second  Edition. 
Price  3s.  6d. 

Technical  students  nowadays  cannot  complain  of  any  lack 
of  good  elementary  literature  on  almost  any  subject,  and  the 
number  of  books  dealing  with  the  principles  of  mensuration 
and  arithmetic  must  be  legion.  The  reason  for  this  profusion 
is  doubtless  the  lamentably  low  standard  of  】iiatheinatic'al 
knowledge  possessed  by  the  average  lad  when  he  leaves  the 
elementary  school  and  the  pressing  need  of  it  presented  to 
teachers  of  technical  subjects.  The  book  under  notice  is  a 
sincere  attempt  to  make  good  a  deficiency  which  ought 
not  to  exist  when  a  lad  enters  a  t-et  hnical  class.  Its 
chief  merit  is  that  the  practical  examples  by  wliich  the  teach- 
ing is  expounded  are  not  dissociated  from  iiiat'liematical 
principles  or  allowed  to  degenerate,  as  is  sometimes  the  case 
iu  books  of  this  class,  into  mere  rule  of  thumb.  Geometric 
illustrations  are  freely  given,  so  that  the  student  can  realise 
graphically  the  nature  of  the  operations  he  performs  by 
means  of  figures.  We  think,  however,  that  the  author,  in  his 
efTorts  to  make  things  clear,  occasionally  drags  out  his  desc-rip- 
tious  to  unnecessary  lengths. 

.  *  X-  7t 

Annual  Report  of  the  Smithsonian  Institution  for  the  Year  ending  June 
30th,  1910.     Goveriunent  Printing  Olhco,  Wa;<liingtoii. 
The  collection  of  scientific  papers  comprised  within  these 
reports     always     possess    a     special     interest,     owing  to 
the  wide  range  of  selection  exercised,  and  the  present  volume 
is  more  than  usually  so.      The  papers  collated  deal  with 
such  widolv  divergent  subjects  as  "  Progress  in  Aviation.  * 
lleclamaHon  of  Arid  Lands/'      Electric  Power  from  the 
Mississippi  River/'  "  Industrial  Safety  Appliances.  "   '  Astro- 
physios,"      Life   Outside   of    Organism,  "    "  Signifu-aiioe  of 
Pulse  Rate,"  &c.、  ami  there  is  scarcely  one  in    whirli  any 
intelligent  reader  would  not  find  of  interest. 

*  -x-  * 

The  Journal  of  the  Institute  of  Metals.    (Vol.  VI.)    E<lito(l  by 
G.  Shaw  Scott,  M,Sc.    Tho  Institute  of  Motals,  C^axton 
House,  Westniiuster,  S.W.  ；  21s.  net-. 
The  major  portion  of  the  journal  consists  of  a  scries  of 
papers  of  su-ientific  interest  which  were  read  at  the  annual 
autumn  meeting  of  the  Institute  of  Metals,  held  in  N^wcastle- 
oii-Tvne  in  September,  and   covers   322    pagos.  Valuable 
though  tln^e  papers  were  when  they  were   originally  pre- 
sented, their  utility  is  now  increased,  as  a  result  of  written 
coinmuuications  which  have  beoii  received  since  the  p^jM^rs 
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were  read,  from  men  eminent  in  the  scientific  and  metal- 
working  worlds.  The  papers  which  are  thus  reproduced  in 
the  journal  include  the  following :  (1〉  "The  Corrosion  of 
Brass,  with  Special  Refere'nce  to  Condenser  Tubes,"  by  P.  T. 
Bruhl,  M.Sc.  ；  {2)  "  Further  Note  on  the  Nature  of  Solid 
Solutions,"  by  C.  A.  Edwards,  M.Sc.;  (3)  "  The  Electrical 
Conductivity  and  Constitution  of  Alloys,"  by  Dr.  W.  M. 
Quertler  ；  (4)  "  Volume  Changes  in  the  Alloys  of  Copper  with 
Tin,"  by  J.  L.  Haughton,  M.Sc"  and  Prof.  T.  Turner,  M.Sc. ； 
(5)  Non-ferrous  Metals  in  Railway  Work,  '  by  George 
Hughes  ；  (6)  "  The  Failure  of  a  Brazed  Joint,"  by  Prof.  H. 
Louis,  M.A.,  D.Sc"  Assoc. R.S.M.  ；  (7)  "  The  Mechanical 
Properties  of  Hard-drawn  Copper,"  by  U.  R.  Pye,  B. A. ； 
(8)  The  Alloys  of  Aluiinniuin  and  Zinc,"  by  Dr.  W.  RostMi- 
hain,  B.A.,  and  S.  L.  Archbutt.  In  addition  to  tlie  above, 
tlie  volume  contains  a  verbatim  report  of  a  IfM/tii re  by  Dr. 
G.  T.  Beilby,  F.R.S.，  on  "The  Hard  and  Soft  States  in 
Metals/"  There  is  also  a  useful  series  of  abstracts  of  papers 
relating  to  the  non-ferrous  metals  and  the  industries  connected 
therewith,  dealing  with  such  subjects  as  elertro-inetallurgy  ； 
the  properties  of  metals  and  alloys  ；  metallography  ；  furnace 
and  foundry  methods  ；  analysis,  testing,  and  pyrometry  ； 
statistics  :  ami  bibliography. 


VAPORISERS  FOR  INTERNAL-COHBUSTION  ENGINES. 

Heretofore,  in  order  to  provide  for  using  hydrocarbon  or  oil 
fuel  of  different  qualities,  vaporisers  have  been  constructed 
with  a  plain  or  unjacketed  part,  which  becomes  highly  heated 
during  the  working  of  the  engine,  and  with  a  water-jacketed 


having  connected  to  therii  at  the  low(»r  part  the  inlet  pipes  F 
for  the  coolin^^  water.  G  is  the  pipe  lliroii^li  wliidi  the  whUt 
is  <lis<'harge(l  from  the  jarkot,  ami  the  heij^lit  of  t  lif  open 
of  which  within  the  jacket  is  adapted  to  be  varied  in  order  to 
regulate  the  water  level.  As  si i own  in  Fi^s.  1  and  2,  this 
pipe  G  lias  a  horizontal  portion  which  cxloiuls  through  a 
stufFuig-box  on  tlu;  jacket,  one  on<l  of  the  liorizontal  portion 
projecting  through  the  stuffing-box  and  being  provided  willi 
a  handle  II  by  means  of  which  the  pipe  ('an  be  rotated  in  the 
stuffing-box  to  vary  ihe  position  of  the*  open  oiirl  of  tlif  pi|>': 
in  the  cliamber,  for  instance,  by  placiiii;  the  pijx'  in  th*- 
position  indicated  by  the  d otter  1  line  J  in  Fig.  *2，  which  corre- 
sponds with  the  lowest  level  of  the  water  iii  the  jacket,  or,  in 
the  position  indicatod  by  tlie  flott^^l  lino  K，  which  is  the 
position  correspoiuliiif^  witli  tlu'  liigliest  water  level  in  IIk* 
jacket.  The  placing  of  tlio  pipe  in  any  intermediate  position 
correspondingly  varies  the  water  level.  The  stuffing-box  is 
provided  with  an  annular  clKunhor  to  which  a  pipe  M  is  i-on- 
nected,  and  in  tl"'  horizontal  portion  of  the  pipe  G  a  serios  of 
holes  N  is  foniied,  so  that  the  water,  which  flows  tlirou^li  t  lie 
pipe  G,  can  escape  therefrom  into  the  pipe  M  in  any  position 
of  the  pipe  G.  A  water  gauge'  is  fitted  for  indicating  the 
level  of  the  water. 

Ill  the  operation  of  the  apparatus  the  cooling  water  will 
enter  the  water-jacketed  <-hainbers  C  D  through  the  pipe  F 
and  escape  through  the  pipe  G，  the  level  of  the  water  in  tlie 
jacketed  rh ambers  corresponding  with  tlie  position  of  the 
open  end  of  the  pipe  G.  In  moving  the  pipe  from  a  position 
in  which  the  jacket  is  practically  full  to  any  lowor  position, 


Fig. 


Fig.  2.  Fig.  3. 
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part  which  is  retained  in  a  relatively  cool  condition,  such 
water- jacketed  part  being  usually  arranged  at  the  end  of  the 
vaporiser  nearer  to  the  cylinder,  and  the  unjacketed  part  at 
the  end  most  remote  from  the  cylinder,  although  this  arrange- 
ment has  been  sometimes  reversed.  Vaporisers  have  also 
been  constructed  with  two  water-jacketed  part's  arranged  at 
the  ends  of  the  vaporiser  and  with  an  unjacketed  intei*niediate 
part  between  the  jacketed  portions,  the  water-jacketed  parts 
being  supplied  with  cool  water  from  a  common  main  or  so 
arranged  that  the  flow  of  water  through  them  can  be  regu- 
lated. In  practice,  however,  this  method  of  regulation  has 
not  been  found  to  provide  a  sufficient  varying  range  of  tempe- 
rature to  enable  hydrocarbon  or  oil  fuel  of  widely-differing 
qualities  to  be  used. 

To  enable  the  temperature  of  the  vaporiser  to  be  regulated 
with  greater  accuracy,  the  arrangements  illustrated  have  been 
designed  and  patented  by  D.  Roberts,  Spittlegaie  Iron  Works, 
Grantham.  In  the  illustrations,  Fig.  1  is  a  sectional  eleva- 
tion, and  Fig.  2  is  au  end  view  of  the  vapor is,er  provided  with 
water-jacketed  portions  at  the'  ends  and  an  intermediate 
unjacketed  portion.  Fig.  3  is  a  view  illustrating  a  modifica- 
tion in  the  arrangement  of  the  water  discharge  pipe  as  applied 
W  a  vaporiser  having  the  outer  end  only  ； jacketed.  A  indi- 
cates the  vaporiser  having  the  contracted  neck  B  wliicli 
engages  with  the  cylinder,  and  C  D  are  the  water- jacketed 
chambers  formed  around  the  inner  and  outer  ends  respectively 
'or  the  vaporiser,  with  au  intervening  unjacketed  space,  the 
chambers  C  D  being  connected  at  the  top  by  a  passage  E  and 


the  imprisoned  air  within  the  jacket,  or  the  steam  generated 
from  the  cooling  water,  will  q iiickly  force  out  the  water  above 
the  level  of  the  mouth  of  the  discharge  pipe  G. 

In  the  arrangement  shown  in  Fig,  3  the  discharge  pipe  G 
instead  of  being  adapted  to  be  rot atf'd ,  as  in  the  arrangement 
last  described,  is  designed  to  be  raised  and  lowered  through  a 
stuffing-box,  the  pipe  being  connected  to  the  outlet  by  a 
flexible  pipe.  Instead  of  connecting  the  discharge  pipe  G  to 
a  flexible  pipe  as  just  described,  it  may  be  arrau^'c^  so  that 
as  it  is  raised  and  lowered  it  telescopes  into  the  outlet  pipe. 
The  raising  and  lowering  of  the  pipe  P  is  effected  tli rough 
the  medium  of  a  screw  R  having  upon  it  nuts  arranged  in 
connection  with  an  arm  T  connected  to  the  pipe  G. 

Ill  Fig.  4  is  shown  a  vaporiser  with  two  iudependent 
water-jacketefl  rhaiiibers  eacii  of  which  is  provided  with  a 
water-level  regulating  device  of  the  kiiirl  shown  in  Fig.  3. 


New  Type  of  Submarines. ―  There  was  launched  on  Monday 
last  from  the  naval  construction  yard  of  Messrs.  Vickers  the 
first  submarine  of  an  entirely  new  class  for  the  British 
Admiralty.  She  is  known  as  E  2，  No.  1  being  still  on  the 
stocks.  She  is  almost  three  times  as  large  as  those  of  the  A 
class,  and  of  nuioh  greater  beam.  She  will  be  driven  by  a 
heavy  oil  engine,  and  will  be  an  all-round  improvement  on 
anything  yet  turned  out.  She  will  oarry  quick-firing  guns. 
Messrs.  Vickers  have,  we  learn,  just  received  an  order  to 
build  three  super  E  class  for  the  British  Navy. 
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HEAVY-OIL  ENGINES  FOR  MARINE  PROPULSION.* 

BV   G.  C.  DAVISON. 

WiTUJN  the  pa^l  tew  years  there  have  be>eii  various  typefe  o[ 
engiuefi  developed  for  the  purpose  of  using  crude  oil,  or  fuel 
oil.  These  engines  may  be  divided  into  two  general  classes, ~- 
those  working  on  the  constant  volume,  or  Otto  cycle,  and 
those  working  on  the  constant  pressure,  or  Diesel  cycle.  The 
Otto  cycle  ifi  too  well  known  to  require  a  description  here, 
since  it  is  the  cycle  used  in  all  gasolene  and  gas  engines.  Its 
use  is  practically  limited  to  volatile  fuels  and  gases.  K(^rosene 
and  the  heavy  hydrocarbons  have  beeu  used  to  a  limited 
extent  in  engines  of  the'  Otto  principle  by  vaporising  the  fuel 
oil  by  means  of  heat.  But  up  to  the  present,  little  practical 
success  has  rewarded  the  efforts  made  in  this  line. 

The  Die&el  engine,  on  the  other  hand,  has  been  a  success 
I'roui  till'  first  as  a  heavy-oil  engine.  Its  use  wa,s  at  first 
limited  to  stationary  engines.  Success  has  been  &o  marked 
that  tlie  increase  in  the  output  of  these  engines  has  beeu  re- 
markable &ince  its  first  development.  Only  in  the  last  few 
years  has  it  beeu  considered  as  a  marine  engine,  but  it  has 
shown  itself  so  well  adapted  to  marine  propulsion  that  its  use 
afloat  has  rapidly  grown,  so  that  at  the  present  time  it  is  esti- 
mated that  over  250  sea-going  vessels  of  from  a  few  hundred 
to  several  thousand  tons  each  are  now  equipped,  or  being 
equipped,  with  these  engines. 

The  Diesel  cycle  may  be  briefly  described  as  follows :  (1) 
Oil  the  admission  stroke  pure  air  is  drawn  into  the  cylinder. 
(2)  On  the  coriipi'eseion  stroke  the  pure  air  is  compressed  to  a 
pressure  of  about  5001bs.  per  square  inch.  Due  to  such  a 
high  degree  of  compression  the  air  is  heated  to  about  1,000° 
Fah.  (3)  At  about  the  beginning  of  the  return  or  expansion 
stroke  the  liquid  fuel  is  fsprayed  through  a  specially  designed 
valve  into  the  hot  coinpre^ed  air.  Due  both  to  the  high 
pressure  and  the  high  temperature,  the  small  particleij  of  fuel 
are  burned  almost  instantly,  thereby  increasing  the  tempera- 
ture and  maintaining  the  pressure  about  constant  during  the 
first  part  of  the  stroke .  Fuel  is  sprayed  in  until  enough  has 
been  supplied  to  enter  into  combustion  with  the  oxygen  of 
the  air.  When  this  point  is  reached,  usually  at  about  one- 
tenth  the  Ktroke,  the  fuel  valve  is  closed,  and  during  the 
remainder  of  the  stroke  the  hot  products  of  combustion 
expand,  doing  work.  (4)  On  the  next  stroke  the'  products  of 
combustion  are  expelled. 

The  cycle  above  described  is  the  usual  4 -stroke  cycle,  and 
is  the  one  on  which  the  engine  was  first  developed,  and 
hundreds  of  t'liousanck  of  horbe-power  are  iu  use  to-day.  It 
lias  certain  advantages  as  well  as  disadvantages.  The  Diesel 
cycle  is  also  used  ou  the  2 -stroke  principle,  as  is  the  case  with 
engines  of  the  Ofto  cycle,  but  here  again  the  Diesel  cycle  has 
a  great  advantage.  During  the  process  of  scavenging  at  the 
end  of  the  expansion  stroke  the  Otto  cycle,  employing  a  mix- 
ture of  air  and  fuel,  lose®  a  part  of  the  imcoiisumed  fuel 
through  the  exhaust  portts.  The  Diesel  type  of  engine,  on 
the  other  hand,  is  scavenged  by  a  charge  of  pure  air,  and, 
therefore,  no  fuel  is  wasted  in  this  way.  The  fuel  does  not 
enter  the  cylinder  until  after  the  end  of  the  compression 
stroke,  and  every  particle  of  fuel  injected  is  burned  in  tlie 
cylinder. 

From  the  foregoing  it  will  be  seen  thai  the  main  poiiitt?  of 
di  He  re  nee  between  the  Otto  and  Du^cl  cycle  may  be  sum- 
marised a&  follows  ： ― 

/'，〃'/.— Tht'  Diet>t、l  cMigim'  出 ay  ciU|>loy  practically  anv 
I'oriii  of  combustible  liquid,  while  the  (Hto  cyvlv  imi-、t  luso  a 
i^iib  or  vapour. 

Coniprtistilon ,  —Theoretically,  t  hi'  luglitT  I  lu*  compiTssioii 
the  greater  the  efficiency.  There  are  certain  practical  liiniu 
to  this,  and  tlio  Dieted  engine  is  oiiablod  to  attain  thi?>  limit, 
since  only  pure  air  ib  compressed.  In  the  ( )tto  cycle  the 
compression  is  limited  by  the  danger  of  premature  explosion 
due  to  raising  the  teniperatmv  of  the  mixtur*'  bv  tompres- 
siou. 

K  J  plosion. ― Since  the  fuel  is  sprayed  into  the  Diosol 
engine  at  a  rate  just  sufficient  to  maintiiiii  a  t'on"aiit  pressure, 

•  AUstrarl  of  pmn'r  ri-ad  Ipcfoii-  tlie  Socioty  of  Nam* I  Arcbilccls  ami  Mrtiiuc 
ED(;tnL<erH.  New  York . 


there  is  no  explosion,  and,  cousequeutly,  uo  sudden  shocks, 
nor  instantaneous  changes  of  temperature.  This  is  condu- 
cive to  smooth  running  and  long  life  of  working  partb.  The 
Otto  cycle,  on  the  other  band,  is  ba66cl  on  an  explosive 
action. 

From  the  foregoing  it  ifc  seen  why  the  Dkscl  t y|>e  of 
engine  ha.s  shown  itself  so  well  adapted  to  the  use  of  heavy 
oik.  Mechanically  there  are  othi^r  advantages  peculiar  to  the 
Diesel  type,  such,  for  example,  afc  absence  of  an  igniting 
device,  absence  of  a  carburetter,  or  vaporising  device,  all  of 
which  are  delicate  affairs,  and  give  the  greater  part  of  the 
trouble  experienced  with  explosive  engines. 

A  complete  Diesel  engine  requires  certain  auxiliaries. 
These  are  the  air  compressor,  the  fuel  pumps,  a  lubricating 
pump,  and  a  water  circulating  pump.  Tlie  last  two  lueii- 
tioned  auxiliaries  are  also  found  on  all  engines  of  the  Otto 
cycle.  The  air  compressor  is  us u ally  built-  in  two  6 1 ages, 
though  some  designers  prefer  three.  Two  stages  setnn  ample, 
as  the  maxim uiu  air  pressure  u&ed  for  spraying  the  oil  into 
the  cylinders  is  seldom  in  excess  of  l,0001bs.  per  square  inch. 
In  engines  of  a  few  hundred  hor^^-powex  it  is  customary  to 
u&e  only  one  compressor,  on  the  same  bedplate  with  the 
engine,  and  driven  from  a  crank  on  the  main  shaft.  There 
are  no  novel  features  iii  connection  with  the  desigii  of  iliei>e 
compressors.  The  fuel  pumps  are  always  attached  to  and 
driven  by  the  main  engine.  It  is  the  usual  practice  to  supply 
a  separate  puinp  for  each  cylinder,  but  it  is  possible  to 
operate  two  or  more  cylinders  from  one  pump. 

Tlxe  governing  of  the  engine  is  accomplished  by  con- 
trolling the  amount  of  fuel  delivered  by  the  fuel  pumps  to 
the  spray  valves.  In  this  way  the  fuel  is  practically  measured 
out  for  each  stroke  by  the  pump,  and  very  accurate  control 
is  possible.  There  is  no  throttle  valve  employed  ou  these 
engines.  The  amount  of  air  taken  in  and  compressed  on  each 
stroke  is  the  same.  At  half  load,  for  example,  oulv  about 
half  t-he  amount  of  fuel  is  delivered.  This  fuel  burning  in  an 
excess  of  oxygen  is  completely  consumed,  and  imparts  all  its 
heat  to  the  contents  of  the  cylinder.  Hence,  the  engine  is 
efficient  at  reduced  loads,  and  is  as  flexible  as  any  type  of 
i liter n al -com b ust ion  engine.  Governing  of  these  engines  is 
inerely  a  question  of  flywheel  and  number  of  cylinders.  A 
recent  test  of  a  2 -cylinder  stationary  engine,  having  a  co- 
efficient of  fluctuation  of  one-ninetieth,  showed  a  variation  iu 
speed  of  2  per  cent,  from  full  load  to  no  load. 

The  relative  advantages  of  4 -cycle  and  2 -cycle  marine 
engines  may  be  summed  up  as  follows  ： ― 

Eronoinji. ― The  4 -cycle  has  about  8  to  10  per  con  I.  less 
fuel  cousuiiiptioii  than  the  2-cycle.  Taking  an  average  case, 
a  4-cycle  engine  would  use  only  0'461b.  per  horse-power  hour, 
while  a  corresponding  size  3-cycle  engiue  would  consume 
O'oOlb,  of  fuel  per  horse-power  hour.  Thk  is  the  principal 
advantage  of  the  4-cycle  over  the  2-cycle,  but  advocates  of 
the  latter  type  believe  this  differencM_、  in  fuel  consumption  will 
soon  be  reduced. 

// ccf  ( 'onditioihi. ― The  4-cycle  tngiiio  has  the  advantage 
as  regards  the  cooling  of  pistons  and  cylinders,  but  loses  some 
advantage  by  having  an  exhaust  valve  iu  the  head  ex|K)sed  to 
hot  exhaust  gasee. 

Ttirnuuj  Mointnt. ― The  2-cycle  is  much  suiH^rior,  requir- 
ing a  very  much  smaller  flywheel.  Six-cylinder  high-sj>ee<l 
engines  require  no  flywheel. 

Ji(  rtrtitbi/lft/,  —The  2-cycle  is.  again  superior  ：  Fir", 
because  the  same  valve  gear  may  be  u&ed  both  in  the  ahead 
ami  astern  directions,  thereby  "mplifyinp  tlio  coiustriictioii  : 
s  voiul,  bet'aut>o  tor  a  given  en^'ino  twice  tlic  number  of  cvliii 
flers  may  be  brought  into  action  :  and,  third,  because  of 
inertia,  duo  to  reduction  in  weight  of  flywheel,  thf  ongiiir 
"  ill  ros|)ond  quicker. 

n  tif//tt, ― The  2 -cycle  iialurally  ha^  nn  advantage. 

Sjkivc, ― Again,  tin*  *J-cvcle  ha:-  tho  advantage,  due  to  it* 
nature. 

It  seems  to  be  the  general  opinion  of  authorities  oil  the 
subject  that,  for  marine  purj>o&es,  the  2-cycle  in  superior  to 
the  4 -cycle  engine.  For  】iiarine  pur|>oses,  the  suj>erior 
ecoiioniv  of  the  4-cvclr  <、ngim、  liat*  to  Ix-  halancod  apaiiist  ihv 
oven  turniiif;  inoiiieut,  the  siiuplioity,  the  reversibility,  I  ho 
light ucisfr,  and  the  coiupactiie^s  of  the  2-cyclc  engine.    If,  at 
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many  engineers  confidently  expect,  the-  economy  of  tlio  S-cycIo 
can  be  ni ad©  the  same  as  the)  4-cycle,  there'  will  be  no  room 
for  argument. 

Considering  the  present'  developineiit  of  the  two  types, 
the  question,  as  applied  to  stationary  engineisi,  assumes  an 
entirely  different  aspect.  Here  wo  are-  not  greatly  concerned 
with  questions  of  weight,  space,  and  reversibility.  This:  gives 
the  4-cycle  engine,  due  to  its  superior  efficiency,  the  leading 
place.  Consequently,  practically  all  stationary  oil  engines  at 
present  are  of  the  4-cycle  type.  It  remains  to  be'  seen  whether 
they  will  maintain  this  position .  If  the  economy  of  the 
2-cycle  engine  is  improved,  as  many  expect,  thei  question  for 
land  installations  will  then  hinge-  upon  the  cost,  of  manufac- 
ture. When  this  time  arrives  it  is  probable  that  the  2-cycle 
engine  will  become  the  favourite  for  land  as  well  as  sea. 

Going  further  into  the  development  of  oil  engines,  we 
come  to  double-acting  types.  There  are'  now  in  successful 
operation,  horizontal  4-cycle  double-acting  tandem  engines 
developing  500  h.p.  per  cylinder.  Their  use  is  at  present 
limited  to  land  installations. 

The  vertical  2-cycle  double-acting  engine  for  marine 
purposes  is  the  latest'  development.  Several  engines-  have 
recently  been  completed  and  tested.  The  smallest  of  these 
develops  300  h.p.  per  cylinder,  and  the  largest  2,000  h.p.  per 
cylinder. 

A  natural  advantage  of  the  double-acting  engine  is  that 
it  permits  a  reduction  in  weight,  per  home-power.  An  alter- 
native advantage  is-  that  for  a  given  weight  per  horse-power 
it  permits  of  a  reduction  in  piston  speed,  and,  consequently, 
of  a  slower  number  of  revolutions  and  of  a  larger  and  more 
efficient  propeller.  As  it  happens,  the  first  large  marine 
double-acting  engines  have  taken  advantage  of  the  latter  in 
preference  to  the  former  feature.  When  applied  to  large 
ocean-going  steamers,  where  the  question  of  weight  and  space 
is  not  of  paramount  importance  as  compared  to  reliability, 
the  builders  of  tliese  recent  engines  appear  to  have'  been  wise. 
Even  with  the  comparative  low  piston  speed  and  massive 
J) arte,  there  is  a  saving  in  weight  and  space  as  compared  with 
the  usual  steam  plant  for  the  same  class  af  vessel.  It  is 
interesting  here  to  note  that  the  owners)  of  two  of  these  large 
vessels  have  had  occasion  to  complain  of  the  small  space  occu- 
pied by  the  engine,  slow  and  strong  as  it  is,  because  of  the 
rules  for  measurement'  for  tonnage  and  consequent  dues. 
This,  of  course,  is  only  a  passing  phase  of  the'  problem,  and 
is  only  another  instance  of  the  case  where  engineering  develop- 
ments are  ahead  of  the  laws  and  customs. 

In  general,  the'  mechanical  probleni.si  which  have  been  met 
and  solved  in  Diesel  engines  are  of  the  same  nature  as  those 
encountered  in  large  gas  engines.  In  fact,  the  firms  which 
have  done'  most  to  develop  the  oil  engine  have'  had  a  wide 
experience  witli  gas  engines,  and  utilised  much  of  the  know- 
ledge thereby  acquired  in  their  oil  engine  construction.  The 
problem  of  dealing  with  heat  in  cylindersi  and  pistons  is 
dealt  with  as  in  gas  engines.  In  large  marine  engines  the 
latest  tendency  is  to  cool  the  pistons  by  means  of  circulating- 
oil  in  their  beads.  The  heated  oil  on  leaving  the  pistons  is 
passed  through  a  cooler,  consisting  of  a  nest  of  tubes  around 
which  cooling  water  is  circulated.  The  reason  for  using  oil 
as  a  cooling  medium  instead  of  water  is  that  slight  leakages  in 
the  flexible  connections  is  not  objectionable,  and  would  not 
interfere  with  the  lubrication  of  working  parts.  Oil,  how- 
ever, is  not  as  good  a  conductor  as  water,  and  also  has  a  much 
smaller  specific  heat. 

Materials, ― In  the  earlier  types  of  Diesel  engine  the 
columns,  bedplates,  cylinders,  and  water  jackets  were  made 
of  massive  cast  iron.  This  ensured  ample  strength  and  dura- 
bility, but  made  the  engines  very  heavy,  some'  of  them  weigh- 
ing as  much  as  4001bs、  per  horse-power.  As  tbe&e  earlier 
engmesi  were  used  on  land  only  there  was,  and  is,  no  objection 
to  their  heavy  construction.  Wlien  the  attention  of  marine 
engineers  was  directed  toward  heavy-oil  engines,  radical 
changes  in  construction  were  at  once  inaugurated  to  adapt 
them  for  use  on  board  ship.  A&  a  result,  a  number  of  firms 
have  produced  engines  which  are  amply  strong,  and  yet 
lighter  in  weight-  than  the  lightest  steam  plants  afloat.  The 
lightest  engine  which  has  been  built  weighs  only  201b9.  per 
horse-power.    In  this  engine  the  bedplate  and  housing  were 


aluminium,  the  crank  shaft  ami  (,oniie<-tin^  rods  of  special 
high-grade  steel,  the  water  jaokets  of  copiuT,  and  thf*  cylin- 
ders and  pistons  of  cast  iron. 

Certain  4-cycle  marine  engineft  have  hem  constructed  up 
to  1,000  h.p.,  and  weighing  from  dOlbn.  to  GOlbn,  p-r  horse- 
power. In  these  engines  cast  ete^l  bedplates  and  cast  or  built- 
up  steel  housings  havo  been  used.  In  these,  (-ylinders  and 
pistons  are  the  only  ('ast-iron  parts.  These  engines  hav<t 
demonstrated  that  they  are  amply  strong  and  durable. 

Many  2-cycle  marine  engines,  ranging  fro  in  150  li.p.  to 
2,500  h.p.,  have  been  built,  in  which  tho  weight  is  not  more 
thai!  401bs.  per  horse-power.  In  tlioso,  high-grade  bronze 
castings  are  employed  for  bedplates  and  housings. 

Pi "德 Spfffh. 一 The  lowest  speeds  used  are  about  600ft. 
per  minute  in  very  heavy  slow-running  (engines.  Tlio  lii^iest, 
speed  in  the  lightest  types  is  1,100ft.  per  niiiiute.  For  ordi- 
nary work  it  is  perfectly  safe  to  use  a  piston  speed  of  1,000ft. 
per  minute,  as  has  been  found  to  h<^  tlio  case  in  strarn  and 
gas  engines. 

Lubrication. ― In  practically  all  marine  oil  engines  some 
form  of  forced  lubrication  is  u&ed.  Babbitted  bearings  arr 
used  throughout.  Little  or  no  trouble  has  been  found  with 
bearings.  Due  to  the  high  pressures  used,  the  bearings  are 
somewhat  larger  than  in  steam  engines  of  the  same  power. 

Pisfon  Parl'ing, ― The  same  form  of  ordinary  ^-plit  rings 
are  used  a«  in  ordinary  gas-engine  pra('tic<^  On  account  of 
the  higher  pressure  a  greater  number  of  rings  are  employed 
in  oil  engines. 

Stuffivij  /A" 丫'. s'.— For  double-acting  engines  of  this  type  a 
special  form  of  metallic  packing  for  stuffing-boxes  has  to  be 
provided.  The  usual  forms  of  metallic  packing  used  in 
modern  steam  engines  are  inadmissible,  both  on  account  of 
the  high  pressure  and  temperature.  This  problem  has,  how- 
ever, already  been  successfully  solved. 

To  sum  up,  the  only  problems  which  have  had  to  be  solved 
are  those  due  to  the  liigh  pressure  and  temperature  in  the 
cylinders.  All  these  problems  have  been  successfully  solved, 
so  that  there,  are  now  fully  a  score  of  different  designs  in 
successful  operation.  From  lliis  it  should  not  be  assumed 
that  these  practical  problems  are  easily  and  cheaply  solved. 
Their  solution  represents  years  of  expensive  experimental 
work  on  the  part  of  manufacturers,  who  naturally  retain  for 
their  own  use  the  practical  knowledge  thus  derived.  Ordi- 
nary steam-engine  and  gas-engine  practice  cannot  be  followed 
without  some  modification. 

Tests. ― Many  tests  have'  been  made  with  various  types  of 
these  engines,  and  have  been  given  in  the  technical  press  of 
the  world.  The  most  important  results  are  in  connection  with 
fuel  consumptioti.  These  show  an  extreme  range  from  0'41b. 
to  0'61b.  fuel  per  horse-power  hour.  Some  of  these  tests 
have  extended  over  several  weeks  of  continuous  running  on 
the  test  stand.  The  results  of  recent  voyages  of  ships  fitted 
with  these  engines  have  demonstrated  the  remarkable  fuel 
economy  obtainable. 

It  has  been  estimated  that'  over  250  vessels  in  tlie  world 
are  to-day  fitted  with  oil  engines.  Submarine  torpedo  boats 
form  a  large  part,  of  this  number.  These  vessels  usually  have 
from  600  h.p.  to  2,000  h.p.  France  is  now  constructing  sub- 
marines having  two  oil  engines  of  2,500  li. p.  each.  Russia 
has  had  gunboats  of  600  h.p.  each  for  several  years.  Italy  is 
building  a  torpedo-boat  destroyer  equipped  entirely  with  oil 
engines.  England  has  ordered  a  destroyer  having  an  oil  engine 
for  cruising  purposes  and  steam  turbines  for  high  speed.  Ger- 
many is  reported  to  have  an  engine  of  12,000  h.p.  for  use  on 
one  of  her  latest  battle-ships  for  cruising  purposes.  Austria 
has  a  cruiser  with  two  900  h.p.  2-cycle  engines.  The  fore- 
going does  not  pretend  to  be  a  complete  list  of  what  foreign 
navies  have  already  doue  in  connection  with  these  engines. 

In  the  merchant  marine  the  following  instances  may  be 
mentioned.  In  Russia  a  number  of  tank  steamers  have  been 
running  on  the  Black  Sea  for  the  past  few  years,  using  oil 
engines  of  about  600  h.p.  In  Fram*e  iho  Barque  Quivillv, 
fitted  with  two  300  h.p.  Niu'embm'g  engines,  has  crossed  the 
Atlantic  three  times  and  her  engines  have  been  pronounced 
a  great  success.  The  owners  of  this  vessel  are  now  building 
another  ship  to  be  fitted  with  still  larg^er  engines.  Other 
vessels  with  oil  engines  are  in  dailv  use  in  that  country.  In 
Germany  the  firm  of  Blolun  A'  Voss  has  already  finished  a 
7,000-ton  ship,  to  be  equipped  with  two  engines  of  1,000  li.p. 
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each.  These  are  the  first  double-acting  2-cycle  oil  engines 
ever  built,  having  been  designed  by  the  Nuremburg  branch 
of  the  Masc-hineiifabrik  Augsburg-Niirnberg  A  G.  One  of 
these  engines  was  built  by  Messrs.  Blohm  &  Voss,  the  other 
at  Nurernburg.  These  engines  are  heavy  and  strongly  built 
and  run  at  a  slow  speed— 125  revs,  per  minute.  These  engines 
havo  but  three  working  cylinders.  On  account  of  the  success 
obtained  with  these  engines,  Messrs.  Blohm  &  Voss  are  now 
building  a  cargo  vessel  of  1 1,000  tons.  The  engines  for  this 
ship  are  of  1,500  h.p.  each,  ami  work  on  them  is  well  under 
way.  In  England  and  Holland,  a  number  of  large  vessels 
])ropel UhI  by  oil  engines  liave  already  been  built  and  others 
are  building,  but  space  will  not  permit  of  a  further  discussion 
of  this  phase  of  the  subject.  Considering  the  short  time  in 
which  this  development  lias  taken  place  it  appears  truly 
remarkable. 

In  view  of  the  rapid  progress,  and  the  world-wide  interest 
in  this  'new  engine/ some  of  its  leading  advantages  are  here 
reviewed,  and  will  fully  explain  why  it  is  considered  such 
an  important  matter. 

Economy  of  Fuel. ― Under  ordinary  conditions  a  vessel 
propelled  by  steam  will  consume  about  21bs.  of  coal  per  horse- 
power hour.  In  daily  practice,  due  to  unfavourable  condi- 
tions, such  as  bad  firing,  inferior  qualities  of  coal,  leaky 
valves  and  pistons,  &c.，  the  consumption  frequently  exceeds 
31bs.  of  coal  per  horse-power-hour.  The  oil  engine  consumes 
about  ilb.  of  fuel  per  】iorse'-power  hour.  The  variation  from 
til  is  amount  is  slight.  For  large  engines  under  certain  con- 
ditions the  consumption  would  be  slightly  less.  Generally 
speaking,  as  extreme  limits,  the  oil  consumption  may  be  said  to 
vary  from  0'41b.  to  0'61b.  per  horse-power  hour.  Therefore, 
for  a  given  weiglit  of  fuel  a  ship  propelled  by  oil  engines 
would  have  from  four  to  six  times  the  radius  of  action  of  a 
similar  ship  propelled  by  steam .  From  a  military  point  of 
view  this  advantage  alone  is  so  overwhelming  as  to  force  all 
navies  to  eventually  adopt  oil  fuel  for  the  fighting  ships  of 
the  future.  Aside  from  the  military  advantage  of  increased 
cruising  radius  there  is  a  decided  commercial  advantage  result- 
ing from  fuel  economy.  The  extent  of  this  advantage  is  a 
mere  matter  of  arithmetic,  depending  on  the  relative  cost  of 
oil  and  coal  in  the  port  from  which  the  vessel  operates. 

A  t tendance. ― The  economy  in  the  cost  of  fuel  is  but  one 
item  in  the  total  saving  due  to  the  use  of  oil  engines.  In 
general  terms  it  may  be  stated  that  the  cost  of  attendance  of 
a  heavy  oil  engine  is  about  half  t:::it  of  a  steam  plant  of  t!io 
same  power.  The  expenses  due  to  water  tenders,  firemen,  and 
coal  passers  is  entirely  eliminated.  Due  to  the  absence  of 
these  persons  on  board  a  ship  tliere  is  an  incidental  saving  of 
space  ill  the  living  quarters,  which  would  prove  of  consider- 
able value  in  any  vessel,  and  especially  in  a  naval  ship. 

Weight, 一 As  regards  the  item  of  weight  of  plant,  exclusive 
of  fm>l，  tlie  advantages  are  all  in  favour  of  oil  engines.  Com- 
paring liglit-class  installations,  the  steam  plant  will  weigh 
about  601  bs.  per  horse-power,  while  the  oil  engine  will  weigh 
less  than  401bs.  per  horse-powor.  Taking  heavier  installations, 
as  in  a  merchant  vessel,  the  difference  is  still  more  striking, 
the  oil  eiicrine  weighing  from  one-half  to  one-fourth  of  the 
steam  plant  of  the  same  power. 

Space. ― As  regards  space  occupied,  the  oil  engine  will 
require  less  than  half  that  occupied  by  a  steam  plant.  Tin's 
applies  to  both  heavy  ami  light  types  of  oil  engines  when 
coiiipared  with  heavy  and  light'  types  respectively  of  steam 
installations. 

En du ranee. —To  maintain  full  speod  for  considerable 
lengths  of  ti me  on  naval  vessels  propollod  by  steam  involves 
such  strenuous  work  on  the  part  of  tlie  fireroom  force  tliat 
as  a  matter  of  fact  very  highly  powered  vessels,  such  as 
destroyers,  soldoin  if  o vo r  liavo  boon  al)l*'  to  mako  a  run  at 
full  spood  ('orrcspoiuliu'^  in  lengili  with  tlio  total  fuol  supply. 
With  oil  engines,  however,  there  being  no  fireroom  force,  this 
drawback  does  not  exist.  Tlie  ens^ines  nrc  desii^nied  with  a 
view  to  continuous  runninp.  and  aside  from  the  extra  vigi- 
lanoo  win  ell  any  oiitrinoer  would  nalurallv  E^ive  his  ongine 
、vhen  running  at  full  spoecl,  no  extra  strain  or  li an! ship  is 
inflicted  upon  tlie  personnel. 

Jtfpahs. 一 The  voarly  avoraijo  cost  of  repairs  arc  much  loj^s 
for  an  oil-engino  plant  than  for  a  stoam-en^iiio  plant.  This 
follows  from  the  fact  thai  not  only  are  the  boilers  and  their 
auxiliaries  olinnnat^d,  but  also  important  auxiliaries  surli  as 
ron(loiisei*s  aiul  air  pumps  disappear  with  tlio  adoption  of 
oil  engines.    Tlio  lat t 1i avc  on  1  v  i li roo  small  auxiliary  puiii ps. 


usually  driven  by  the  ongine.  These  are  the  wat-er-circulatiug 
pump,  the  lubricating  purup,  and  the  fuel  pump.  On  account 
of  the  consequent  simplicity  of  the  oil-engine  plant,  regarded 
as  a  whole,  with  the  consequent  reduction  in  the  number  of 
parts,  it  is  easy  to  see  why  there  should  he  such  a  great  reduc- 
tion in  the  cost  of  repairs. 

lieliahilifi/. 一 In  an  oil  engine,  each  cylinder  ifi  in  many 
respects  an  independent  unit.  Not  being  dependent  upon 
so  many  external  units,  sucli  as  boilers,  feed  pumps,  con- 
densers, air  pumps,  lines  of  st^ani  piping,  the  probabilities 
of  any  accident  external  to  the  engine,  causing  the  plant  to 
stop,  are  very  remote  in  comparison  with  the  steam  plant. 
In  the  event  of  an  accident  to  one  cylinder,  such  as  a  frac- 
ture, such  cylinder  could  be  run  idle  while  the  other  cylinders 
would  independently  develop  their  power. 

A  hsence  of  Smoke. —— This  is  a  purely  military  advantage, 
much  sought  after  but  not  heretofore  obtained  with  coal. 
With  oil  engines  there  is  a  complete  absence  of  smoke.  • 

Funnels, ― In  a  war  vessel  it  has  been  found  that  unpro- 
tected funnels  are  a  great  menace  in  action.  With  tlio  oil 
engines,  the  need  for  a  funnel  disappears. 

Cleanliness.— Hsi^ving  no  coal  smoke  nor  cinders,  a  vessel 
using  oil  engines  would  be  as  easy  to  keep  rleaji  as  one  of  the 
old  sailing  ships. 

Readiness  for  Action, ― With  modern  water-tube  boilers 
and  turbines  it  is  still  necessary  to  spend  about  an  hour  get- 
ting up  steam,  warming  the  engines,  &(••，  before  the  vessel 
is  ready  to  move.  With  oil  engines  none  of  these  prepara- 
tions are  necessary.  The  engine  is  ready  to  run  at  a  few 
seconds'  notice. 

Time  for  Loadinr/  Fuel. 一 To  coal  a  war  vessel  quickly  is 
of  such  paramount  importance  that  it  is  now  the  custom  to 
make  an  evolution  of  this  event,  the  services  of  every  officer 
and  man  of  the  crew  being  required.  But  in  spite  of  this, 
coaling  is  still  a  matter  of  one  or  more  days.  With  oil  fuel 
it  ceases  to  be  a  matter  of  manual  labour,  but  is  dependent 
solely  on  the  equipment  used ― on  the  pumps  and  sizes  of 
piping  used,  and  with  any  vessel  could  be  easily  reduced  to 
a  matter  of  an  hour. 

It  will  not  be  long  before  high-powered  vessels  equipped 
with  internal-combustion  engines  will  become  familiar  objects. 
According  to  accounts,  Italy  has  reoeutly  ordered  a  destroyer 
equipped  with  internal-combustion  engines,  while  England 
lias  ox'dered  one  to  be  built  by  Thorr.vcrofts  in  which  theiv 
will  be  an  internal -combustion  engine  on  tlie  middle  sliaft 
for  cruising  purposes,  wliilo  the  out^r  shafts  are  driven  hy 
steam  turbines. 


Metallography  in  the  Foundry ―  At  a  meeting  of  the  Glas£ro\v 
branch  of  the  Foremen's  Mutual  Benefit  Society,  a  lecture 
was  delivered  by  Mr.  H,  S.  Primrose,  metallurgist  to  Messrs. 
G.  &  J.  "Weir,  Ltd.,  Cathcart,  on  the  subjei't'  of  "  Practical 
Metallography. "  The  value  of  this  to  tlie  practical  "lan 
was  demonstrated  by  a  nuinbor  of  lantern  slides  showing 
photo-micrographs  of  various  kinds  of  metal,  and  illus- 
trating the  effect  of  different  methods  of  casting  and  sub- 
sequent lioat  troatnuMit.  The  causes  of  failure  in  iron  rastiiiijs 
were  discussed,  and  the  non-ferrous  alloys  used  in  brass 
foundries  were  shown  to  depend  more  upon  their  structural 
condition,  as  revealc<l  by  tlio  niioro?rope,  than  their  actual 
chemical  com  position.  The  methods  of  roiuodying  some  of 
the  founder's  troubles  were  indii-ateil  as  being  to  a  large 
extent  dependent  upon  a  proper  microscopical  investigation 
of  the  metal  - 

Danger  of  Mine  Explosions. ― In  a  recent  lecture  on  Fire 
(lanij)  and  Coal  Dust /  Mr.  G.  H.  Winstanley,  M.St、.，  of 
Sheflield,  said  that  the  atinospliere  in  a  colliery,  charged  witli 
n  per  cent,  of  firedamp,  was  explosive,  and  tlie  greatest 
explosive  violence  was  experienced  at  10  per  cent.  Wlien 
tbe  percentage  exceeded  16,  however,  the  mixture  was  not 
explosive,  because  there  was  insufficient  oxygen  to  pronioto 
combustion.  To-dav,  liowovor,  firedamp  was  not  relatively 
a  more  serious  element  of  danger  than  coal  dust.  beoaus(^  the 
ventilation  in  all  properly-equipped  collieries  made  it  the 
simplest  possible  operation  to  render  inflammable  pas  hanii- 
less  by  taking  care  that  its  molecules  or  particles  wore  so 
separat<Hl  that  one  could  not  ignite  the  other.  He  was  in 
the  neighbourhood  of  Hulton  three  weeks  before  the  terrihl** 
explosion  wliioli  result<*<l  in  the  lo«is  of  344  lives.  13  months 
ago,  and  it  was  a  pathetic  coincidence  that  he  tlien  used 
similar  arguments  by  way  of  warning  that  ho  was  now  using. 
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THE  INFLUENCE  OF  TIN  AND  LEAD  ON  THE  MICRO. 
STRUCTURE  OF  BRASS.* 

BY  F.  JOHNSON,  M.SC. 

With  a  view  to  elucidating  the  exact  relations  which  exist 
between  tin  and  lead  when  occurring  together  in  brass,  th〔， 
author  recently  made  a  series  of  experiments,  which  are  herein 
described. 

The  statement  made  by  Prof,  Louis  in  a  paper  on  the 
" Failure  of  a  Brazed  Joint/'  read  by  him  at  the  191  ]  autumn 
meeting  of  this  Institute,  was  challenged  by  the  author  in  his 
contribution    to    the    discussion.      The    statement,  which 


The  coppei-  was  m''l"''l  uikI.t  a  layer  of  charcoal  in  a 
covered  clay  crucible,  the  zinc  and  tin  added,  the  jnixtun- 
well  stirred  with  a  charred  stick,  ami  allowed  to  cool  tm 山' r 
charcoal  in  the  crucible. 

Microscopical  Lxamination.— When  quite  cold,  microsectioiis 

were  sawn  from  each  alloy,  ground  on  an  <nnery  wWI， 
polished  on  graded  emery  papers,  and  finally  with  globe  polish 
on  chamois  leather.  The  surface  was  etched  with  a  <lilut« 
solution  of  aiiHiionium  persulphate.  In  alloy  I.  (see  Fi^.  1) 
there  were  numerous  areas  similar  in  structure  and  colour  to 
the  S  constituent  (SnCu^)  appoariii^  in  ^uii-inetal  (e.f,.,  88  pf'r 
cent,  copper,  12  per  cent.  tin).  An  excellent  illustration  of  this 


Fig.  1. ― Alloy  I. 
70/30  brass,  containing  0*75  tin.  Showing 
insolubility  of  JSnCu^    in    the    a  phase. 
Magnified    180   diameters.    Vertical  illu- 
Etched. 


Fig.  2.— Alloy  11. 
Naval  brass,  slowly  cooled,  showing  solu- 
bility of  vSnCu^  in  the  p  phase.  Magnified 
180   diameters.  Vertical 
Etched. 


Fig.  4, ― Alloy  III. 
Pure  brass,  slowly  cooled,  2  copper  to  1 
zinc.     Shows  areas  of 且.    Magnified  180 
diameters.  Vertical  illumination.  Etched. 


referred  to  the  reticulated  structure  caused  by  the  presence 
of  lead  and  tin  in  a  brazed  ； joint',  was  as  follows  ：  "  I  have 
therefore  no  doubt  but  that  this  appearance  was  caused  by  an 
alloy  consisting  essentially  of  lead  and  tin,  much  more  fusible 
than  brass,  which  solidifies  about  the  crystals  of  brass  ；  the 
planes  thus  formed  constitute  planes  of  weakness,  liable  to 
yield  under  strain,  and  thus  allowing  liquids  to  penetrate  into 
the  mass  of  the  metal."  Experimental  alloys  were  made  by 
Prof.  Louis,  with  the  object  of  imitating  the  composition  and 
structure  of  the  braze. 

Since  those  alloys  were  not  analysed,  however,  it  can  not 
be  said  that  they  exactly  corresponded  to  the  braze  in  com- 
position, but  it  is  quite  probable  that,  owing  to  the  inevitable 
loss  of  some  zinc  when  making  brass  alloys. ，  the  analyses 
would  approximate  fairly  closely,  fpr  the  ratio  of  zinc  to 
copper  used  in  preparing  the  experimental  alloys  was  higher 
(viz.,  33-3  to  66  (5)  than  that  in  the  braze  (31*3  to  66'6).  The 
structure  of  the  braze  was  imitated,  however,  with  a  definite 
degree  of  success,  the  reticulations  being  faithfully  repro- 
duced. : 

The  Influence  of  Tin. 一 Sd  far  as  the  author  has  been  able 
to  judge  from  his  experience  with  commercial  brass  alloys,  it 
has  seemed  to  him  that  tin  could  exist  in  solid  solution  in 
brasses  consisting  wholly  of  the  a  phase,  after  the  processes  of 
cold-drawing  and  annealing,  to  the  extent  of  at  least  1  per  ' 
cent).  ；  also  to  the'  same  extent  at-  least  ii :  alloys  consisting  of 
the  a  and  /3  phases,  in  the  cast  or  roMed  condition.  In  order 
to  confirm  this,  the  author  made  alloys  of  the  following  com- 
position ： —— 


Copper 
Zinc 
Tin  .. 


^  Grammes. 
."70 
. "729-25 
.  0,75 


IL 

(Naval  Brass. ) 


Grammes. 
62-0 
37-0 
10 


Electrolytically-deposited  copper,  the  purest  stick  zinc,  and 
Straits  tin  were  used. 

*  Paper  read  befoi*e  the  Ipstitiite  of  JVI©tttIs,  Jfiimary.  1912, 


constituent  is  shown  in  Law's  "  Alloys,"  photomicrograph 

Alloy  II.  (naval  brass)  showed  none  of  these  areas,  the 
typical  structure  caused  by  the  presence  of  the  a  and 
phases  together  being  revealed.     As  will  be  seen  from  Fig.  2， 
there  are  just  traces  of  thin   pale  blue  films   of  SnCu'^ 
separating  the'  two  phases  ；  there  are  two  small  patches  also 
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PERCENTAGE  COPPEF? 

Fio.  3. ― Shepherd's  Diagra m. 

visible  in  one  of  the  ^  areas,  sufficient  time  appareutly  not 
having  been  allowed  for  its  complete  solution.  These  passed 
entirely  into  solution  after  annealing  at  800^  C.  The  results 
of  these  experiments  point  to  the  very  slight  solubility  of  tin 

*  The  author  regards  only  the  white  uiateriftl  as  SnCu*  it  havin*;  been  thrown 
out  from  what  was  a  solid  solution  of  SuCu^  in  the  a  phase  at  bi«h  U'lnperaturfs. 
This  solid  solution  appears  as  a  i>ale-brouze  structureless  QQDsti^neQt      flUloy  [, 

quenched  at  70g**  C, 
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ill  the  o,  phase  as  cast,  ami  to  its  almost  complete  solubility 】n 
the  p  phase. 

In  order  to  test  the'  effect  of  mechanical  work  and  anneal- 
ing on  the  solubility  in  the  a  phase,  a  piece  of  alloy  I.  was 
rolled  cold  from  Jin.  to  ^in.  thickness,  and  annealed  for 
half  an  hour  at  860°  C.，  and  cooled  slowly.  After  polishing 
and  etching,  it  was  seen  that  very  little  of  the  SnCu^  con- 
stituent was  visible,  most  of  it  liaving  passed  by  diffusion 
into  the  a  crystals.  In  commercial  alloys  of  70/29/1  compo- 
sition, it  is  quite  probable  that  practically  all  of  the'  tin  is 
thus  made  to  pass  into  solution  by  annealing  subsequent  to 


latter  course,  so  that  the  above  alloys  III.,  IV.,  and  V.  may 
be  taken  to  correspond  respectively  to  Prof.  Louis's  alloys 
A，  B，  and  D. 

It  will  be  noticed  that  the  ratio  of  copper  to  zinc  (2  ：  1)  is 
constant  throughout.  According  to  Shepherd's  diagram, 
Fig.  3，  this  alloy  (No.  III.)  should,  under  sufficiently  slow 
cooling,  consist  entirely  of  the  phase.  In  ordinarily  cooling 
such  an  alloy,  however,  and  even  with  the  retarded  rate 
of  cooling  adopted  by  the  author,  a  true  state  of  equilibrium 
is  not  attained,  and  some  of  tlie  [i  phase  remains  undissolved 
(see  Fig.  4).  This  phase,  although  stable  at  a  high  temperature, 


hiQ.  5.— -Alloy  IV. 
Showing  effect  of  quenching  at  800"*  C.， 
brass  containing  the  tin  bearing  p  phase. 
Magnified  ISO  diamotors.  Etched. 


Fig.  6. ― Alloy  IV. 
Same  as  Alloy  III.,  but  containing  tin. 
Shows  .separation  of  SnCu^  constituent 
from  t lie /3  phase.    Magnified  180  diameters. 
Vt'rtif'al  illumination.  EtcluMl. 


Fig.  7. ― Alloy  V. 
ShoMing  existence  of  lead  (black  spots) 
independently  of  the  SnCii^  areas  in  brass. 
Magnified  40  diamoters.  UneteluMl. 


rolling  or  drawing.  The  author  would  strongly  advocate 
tliorough  annealing  at  a  red  】ieat  of  these  alloys  at  every 
stage,  in  order  to  procure  homogeneity  of  composition,  as  well 
as  maximum  softness  for  subsequent  mechanical  "  work." 

Influence  of  Lead.— Several  workers  have  shown  that  it  exists 
in  the  free  state  in  brass,  polished  sections  of  the  latter  show- 
ing black  spots  and  int-ercrystalline  areas.  Beugough  and 
JIudson*  have  very  clearly  pointed  out  the  nature  of  its 
occurrence  in  70/30  brass  in  the  following  words  ：  "The 
presence  of  lead  is  indicated  in  more  or  less  rounded  particles 
scattered  through  the  crystals."'  Law,  +  ainontrst  others,  has 
shown  that  lead  exists  in  a  similar  condition  in  bronze.  The 
blackness  of  these  areas  is  probably  due  to  the  excessive  soft- 
ness of  the  particles  of  lead,  which  are  rubbed  away  to  a 
greater  extent  during  the  polishing  than  the  harder  crystals 
of  brass,  thus  leaving  microscopical  pits,  from  which  tho"liglit 
from  the  illuiniiiator  of  the  iiiicroscope  is  not  suitably 
reflected.  * 

Influence  of  Lead  and  Tin  together.— In  order  to  clear  up  the 
point  as  to  the  nature  of  llic  "  reticulations which  Prof. 
Louis  believes  to  be  "  an  alloy  consisting  essentially  of  lead 
and  tin,"  alloys  were  prepared  rorros|)onding  to  Prof.  Louis's 
alloys  A，  B,  and  D.  They  were  prepared  in  exactly  the  same 
way  as  alloys  I.  and  II. ，  and  were  constituted  as  follows : 一 


III. 

(Pure  Brass. ) 

IV. 

V. 

(Irninmos 
Copper          .,  (ir>  ()6 
Zinc              .  . 

Zinc  • 
Tin  . 

<  ； rainiues 
.. 0-7.") 

( V>|)|>pr 
Ziiu- 
Tin  .. 

, , , . <^ 

It  is  not  clear  from  Prof.  Louis's  description  whether  he 
added  the  impurities  in  the  above  way,  or  wliether  lie  substi- 
tuted tbem  for  equivalont  weights  of  copper  or  zinc.  The 
difference  would  be  of  little  importance  if  he  did  take  the 

T,、":':'"The,Seft  T,<J，tmeut  of  Brass'"  Bengough  aud  Hudson,  "JoutdiU  of  the 
lusUtute  of  Metalfl,  '  No.  2.  Vol.  IV. 

t  "Alloys."  i、a^e  】'20. 


is  unstable  at  norma]  temperature.  It  will  be  noticed  that 
the  patches  of  /3  are,  like  the  a  phase,  structureless. 

In  alloy  IV,  similar  patches  of  /3  occur,  but  they  are  no 
longer  structureless.  The  pale  blue  compound  SnCu-^  is 
clearly  seen  in  bunches  of  grains,  and  as  a  film  of  beautifully 

uniform  thickness  en- 

J 


4 


Fit"  8. ― Ali.(>、  V. 
8  a  mo  as  Fig.  7,  iindiT  lughor  magnification. 
Magnitiod  180  diamoters.    Wvtital  iliumi- 
nation.  Etche<l. 


veloping  this  consti- 
tuent. The  author 
assumed  this  to  l)e  the 
result  of  decomposition 
of  a  solid  solution  of 
SnCu^  in  the  /3  phase, 
having  proved  its  com- 
parative insolubility 
under  similar  condi- 
tions in  the  a  phase 
(Fig.  1)，  and  its  solu- 
bility in  the  (i  phase 
(Fig.  2). 

If  this  assumption 
were  correct,  a  speci- 
men of  the  alloy 
quenched  at  800~  C. 
should  show  no  free 
SnCu^,  on  account  of 
the  greater  volume  of 
8  which  exists  at 
that  temperature . 
Fig.  5  shows  this 
to  be  the  case . 
The     specimen  was 


kept  at  850°  C.  for  half  an  hour,  and  then  quenched  from 
about  800。  C.  in  cold  water. 

Tlie  duplex  character  of  the  constituent  in  this  case  can 
possibly  bt»  t^xplained  by  one  of  t  wo  theories  ；  either  ：  (1)  It 
represents  a  stage  in  tlie  transition  of  /?  to  o  where  the. two 
phases  exist  in  intimat-e  mixture.  In  such  a  case  the  tin  is 
in  solid  solution  in  the  /3  particles.  Or,  (2)  it  represents  an 
intimate  mixture  of  two  constituent*,  one  corresponding  to 
the  (3  constituent  of  the  brasses,  aud  the  other  rorrespondiug 
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to  the  /3  constituent  of  the  bronzes,*  the  latter  having  pos- 
sibly existed  in  solid  solution  in  tlie  former  at  a  liiglier  tem- 
perature, though  this  is  doubtful.  It  is  shown  in  tho 
photomicrograph  ai  the  stage  above  tliat  at  which  it  will 
deposit  SnCu^  on  slow  cooling. 

Since  a  piece  of  the  pure  brass  alloy  (III.)  showed  no  such 
duplex  structure  when  submitted  to  the  same  treatment,  the 
author  is  inclined  to  favour  the  second  theory.  Whatever 
the  theory  may  be,  the  separation  of  SnCu^  as  "  reticula- 
tions ，' can  be  safely  ascribed  to  insufficiency  of  tiie  [j  con- 
stituent to  hold  it  in  solid  solution. 

Incidentally,  it  will  be  noticed  that  the  fi  constituent 
occupies  a  greater  area  in  the  quenched  tliau  in  tlic  slowly 
cooled  specimen  (compare  Fig.  5  and  Fig.  6).  This  is  only 
what  one  would  expect  from  a  study  of  Shepliiud's  diagram. 

Fig.  7  shows  the  appearance  of  alloy  V，  under  l{?w  power. 
The  presence  of  free  lead,  as  globules  and  intercrystalliiie  areas 
is  shown  by  the  black  spots  ；  these  are  not  present  in  alloys 
III.  and  IV. ，  which  contain  no  lead.  The  "  reiiculations 
which  appear  as  faint  light-coloured  meshes  (specimen 
unet<:hed)  are  due  to  SnCvi^ -bearing  areas,  and  these  have 
exactly  the  same  structure  as  that  shown  in  Fig.  6  when 
viewed  under  high  power.  Fig.  8  shows  this  alloy  under 
higher  power  and  after  .etching.  The  black  particles  of  lead 
are  seen  clearly,  having  a  separate  identity  from  the  "  reti- 
culations." 

~  Conclusions. 一 (1)  Tin  is  only  slightly  soluble  in  the  a  phase 
of  the  degree  of  concentration  existing  in  70/30  alloys  as 

-*：  cast.  Rolling  and  annealing  help  it  to  pass  into  solution. 
(2)  Tin  is  readily  soluble  in  the  (3  phase  (limit  undetermiue-l) 
as  contained  in  alloys  of  naval  brass  and  Muntz  metal  type, 
even  in  the  cast  condition.  (3)  The  "  reticulations  '，  caused 
by  the'  presence  of  tin  in  a  brass  in  whicli  the  ratio  of  copp^i* 
to  zinc  is  2  : 1  have  no  structural  relations  with  any  lead 
whicli  may  be  present,  the  latter  existing  in  the  "  free  '' 
state.  This  is  probably  true  of  all  a  brasses,  (4)  The 
" reticulations  "  are  due  to  the  deposition  of  SnCu^  from  the 
/3  constituent,  which  is  insufficient  in  quantity  to  retain  it 
in  solid  solution. 

Finally,  the  author  would  point  out  how  the  foregoing 
experiments  explain  why  it.  is  advisable  in  works  practice  : 
{(i)  Thoroughly  to  anneal  castings  of  the  70/29/1  and  the 
62/37/1  (naval  brass)  compositions  before  subjecting  them  to 
】Tiechanical  treatment,  in  order  that  the  brittle  tin  compound 
may  pass  into  solution  ；  (A)  to  allow  material  made  of  naval 
brass  to  cool  slowly  after  annealing  for  the  same  reason. 

*  The  author  only  wishes  to  imply  that  the  similarity  exists  so  far  as  the  allo- 
tropic  change  is  concerned,  not  as  regard s  comiiosition.  The  composition  is 
l)rol)abIy  that  of  the  pale -bronze  constituent  mentioned  in  a  previous  footnote, 
which  would  naturally  deposit  SnCUi  on  slowly  cooling,  just  as  it  did  in  the  ca^e 
of  alloy  I. 


The  Iron  and  Steel  Institute. ― The  annual  general  meeting 
will  be  held  at  the'  Institution  of  Civil  Engineers,  London, 
on  Tluu'sday  and  Friday,  May  9th  and  10th,  1912.  The 
president-elect  (Mr.  Arthur  Cooper)  will  be  inducted  into  the 
<-'liair  and  will  deliver  his  presidential  address.  The  Bessemer 
Medal  foi*  1912  will  be  presented  to  Mr.  John  Henry  Darby, 
Member  of  Council,  and  a  selection  of  papers  will  be  read 
and  discussed.  The  annual  dinner  will  be  held  at  the  Con- 
naught  Rooms,  Great  Queen  Street,  W.C.,  on  Thursday, 
May  9th. 

Light  Alloys  of  Aluminium  and  Cobalt. ―  A  study  of  the 
mechanical  properties  of  light  aluminium  alloys  containing 
cobalt,  by  H.  Schirmeister,  shows  that:  the  greater  strength 
is  given  by  those  containing  from  9  to  12  per  cent,  of  cobalt  ； 
tJie  tensile  strength  is,  however,  little  more  than  that  of 
pure  aluminium.  The  structure  is  coarsely  crystalline.  The 
addition  of  from  0'8  to  1'2  per  cent,  of  tungsten  renders  the 
structure  fine,  and  increases  ihe  strength  to  two  or  tliree 
times  that  of  cast  aluminium.  Such  alloys  have  a  specific 
gravity  2*8-2*9  ；  they  work  and  polish  well,  and  are  very 
stable  in  air.  Molybdenum  has  tile  same  effect.  The  further 
addition  of  tungsten  is  disadvantageous.  The  alloys  should 
not  be  prepared  directly  from  their  constituents,  but  by 
means  of  rich  intermediate  alloys  of  tungsten  and  cobalt, 
b?st  prepared  by  Goldschmidt's  process.  Clay  crucibles  must 
bp  used ,  carbon  and  sulphur  being  completely  excluded. ― 
" Journal  of  the  Institute  of  Metals." 


AULD  &  GRAHAM'S  RELIEF  VALVE. 

The  relief  valve  shown  in  the  arrompanyin"'  illustrations,  tlie 
joint  iiiveiitioti  of  J(jIui  Auld，  Wliitevale  FouiHlry,  Rochester 
Street,  Glasgow,  ami  John  Graham,  has  been  designed  riiorp* 
particularly  for  regulating  tlie  pressure  of  stoani  supplied  to 
turbines  or  for  similar  i>iir|joses.  The  main  valve  C  is  con- 
nected to  a  balancing  piston  B  working  vvitliiii  a  ('ylimlf'r  I) 
which  itiay  be  placecl  eitljer  above,  as  shown,  or  below  the 
main  valve  C.  An  auxiliary  duplex  valve  A  is  fitted  besido 
the'  main  valve  C  outside  its  ('asinj^  ami  is  ronm'rtwl  by  its 
spindle  to  diaphragiii  E,  which  is  fitted  with  st iflV'iiiiig  mntal 
plates  above  and  below.  The  lower  end  of  the  auxiliary 
(luplox  valve  spindle  is  actf'd  on  by  a  weighted  lever  F.  This 
auxiliary  valve  has  two  working  faces  for  which  two  seats  aro 
provided.  One  valve  face  and  seat  close  a  passage  if';"ling 
from  the  space  within  the  cyliiuUu*  D  above  the  balancin<^ 
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piston  B  of  the  main  valve  C  to  the  atmosphere  by  the  chut 
P，  while  the  other  face  being  simultaneously  lifted  off  its  seat 
opens  a  passage  G  from  the  main  valve  steam  inlet  H  to 
cylinder  D,  the  duplex  valve  A  being  so  arranged  that  wheti 
it  opens  one  passage  it  closes  the  other.  A  non-retuni  air 
valve  J  is  fitted  iu  the  duct  G  from  the  steam  inlet  to  the 
cylinder  D  above  the  balancing  piston  B  to  prevent  air 
passing  should  a  vacuum  be  formed  below  the  main  valve  C. 
Til  is  iion-retuni  valve  J  may  be  fitted  with  a  water  seal  as 
also  may  the  main  valve  C，  both  having  water  supply  and 
overflow  pipes.  The  main  valve  C  is  counter  we  iglU  eel  by  a 
weighted  lever  K  connected  to  the  main  valve  spindie  by  a 
spindle  O  fitted  at  its  inner  end  with  a  forked  lever  engag- 
ing witli  tlie  valve  spindle.  A  dasbpot  M，  of  ordinary 
construction,  filled  with  oil,  has  its  piston  rod  jointed  to  the 
weighted  lever  K  to  prevent  main  valve  C  hanimerinir  or 
chattering  on  its  seat.  A  projecting  lip  may  be  formed  rouiul 
the  outer  or,  as  shown,  the  inner  circumference  of  the  main 
valve  face  for  the  same  purpose. 

In  operation  the  steam  enters  the  main  valve  casing  by 
the  inlet  branch  H  and  also  passes  by  the  passage  G  in  which 
is  fitted  the  non-return  valve  J,  through  this  valve  and  into 
the  chamber  N  above  the  diaphragm  E  of  auxiliary  valve  A. 
So  long  as  the  pressure  does  not  exceed  that  for  whiih  the 
auxiliary  valve  is  loaded,  the  passage  through  the  auxiliary 
valve  allowing  the  steani  to  flow  to  upper  side  of  main  valve 
piston  B  remains  open,  while  the  otlier  face  of  the  valve  A 
closes  the  passage  from  upper  side  of  main  valve  piston  B 
to  the  atmosphere.  On  the  pressure  rising  above  that 
arranjjed  for,  ihe  action  of  the  auxiliary  valve  fares  and  valve 


170 


THE    MECHANICAL    ENGINEER.  [February  9,  1912 


is  reversed  by  tlie  steam  pressure  acting  on  tlic  diaphragm  E 
and  the  space  above  the  main  valve  piston  B  is  closed  to  the 
steam  and  opened  to  the  atmosphere  through  the  duct  P. 
The  steam  escaping  thus  from  the  upper  side  of  the  main 
valve  piston  B  to  the  atmosphere  relieves  the  pressure  over 
piston  B  and  main  valve  C  and  allows  it  to  open  for  the 
passage  of  the  surplus  or  over-pressure  steam.  When  tlu> 
))ressnre  falls  to  that  arranged  for,  the  operation  is  reversed 
and  the  main  valve  C  again  held  down  on  its  seat. 


EXPLOSION  OF  A  TURBINE  CONDENSER. 

We  reproduce  herewith  two  photo  views  from  our  contem- 
porary " Power,"  showing  the  destructive  effects  caused  by 
the  bursting  of  the  condenser  of  a  turbine,  which  led  us  to 
make  .some  observations  in  our  last  issue  (see  page  122)  on  the 
importance  of  testing  this  part  of  a  steam  turbine  equipment 
to  prove  its  sufficiency  to  resist  any  accidental  access  of  pres- 
sure in  the  event  of  failure  of  the  air-pump  mechanism,  a  con- 
tingency which  in  tlie  case  of  turbines  might  afford  little  or 
no  evidence  of  its  existence  to  those  in  charge  until  it  was 
too  late,  owing  to  the  absence  of  visibly  moving  parts,  and 
the  greater  lease  with  which,  under  certain  circumstances, 
the  acceleraJtion  of  pressure  in  the  condenser  mighlfc  take 
place. 

The  turbine  aiul  condenser  in  question,  our  eouteinporary 
stales,  formed  part  of  the  nniniripal  lighting  plant,  at  Fort 
Wayne,  Ind.,  which  consisted  of  two  500  kw.  vertical  Curtis 
turbines  and  a  now  1 ,500  kw  turbine  of  the  same  type,  tlio 
latter  having  been  recently  installed,  and  tlie  conde'nsing 
apparatus  for  the  new  unit  consisted  of  a  large  surface  con- 
denser having  2,200  ^in.  by  16ft.  tubes  through  which  the 
cooling  water  circulates.  This  water  was  obtained  from  a 
reservoir  adjacent  to  the  plant,  and  is  forced  through  the 
condenser  by  a  12in.  volute  centrifugal  pump  driven  by  a 
siiiall  vertical  engine,  and  tlie  vacuum  was  inaintained  by  an 
8in.  and  lOiii.  bv  12in.  air  punip,  both  air  and  circulating 
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pumps  being  located  in  a  pit  below  t \\e  condenser  opposite 
the  turbine  exhaust  st oaiii  outlet . 

" Early  in  the  ev(Miing  of  Sunday,  November  12th,  the  new 
1 ,500  kw.  uiiii  was  running  alone,  being  but  partially  loaded. 
Some  difficulty  was  experienced  in  maintaining  a  good  vacuum. 
The  engineer  in  charge  went  into  the  pump  pit  to  locate  the 
trouble.  Shortly,  a  t  remendous  explosion  took  pi  are  at  that 
point ,  and  the  vngiiu'  room  filled  with  st<*ani.  The  switch- 
board attendant  shut  off  the  turbine  and  went  into  the  pit 
to  find  tho  engineer.  He  liad  been  instantly  killed,  and  lav 
binder  a  section  of  the  oond<Miser  shell,  Tho  attendant  theii 
^^tarted  up  one  of  the  500  kw,  units,  and  a^aiii  took  up  the 
load  just  12  minutes  after  the  explosion.  Tho  rast-iroii  sliell 
of  the  condenser  was  broken  into  several  sections,  tlie  top  half 


and  that  portion  opposite  the  turbine  outlet  being  forced  off 
into  the  pit  and  against  the  station  wall.  In  falling,  the 
parts  struck  the  circulating  pump,  the  air  pump,  and  the 
adjacent  piping.  The  housing  of  the  circulating  pump  was 
broken  off  just  below  the  flange,  but  it  was  not  otherwise 
injured.  The  valve  mechanism  of  the  air  pump  was 
shattered.  All  steam  piping  and  fittings  for  the  ^'air  pump 
were  demolished.  Many  of  the  condenser  tubes  were  bent 
or  dented,  but  tlie  turbine  itself  was  not  damaged  in  any 
way.  - 


Fig.  2.— End  View  of  Condenser,  showing  Fracture  in  CinrrLATiNGlPipE. 

" Tlie  cause  of  the  accident  is  not  definitely  known,  but  it 
is  evident  the  condenser  received  steam  under  considerable 
pressure,  though  Avhether  this  was  clue  to  some  fault  in  the 
air  pump  or  to  failure  elsewhere  oannot  be  det'erinined  from 
the  evidence  and  information  obtainable  after  the  accident. 
The  turbine  was  supplied  with  a  relief  valve  from  which  the 
atmospheric  exhaust  pipe  led  downward,  througli  a  butterfly 
valve,  and  horizontally  out  of  the  station.  It  is  possible  that 
the  relief  valve  failed  to  operate  or  that  the  escaping  steam 
temporarily  closed  the  butterfly  valve. " 


International  Association  for  Testing  Materials.— The  President 

of  tlip  United  States  has  consente<l  to  act  as  patron  to  the 
Sixtli  Congress  of  the  Int-ernational  Association  for  Testing 
Materials,  which  will  open  in  the  Engineering  Societies' 
Building  in  New  York  City  on  Tuesday  niorning,  Sept-einber 
3rd,  1912'  and  continue  in  session,  if  necessary,  during  the 
balance  of  the  week.  There  will  also  be  inspections  of 
various  works,  &c.  Following  upon  this  there  will  be 
arrangoments  made  for  a  week  s  excursion  over  the  Lehigh 
Valley  Railroad,  with  a  visit  to  the  Bethlehem  Steel  Com- 
pany's works  and  some  of  tho  cement  plants  in  that  district. 
The  route  will  then  proceed  to  Niagara  Falls  and  Buffalo, 
where  the  Lackawanna  Iron  and  Steel  Company's  works  are 
situated  ；  then  to  Pittsburg,  where  many  iron  and  steel 
plants  of  various  kinds  are  siluatt^d,  and  also  those  of  the 
Westingliouse  Electric  and  Maiuifacluring  Company  ；  finally 
to  Wasliinaton  to  visit  tlie  Government  departments, 
including  ihv  Bureau  of  Standards,  Testing  Bureau  of  the 
Army  and  Navy,  Smithsonian  Institute,  A  m'eption 

will  be  given  by  the  patron,  his  Excellency  President  Taft. 
Return  to  New  York  Saturday,  September  14th,  wliero 
the  partv  will  break  up.  A  detailed  proprauiine  with  a  final 
enquiry  shoot  on  the  participation  of  nit'mbors  will  he  soon 
issued.  The  issue  of  Congress  papers  will  begin  in  March. 
Those  gentlemen  intending  to  lay  a  report  before  C'ongress 
and  not  vet  having  sent  in  the  same  direct  or  through  their 
council  ineinhers  to  M.  E.  Reitler,  Secretary  of  the  Asso<ia- 
tion,  at  Nordbalinst rasse  oO,  Vienna,  TI-'J.  aro  requested  to 
do  so  as  soon  as  possible.  All  communications  irspeHing 
this  notice  should  bo  direct*>d  to  Mr.  G.  C.  Llovd,  Intor- 
natioual  TVstiug  Association.  118,  Victoria  Street,  S.W. 
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THE  EVOLUTION  AND  PRESENT  DEVELOPMENT  OF  THE 
TURBINE  PUMP.* 

BY  DR.  EDWARD  HOPKINSON  AND  MR.  ALAN  E.  L,  CHOBLTON. 

{Concluded  from  page 
Installations. 

BorC'hole  Pump.  1897. ― This  pump  installation  is  particu- 
larly interesting  on  account  ol*  its  novelty.  The  pump  con- 
sists of  six  chambers  in  series  and  is  arranged  to  work  sus- 
pended in  a  bore-hole  at  a  depth  of  100ft.  below  the  surface  ； 
it  has  a  capacity  of  850  galls,  per  minute,  with  a  lift  of 
170ft.  and  runs  at  1,000  revs,  per  minute.  The  general 
arrangement  of  the  rising  main  by  which  the  piunp  is  sus- 
pended is  shown  in  Fig  17.  Tlie  piunp  and  main  rest  oii  a 
crutch  pipe  at  the  bottom  of  tlie  bore-liole.  The  pump  is 
specially  designed  to  fit  the  bore-hoie  lining  tube,  and  its 
overall  diameter  is  necessarily  reduced.  It  is  driven  by  a 
vertical  shaft  passing  down  the  centre  of  the  rising  main 
and  supported  at  each  pipo  joint  by  suitable  stay  bearings. 
At  the  surface  this  shaft  is  arranged  with  double-bevel  gears 
and  pulleys  driven  from  a  steam  engine. 

An  interesting  feature  of  this  installation  is  shown  in  the 
illustration  immediately  below  the  pump,  consisting  of  an 
expanding  plug  which  effectively  stops  out  all  objectionable 
surface  water,  allowing  Uie.  supply  desired  to  come  in  tliroiigli 
the  suction  pipe  suspended  below.  This  pump  has  given  con- 
tinuous service  for  over  14  years,  during  which  time  it  has 


Fjg.  17.— Arrangement  of  Mathkb-Reynolds'  Pump  in  Bore  Hole,  1897. 


received  no  repairs.  In  fact  it  has  only  once  been  brought 
to  the  surface  during  this  period,  when  a  portion  of  the  shaft 
in  the  bore-hole  was  found  to  be  corroded  and  required 
renewal. 

Mine  Pumps:  Sulzer  Installation  of  1898.  —The  authors  be- 
lieve this  to  be  the  first  installation  of  centrifugal  turbine 
pumps  of  large  capacity  for  mine  drainage.  It  consisted  of 
three  multiple  pumps  arranged  in  stages,  the  pump  of  each 
stage  delivering  direct  through  the  rising  main  to  the  stage 
above.  The  puinps  were  motor-driven,  and  each  set  was 
erected  in  a  chamber  off-set  from  the  mine  shaft,  measuring 
-Pft.  by  lift.  Gin.  by  lift.  6iu.，  thus  demonstrating  the 
great  convenience  afforded  by  this  type  of  pump  for  under- 
ground work .  The  capacity  of  the  iustallatioji  was 
1.000  galls,  per  niiiuite  against  a  total  head  of  1, 500ft. 

Engineering  Laboratory  Plant.  1900. ― This  plant,  construe- 
ted  for  the  Eugineeriug  Laboratory  of  the  University  of 
Cambridge,  consisted  of  a  pump  at  one  end,  a  yiniilar  turbine 
at  the  other  end,  and  an  electric  mot  or  between  them.  It 
forms  an  interesting  combination  designed  for  the  purpose 
of  carrying  out  a  variety  of  tests.  It  could  be  worked  eitlier 
as  a  motor-driven  pump,  or  a  turbine-driven  dynamo,  or  as  a 
combination,  the  motor  making  up  the  loss  of  power  in  the 
water  passing  the  turbine  and  pump,  thus  giving  an 
hydraulic  Hopkinson  test.    For  this  last  purpose  the  inag- 
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nets  of  the  motor  were  slung  on  Ijall-bearings  ami  provided 
with  arraiigenients  for  measu riiifi  the  torf|uc. 

Newcastle  Electric  Power  Station.  1901.  The  combination 
aljove  described  was  made  use  of  later  for  actual  installations, 
auiongst  others  at  tlic  Newcastle  Ele<*tri<'  Power  Station,  for 
circulating  the  coudensing  water.  Tlu'  pump  raised  and 
i、orf,。(l  water  from  tlio  river  to  the  coiiclcnsor  in  the  elw.'tric 
generating  station  in  the  town,  Uh'  return  flow  to  the  rivei' 
passing  through  and  driving  the  tuihiiu*,  the  loss  being  Jiiade 
up  by  the  (、lrrtri。  uiot  nv  in  hct  wofii . 

Minc-drainagc  Pump.  1911.  ―  Fig.  18  and  photo,  Fig.  rj, 
show  a  section  llirougli  a  series  turbine  pump  lately  con- 
structed for  mine  drainag(  .  It  is  interesting,  as  it  is 
probably  the  mine  piuiip  with  the  largest  capacity  yet  con- 
structed. This  pump  is  cf.pable  of  delivering  2,500  galls,  per 
minute  to  a  height  of  2,000ft.  when  niiiniiig  a1'  a  sj)0#*(l  of 


Fig.  18.— MiNE-DUAiNAGio  Pi  mp,  1!H1  (Matiii.u  &  I'lattl 


1,450  revs,  per  iiiiuute.  and  absorbs  over  1/JUU  li.jj.  at  the 
spindle.  It  is  operated  by  a  3-pliase  motor  of  2,500  volts, 
direct  coupled  tlirougli  a  flexible  coupling  of  the  pin  and 
rubber-bush  type.  The  pump  has  seven  impellers  arranged 
in  series  working  in  chambers,  following  each  other  in  the 
same  manner  as  those  pumps  already  described,  and  not  as  is 
sometimes  done  for  such  high  heads  by  arranging  the  im- 
pellers back  to  back,  with  the  intention  thus  to  balance  t  lie 
end-pressure.  The  series  impellers  are  constructed  of  phos- 
phor-bronze, and  are  mounted  on  a  shaft  of  extra  large 
diameter,  to  prevent  sag  in  the  middle  and  allow  of  fine 
clearance  in  the  neck  rings  at  the  eyes  of  the  impellers,  thus 
reducing  leakage.  The  guide  vanes  into  which  the  impellers 
discharge  are  large  castings  of  special  bronze,  double-sided 
and  cast  in  one  piece,  thus  securing  increased  rigidity. 

The  intermediate  chambers  have  the  return  passages  from 
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the  periphery  to  the  suction  of  the  uext  impeller  cast  in. 
They  are  of  cast  iron,  ami  have  feet  cast  cm,  which,  resting 
on  tho  planed  surface  of  the  bedplate,  support  and  keep  the 
whole  pump  in  true  alignment,  a  precaution  more  iiccesyary 
when  the  length  of  the  pump  is  as  great  as  in  this  case.  The 
coJistriR'tiou  also  facilitates  the  stripping  and  rebiiihlinj;  uf 
large  pumps.  There  is  ouly  one  exterior  bearing,  in  the  form 
of  a  separate  pedestal  standing  on  and  boh<xi  to  thv  main 
bedplate  at  the  suction  end.  The  reason  for  this  bearing 
being  separate  and  of  such  a  solid  form  ami  not  overluuig 
from  the  pump-casing,  as  in  the  more  staiKlarcl  form  of 
smaller  pumps,  is  due  to  the  large  power  transmitted  through 
the  pump  shaft  at  a  hi?h  speed.  There  is  a  watev-loggiiig 
passage  to  the  shaft  at  the  suction  stuffing  box  to  prevent  air 
leakage. 

At  the  delivery  end  of  the  pump  there  is  an  internal  auto- 

I'apcr  l>y  f.  Hopkiubou.  rroccediuiis  lust.Mech.E.,  1902.   *'  I'uuipini;  IMaut 
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matically  grease-lubricrated  bearing  and  a  differential  end 
balance  plate  i-eaclily  accessible  for  examination  and  adjust- 
ment, a  great  advantage  with  dirty  waters.  This  construc- 
tion obviates  the  disadvantages  of  a  gland  at  the  delivery 
end,  subject  to  the  full  head  pressure,  with  its  attendant 
leakage  and  cutting  of  shaft .  The  lubrication  of  the  in- 
ternal bearings  is  effected  by  a  piston  worked  by  Ihv  head 
prossurc  ])uni]ir(l  against. 

Boiler  Feed  Pump.  1909.  -- Figs.  20  and  21  sliow  an  e】e('- 
ally-driven  boiler  f(>t'(l  pump,  consisting  of  two  G-clianibc r 


met  by  the  provision  of  a  small  auxiliary  pump  which  exhausts 
the  suction  pipe,  thus  causing  the  water  to  fill  the  turbine 
pump.  As  soon  as  the  turbine  puiiip  has  developed  its  head 
pressure,  the  auxiliary  puinp  can  be  put  out  of  action,  and 
the  turbine  pump  will  continue  to  work  with  suction  lifts  up 
to  at  least  80  per  cent,  of  the  height  of  the  barometric  water 
(•oh 


'揭 MM 惑, 


Fig.  20.— Electhtcally-driv  en  Boiler  Fked  Pump.  1909.    Capacity  140  Galls. 
PER  Minute.   Delivery  Pressure  260lbs,  per  Square  Inch,  at 
1,270  Revs,  pkb  Minute. 

pumps  in  series,  of  the  split-body  type,  allowing  of  the  whole 
of  the  inside  impellers,  shaft,  and  guides  being  taken  out 
together  when  the  top  half-cover  is  removed.  This  is  a  much 
simpler  and  quicker  operation  than  taking  adnft  a  standard 
type ,  but  it  is  a  more  expensive  form  of  construction. 

The  difficulty  in  such  a  design  is  to  deal  with  the  2601bs. 
per  square  inch  internal  water  pressure-  on  the  split  joint. 
Reference  to  the  illustration  will  show  how  this  is  accom- 
})iislied.  It  will  be  seen  that  the 
impellers  are  surrouiKled  by  guide 
plates,  put  0)1  ill  halves  and  bolted 
together,  and  the  whole  is  then 
placed  in  a  casing  divided  in  the 
middle  horizontal  plane.  The  casing 
is  provided  with  as  many  dividing 
ribs  as  there  are  impellers.  Turned 
bosses  oil  the  guide  discs  rest  in 
suitably  machined  seats  in  the 
dividing;  ribs.  The  top  cover  is 
bolted  on  to  secure  thein  in  their 
places,  and  they  are  prevented  from 
rotating  by  pins.  Tlio  main  joint 
against  heavy  pressures  is  thus  a 
plain  one  and  of  great  rigidity,  and 
can  easily  be  maintained  tight. 
The  capacity  of  tlio  pumps  sliown  in 
Figs  20  and  '」1  is  140  galls,  per 
mimite,  2G01bs.  per  square  iiuli 
dehverv  pressure  at  1/270  revs,  per 


Fig.  21.— Elkctricallt-driven  Boiler  Feed  Pump.  ]909.   Capacity  140  Galls 
PKK  Minute.    Dklivery  Pressure  '260lbs.  peb  Square  Inch,  at 
1.-270  Keys,  per  Minute. 

Waterworks  Pump  Driven  Direct  by  a  Steam  Turbine.    1908. ― 

This  pump,  like  the  mine-drainage  pump  already  described, 
is  of  very  large  capacity,  but  differs  from  it  in  naming  at  a 
high  speed,  being  driven  dim't  by  a  steam  turbine.  The 
plant  IS  installed  at  the  St.  Gabriel  Pumping  Station  of  the 
Montreal  Water  and  Power  Company,  situated  on  the  banks 
of  the  St.  Lawrence,  and  is  capable  of  delivering  iu  continuous 


Fig.  22.— SiNGLE-tUAMBiiK  HiGH-LiFT  Ti'iUiiNi:  ri  sir  (MATHiiu  A*  Plait  1. 


Fire  Pumps. -― An  interesting  appliratiou  of  I  lie  turbine 
lHitti|)  for  fire-prevention  purposes,  as  fitted  to  petrol  aulo- 
niobilo  liro  en*:iiies,  is  shown  in  Kig.  22.  The  <-apacily  varies 
usually  from  3r)()  jj^alls.  to  1,000  *^alls.  per  minute,  a";ainst  a 
bead  of  250ft.  to  300fl .  Tlio  ])injip  has  a  single  cliainbcr,  and 
is  designed  to  fit  on  Uu、  hark  part  of  the  chassis  of  an  auto- 
mobile, and  to  bo  driven  liv  an  extended  shaft  from  I  lie  eiifjino. 
Tho  regularity  of  th(、  flow  of  water  delivorod  rond(M*s  tlu、 
lioldin^  of  the  hose  jets  inurh  easier,  and  the  action  of  the 
turhinp  pump  allows  the  shutti ，"；  off  of  any  particular  jet,  or 
of  all  the  jets,  without  any  tondencv  to  burpt  tho  lioso  pipes, 
；、 s  tnay  be  th(、  case  witli  a  rociprDi-aiintr  pump.  Furt  her,  tlu， 
？、 p  is  niiu'li  lii^hter  than  a  com、sp《>mi"i"'  pump  of  m'ipro- 
tvpi,  and  lakes  up  conpirU'rably  loss  spate.  Tlio 
difficulties  incident  to  starting  with  a  heavy  suction  cau  be 


work  10,500  galls,  per  luinute  at  a  head  of  404 ft.  Tl"、  tur- 
bine is  of  the  Zoelly  type,  1 ,350  to  1,500  revs,  per  ininuto, 
and  is  capable  of  nonnally  developing  l,7llO  b.h.p.  with  st4*ani 
at  1 651bs.  per  square  iiu-li  and  15tV  Fah.  suptMheat.  The 
air  pump  of  tho  rondenser  is  iiulejicndent ly  driven  tlnougli 
reduction  gear  by  an  enclosed  high-speed  reciprocating  engine 
plaoed  at  a  lower  level  than  llie  steam  turbine  pump.  This 
auxiliary  engine  is  of  about  275  li . p .  and  runs  at  4(55  revs, 
per  uniuite.  Dim't  coupled  to  the  otlier  ond  of  tho  shaft  i? 
an  auxiliary  low-lift  pun»p  which  draws  wator  from  the  suc- 
tion well  and  delivers  it  to  the  main  pump  at  a  small  pressure, 
thus  relieving  the  main  pump  from  suction,  and  therein* 
onfiH'tively  preventing  any  trouble  in  that  pump  from  cavita- 
tion. A  portion,  of  the  water  from  the  auxiliary  pump  is 
hv-passod  through  the  condeiusor  on  its  way  to  tlie  main  pump. 
It  thus  serves  also  as  a  circulating  pump.     The  main  pump 
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is  of  special  desigti  iu  that,  owing  to  the  high  speed,  only  one 
impeller  is  needed  to  give  the  head,  and  two  are  required  for 
the  quantity.  Consequently  the  pump  is  of  2 -chambered 
parallel  type.  Each  of  the  impellers  has  a  double  entranco, 
so  that  the  shaft  is  in  lateral  equilibrium  and  no  balancing 
device  is  required.  A  plant  of  tliis  character  has  great 
advantage  over  a  direct -acting  or  gear-driven  reciprocating 
pump  in  the  relative  small ness  of  the  space   occupied  and 


Fig  -23.— WaterwoHrs  Pump  Duivkn  by  a  Stkam  Tuubinic  1908 

toiiudations  required  and  m  silency  of  operation.  Tlie 
steam  turbine  and  pump  are  illustrated  in  Fig.  23.  This 
pump  and  the'  mine-Hrainage  pump  already  described,  so  far 
as  the  authors  are  aware,  are  the  largest  of  tlieir  typo  in  the 
world,  and  so  give  a  fitting  indication  of  the  development 
of  the'  Reynolds  turbine  pump  since  its  inception  37  years 
ago,  and  illustrate  some  of  its  great  possibilities  in  various 
duties. 


FROZEN  PIPES  AND  EXPLOSIONS  OF  DOMESTIC  AND 
CIRCULATING  BOILERS, 

An  explosion  due  to  the  cold  having  fro^n  the  water  iu  the 
pipes  occurred  iu  a  house  in  Victoria  Road,  Horwich,  last 
Sunday.  The  occupants  had  just  finished  tea  when  the  kitchen 
boiler  exploded.  Furniture  was  smashed,  doors  and  windows 
blown  out,  and  brickwork  hurled  through  the  ceiling  into  the 
room  above.  Mr.  Holt,  tlie  tenant,  and  his  son,  who  were 
sitting  by  the  fireside,  were  thrown  across  the  room  and 
injured,  the  father  severely.  The  same  explosion  did  con- 
siderable damage  in  tlie  next  house.  The  range,  mantelpiece, 
and  boiler  were  torn  from  their  place,  and  thrown  across  the 
room,  while  Mr.  and  Mrs.  Hopkinson,  the  occupants,  were 
both  injured. 

At  Liverpool  a  lady  named  Miss  Si  mm,  was  killed  as 
the  result  of  a  boiler  explosion  at  her  house  in  Prescot 
Road.  Miss  Si  mm  was  preparing  dinner  in  the  kitchen  at  the 
time  of  the  explosion  She  was  killed  instantly.  The  force 
of  the  explosion  was  so  great  that  the  fireplace  of  the  next 
house  was  blown  to  pieces,  and  considerable  damage  was  done 
to  the  rear  of  the  premises. 

Two  kitchen  boiler  explosions  are  reported  from  Manchester 
as  a  result  of  frozen  pipes.  One  of  a  very  serious  nature 
occurred  at  a  house  in  Granville-street,  Chorlton-on-M edlock . 
Mrs.  Turner  and  her  daughter  were  seated  last  Sunday  iu  the 
kitchen  when  the  boiler  burst,  and  the  brickwork  was  blown 
out,  completely  wrecking  the  kitchen.  Mrs.  Turner  received 
a  severe  shock.  Her  daughter  escaped  without  injury  at  all. 
After  the  explosion  there  was  a  slight  fire,  but  this  was  soon 
extinguished.  The  fire  brigade'  were  also  called  out  to  a  house 
■m  Mab field  Road,  Fallowfield,  where  again  the  kitchen  boiler 
exploded,  and  some  damage  was  done.  The  fire  was  speedily 
extinguished,  however,  and  no  person  was  injured. 

At  Mr.  Gordon's  coachworks,  Bolton,  on  Saturday,  the 
b?iler  of  the  heating  apparatus  exploded  and  blew  out  the 
windows  of  the  premises,  and  also  of  an  adjoining  house.  A 
youth  was  severely  scalded  about  the  face  and  hands,  and 
another  workman  sustained  injuries.  Both  were  taken  to  the 
i'ulirmary. 


An  explosion  in  the  li eating  apparatus  at  the  premises  oi' 
Messrs.  Gaunt  &  Son,  sword  manufacturers,  Biriniiigharn, 
caused  a  fire  on  Monday  which  did  damage  estiinated  at 
i!  15,000,  in  tlic  course  of  which  a  mail  was  struck  Ijy  fl<';bris  and 
killed.  A  nunibe r  of  girls  working  in  adjoining  pre 出 ises 
were  rescued  with  difficulty. 

At  Gospel  Temple  Congregational  ( ■hurch,  Gowerton, 
South.  Wales,  the  heating  boiler  exploded  early  on  Suiulay 
morning,  and  owing  to  the  absence  of  a  fin;  hri<;ado  iho  edifice 
was  completely  destroyed.  The  explosion  was  due  to  the  pipes 
being  choked  with  ice. 


FATALITY  FROM  AN  ELECTRIC  COAL  CUTTER. 

An  enquiry  was  held  at  tli;-  I  laiiiiltoii  Slicr  ifT  Court,  on  Janu- 
ary 24th,  into  the  circunislances  attending  the  death  of  a 
miner  who  was  killed  in  a  colliery  belonging  to  the  Sumnierlee 
Iron  and  Coal  Company,  on  December  21st  last.  Tlie  Hoin<* 
Office  was  represented  by  Mr.  Robert  McLaren  and  M r.  A.  H . 
Steele,  H.M.  Inspectors  of  Mines. 

In  the  course  of  the  enquiry,  the  colliory  fireniaii  said  tliat 
on  the  night  of  the  accident  he  was  in  the  humph  coal  seam  of 
the  colliery,  and  was  assisting  the  deceased  aiul  some  others  to 
lift  the  posiliDii  of  a  bar  coal-cutting  niacliine.  This  was 
being  done  by  means  of  a  bogie.  When  the  machine  had 
reached  the  place  where  it  was  intended  to  be  located,  it  was 
partly  lifted  off  the  bogie.  The  current  was  then  ini mediately 
switched  on,  the  idea  being  that  the  rnachiiu*  by  its  own  force 
would  get  entirely  clear  of  the  bogie  and  laud  on  the  pave- 
ment, as  was  desired.  At  this  particular  part  of  the  workings, 
water  was  constantly  dropping  from  the  roof  on  to  the 
machine,  and  when  the  latter  was  made  entirely  free  from 
the  bogie  it  completely  "  loaded  up."  All  the  men  felt  two 
distinct  shocks ― the  second  being  worse  than  the  first ― and 
deceased  was  instantly  killed.  The  witness  stated  that  water 
was  falling  from  the  roof  on  to  the  plug  of  the  machine.  The 
plug  and  bat  of  the  machine  were,  in  his  opinion,  tightly 
screwed  up. 

The  man  who  operated  the  coal  cutter,  in  his  evidence,  was 
of  opinion  that  il  was  the  water  dropping  on  the  machine 
which  caused  it  to  get  '  loaded  up."  Deceased  was  about  2ft. 
from  the  machine  when  he  got  the  fatal  shock;  that  showed 
that  a  large  portion  of  the  pavement  surrounding^  the  coal 
cutter  had  become  "  live  "  with  electricity  He  gave  it  as  his 
opinion  that  the  water  had  conducted  the  current  from  the 
machine  to  the  pavement.  He  was  positive  that  he  screwed 
up  tlie  pin  at  the  plug  properly. 

The  electrical  engineer  at  the  colliery  said  he  examined 
the  coal  cutter  on  the  day  following  the  accident,  and  found 
everytliing  about  the  machine  in  order.  As  to  the  cause  of 
the  fatality,  witness  stated  that  the  machine  was  standing  in 
water .  If  the  deceased  was  in  a  state  of  perspiration  he 
would  be  a  good  subject  for  receiving  a  shock.  Continuing,  he 
said  the  system  at  Bardykes  was  3-phase,  500  volts.  Double- 
armoured  cables  were  laid  from  the  generator  at  the  surface 
to  the  face .  The  earthing  system  was  through  armouring  to 
the  earth-plate  at  the  surface.  In  ordinary  circumstances 
any  leakage  occurring  in  any  part  of  the  machine  should  go 
back  to  earth.  In  this  case  it  did  not  do  so,  and  he  could  find 
no  explanation  accounting  for  the  cause.  The  ouly  defect  he 
had  found  about  the  earth  connection  was  that  the  earth-pin 
was  somewhat  bent;  that  prevented  it  from  being  screwed  in 
fully.  He  could  not  admit  that  there  was  anything  wrong 
wit  h  the  plug  connection ，  but.  he  believed  the  presen -e  of  water 
and  the  fact  that  the  earth-pin  had  been  bent  were  important 
factors  iu  causing  blie  deceased's  death.  He  admitted  that  the 
fact  that  there  was  an  earth-plate  on  the  surface  was,  iu  tlic 
present  instance,  no  remedy. 

The  manager  at  tlie  colliery,  i:i  the  course  of  his  evidence, 
said  that  the  presence  of  water  would  have  the  effect  of  con- 
veying the  current  on  to  the  body  of  the  machine.  The  pin 
at  the  plug  connection  was  not,  in  his  opinion,  screwed  in  as 
tiolitlv  as  it  mitrlit  have  been.  At  the  same  time,  there  was 
a  good  local  earth  at  the  point  of  tlie  accident,  and  it  ought 
to  have  taken  the  current  away.  The  earth-wire  from  the 
luachine  to  the  surface  was  in  order,  and,  even  supposing  the 
plug  was  not  sufficiently  screwed  up,  the  leakage  should  have 
been  taken  off. 

The  jury  returned  a  verdict  of  accidental  death. 
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DEVELOPMENT  OF  SHIPBUILDING  AND  MARINE 
ENGINEERING.* 

BY  JOHN  KENNEDY. 

I  PROPOSE,  ill  tlie  few  remarks  which  I  have  to  address  to  you, 
to  confine  any  self  more  especially  to  those  brandies  of  engi- 
neering si'ieiice  with  which  I    am    personally  acquainted, 

II  a  111  el  y,  sliipbuilfliiig  and  juarine  (Migiueering,  and  also  to 
indifato  the  lines  upon  which  future  developiueiit  may  be 
expected.  Shipbuilding  is  one  of  the  oldest  of  the  "  Arts 
and  Crafts,"  and  may  be  said  to  partake  of  the  nature  of 
both.  Mail  had  no  sooner  attended  to  his  more  immediate 
bodily  wants  than  his  inventive  skill  was  exercised  as  to 
means  of  floating  on  the  waters.  The  earlier  Egyptian  draw- 
ings show  boats  constructed  of  sawn  plauks,  propelled  both 
by  sails  and  oars,  and  later  on  the  Greeks  and  Romans 
improved  on  these  early  Egyptian  models.  A  furtlier  step 
was  reached  when  tho  Norsemen  constructed  their  Viking 
warships,  capable  of  making  voyages  of  even  2,000  and  3,000 
miles.  Many,  including  Dr.  Nansen,  you  will  remember, 
are  of  opinion  that  the  Norsemen  discovered  North  America 
long  before  its  re-discovery  in  the  15th  century.  The  hulls 
of  these  boats  thab  have  been  unearthed  have  extremely 
good  lines,  wliicli  are  lather  iir.iTower  ami  shallower  than  the 
proportions  a<lopt <l  at  the  present  day.  The  size  of  the 
ships  continually  increased,  and  in  the  middle  ages,  owing  to 
tho  supposed  requirements  of  marine  warfare,  some  most 
cumbetsoine  and  uiiseaworthy  types  were  developed.  There 
is  no  doubt  that  the  defeat  of  the  Spanish  Armada  was  largely 
clue  to  the  superior  handiness  and  freedom  from  top  hamper 
of  the  English  vessels.  Ifc  would  be  tedious  to  trace  out  the 
various  steps  in  the  evolution  of  the  】uodem  ocean-going 
steamer.  Gradually  the  science  of  shipbuikling  was  put  upon 
more  definite  lines,  until  to-day  we  have  built,  or  are  build- 
ing, steamers  of,  in  round  numbers,  45,000  tons  each,  whose 
capacities,  displacement,  and  speed  can  be  calculated  with 
almost  niathematiral  accuracy. 

In  designing  a  steamer  the  first  step  is  to  study  the 
requirements  of  the  service  in  which  she  is  intended  to  be 
employed,  for  example,  for  mails  and  passengers  only,  or  to 
carry  also  a  limited  amount  of  cargo,  or  lastly,  to  be  merely 
a  freight  carrier,  designed  to  work  at  the  most  economical 
speed.  To  fulfil  any  of  the  above  conditions  there  are 
numerous  intermediate  stages,  and  the  object  of  the  designer 
is  so  to  balance  the  various  requirements  as  to  provide  the 
most  suitable  comprcmise  for  the  particular  trade.  Leaving 
out  of  consideration  the  question  of  ships  of  war,  undoubtedly 
the  most  specialised  of  all  typos,  and  the  high-class  ocean- 
going greyhounds,  the  writer's  experience  has  been  mostly 
in  connection  with  the  better  class  of  cargo-carrying  steamers, 
with  limited  passenger  accommodation.  The  growing  ten- 
dency among  these  steamers  has  been  for  them  to  have  higher 
speeds,  and  the  steadily  increasing  competition  between  the 
different  lines  forces  the  shipowners  to  build  larger  vessels 
to  meet  the  reduction  in  freights.  The  requirements  of  the 
merchant  are  legion.  A  vessel  may  be  designed  to  have  a 
small  consuinplioii  of  fuel  per  tou-iuile,  but  such  a  vessel 
may  be  quite  unsuitable  for  certain  purposes.  For  example, 
the  trade  may  be  confined  chiefly  to  perishable  cargoes,  in 
which  case  speed  is  a  more  important  factor  than  the  saving 
of  a  small  quantity  of  huA .  Again,  the  general  internal 
arrangements  of  a  ship  which  is  built  for  one  trade  are 
unsuitable  for,  and  different  from,  those  for  another.  In 
short  journeys  botwct'"  small  harbours,  ships  are  ooiistriu'ted 
to  lea vv  port  and  arrive  at  their  destinat ion  at  tho  vespectivc 
times  of  liigli  water  in  eacli  ])laro. 

St-eamers  now  are  generally  built  in  iurordaiico  with  tlir 
rules  of  one  of  the  Classifuation  Societies  (Lloyd's  Regis""' 
ha ving  by  far  the  largest  mnnbor  built  to  thoir  m|iur(Mnonts) 
aiul  are  subject  to  periodii-al  surveys,  to  ensu rv  that  the  tiliips 
are  maintained  in  a  sound  and  seaworthy  condition.  Otlu'r 
C'lassi  Heat  ion  So<'irties,  bot  h  in  this  and  in  foreign  countries, 
hav(»  ali*o  done  good  work  in  advancing  the  safety  of  life  aiul 
|>ro))erty  at  sea,  and  a  hoalthy  rivalry  has  sprung  up  whicli 
is  of  benefit  to  all.  The  total  tonnage  of  the  world "s  shipping', 
as  recorded  by  Lloyd's  Register,  is  43,147,154  tons,  of  which 
38,781,672  tons  gross  is  steam,  aud  4,365,582  tons  net  is 
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sail.  The  number  of  vessels  is  30,087,  of  whicli  22,473  are 
steam  and  7,614  sail.  The  writer  appends  a  table  showing 
the  growth  in  the  size  of  vessels  for  the  last  50  years,  the 
si  lips  named  being  the  largest  in  existence  during  the  various 
periods.  The  "  Great  Eastern  '  was  long  before  her  time, 
and  consequently  what  was  really  the  second  largest  vessel 
ill  each  period  has  been  given  in  the  list  down  to  1900,  for 
it  was  not  till  1901  that  a  vessel  larger  than  the  "  Great 
Eastern  "  was  built. 

Table  show  in  (j  /〃〃"''•、•  und  ionnagc  of  ihr  Uinitsi  nfrnm  (is  in 
existence  in  each  year  since  lSo8 :- - 

Years.  Xhiik*.  Tons  gm、s. 

1858                  "Great  Easteni    18,915 

1862  to  1873...  "  Scotia  '，    3,871 

1874  to  1880...  "  (； iMinanic  ，，   ；   5,008 

" Britannic  "    0；004 

1881  to  1888...  "  Citv  of  \Un\\r  "    ^；.144 

\m)  Uy  1891...  "Citv  ol    Xou-   York  "   10,490 

'- City  <>r  Pari.s  ■，    10,499 

1892                     Campania    12,950 

1893  to 膽;… " Lucania  ，，    12,952 

】897tol898...  "Kai.si'r  Wilheirn  dor  Grosse"...  14,349 
1899  to  1900...  '(  Oceanic  ，，    17,274 

1901    '(  Celtic  ，，    20,904 

1902    "  Cedric  -，    21,03o 

1903  to  1904...  "Baltic  ，-    23,876 

1905    '*  Kai.soriii  Auguste  Victoria     ...  24,581 

1906  to  1910...  "  ^raurotania  '，    31,938 

1911    Olympic  ''    45,324 

In  a  scientific  sense,  the  hull  of  a  ship  can  be  compared  to 
a  beam,  whicli  in  still  、vater  is  supported  in  two  places,  viz., 
at  the  water-borne  sections  ；  but  at  sea,  in  weather  that 
frequently  varies,  high  waves  are  met  with,  which  deeply 
immerse  the  middle  of  the  structure,  or,  on  the  other  hand, 
leave  it  largely  unsupported,  and  the  object  of  the  naval 
architect  is  to  meet  these  varying  conditions  as  economically 
as  possible.  For  many  years  the  maiu  framing  of  steamers 
has  been  vertical,  with  longitudinal  stiffeners  fore  and  aft 
to  connect  the  structure,  but  recently  various  longitudinal 
systems  of  framing  have  been  introduced,  which  more  nearly 
meet  the  conditions  of  the  problem,  and  consequently  enable 
tlie  weight  to  be  reduced.  From  Lloyd  s  annual  report  we 
see  that  38  vessels  of  175,299  tons  have  beiMi  built  on  the 
Isherwood  system  of  longitudinal  framing  to  Lloyd's  Classi- 
fication, while  34  others  of  155,000  tons  are  now  in  course 
of  construction.  There  has  lately  also  been  an  unusually 
large  demand  for  steamers  intended  to  carry  oil  in  bulk, 
which  may  be  explained  by  the  enormously  increased  use  of 
all  kinds  of  oil  engines. 

It  is  unnecessary  before  a  meeting  of  professional  men  to 
enlarge  on  the  luxurious  appointments  and  conveniences  of 
the  modern  ocean  liner,  but  au  idea,  tried  some  30  years  ago 
in  this  country,  has  recently  been  revived  by  Mr.  Frahni,  of 
Blohm  k  Voss,  to  counteract/  the  rolling  of  ships,  and  con- 
sequent ill-effects  ou  passengers,  and  damage  to  cargo.  Some 
seven  vessels  fitted  with  the  Frahm  anti-rolling  tank  are 
already  in  service,  which  with  those  now  building  will  mako 
a  total  of  ！ 280, 000  tons.  Tho  principle  of  this  ingenious  device 
is  the  tinie-woru  law  of  the  swing  of  the  pendulum  under 
whicli  the  period  is  constant  for  auy  given  length  of  arm. 
Bodies  that  can  oscillate  about  an  axis  of  equilibrium  swing 
strongly  when  repeatedly  acted  upon  by  comparatively  small 
impulses  if  the  period  of  the  impulses  is  syuohronous  with 
that  of  the  oscillating  body.  For  instance,  soldiers  iu  mili- 
tary formation  when  crossing  a  suspeusicm  bridge  or  other 
light  st  met  lire  are  ordeivd  to  "  break  st-ep,"  in  rase  tlie 
poricKl  of  their  step  slu)ul<l  coincide  with  the  period  of  Oi^-illa- 
tiou  of  the  bridge. 

Now  every  ship,  h\  roason  of  her  lines,  her  inolatt'iitrir 
height,  or  other  features,  ponuanent,  or  kMuporai v  when 
<luc  to  any  pa rticular  loading,  has  a  definite  and  natural 
period  of  oscillation  or  roll  ；  and  on  the  principle  of  setting 
a  thief  to  oat<li  a  thief.  tht、  Frahm  anti-rolling  tank  has 
boon  iiitrodiu'od.  It  utilises  a  secondary  ami  artificial 
resonaiuc  in  order  to  ininiinise  the  iutluence  of  the  primary 
resonance  between  the  wake  aud  the  ship.  The  secondary 
resoiiauce  is  introduced  by  a  U-shaped  tank,  in  which  the 
water  oolunuis  can  osoillato  the  same  number  of  times  per 
""mit<、  as  the  ship  rolls  per  mimit-o.  As  the  phases  of  the 
impuLsos  of  tho  waves  aiul  sliip,  and  ship  aiul  tank,  lag  by 
90。,  there  results  a  total  difference  of  (90- ' 十 90),  equal  to) 
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]80"^  between  the  waves  and  tank  ；  thus  the  water  will 
act  in  exactly  the  contrary  direction,  and  greatly  minimises 
the  effect  of  the  waves.  With  such  a  device  on  board  to 
scare  away  the  bete-iioir  of  ocean  travellers— sea  sickness ^ a 
shipowner  should  in  the  future  be  sure  of  a  full  passenger  list. 

Largely  owing  to  the  experiments  of  Froude  at  Devonport, 
and  of  various  builders  on  the  Clyde,  the  correct  form  of 
vessel  for  a  certain  speed  can  be  ascertained  with  great  accu- 
racy, the  power  required  being  deduced  from  the  performance 
of  the  model  by  certain  well-known  laws.  The  niosi  recently 
constructed  tank  in  this  country  is  that  at  the  National 
Physical  Laboratory,  the  building  of  which  was  due  to  tlie 
public  spirit  of  Mr.  A.  F.  Yarrow,  M.Iiist.C.E.,  Hon.F.S.E., 
who  gave  £20,000  for  the  purpose.  The  Yarrow  tank  is 
500ft.  long,  13ft.  deep,  and  30ft.  wide,  and  is  the  second 
longest,  and  the  first  as  regards  cross-sectional  area,  of  those 
constructed. 

The  enoniious  increase  in  the  size  of  steamers  has  com- 
pelled the  various  port  authorities  to  make  still  larger  docks, 
with  deeper  and  wider  entrances  and  approaches.  One 
need  only  mention  the  names  of  certain  ports  in  our  own 
country,  viz.,  London,  Dover,  Southampton,  Bristol,  Fish- 
guard , Liverpool,  Barrow,  the  Clyde,  Rosyth,  the  Tyiie, 
Grimsby,  Immingham,  &c.，  to  bring  to  mind  what  is  being 
done.  The  upkeep  of  these  channels  and  harbours  in  most 
cases  requires  continuous  dredging,  and  where  protection 
against  the  sea  has  been  provided  by  walls  and  piers,  Nature 
has  often  resented  interference  with  her  old  boundaries. 
In  addition,  large  dry  docks  and  floating  docks  are  required 
for  the  upkeep  of  the  hulls  of  these,  vessels. 

In  addressing  a  meeting  of  engineers,  one's  thoughts 
naturally  turn  to  the  engineering  problems  involved  in  the 
propulsion  of  modern  vessels.  As  far  back  as  the  writer  can 
remember  the  favourite  engine  was  the  old-fashioned  side- 
lever  engine,  working  at  10  to  15  revs,  per  minute,  with  a 
steam  pressure  of  about  71bs.  per  square  inch  above  the 
atmosphere,  driving  paddle  wheels  with  fixed  floats.  The 
first  of  the  Cunarders  was  built  in  1839.  It  was  about  200ft. 
long  and  had  a  speed  of  about'  8  knots.  The  last  of  this 
company's  paddle  steamers  was  the  "  Scotia,"  afterwards 
converted  to  a  screw  steamer,  and  employed  in  cable  laying. 

The  introduction  of  the  screw  propeller,  and  the  conse- 
quent demand  for  a  higher  number  of  revolutions,  led  to  a 
steady  increase  in  the  boiler  pressure,  and  established  the 
superiority  of  the  direct-acting  inverted  type  of  engine,  which 
holds  its  own  up  to  the  present  day.  In  the  meantime,  the 
manufacture  of  steel  has  passed  from  the  rule-of-thumb  stage, 
and  improved  material,  together  with  superior  workshop  appli- 
ances, have  made  possible  the  design  of  boilers  for  pressures 
even  greater  than  can  be  used  by  the  engines,  and  so  the 
original  high-pressure  engine  has  been  compounded,  tripled, 
and  even  quadrupled.  Among  the  earliest  of  the  inverted 
compound  engines  were  those  of  the  "  Miirillo  '，  and  "  Velas- 
quez," built  in  1861  by  John  Elder,  of  Glasgow.  These 
steamers  were  fitted  with  Percy  Williamson's  water-tube 
boiler.  The  writer  was,  for  a  considerable  time,  engineer  of 
the  "  Velasquez,"  soon  after  she  came  out.  The  water-tube 
boilers,  owing  to  being  surrounded  by  large  masses  of  brick- 
work, were,  unfortunately,  failures,  and  had  to  be  removed 
at  the  end  of  the  first  voyage,  and  were  replaced  by  the  Scotch 
type  of  double-ended  boiler. 

During  the  long  period  in  which  the  inverted  cylinder 
engine  has  been  in  the  field,  many  modifications  in  the  various 
parts  have  been  tried,  but  on  the  principle  of  the  survival  of 
the  fittest,  a  standard  type  with  unimportant  variations  has 
been  evolved.  The  surface  condenser  was  introduced  about 
the  middle  of  the  last  century;  and  this  important  addition 
allowed  the  steam  pressures  to  be  steadily  increased,  till  to-day 
pressures  of  2001bs.  per  square  inch  are  coniinon.  During 
remit  years,  the  design  of  condensers  has  again  been  much  to 
tlie  fore  ；  and  to  meet  the  requirements  of  steam-turbine  prac- 
tice, the  condenser  is  fitted  with  an  addition  known  as  the 
vacuum  augmenter. 

The  steam  turbine  at  present  holds  the  field  for  high-speed 
vessels,  but  has  so  far  been  practically  confined  to  fast 
passenger  vessels  and  to  warships.  It  depends  essentially  for 
its  efficiency  on  a  high  mimber  of  revolutions,  and  high 
vacuum .  In  the  case  of  the  "  Vespasian  ，，  running  at 
moderate  speed,  the  turbine  has  been  geared  down  to  permit 
of  a  suitable  propeller  being  fitted.    It  is  now  possible  to  get 


goaring  with  an  efficiency  of  98  per  (rent.,  so  tliat  wliile  tlio 
frictional  loss  is  practically  nil,  the  propeller  e flic iei icy  is 
largely  increased . 

Among  several  of  the  large  s"'am<'rs  belon^iii^  to  difTcnMit 
lines,  a  combination  of  a  v<*rtical  inverted  triple  or  quadruple 
expansion  engine  with  a  low-pressure  turbine  has  given  very 
satisfactory  results.  The  two  systems  are  each  at  their  l><*sl , 
the  engine  taking  steam  at  a  hi^li  pressure,  while  1  he  turbine 
makes  use  of  ilie  low  pressure  and  lii^'li  vacuum. 

Tlie  stt'aiii  engine,  being  a  ho  at  engine,  dejx'nds  tor  its 
maximum  possible  efficiency  on  the  range  of  temperature 
available,  and  the  obvious  iiicthod  is  to  increase  tin*  initial 
temperature  of  the  working  iluid.  Practical  coiisiderat ions 
liniil  the  boiler  pressure,  so  in  recent  years  renewed  attention 
has  been  given  to  superheating  the  steam .  Particularly  has 
this  been  the  case'  on  the  Continent,  where  the  Schmidt  system 
has  Ijeen  largely  in  use  for  l(Momotive  aiul  marine  purpose's. 

Ill  the  beginning  of  1910  the  writer  recoiriiiiended  his  firm 
to  adopt  this  system  in  one  of  their  steamers,  the  "  Luque," 
and  the  consequent  economy  has  been  rather  surp rising.  Tlie 
consumption  of  coal,  as  compared  with  her  own  previous  per- 
formances, lias  been  reduced  by  about  20  per  cent.  ovtT  a  period 
of  12  months.  During  this  time  she  has  steamed  3 1 ,090  miles 
on  a  coal  consumption  of  2,065  tons,  while  her  sister-ship  using 
saturated  steam  made  a  distance  of  29,G97  miles  on  a  consuin])- 
tion  of  2,937  tons.  In  this  case  the  writer  was  foi'tiuia"'  in 
having  a  man  to  start  this  new  departure  who,  as  chief 
engineer,  took  a  very  warm  personal  interest  in  its  success.  It 
may  be  of  interest  to  give  a  few  particulars  taken  on  a  voyage. 
The  boiler  pressure  was  1 751bs.  per  square  inch,  tlie  tem- 
perature of  the  steam  averaging  590^  Fall.,  the  temperature 
of  the  funnel  gases  was  48(F  Fall,  at  about  one-third  the 
height  of  the  funnel  above  its  base,  the  temperature  of  the 
feed  water  was  150。  Fall.,  while  the  indicated  liorse-power  was 
680  ；  these  figures  being  the  averages  during  the  voyage.  The 
advantagfj  to  the  shipowner  is  increased  beyond  the  monetary 
value  of  the  coal  saved,  owing  to  the  extra  cargo  that  can  be 
carried  in  its  place.  Encouraged  by  the  foregoing  excellent 
performances,  the  owners  have  fitted  four  more  of  their 
steamers  with  superheaters,  and  although  the  time  is  rather 
early  to  speak  definitely  there  is  every  reason  to  expect 
similarly  gratifying  results. 

The  internal-combustion  engine  has  in  recent  times  been 
largely  developed,  and,  as  instanced  in  the  case  of  the  aero- 
plane motor,  large  powers  are  obtained  from  an  engine  of  very 
small  weight.  In  the  oil  engine  type,  using  light  or  heavy 
oils,  the  fuel  is  fed  direct  to  the  engine,  while  in  the  gas  engine 
type,  some  form  of  producer  is  necessary.  The  saving  of 
weight  in  the  former  case  is  a  great  consideration  for  marine 
purposes,  while,  on  the  other  hand,  recent  developments  in  the 
latter  type  have  rendered  possible  the  utilisation  of  the  more 
common  fuel,  namely,  bituminous  coal. 

The  absolute  requirements  of  a  marine  engine  are  that  the 
engine  shall  be.  completely  under  control  at  any  time  and 
under  any  conditions  ；  that  is  to  say,  that  it  can  be  instantly 
started,  stopped,  or  reversed,  and  that  the  speed  may  be  varied 
to  any  required  extent  between  full  speed  ahead  and  full  speed 
astern.  While  these  conditions  have,  no  doubt,  been  suffi- 
ciently met  for  the  very  small  engines,  as  found  'ii  canal  boats, 
fishing  boats  and  the  like,  it  cannot  yet  be  said  that  a  satis- 
factory solution  has  been  found  in  the  case  of  the  larger  types. 
The  success  of  the  oil  engine  for  fishing  boats  is  assured,  for 
an  ordinary  first-class  sailing  boat  can  be  supplied  and  fitted 
with  an  oil  engine  for  little  more  than  half  the  cost  of  a  steam 
drifter.  The  speed  obtained  is  very  little  less,  while  there  is 
great  economy  in  fuel  consumption,  as  the  oil  engine  only  uses 
fuel  when  driving,  while  the  steam  drifter  must  lie  under 
banked  fires  to  be  ready  for  action  when  required.  A  very 
strong  company  has  been  formed  to  apply  this  prim-iple  to  the 
propulsion  of  barges  on  canals.  The  consumption  of  oil,  rang- 
ing from  petrol  to  the  residuary  oils,  for  power  purposes  must 
be  enormous,  and  altliougli  new  fields  are  beintj  opened  up,  it 
is  as  yet  uncertain  whether  there  is  sufficient  available  to 
supply  the  motive  power  for  our  meivantile  marine,  and  for 
the  many  otlier  uses  developed  in  modern  practice.  Oil  fuel 
is  also  largely  used  in  our  own  and  other  navies,  in  the  fur- 
naces of  steaiu-drivon  craft,  but  so  far  has  not  been  extensively 
used  in  the  mercantile  marine,  possibly  owing  to  the  difficulties 
of  supply. 

The  advantages  claimed  by  the  advocates  of  the  oil  engine 
for  marine  work  are  ：  (1)  Less  space  occupied.    (2)  No  •'  stand- 
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by"  losses.  (3)  Engine-room  staff  largely  reduced.  (4)  Less 
weight  of  fuel  carried  and  less  weight  of  machinery,  conse- 
quently more  cargo  capacity.  (5)  Elimination  of  a  large 
number  of  auxiliaries  required  for  the  steam  engine. 

Among  other  systems  might  be  mentioned  the  electric 
transmission  of  power  from  a  generating  station  amidships  to 
a  motor  aft,  driving  the  propeller.  The  objection  for  moderate 
speeds  has  been  that  the  weight  of  the  motor  would  be  con- 
siderable owing  to  the  low  number  of  revolutions  required 
when  direct  coupled,  but  this  might  be  overcome  by  gearing 
down. 

Valuable  research  work  in  progress  also  poiiits  to  a  much 
better  understanding  of  the  correct  dimensions  and  form  of 
the  】iigh-sp€ed  propeller.  The  prime  movers  in  this  case  can 
of  course  be  steam  or  internal-combustion  engines,  and  as  the 
power  required  can  be  divided  in  any  required  number  of 
units,  it  can  be  arranged  that  only  the  sets  necessary  for  any 
speed  are  in  use  and  working  at  their  most  efficient  load. 
This  would  appear  to  be  a  valuable  quality  in  war  vessels  when 
cruising. 

It  is  impossible  to  close  these  remarks  without  reference 
to  the  Diesel  oil  engine,  now  so  much  in  evidence  as  a  serious 
rival  of  existing  methods  of  propulsion.  The  higher  the  com- 
pression in  the  internal  -combustion  engine,  the  greater  is  the 
efficiency,  but  with  the  ordinary  Otto  cycle  the  danger  of  pre- 
ignitiou  limits  the  range  of  compression.  In  the  Diesel 
engine,  the  air  alone  is  compressed  and  the  oil  fuel  is  sprayed 
directly  into  the  cylinder  at  the  commencement  of  the  work- 
ing stroke,  and  the  supply  continued  for  some  time  during  the 
stroke.  The  compression  of  the  air  has,  of  course,  raised  its 
temperature,  and  this  is  carried  to  such  a  point  that  the  tem- 
perature is  sufficient  to  ignite  the  sprayed  oil,  which  with  the 
air  forms  an  explosive  mixture.  This  compression  is  to  about 
5001bs.  per  square  inch .  An  air  compressor  worked  off  the 
engine  itself  is  used  for  starting  purposes,  and  the  speed  of  the 
engine  is  governed  by  reducing  or  increasing  the  supply  of 
fuel.  The  Diesel  is  probably  the  most  economical  engine  at 
present  known,  the  consumption  of  oil  being  about  ^Ib.  per 
brake  horse-power  hour,  a  further  advantage  being  its  capa- 
city to  make  use  of  the  cheap  residuary  oils.  This  engine  is, 
in  common  with  other  engines,  subject  to  the  difficulties  of 
reversing,  which  is  accomplished  in  the  smaller  types  by 
mechanical  gearing,  although  the  writer  understands  that 
recent  improvements  are  likely  to  overcome  this  diflSiculty. 
The  "  Vulcanno,"  a  vessel  of  over  1,000  tons  register,  fitted 
with  Diesel  engines  of  the  4 -stroke  cycle,  has  already  made 
several  voyages  with  good  results  as  to  economy  and  reliability . 
There  are  at  the  present  time  building,  or  projected,  about  a 
do^n  vessels  to  be  fitted  with  oil  engines,  mostly  of  the  Diesel 
type.  These  are  vessels  of  considerable  size,  ranging  up  to 
as  much  as  8,000  tons  gross  register  (it  is  also  reported  that  a 
14,000-ton  vessel  is  being  built  on  the  Continent),  and  if,  as 
there  is  no  reason  to  doubt,  the  results  prove  satisfactory, 
there  will  be  a  considerable  reduction  in  the  cost  of  sea 
transport. 

Sealing  Metals. ― At  a  recent  meeting  of  the  Physical  Society 
a  paper  on  "  Sealing  Metals"  was  read  by  Dr.  P.  E.  Shaw. 
The  established  method  of  fixing  quartz  fibres  for  acfurate 
torsion  experiments  is  due  to  Prof.  C.  V.  Boys.  It  involves 
careful  cleaning,  silvering,  electrolytic  deposit  of  copper, 
tinning,  and  finally  soldering.  This  considerable  trouble  ran 
hv  avoided  by  the  simple  means  given  below,  while  t lie  result- 
ing joint  is  in  some  cases  stronger.  Prof.  Threlfall  used 
Margot's  solder  (92  per  cent.  Sn,  8  per  cent.  Zn)  to  fasten 
glass,  aluminium  or  quartz  surfaces  to  any  other.  The  writer 
finds  this  material  acts  perfect Iv  and  is  very  simple,  the  bit 
being  of  ahimiiiium  an<l  there  boing  no  flux.  Further  investi- 
gation shows  that  there  is  no  special  merit  in  Marmot "s 
formula.  In  place  of  Margot's  solder  the  following  will  be 
found  to  act  very  well  :  (a)  Tin,  (h)  zinc,  (r)  various  alloys  of 
till  and  zinc,  (d)  tininnii's  solder,  (r)  ahuiiiniiun.  Lead  does 
not  stick  well,  though  it-  might  be  made  to  do  so  if  oxidation 
were  prevented.  Tlien  there  is  a  variety  of  】iiaterials  with 
meltino;  point-  ran^intr  from  180。  to  660°.  For  all  theso  and 
like  materials  which  act  in  the  same  nianiior  as  seali!i»;-wax 
the  writer  suggests  the  term  sealintr-metals.  Thev  liave  the 
advantages  over  any  wax  in  (//)  high  meltintr  point,  (h)  non- 
einis;sion  of  vapour  when  temperature  is  raised.  There  are 
obvious  applioatioiis  other  than  for  tonsio"  fihres  where  joints 
to  wit  list  and  teniporaturo  are  required, 


THE  INFLUENCE  OF  OXYGEN  ON  COPPER  CONTAINING 
ARSENIC  OR  ANTIMONY. 

BY  K.  H,  GREAVES,  B.SC. 

When  oxygen  is  introduced  into  pure  copper  it  exists  in  the 
metal  as  cuprous  oxide,  Cu^O,  whi<'h  forms  a  eut-ectic  with 
the  copper  containing  3'45  per  cent.  Cu^O,  equivalent  to  0*39 
per  cent,  of  oxygen.  The  influence  of  oxygen  on  the  pro- 
perties of  pure  copper  was  first  investigated  by  Hampe,  who 
found  that ― 

045  per  cent.  Cu^'O 卞 slightly  decreases  the  tenacity,  but 

does  not  affect'  the  ductility  of  pure  copper  ； 
0*90  per  cent .  Cu^O  causes  some  diminution  in  ductility  ； 
2'25  per  cent.  Cu^O  considerably  lessens  the  tenacity,  and 
the  presence  of  more  renders  the  metal  first  cold  and 
tlien  hot-short. 
According  to  Keller,  the  best  pure    refined  electrolytic 
copper  may  contain  0'6  to  0  8  per  cent.  Cu^O,  while  a  similar 
metal  with  2  to  3  per  cent.  Cu^O  may  still  be  rolled  into 
sheets. 

All  samples  of  commercial  tough-pitch  copper  contain 
oxygen  in  amounts  varying  approximately  from  0*05  to  0*15 
]>er  cent.  If  the  in  eta  1  contains  iiiut-h  more  than  this,  or  if  some 
is  removed,  as  in  overpoled  copper,  its  strength,  dut-tility,  and 
malleability  are  impaired.  The  effect  of  oxygen  on  tough - 
pitch  copper  has  been  dealt  with  recently  by  Mr.  F.  Johnson. J 
The  study  of  tough-pitoh  copper,  however,  is  complicated  by 
the  effect  of  a  number  of  impurities,  especially  as  little  is 
known  of  the  effect  of  oxygen  on  copper  with  any  one  of  these 
taken  alone.  In  this  connection  Hampe  found  by  the  addi- 
tion of  arsenate  and  antimonat-e  of  copper  to  the  molt-en  metal, 
that  the  former  was  distinctly  more  harmful  and  the  latter 
less  harmful  than  its  reduction  product.  Thus  the  presence 
of  0*55  per  cent,  of  arsenic  in  the  form  of  arsenate  was  found 
to  induce  cold-shortness,  while  0*5  per  cent,  of  antimony  in 
the  form  of  antimonate  showed  no  tendency  to  cold  or  hot 
shortness.  The  influence  of  oxygen  in  relation  to  the  failure 
of  arsenical  copper  has  been  discussed  bv  Messrs.  Bengough 
and 廳. §  ^ 

The  work  described  in  this  paper  was  begun  in  conjunction 
with  Mr.  A.  H.  Hiorns,  as  a  continuation  of  that  of  Hiorns 
and  Lamb, II  on  the  effect  of  arsenic  nnd  antimony  on  copper. 

Preparation  of  the  Material. 

The  alloys  used  were  prepared  synthetically  from  pure 
electrolytic  copper.  Oxygen  was  introduced  as  oupric  oxide, 
obtained  by  the  ignition  of  recrystallised  copper  nitrate  ； 
arsenic  or  antimony  was  added  in  the  form  of  a  rich  alloy  with 
copper.  In  preparing  the  alloy  of  high  arsenic  content, 
copper  was  melted  in  a  fireclay  crucible,  and  metallic  arsenic 
added.  After  stirring  the  metal  was  poured  into  a  wann 
mould,  allowed  to  cool  slowly,  and  when  cold  was  powdered 
in  a  large  iron  mortar.  Auy  particles  of  iron  which  it  con- 
tained were  removed  by  means  of  a  magnet  :  the  powder  was 
then  carefully  mixed  and  sampled  for  analysis.  The  antimony 
alloy  was  pre  pa  red  in  a  similar  way.  These  rich  alloys  con- 
tained 

Per  cent.  Per  cenU 

(a)  Copper       ..    *i7*0  ib)  Copper  32-84 

Arsenic  . .    32*  ()8  Antim(、"、.      . .    ';了- 1 1 

On  account  of  the  volatilisation  of  the  oxides  of  arsenic  and 
jintimony,  and  the  uncertain  oxidising  or  red ucinf(  atmosphere 
in  contact  with  the  metal,  it  was  difficult  to  obtain  the  definite 
、- ompositions  intended.  Finally,  the  niotliod  aHopted  was 
to  melt  about  half  a  pound  of  copper  under  lump  charcoal  in  a 
clay  crucible.  The  charcoal  was  then  skimmed  off,  the  copper 
stirred  with  a  charred  stit-k.  and  a  weifjlunl  quantity  of  oupric 
oxide  tipped  in.  This  rapidly  dissolved,  and  aft<»r  a  few 
seconds  the  rich  alloy  was  added,  the  metal  stirred  rapidlv 
with  an  arc-lamp  carbon,  left  in  tho  furnace  until  dead  melted, 
and  thoii  pourod  into  an  open  mould. 

Methods  of  Analysis. ― Arsenic  and  antimony  were  deter- 
mined by  distillation,  the  former  from  an  acid  ferric  chloride 

•  Abstract  of  paper  read  l>efore  the  Institute  of  Metals.  JsnuAn*.  191*- 
t  CUaO  contains  slii:1u1y  over  one-ninlh  of  its  woicht  v->f  oxyfion. 
••  "  MeUilluriiioal  ftnd  (Mieinical  Kntfinoerinil.*'  1910.  p.  574  ;  1911.  p.  397  ：  ".lonnifti 

of  tho  InslituU'  of  Motftls."  No.  2.  1910.  p.p.  163-173. 
$  "Journal  of  tlip  Institute  of  MoUls."    No.  1.  1910.  Vol.  III.,  pp.  47-52. 負 

discussion. 

. ".Tonruat  of  ibe  Society  of  Chemical  Industry.'  1908,  Vol.  XXVin.,  PP 
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No.  3. 

Copper  containing  0+33%  oxygen 
and  0.43%  arsenic,  as  cast. 
Magnified  70  diameters. 


No.  4. 

Copper  containing  0.10%  oxygen 
and  0'41%  antimony,  as  oast. 
Magnified  70  diameters. 


9  * 


Of 


-气 fail 一     ,Vn  ^  .J-k.a. 


Xu. ."). 

Copper  concaining  010%  oxy^'en 
ani  0  49%  arsenic,  as  cast. 
(Same  as  No.  1). 
Magnified  300  diameters. 


No.  6. 

Copper  containinK'  014%  ( 
and  0-24%  antimony,  as  cast. 
Magnified  3'H)  diameters. 


these  may  be  added  tlip  following  results  of  a  similar  test  by 
Hiorns  and  Lamb'^' ： —— 


Copper- Arsenic  Alloys. 
0  •  0    to   0'  2    per    cent,  arsenic 

" slightly  frayed  at  the  edges." 
0*2  to  0'5  per  cent,  arsenic,  edges 

perfect. 


Copper- A  niimony  Alloys. 
0-0  to  O  fi  per  tent. 

" Tho  alloys  all  sho'.\c<l  faint 
cracks  along  a  piano  at  right 
angles  to  tlie  rolls.  The  cracks 
increa.seii  as  the  percentage  of 
I       antimonv  increase 丄'' 

As  the  amount  of  arse  nit'  increases  up  to  0'5  per  cent,  the 
metal  may  take  up  more  and  more  oxygen  without  suffering 

*  "  Journal  of  the  Society  of  Chemical  Indnstrj'.*'  1909.  Vol.  XXVIII  pp.  453  aiul 
454. 


Table  II. ― Copper  with  Oxygen  and  Aniimony, 


Composition. 

Cold- 

Wire- 

No. 

Oxygen 

Relative 

rolling 

drawing 

Antimony 

Hardness. 

Test. 

Test. 

per  Cent. 

per  Cent. 

A 

1  ..  .. 

0-21 

0-28 

7-7 

/3 

2  ..  .. 

0-24 

0-23 

8-1 

7 

3  ..  .. 

0,27 

0-14 

9-3 

a 

4  .. 

0-30 

0-38 

8-6 

/3 

P  . 

5  ..  .. 

0-32 

0-04 

.9-3 

5 

7+ 

6  ..  .. 

0-32 

0-18 

8-9 

13 

/3 

0-34 

0-22 

9-8 

7 

7 

8  .'. 

0-41 

0-10 

11 -r) 

7 

7+ 

9  ..  .. 

0-46 

0-27 

10-0 

5 

S 

B 

1  ..  .. 

0-08 

0-14 

2  ..  .. 

0-10 

0-41 

7-8 

3  ..  •• 

0-14 

0-24 

7-4 

Appearance  of  the  Ingots. —- The  ingots  in  general  showed  a 
longitudinal  depression  on  the  surface,  but  in  some  cases  were 
flat.  With  one  exception  all  the  flat  ingots  of  tho  arsenical 
series  contained  from  0*05  to  O'lO  per  cent,  of  oxygen,  with 
from  0*08  to  0*30  per  cent .  of  arsenic .  Alloys  whose  content 
of  oxygen  or  arsenic  (or  both)  exceeded  these  limits  showed  a 
depression.  Of  the  series  containing  antimony,  only  one  ingot 
showed  a  flat  surface,  namely  B  1，  containing  0*08  per  cent, 
oxygen  and  0*14  per  cent,  antimony.  The  depression  was  very 
slight  ill  B  2  and  3. 

Influence  of  Oxygen  on  the  Mechanical  Characteristics. 

Rolling  Tests. 一 From  the  large  ingots,  pieces  having  the 
approximate  dimensions  2 -Sin.  by  0"6in.  by  0"35in.  were  cut 
for  rolling.  These  were  rolled  cold  down  to  a  thickness  of 
0*02in.  with  the  necessary  annealings,  which  were  carried  out 
by  heating  rapidly  on  a  clear  coke  fire  to  dull  redness  and 
allowing  to  cool  in  air.  This  treatment  had  no  effect  on  the 
chemical  composition.  All  the'  alloys  of  one  series  were  passed 
through  the  rolls  in  succession  and  received  precisely  the  same 
treatment.  Even  those  of  different  series  should  yield  com- 
parable results,  for  the  conditions  of  the  tests  were  made  as 
卩 early  as  possible  the  same.  Judged  by  behaviour  in  the  roll- 
ing test,  the  metals  stand  in  the  following  order : ― 

Arsenic  ： ― 

Series  A:  3，  4，  6  (all  rolled  very  well),  5，  1，  2,  7  (serrations 

extended  two  millimetres  inwards). 
Series  B  ：  3,  2,  9  (very  good),  7,  10，  8,  1，  4,  5  (very  slight 
cracks),  11,  6,  12  (badly  cracked). 

 Series  C  :  2  (incipient  cracks),  3，  1,  4. 

*  "  Journal  of  the— Society  of  CheraiQal  Industry."  1901,  Vol.  XX,  pp,  184-187， 


No. 


Composition. 


Oxygen 
per  Cent. 


Arsenic 
per  Cent. 


A  I  ..  .. 

0-05 

0-05 

2  ..  .. 

0-07 

0-08 

3  ..  .. 

0-08 

0-19 

4  ..  .. 

0-08 

0-29 

5  ..  .. 

0-08 

0-35 

6  .,  .. 

0-09 

0-19 

0-10 

0-12 

B  1  " 

010 

0-49 

2  ..  ,. 

0-16 

0-22 

3  ..  .. 

0-17 

0-40 

4  .. 

0-29 

0-04 

5  ..  .. 

0-30 

0-00 

6  .. 

0-31 

0-03 

7  ..  .. 

0-33 

0-33 

8  -.  .. 

0-33 

0-43 

0  ..  .. 

0-35 

0-19 

10  ..  .. 

0-36 

0-51 

11  ..  .. 

0-60 

0-24 

12  ..  .. 

0-62 

0-03 

CI..  .. 

0-20 

0-05 

2  ..  .. 

0-42 

0-43 

3  ..  ... 

0-43 

0-23 

4  ..  .. 

0-48 

0-41 

solution,  the  latter  from  a  solution  of  zinc  and  copper  chlorides 
as  described  by  Gibb.'^  Tlie  distillates  after  neutralising  wero 
titrated  in  the  presence  of  sodium  bicarbonate,  with  a  standard 
solution  of  iodine. 

Table  I. ― Copper  with  Oxygen  and  Arsenic. 


Relative 
Hardness, 


Cold-roll- 
ing Test. 


Antimony  ： ― 
'SVr々'.、'  A:  3,  2  (good),  1，  fi,  4，  7，  8，  5,  9  (badly  f'racked). 
B  :  3,  2  (very  ^ood),  1  (slightly  cracrked). 
It  is  unfortunately  impossible  to  make  a  quantitative  repre- 
sentation of  behaviour  under  ilio  mUiiig  ifsi,  hut  in  onler  to 
present  the  results  f'om'iscly  a  dofiiiite  mark  lias  boon  •dmwiutd 
to  each  alloy.    Thus  - 

" signifies  that  the  alloy  rollod  well,  and  vvuM\'\\\f(\  per- 
fectly sound  at  the  edges. 
ft  signifies  that  the  alloy  rolled  well,   but   showed  .slis/Iit 

('racks  or  serrations  at  the  s. 
y    signifies  alloys  inferior  to  these,  surface  cracks  also 

being  developed. 
^  signifies  tliat  the  alloy  ('nicked  badly. 
The  results  of  the  test  are  given  in  Tables  I.  ami  IT.  To 


No.  1,  No.  2. 

Copper  containing  0'10%  oxygen  Copper  containing  0.31%  oxytien 
and  0.49%  arsenic,  as  cast.  and  0,03%  arsenic,  as  cast. 

Magnified  70  diameters.  Magnined  70  diameters. 


+  一 

^  a  a  7  75  7  ^  7  75  5  a  ^  7  7 


+  +  一  +  +  I 


"ooo-  889912  ^L^o^ 

111  11  111 


change  m  the  tensile  strength  as  the  oxygen  increases  from 
017  per  cent,  to  about  0  4  per  cent.,  but  the  elongation  falls 
off  rapidly.  This  is  evident  by  comparison  of  B  3,  C  2  :  C  1 , 
B  4，  5，  6，  12  ；  and  is  borne  out  by  Nos.  5  and  6，  Table  IV. 
Tlie  same  generalisation  applies  to  metal  containing  antimony 
(Table  IV.).  Increase  of  oxygen  shows  no  definite  effect  on 
the  tensile  strength,  but  causes  a  marked  decrease  in  elonga- 
tion . 

Influence  of  Oxygen  on  thk  Physical  Properties. 

Hardness, ―  The  relative  hardness  of  the  cast  ingots  was 
taken  by  means  of  the  Shore  scleroscope,  using  the  int^nsifier 
hammer.  The  author  has  pointed  out  that  the  physical  pro- 
perty really  measured  by  this  iustrunient  appears  to  be  the 
coefficient  of  restitution  between  the  hammer  and  the  material 
to  be  tested.  Under  certain  conditions  (generally  fulfilled  bv 
metals  in  the  cast  or  annealed  state)  this  quantity  is  propor- 
tional to  the  hardness  as  measured  by  the  scratch  test.  The 
values  of  the  relative  hardness  of  the  allovs  examined  are 
given  in  Tables  I.  and  II.    To  these  may  be  added  ： ― 


Copper  with  Oxygen. 

Copper  、vith  Arsenic* 

Copper  with 
Antimony.* 

Oxygen 
per  Cent, 

Relative 
Hardness. 

Arsenic 
per  Cent. 

Relative 
Hardness 

Antiiiumv 
per  Cent. 

Relative 
Hardness, 

0-04 
0-32 

7-5 
11-5 

o  o  § 

8-  0 

9-  0 
100 

1-0 

8 

The  addition  of  arsenic  or  antimony  to  pure  copper  hardens 
it  ；  the  effect  of  either  on  copper  containing  oxygen  is  first  to 
(liniinisli  and  then  increase  its  hardness.      The  addition  of 


antimony  alloys  were  not  found  in  the  metals  B  2  and  3  (con- 
taining about  0*1  per  cent,  of  oxygen),  which  rolled  perfectly. 
Further  increase  in  the  oxygen  causes  a  reduction  in  mallea- 
bility. 

Wire-drawing  Tests. ― A  portion  of  each  ingot  was  rolled 
down  to  O'loiii.  and  slit  for  wire-drawing,  which  was  carried 
out  first  on  a  small  draw-bench  and  afterwards  by  hand.  The 
results  are  expressed  in  Tables  I.  and  II.  Alloys  marked  a  and 
(i  may  be  drawn  into  wire,  (3  ―  denoting  a  somewhat  rough 
wire.  Those  marked  y  broke  before  the  50-hole  (diameter 
0'03in.)  even  with  frequent  annealing,  though  a  short  length 
of  wire  was  obtained  in  one  or  two  cases  (marked  +  ).  Those 
marked  8  would  not  pass  hole  20  (diameter  O'lOiii.)  It  will 
be  noticed  that  in  the  presence  of  arsenic  the  compositions  of 
the  metals  which  may  be  drawn  into  wire  are  more  restricted 
than  for  rolling,  though  in  both  cases  the  areas  representing 
their  compositions  are  similar  in  form. 

Tensile  Tests, 一  A  number  of  samples  of  the  cast  metals  con- 
taining arsenic  were  normalised  by  heating  to  about  550°  C.  iu 
air  in  a  glass  tube  for  ^  hour,  and  allowing  to  cool  slowly. 
The  pieces  were  thei)  planed  down  to  a  section  of  about  0"3in. 
square,  and  broken  in  a  sensitive  wire-testing  machine.  The 
results  are  given  in  Table  III. 

Table  III. 


No. 

Composition. 

Tensile  Strengtli. 
Tons  per  Square  Inch. 

Elongation,  per  Cent, 
on  '2  Inches. 

Oxygen 
Per 
Cent. 

Arsenic 
Per 
Cent. 

(1) 

(2) 

Mean. 

(1) 

(2) 

Mean. 

B  3    ..       .  • 

0-17 

0-40 

11-6 

12-3 

12-0 

28-8 

30  0 

29-4 

C  I    ..  •• 

0-2() 

0-05 

9-4 

9-4 

9-4 

14-7 

12-0 

13-3 

B  12  ..  .. 

0-()2 

0-03 

7-9 

7-9 

2-5 

2-,") 

(i     •  .         • . 

0-31 

0-03 

7-4 

91 

8-2 

5-1 

51 

51 

4    ..  •• 

0-2!) 

0-04 

9-8 

9-9 

9-8 

10-0 

7-5 

8-8 

5    ..        . . 

o 

k 

0-0(> 

10-5 

10-7 

10-6 

8-0 

9-8 

8-!» 

9    . .  .. 

0-35 

0-19 

9-2 

0-3 

9-3 

11-3 

9-8 

10-.-) 

7    ..  .. 

0:i3 

0-33 

10-7 

10-5 

10-6 

9-6 

12.1 

10-0 

C  3    ..  .. 

0-43 

0-23 

12-4 

12-6 

12-5 

8-2 

8-8 

18--) 

2    . .  .. 

0-42 

0-43 

13-8 

13-1 

13-5 

11-5 

10-2 

10-}) 

Table  IV. 


No. 


Composition, 
Per  Cent. 


Tensile 
Strengtli. 
Tons  per 
Square  Inch. 


Elongation. 

per  Cent, 
oil  '2  inches. 


Oxv£?en 


Anti- 
mony 


Moan. 
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deterioration  in  its  capacity  for  rolling.  This  quantity  of 
oxygen  rises  from  about  0"05  per  cent,  to  0*2  per  cent,  as  the 
arsenic  increases  from  0  to  0*2  per  cent.,  then  more  slowly  to 
about  0'28  per  cent,  as  the  arsenic  increases  to  0.5  per  c^nt. 
Thus  with  constant  arsenic,  addition  of  oxygen  causes  no 
marked  difTerence  to  the  malleability  until  a  certain  limit 
(depending  on  t  he  arseni*'  present)  is  reached  ；  above  this  point 
the  malleability  falls  ofl",  and  with  still  more  oxygen  there  is 
a  rapid  deterioration  of  the  metal,  which  becomes  cold-short. 
If  arsenic  is  increased  while  tlie  oxygen  is  kept  constant,  any 
tendency  to  cold-shortness  is  diniinislied,  and  if  less  than  0  3 
per  cent,  of  oxygen  is  present,  a  metal  which  will  roll  perfectly 
is  obtained  before  the  arsenic  reaches  05  per  cent. 

In  a  similar  way,  antimony  up  to  0*4  per  cent,  reduces  the 
cold-shortness  of  pure  "  dry  '，  copper.  The  first  action  of 
oxygen  on  copper  containing  a  constant  amount  of  antimony, 
however,  appears  to  be  to  effect  an  improvement  in  the  metal, 
as  tlie, cracks  mentioned  by  Hioriis  and  Lamb  in  their  copper- 
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A  further  set  of  alloys  was  made,  and  cast  iu  the  form  of 
lin.  diam.  bars,  about  lOin,  long,  in  a  chill  mould  standing 
on  sand.  Each  metal  was  cast,  as  nearly  as  could  be  judged, 
at  the  same  temperature.  The  appearance  of  the  fractures 
of  Nos.  2  and  6  seemed  to  indicate  that  the  casting  tempera- 
tures were  in  these  cases  slightly  higher.  The  bars  were 
machined  down  to  0'564in.  diam.,  with  2^in.  parallel. 
Analyses-  were  made  on  the  last  turnings  from  the  test  piece. 
The  tests  were  carried  out  in  the  engineering  laboratory  of  this 
College  by  kind  permission  of  Prof.  Elliott.  The  results  are 
given  in  Table  IV. 

From  the  results  given  in  Table  III.,  it  appears  that  for 
metals  in  the  cast  state,  containing  a  constant  quantity  of 
oxygen,  there  is  a  slight  rise  in  the  tensile  strength  and  more 
marked  improvement  in  the  elongation  as  the  arsenic  in- 
rreases.    This  is  seen,  for  example,  in  B  6,  4，  5,  9，  7  ;  C  3  2. 

With  a  constant  percentage  of  arsenic  there  is  very  little 


0-05 

015 
018 

031 
003 

IMS 


0-35^ 

0-38 
0-48' 

0-40 
0-51 


( 


11-42  / 


•2') 


10-73  10.73 
11.28)  IH') 


10:>0  10-50 


] 20-0 


Crystalline :  n  few 
small 


\ 


:i-t; 


is-s 


Fino  radiating  fibres. 
Sli^'htly  reddish. 
Verv    iineiy  tTVMtal- 
liiu'  to   tinoly  fih- 
r  i»  u  s ,   S  I  i  i;  li  t  1  V 

KiiK'ly  orvstalliiuv 

Brit'k  ml. 
(Vvslallino  to  silkv  : 
a  fvw  siimll  lioU's. 
、V11(、、、 

8-5     8*5     KndiatiiiL;  f 山 ros. 
1     Slightly  reddish. 


0  ")•() 
J)  2" 


oxygen  to  arsenical  copper  is  without  any  marked  influence  ou 
the  hardness  until  it  reaches  a  limit  depending  on  the  per- 
centage of  arsenic",  when  the  hardness  rapidly  increases.  Thus 
copper,  with  04  per  cent,  arsenic  and  0'3  per  cent,  oxygen,  is 
(jiiite  as  soft  as,  if  not  a  little  softer  than  a  similar  metal  free 
rroni  oxygen.  The  limit  of  the  percentage  of  oxygen  which 
does  not  noticeably  affect'  the  hardness  rises  to  about  0  35  per 
cent,  as  the  arsenic  increases  to  0*5  per  cent.  Iu  a  similar 
way  antimony  first  diminishes  and  afterwards  increases  the 
hardness  of  coppei  containing  oxygen,  while  quite  a  low  per- 
centage of  oxygen  begins  to  harden  copper  containing  anti- 
mony. 

The  hardness  found  after  rolling  down  to  about  O  loin.  was 
unreasonably  liigh  (30  to  40)  on  the  scleroscope  scale,  but  the 
values  given  after  annealing  agreed  almost  identically  with 
those  for  tlie  cast  mot a1 , 

Conductivity  for  Electricity. ―  For  purposes  of  comparison  it 
is  necessary  to  know  the  roiuluctivity  of  roppor  containing  only 
arsenic  or  antimony  without  oxygen.  The  most  coinplet^- 
series  of  determinations  within  the  limits  of  composition 
required  is  that  of  llionis  and  Lamb. 卞  Their  results  for 
a rsenic  are  in  agreement  with  those  of  other  obs<M'vers,  but  for 
antimony  they  are  soniewliat  irregular,  moreover  different 
workers  have  obtained  divert^'ent  rosults.  With  regard  to  th" 
ofToct  of  oxygen,  Addioks  coucludos  that  the  conductivity  of 
pure  copper  is  slightly  increased  by  the  presence  of  0  05  per 

•  Hiorns  an，l  Lamb.  '•  Journal  of  the  Society  of  Chemical  Indnstrj-."  1909.  Vol. 
XXVin  .  pp.  Vr2  aud  454. 

t  Hiorns  an«l  Lamb.  "  Journal  of  the  Society  of  Chemical  Industry,"  Vol. 
XXVUI..  pp. 
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cent,  of  oxygen,  and  returns  to  its  original  value  with  010  per 
cent. 

Peters,*  however,  finds  that  "  while  the  proportion  of 
cuprous  oxide  found  in  ordinary  good  refined  copper  does  not 
appear  to  diminish  its  elertrical  conductivity  (it  may  even 
increase  it  slightly,  yet  the  very  highest  conductivity  tests  are 
yielded  by  copper  which  contains  no  determinable  oxygen." 

Hofmaii,  Hayden,  and  Hallowell 卞 state  that  the  presence 
of  oxygen  improves  the  conductivity  of  tough- pitch  copper,  a 
maximum  conductivity  being  obtained  with  0*12  per  cent,  of 
oxygen. 

Measurement  of  Resistance. —— The  resistance  of  a  definite 
length  of  a  number  oi'  wires  made  as  described  above,  was 
measured  by  the  Wheatstone  bridge  method.  The  diaiiiotors 
of  the  wires  were  afterwards  obtained  by  weighing  a  measured 
length  in  air  and  water.  Tables  V.  and  VI.  give  the  specific 
resistance  of  the  wires  in  C.G.S.  units  (ohms  x  10~'*).  The 
relative  couductivity  is  calculated  from  these  and  from  Hiorns 
and  Lamb's  value  for  pure  copper  ；  and  since  all  measurements 
were  not  made  at  the  same  temperature,  the  latter  is  corre<^ted 
for  coniparison  by  the  temperature  coefficient  for  pure  copper, 
Rt  =  R。  (1  +  0'00416?)4    For  comparison,  the  tables  also 


VIZ 


Micrograph  1. ― Is  typical  of  cast  metal  containing  arsenic 
with  a  low  percentage  of  oxygen.  The  boundaries  of  the 
" cores  ，，  are  very  distinct  on  account  of  the  rapidity  of  cooling. 
A  similar  inetal  containing  antimony  is  shown  iti  niirrograph  4. 

Micrograph  2.— Copper  (  ontaiiiiii^  oxy^fii  wit li  Imv  arsenic 
or  antimony  shows  dendrites  of  copper  ernlK'ddpfl  in  a  ground- 
mass  of  copper  and  cuprous  oxide,  not  showing'  a  euiectic 
structure  but  occurring  in  isolatoJ  globules. 

Micro^rapli  3.  —  With  inore  arsenic  or  ant iriiony,  as  tin* 
oxygen  increases  tlie  fores  pass  into  a  (iciulrit  ic  form,  the 
boundaries  become  pitted,  and  iiiially  approximate*  in  appear- 
ance to  the  oxidp  boundHiics  in  iMi(Tf);'rapli  2.  Prof. 
Huntington  has  published  a  micrograpli  similar  to  No.  3,  but 
with  less  oxygon.*  The  structure  of  the  boundaries  is  shown 
better  at  a  higher  magnification.  The  effect  of  oxygen  is 
similar  in  the  presence,  of  arsenic  and  of  antimony.  'Tlif  first 
effect  of  oxygen  is  to  p roduco  a  curious  rin^'likf  formation 
which  appears  in  the  boundaries  (niicrograph  .')).  These 
develop  into  globular  masses  as  the  oxygen  rises  (micrograpli 
6),  and  increase  in  number  until  they  fill  the  arsenic  or  anti- 
mony-rich boundaries. 

In  conclusion,  the  author  wishes  to  express  his  indebtedness 


Table  V. 


No. 

Composition. 

Length, 
Centi- 
metres. 

Diameter, 
Centimetres. 

Resistance, 
olims. 

Specific 
Resistance, 
C.G.S.  Units. 

Tempera- 
ture. 
Degrees  C. 

Relative       ■  Kelative  Conductivity, 
Conductivity    1  Copiier-Arscnic 
(Cu  =  100).       without  Oxyacn  (Hiorns). 

Oxygen, 
per  Cent. 

Arsenic, 

per  Cent. 

B  1 

0-10 

0-49 

147- « 

0-0820 

0-1312 

4690 

18 

35-2 

42-4 

C  2 

0-42 

0-43 

97-7 

0-0826 

0-0775 

4251 

17 

38-7 

45- 1 

B3 

0-17 

0-40 

128-9 

0- 08(51 

0-0850 

3843 

18 

430 

40-8 

2 

0-16 

0-22 

170 -5 

0-0863 

0-0926 

3178 

18 

52-0 

59-5 

5 

0-30 

0-Ot) 

01 -0 

0-0860 

0-0261 

2485 

18 

06-4 

77-3 

C  1 

0-26 

0-05 

168-0 

0  0831 

0-0672 

2169 

17 

75-8 

79-4 

Table  VI. 


Composition. 

Length 

Diameter 

Kesistance 

Specific 
Resistance, 

Relative 
Conductivity 
(Cu  =  100). 

Relative 
Conductivity, 
Coi)per-Antiiuony 
without  Oxygen 
(Hiorns). 

No. 

Oxygen 
per  C<mt. 

Antimony 
pel"  Cent. 

Centimetres. 

Cenbinietres. 

Ohms. 

C.G  S. 
Units. 

< 

014 
012 

： CD  CO 

0  0825 
0-0832 

0-0580 
0-0482 

1847 
1889 

、1  CO 

GO 

80-0 

o  o 

014 
0-14 

73-7 
79-6 

S  CO 

CO  00 

o  o 

o  o 
了-  w 

1871 

1854 

088-7 

77-5 

CO  CO  - 

0-18 
0-18 

0  0830 
0-0834 

GO  O 
卜 CO 

o  o 

1919 
1934 

85'6 严 ^ 

73-0 

bo 
―、 

0-10 
0-10 

9  o 

o  c 

■  w  a:' 

卜 to 
6  6 

2629 
2564 

58- 0 

(a)  Temperature  17 '5°  C.  ；   (6)  Temperature  18 'e**  C.   *  Analyses  of  the  wires  given. 


give  Hiorns'  values  for  the  relative  conductivity  of  the  oxygen- 
free  metal  of  the  same  arsenic  or  antimony  content. 

In  every  case  in  the  arsenic  series  it  will  be  noticed  that 
the  conductivity  is  less  than  that  of  a  similar  metal  with  no 
oxygen.  In  the  presence  of  antimony,  however,  the  effect  of 
oxygen  is  to  raise  the  conductivity.  In  order  to  check  this 
result  the  measurements  were  repeated  on  fresh  wires  drawn 
from  strips  of  the  same  ingot.  For  the  production  of  these 
the  author  is  indebted  to  Mr.  H.  I.  Coe :  they  are  marked  (h) 
in  Table  VI.  The  post-office  box  used  had  been  carefully 
standardised.  Filings  from  each  of  the  wires  were'  taken  for 
analysis  ；  it  will  be  seen  that  very  little  change  in  composition 
occurred  during  the  operation  of  drawing  ；  but  making  allow- 
ances for  the  possible  slight  difference  in  composition,  the  con- 
ductivity of  the  two  sets  of  wires  shows  very  fair  agreement. 
The  quantitative  effect  of  oxygen  is  not  apparent  from  these 
results,  and  the  author  hopes  to  make  a  further  series  of  more 
accurate  measurements  to  decide  this. 

Influence  of  Oxygen  on  the  Michostbucture. 

Specimens  cut  from  the  ingots  were  polished  and  etched 
by  means  of  a  10  per  cent,  solution  of  ammonium  persulphate. 
The  photographs  were  all  taken  by  direct  light. 


to  Mr.  J.  Cooper  Trill  for  assistance  in  making  the  tensile 
tests  ；  to  Mr.  A.  H.  Hiorns  for  valuable  advice,  and  the  benefit 
of  his  judgment  in  the  malleability  tests  ；  and  to  Prof.  A.  A. 
Read  for  the  interest  he  has  taken  in  the  progress  of  the  work. 
*  "Journal  of  the  Institute  of  Metals,"  No.  1,  1910.  Vol.  III.  p.  64. 


*  'Principles  of  Copper  Smt4tin{^,' '  1907.  p.  49-2. 

t "  Transactions  of  the  American  Institute  of  Mining  Engineers."  1908,  Vol. 
XXXVIII.  p.  38.  - 

t  Swan  and  Ehodin,  "  Proceedings  of  the  KoyaJ  Society,*'  1894,  Vol.  LVI.  p.  81; 


Engineer  Electrocuted, ― John  Black,  an  electrical  engineer, 
was  killed  at  Hartford  Pit,  Northumberland,  on  Monday  last 
by  coming  in  contact  with  a  live  wire  whilst  inspecting  the 
works. 

Trials  of  a  Marine  Oil  Engine— Messrs.  Barclay,  Curie,  ami 
Co.,  shipbuilders  and  engineers,  Wliiteim'h,  who  have  built 
for  foreign  owners  the  vessel  "  Jutlandia,"  have  had  run- 
ning for  some  months  in  their  engine-works  at  Stobcross  an 
engine  which  is  one  unit  of  the  machinery  which  they  are 
to  fit,  on  board  the  vessel.  This  engine  has  recently  com- 
pleted a  full-load,  non-stop  trial  of  30  days"  and  nights'  run- 
ning without  any  hitch  whatever.  When  opened  up  for 
examination  the  engine  was  in  such  a  condition  as  would 
have  justified  the  firm  in  starting  it,  without  any  touching 
up  or  adjustment,  on  another  30  days'  trial.  For  marine 
purposes  the  test  covered  a  longer  non-stop  voyage  than  is 
called  for  nowadays,  except  on  a  very  few  routes.  The  trial, 
it  may  be  added,  was  run  with  ordinary  Scotch  shale  fuel  oil, 
ami  tiie  average  consumption  was  "35  of  a  pouud  per  indicated 
horse-powei'  per  liour. 
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THE  JUNKERS  OIL  ENGINE. 

liY  F.   E.  JUNGE. 

Of  the  various  internal-combustion  engines  which  are  com- 
peting with  the-  steam  turbine  for  pre-eminence  in  the  field 
of  large-scale  economic  power  production  and  ship  propulsion, 
the  Diesel  engine  so  far  has  been  the  only  one  to  deserve 
serious  consideration.  Of  late  a  new  type  of  large  oil  engine 
is  attracting  atieution  m  Germany  ；  this  is  a  2-stroke  engine, 
built  to  the  design  of  Prof.  Junkers,  of  the  Techuische  Hocli- 
schulo,  of  Aix-la-Cliapelle.  A  freight  vessel  to  be  equipped 
with  this  type  of  engii 化 has  been  ordered  from  the  Weser 
Company,  of  Bremen,  by  the  Hamburg- American  Line.  The 
power  developed  by  the  two  engines  is  to  be  1,600  shaft  horse- 
power. A  200  li.p.  experimental  engine  gave  the  data  for 
the  construction  of  a 】,000  h.p.  engine  which  is  now  under- 


tlieir  barrels  connected  at  the  head  ends.  The  use  of  stuffing- 
boxes  is  thus  avoided. 

The  cycle  of  the  Junkers  engine  may  be  more  clearly 
understood  by  aid  of  Fig.  2，  in  wliirh,  for  the  sake 
of  simplicity,  only  one  cylinder  is  shown.  At  the 
innermost  position  A  of  the  pistons,  tlie  conibiistioii  space, 
after  a  preceding  compression  stroke,  is  filled  with  Iiiglily- 
compressecl  and  correspondingly  heated  air  ；  at  this  moment 
injection  of  fuel  is  begun.  The  fuel  is  forced  in  by  com- 
pressed air,  and  is  in  a  finely-divided  condition  ；  it  ignites 
and  burns  under  almost  constant  pressure  during  the  first 
part  of  the  outward  stroke,  from  A  to  B  on  the  indicator 
diagram.  During  the  ensuing  part  of  the  outward  stroke, 
the  expansion  of  the  products  of  combustiou  takes  place, 
from  B  to  C. 

When  the  pistons  have  reached  the  position  shown  at  C, 
corresponding  to  the  point  C  on  the  diagram,  the  front  piston 
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Fig.  1.— Sectional,  Side,  and  Plan  Vikws  of  Junkeus  Engink. 


KKi.  '2.— Junkers  Cycle. 


going  tests  at  Aix-la-Cliapelle.  The  genoral  arrangement 
of  the  parts  of  this  engine,  whicli  is  of  the  horizontal  tandem 
type,  is  shown  in  Fig.  1.  Two  pistons  work  in  each  of  the 
tandem  cyliiulers  ；  the  extmiio  forward  ami  roar  pistons 
art  on  the  middle  crank,  and  the  two  iiiterniediat^  pistons 
act  on  the  outside  cranks,  which  are  set  at  180°  from  the 
middle  (Tank.  The  connection  of  the  pistons,  which  move 
to^^othcr  with  each  ot lur  and  with  the  crosslieads  is  made  by 
t  l  ansverse  yokes  and  side  rods,  as  will  app'ar  from  t!u»  longi- 
ludiiial  stH'tioii  aiul  Uip  clovat ion  aiui  from  the  schematic 
drawing,  Fig.  2. 

The  engine  works  on  the  *J-st rokt*  ryrlc.  "\\'  1 1 i  1  c  ( he 
pistons  in  one  cylinder  move  outward  on  the  working  stroke, 
the  pistons  of  the  other  rylimler  travel  inward,  on  t ho  com- 
pression stroke.  When  tlio  two  pistoDs  in  one  cylinder  have 
reached  the  state  of  nearest  approach,  fuel  injection  rom- 
ineiues  ；  the  two  pistons  iti  the  other  cylinder  have  t hen 
reached  the  position  of  greatest  separation,  and  the  expulsion 
of  the  expanded  gases  takes  placo,  followed  by  an  inward  flow 
ot"  scaven<;in<^  air  throu2:li  ports  at  the  other  end  of  the 
cylinder  from  the  exhaust  ports.  Tlu*  pmts  are  covered  and 
iMirovorod  by  I  ho  pistons,  eliuiinatini:  all  valvos.  Tlio  ends 
of  I  ho  ryliiiders  are  open,  eacli  rylindor  beiiij^  I  ho  oqnivaltMit 
of  two  single-acting  cylinders  with,  their  heads  removed  and 


V  begins  to  uncover  the  ports  in  the  cylinder  wall  throu^'h 
which  the  burnt  gases  escape.  In  the  position  shown 
at  D，  rorrespondiag  to  D  on  the  diagram,  equalisa- 
tion of  the  ryliiuler  pressure  with  tliat  of  the 
atmosphere  has  approximately  taken  plare.  In  this 
position  the  rear  piston  H  uncovers  the  rear  ports  and 
admits  fresh  air  at  low  pressure,  whirh  drives  the  rest  of  the 
spent  gases  out  of  the  t-yliiuler  through  the  oxliaust  ports  at 
the  front  end.  This  p  rot'oss  takes  place  while  I  ho  pistons 
travel  to  the  (iead-ceiitre  positions  of  the  cranks  and  back 
to  the  position  F,  in  which  the  pistons  have  closed  their 
respective  ports.  At  the  point  F,  the  <  vlinder  is  filled  with 
air  alone,  and  the  ooinpivssion  of  this  begins  ;  the  inward 
travel  of  the  pistons  to  the  inner  dead-centre  position  tom- 
pleU、s  the  compression,  giving  the  curve  F  A  of  the  diagram. 
The  coin  pressed  air  becomes  hoat^<l  to  such  an  extont  that 
the  fuel  which  is  iiijerUnl  at  or  shortly  Ix^foro  point  A  ipnitos, 
as  in  the  Diesel  engine,  whereupon  t h<»  working  process  just 
described  is  repeated. 

The  air  pumps  and  com  pressors  (in  this  raso  4-stape) 
which  are  nerossarv  for  the  supjilv  of  the  scavenging  and 
fuel -spray  air  are  arran<jod  parallel  to  the  work  cyliiidors 
and  their  pistons  are  actuated  from  the  yoke  of  the  inter- 
mediate pair  of  power  pistons.      lu  large  diameters  each 
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cylinder  is  provided  with  two  fuel  sprays  and  one  compressed- 
air  starting  valve.  The  fuel-injection  nozzle  is  so  designed  as 
to  give  the  fuel  oil  a  close  contact  over  a  large  surface  with 
the  combustion  air. 

With  regard  to  the  action  of  forces  and  the  balancing  of 
the  moving  parts,  the  Junkers  engine  lias  a  decided  advan- 
tage over  engines  of  the  usual  type,  inasmuch  as  the  free 
forces  are  completely  balanced  in  the  centre  line  of  the 
engine,  neglecting  the  error  due  to  the  obliquity  of  the  con- 
necting rod  ,  while  the  main  bearings,  due  to  the  opposition 
of  the  forces  iti  the  driving  elements,  are  relieved  from  thrust 
loads.  Owmg  to  the  division  of  the  total  stroke  between 
two  pistons,  a  relatively  small  individual  piston  speed  is 
attained  at  a  high  rate  of  revolution,  and  a  high  effective 
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Fig.  3.— Vertical  Form  of  JuNKEita  Engine  ron  Marine  Siiuvia:. 

piston  speed,  the  latter  being  twice  the  actual  speed  of  each 
piston. 

•  The  general  form  of  the  Junkers  engine  for  marine  service 
IS  shown  in  Fig.  3.  The  cylinders,  side  rods,  &c. ，  are 
arranged  in  exactly  the  same  relative  positions  as  in  the  hori- 
zontal engine,  the  only  important  changes  being  in  the  form 
of  the  main  frame  supporting  the  crank  shaft  and  the  method 
?f  mounting  the  cylinders.  It  is  this  type  which  will  be 
installed  in  the  Hamburg- Ameincaii  freight  vessel. -— 
' Power/' 


Oil-burning  Locomotives  in  the  States. ― According  to  a  report 
recently  published  by  the  United  States  Geological  Survey, 
dealing  with  the  subject  of  the  use  of  oil  fuel  on  American 
railways,  21,075  miles  of  railways  in  that  country  were 
traversed  by  engines  burning  oil.  The  total  consumption  for 
this  purpose  during  the  year  1910  amounted  to  24,526,883 
barrels,  while  the  aggregate  mileage  travelled  by  oil-bui'iiiiig 
" engines  amounted  to  88,318,497  miles. 


HOPKINSON'S  REDUCING  VALVE, 

We  illustrate  herewith  a  desi^'ii  of  reducing  valve  wliirh  has 
recently  been  patented  by  J.  Ilopkinson  k  Co.,  Ltd,, 
Britannia  Works,  liudrlorsfield .  The  valve  is  of  tlu*  type  in 
which  there  is  arranged  in  the  casing  below  thf  valve  proper 
a  flexible  diaphragm  connected  to  the  valve  by  a  rod  which 
extends  through  the  casing  and  which  is  cont rolled  hv  a 
spring-actuated  lever.  The  valve  casing  is  formed  with  an 
inlet  aperture  B  and  an  outlet  aperture  C  of  equal  size.  The 
valve  D  is  connected  by  a  rod  E  to  the  coiitro  of  a  floxibU' 
diaphragm  F,  the  rod  E  extending  below  the  diapliragin  ami 
having  its  lower  end  resting  on  a  spring-controlled  lever  H. 
This  lever  is  pivoted  at 
one  end  and  connected  at 
its  free  end  to  a  rod  K， 
which  is  coupled  to  the 
free  end  of  a  spring  M. 
In  the  flange  of  the  inlet 
aperture  B  is  formed  an 
annular  groove  to  receive 
a  flange  on  a  cone  P, 
which  is  curved  in  longi- 
tudinal section  as  shown. 
The  smaller  diameter  of 
this  cone  is  proportioned, 
according  to  the  steam 
demand  on  the  low-pres- 
sure side  C  of  the  valve, 
in  such  a  manner  that  the 
reduction  of  pressure  is 
partly  produced  by  the 
cone.  The  spring  M  may 
consequently  be  set  to 
allow  the  valve  D  to  open 
at  a  lower  pressure  than 
would  otherwise  be  neces- 
sary. The  valve  will  thus 
remain  open  for  a  longer 
time  than  heretofore  and 
will  consequently  not,  it 
is  claimed,  be  subject  to 
such  violent  oscillations 
u  nder  a  fluctuating  de- 
mand as  is  the  case  with 
reducing  valves  as  here- 
tofore constructed,  where- 
in    the     reduction  of 

pressure  is  effected  solely  by  the  valve.  The  cone  P 
is  held  in  position  by  the  flange  of  the  adjacent  pipe 
to  which  the  valve  casing  is  attached  and  thus  can  be  readily 
removed  and  replaced  by  another  cone  of  a  different  size  when 
it  is  desired  to  accommodate  the  reducing  valve  to  different 
steam  demands.  The  tubular  extension  of  the  valve  casing 
which  carries  the  flexible  diaphragm  F  is  divided  into  two 
parts  Q  and  R  which  are  separated  by  a  washer  S  of  woodite 
or  other  suitable  lieat-insulating  material,  so  as  to  prevent 
conduction  of  heat  through  the  metal  to  the  diaphragm  F. 
The  upper  part  of  this  extension  Q  reaches  to  a  short  distance 
below  the  valve  D  and  is  there  provided  with  an  inwardly- 
arranged  flange  T  which  serves  as  a  guide  for  the  upper  end 
of  the  rod  E.  Holes  U  are  also  provided,  as  sliowii,  in  orrler 
to  allow  water  of  condensation  to  pass  from  the  inlet  end 
of  the  valve  casing  into  the  diaphragm  chamber  R. 


HoPKiNaoN'b  Reducing  Valvk. 


American  Electric  Railways.—  During  the  past  year  the  electric 
railway  system  of  the  United  States  was  increased  by  1 , 1 9l! 
miles,  as  compared  with  1,397  miles  in  1910.  California  led 
last  year  with  121  miles  of  new  line,  and  North  Carolina  and 
Illinois  followed  witli  104  miles  each.  New  equipment 
ordered  by  American  electric  railways  in  1911  comprised 
4,015  cars,  or  1,466  cars  less  than  were  ordered  in  1910.  Of 
the  4,015  cars  ordered  in  1911，  2,884  were  city  passenger  cars, 
626  urban  cars,  and  505  freight  and  miscellaneous  cars.  The 
number  of  electric  locomotives  ordered  iii  191 1  was  81,  as 
compared  with  43  in  1910. 
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THE  LIGHTING  OF  MOTOR  VEHICLES. 

At  a  meeting  of  the  Biniiinghaiu  and  Midland  jiieinb(n*s  ()i 
the  Institution  of  Electrical  Engineers,  a  paper  on  "  Dynamos 
for  Motor  Road  Vehicle  Lighting  "  was  read  by  Mr.  J.  D. 
Morgan.  During  the  past  few  years,  the  author  said,  serious 
attention  had  been  directed  to  the  development  of  electric- 
lighting  systems  for  motor  road  vehicles,  as  it  was  widely 
recognised  tliat  something  superior  to  the  ordinary  methods 
of  oil  and  acetyloTio  lighting  was  u r^^oiitly  iieedod.  In  the 
present  paper  tlie  object  was  to  dis<'uss  briefly  ilie  subject  of 
current  generation.  By  common  consent  the  use  of  a  battery 
alone  for  providing  current  was  unsuitable,  and  a  dynamo 
was  essential.  The  construction  of  a  suitable  rlyiiaiiio  pre- 
sented peculiar  difficulties.  The  principal  conditions  to  be 
complied  with  were  :  (a)  That  the  dynamo  must  be  capable 
of  maintaining  a  practically  constant  voltage  over  a  wide 
range  of  speed  variat  ion  and  under  different  loads  ；  and 
if  voltage  variations  were  unavoidable,  the  amoiiut  of 
variation  must-  not  seriously  affect  the  brightness  of  the 
lamps.  Regarding  tlie  first  condition,  it  was,  the  author 
observed,  usual  to  arrange  for  the  dynamo  to  supply  current 
at  the  normal  voltage  when  the  vehicle  was  moving  at  the 
rate  of  from  10  to  15  miles  per  hour,  and  to  maintain  the 
voltage  constant,  or  as  nearly  constant  as  possible,  at  all 
superior  speeds,  whicli  might  reach  50  to  60  miles  per  hour. 
Whcti  the  veluclc  was  at  rest  or  travelling  be  law  10  miles 
per  lioiir  the  cunciil  was  supplied  Entirely,  or  for  the  greater 
part,  by  a  battery  arranged  in  parallel  with  the  dynamo 
circuit.  Regarding  the  second  condition,  it  was  known  that 
in  metal  fi lament  lamps  a  small  increase  above-  the  normal 
voltage  was  attended  by  a  relatively  large  increase  of  bright- 
ness. Simplicity,  compactness,  and  reliability  must  be 
obtained  in  a  much  liigher  degree  than  was  essential  for  train 
lighting,  wluM'e  skilled  supervision  was  constantly  exercised. 
Much  controversy  centred  at  present  in  the  relative  merits 
of  the  mechanically  and  the  ele<'tiically  regulated  machines 
which  were  capable  of  complying  with  service  conditions,  and 
this  was  likely  to  increase,  not  because  tlie  machines  of  either 
system  were  predoiniiiantly  superior  to  those  of  the  other, 
but  because  the  advantages  of  each  were  fairly  evenly 
balanced.  It  was  a  significant  fact,  however,  that  in  spite  of 
the  enormous  amount  of  work  wliicli  has  been  done  in  the 
development  of  electrical  systems  of  regulation  for  train  light- 
ing, the  nifK'hanical  systems  of  regulation  appeared  to  be  the 
most  extensively  used. 


INDUSTRIAL  AND  TRADE  NOTES. 

Large  Steel  Ingots. ― Mi'ssr.s.  Canuni'll,  Laird,  tt  Co.,  Ltd.,  are 
now  vn^iiix^d  at  their  (irimosthorpo  works  on  two  ingots  of 
larjJie  'siz(>  Ono  ix  a  steel  plato,  the  bi<i^c\st  over  nia(h\  whicli 
、vill  form  tho  base  of  an  ainiour  or  straighteiiinjj;  pros.s 

for  i\  m'i;j;hbom'ing  firm.  It  、 、飞、 ighs  noarly  140  tons,  and  was  cast 
from  th roe  furnaces.  Tho  firm  have  also  on  hand  a  137-toii 
octagon  ingot  for  a  gvm  jacket,  Avhich  is  believed  to  be  tho  largest 
in;i:<'t  of  tliat  kind  (、v''r  nnidtv 

Diesel  Engines  for  Dock  Purposes. ― Tho  Mersey  Dock  and  Har- 
bour Board  have,  we  understand,  placed  an  order  with  tl"、 
Worthiii»:ton  Piini])  Company  for  five  i)unips  for  tlio  iumv  d ry 
dock,  to  he  drivon  direct  liy  Diesel  oii<iinos.  ，'； u'li  of  al""u 
1,000  h.h.p.  Tlio  ont;iiu\s  a vv  to  he  supplied  by  tin*  Diosol  Kn^ino 
Company,  and  w  ill  ho  hm\t  hy  M(、ssrs.  Ca  rels  Fro  res,  of  Client, 
a  iouturr  of  tlio  construction  l)oiii;j;  that  tlioy  will  ho  practically 
of  the  ma rino  typo  with  crosslieads.  This  plant  will  lie  tho 
largest  Diesel  engine  installation  in  this  country. 

Blastfurnacemen's  Wages  in  the  Midlands.  -Hlastt'iiriiMconuMi  >  w  n'^i^s 
in  N lu  t  li  ； iml  S<iiilli  St;illoiilsliii  r.  Sliropshiiw  aiui  、Vm'(vstrrsliin' 
u iMo  advunciMl  (in  Monday  la^st  Iroin  10  to  12i  per  cent.  prtMnitini 
upon  tlio  ijtanda rcl  w ago  basis  owing  to  the  iron  trado  revival. 
Tlu、  basis  is  Gs.  6d.  por  day  of  twelve  hours  for  f iirnaco  keepons. 
and  tiiroo-farthiiijj^s  to  (me  penny  por  ton  additional  <mi  tlio  out- 
put at  tho  t'uniaoos,  which  is  sonu'tinios  TOO  t(、  1  .()(»0  tiuis  per 
w ivk.  Thv  nuMi  ox|>rovSs  only  qiuilifii'd  ^satisfaction  at  tho  advance, 
and  liopo  tho  prciniiim  may  .siiortly  lulv ance  to  1  ">  por  voui. 

Openings  for  Machinery  in  Russia ― According  to  a  r，Mvm 
Austrian  Consular  Report ,  tluMo  is  a  toiuli'Dov  iji  tho  Riissinn 
t、n;:im'i、ri，》g  trados  to  ivmlt'r  tlu'mw'lvi、s  iii《i，>pi'n，l，'，，t  ol  furcij^n 
iJiacliiiuMy.  \ot\\  itlistaiulinL:  this,  tluMo  ； t ro  rortaiii  hi  juu  lu's  oi' 
enginoci  iug  the  miuii ciuenUi  of  which  cannot  yet  be  adtH|ualoly 


catered  for  in  Russia,  and  foreign  niacliinery  has  consequently 
to  he  inii)orte<l.  Tho  machines  thus  required  include  the  finer 
typos  of  niachiiie  tools,  compk'x  agricultural  machinery,  turbines, 
motor  vehicle^i,  and  other  kinds  of  appliances  requiring  more  than 
ordinary  skilled  workmanship  to  produce. 

A  Large  Sewage  Plant  Contract.— Alessrs.  Mather  &  Piatt,  Ltd., 
have  just  lu't'ii  instructed  to  proceed  with  a 】ai'ge  contract  for  the 
Accrington  and  Church  Outfall  Sewerage  Board,  wliic-h  comprised 
24  of  their  pipe  arm  type  of  revolving  distributorSj  each  G2ft. 
diam,  complete  with  all  appurtenances,  as  well  as  a  sewage  pump, 
screoning  mechanism,  motors  to  drive  the  machines,  and  also  the 
lighting  work.  Messrs.  Mather  cV  I'latt,  Ltd.,  are  in  a  favour- 
al)lo  position  to  uiidt'rtako  such  contractus,  a,s  they  aiv  makers 
not  only  of  spi^'aders,  Itiit  als(>  of  pumps,  electrical  machiiiery,  dec. 

Miners'  Minimum  Wage  Demand.  一  The  Miners'  Federation  Con- 
ference on  the  minimum  uagc  question  concluded  on  the  2nd 
iiist.  at  Westminster.  The  Conference  passed  a  resolution  iorim ，- 
lating  the  claims  lor  a n  individual  niiiiimum  wage  in  each 
district  tor  adults  working  at  tho  coal  lace,  and  resolved  that 
each  underground  adult  worker  shall  receive  not  less  than  5s. 
per  shift  except  in  Som  Tset,  the  Forest  of  Dean,  and  Bristol. 
Questions  of  minimum  wages  for  other  piece-workers,  tor  men 
employed  at  day  wa^es,  and  for  boys  were  left  to  the  districts. 
The^e  roiioliitions  will  form  a  basis  of  further  negotiations  with 
the  owners  in  the  districts  and  at  a  National  Joint  Conference- 
Dock  Extensions  at  Liverpool. ― At  tho  nioeting  of  the  Mersey  Doc  ks 
and  Hailxmr  Board,  held  on  the  Lst  iiist.,  it  was  decifled  that 
t-h<>'  En<^iueer  should  proceed  at  once  \\  ith  the  new  works  at  the 
north  end.  These  include  the  con-structitjii  of  a  dtM'p  、、a"T 
approach  to  take  vessels  oi"  1, 100ft.  and  two  branch  docks  and  a 
half-tide  dock,  and  by  means  of  a 】ofk，  whicli  would  be  0451 1.  in 
length,  connect  、vith  tho  present  Horiii)j'  Dock  system.  The  cost 
is  estimated  at  about  £'3,00(_).0(»0.  These  north 十 ml  works  came 
before  tho  Board  in  May,  li.)()8.  but  owing  to  tlu*  dopres-siim  in 
trad,,  and  the  tightness  oi"  the  nioiu'V  market  it  、va,s  tlmuj^lit 
advi.saijle  to  suspend  the  work  intioliiiit<*ly.  Trade  having  now 
improved,  the  w  ork  \\  i  1 1  bo  proccede<i  with. 

Autogenous  Welding  and  Cutting.  ~  \\\\  have  recoived  ironi  the 
Thorn  A:  Hocldic  Acrl vK-ih'  ('"iiipaii.v,  Ltd.,  151，  Victoria  Stit'"t， 
Wt'stniin.stt'r,  Loiitloii,  tlu'ir  catal()jj;iio,  contaiiiiii^  particulars  of 
soiiio  portable  oxy-acetylene  welding  and  cutting  plants  they  liavt' 
recently  introduced.  'Die  most  important  iniproveinont  coniK»c-te<I 
with  these  machines  is  that  it  cnahlt'.s  (Mi^iiKMMs  to  coiivt'iiicntly 
convey  the  gas~niaking  plant  ami  ()xy;j;oii  to  the  work,  thus  <i! ti'ii 
effecting  great  economy  over  other  jjorta ble  sv-sti'iux,  bwau.so 
acetyleiH^  geiieraU'd  in  tho  firm's  **  Incanto  "  i)Iaiits  cosU^  iiut  inoi  c 
than  f d.  per  cubic  foot,  whereas  compressed  acetylene  in  cyliiuK'i^ 
costs  ai)proxiniatoly  *2d.  p(、r  cubic  foot. 

North  of  England  Iron  Trade, ― The  ascortaiimiont  t>t'  tlu'  ac<-«»\int- 
aiits  ot  tlu'  Hoard  ot  C'oiuiliatioii  for  tho  ^laiiufaotured  Iron  and 
Steel  Trade  of  the  North  uf  England  of  tho  prodiittion  and  in't 
average  prices  secured  in  Noveinber  and  Docembor  has  jiist  l»ot'n 
issued.  The  production  is  shown  to  have  been  9,212  tons,  and 
coinparo.s  Avith  0.085  tons  in  the  corrt'i>pondin;j;  two  months  of 
1910.  The  production  t\)r  the  wliolo  ot"  1911  was  oS,iVS2  tons, 
compared  with  4 1 ,632  tons  in  1910，  34， 鶴 tons  in  19U9,  M),\K\S 
tons  in  1908,  aiul  67,312  tons  in  1907.  Tho  m、t  average  st'Iliii;; 
price  returned  is  £'(>.  6s.  6"2(kl..  coin  pa  rod  with  £(3.  "us.  3'-*"h1. 
ill  September  and  October  hist,  and  £'(i.  7s.  I'TOd.  in  November 
and  Docembor,  1910.  Ironuorkors'  wages,  which  arc  rogiilaUnl  by 
a  .slidin;j;  scale,  remain  luialtored. 

Scottish  Malleable  Iron  Makers'  Agreement. ―  An  effort  is  bviiiii 
iiiado  l)y  tlu'  H'proseiilrttive^i  ot  somt»  oi  tliO  Wvst  of  Stx)tland 
malleablo  iron  nia kors  to  l>rin»;  tlio  whole  of  tho  jiroducors  in  the 
district  into  line  in  the  matter  of  prico^,  a、s  tlu\v  considor  the 
time  is  o|)p<)rtuno  for  ； i  nioviMnoiit  of  tliis  k i lul  in  、'"'、、  （、f  the 
diininishod  foreign  compctUio"  and  tho  LioiuMally  .stron^or  posi- 
tion oi"  tlio  trade  as  well  as  of  tho  advanco  in  tho  pritn*  <>1  <*<ial. 
No  tornial  meetings  have  yet  been  liold,  hut  it  is  understood  that 
as  tbo  rosult  ot  oiujiiirics  as  to  the  extent  of  tho  support  wliicl 
tlu、  iiioveiHont  w oulii  pi (山" l»l.v  rocoive.  n  definite  aiiiumiui*nJoiU 
w  ill  Ito  inado  slmrtly.  Altout  six  tii ms  lia all  r;uly  a-^rtvd  t* 
advanco  prices  to  a  fixed  miiiimimi  si'llinfi  \v\  v\,  w  liicli  hus  l»roii 
basod  oil  £(i.  1  "is.,  Kv>s  *)  per  vont.  por  ton  for  "  Cro、v"  '  l，ai> 
1  nr  prompt  dolivory  in  tlu*  district. 

Iron  Ore  in  the  United  States. ― A<XH»nliiifj.  to  tlio  hullot in  ot  tli- 
(ioo^raphical  Survoy  of  tlio  I'niU^d  States,  it  is  est  i  ma  ted  froii: 
tho  ri'ports  sent  in  hy  twoiit y-six  of  tho  larj^est  iron  companies. 
( (mtmliiny;  80  por  cent,  of  tho  Aim'rican  iron  (»ro  output,  that  th'' 
tiital  (jiirtiitity  ot*  iron  oro  niarkott'd  in  tlio  rnitod  States  in  If  1 1 
not  im'Imling  stock^i  lolt  iit  tlu*  mines,  、vas  l»，'t、、，'''"  43.0<K».on  ' 
and    Ki.OOO.lHKI   lon^j;    tons.      Tlu、    salivs    for  aK;:，T;:at<  1 

o(5.88y,734  long  tuiis,  the  largest  over  marketed  iu  a  siugle  yun ; 
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in  the  IJiiited  States,  According  to  the  present  estimate,  the 
1911  output  will  take  fifth  place,  being  exceeded  by  1910，  1907, 
1909，  and  1906,  in  tlio  order  namt^d.  As  tho  prodiiction  of  pig 
iron  for  1911  】nay  exceed  23,500,000  tons,  a  larger  pi'odnctioii  ol" 
iron  ore  mi^ht  appear  to  he  I'eqnired  than  has  been  estimated 
above,  but  t  lie  re  Avere  9,408,235  long  tons  of  iron  ore  in  stock 
at  the  mines  in  the  United  States  at  tlie  close  of  1910.  Owing 
to  the  increased  activity  in  the  manufacture  of  pig  iron  towards 
the  close  of  1911,  it  is  probable  that  tlie  1910  .surplus  of  iron  ore 
remained  at  tlie  mines  at  the  close  of  1911. 

The  Yorkshire  Electric  Power  Company. ― The  directors  of  Tlie 
Yorkshire  Electric  Power  Company,  in  their  report  to  he  sub- 
mitted to  the  shareholders  at  tlie  18th  half-yearly  meetino;  ()f 
the  company,  to  be  held  at  the  Hotel  Metropole,  Leeds,  on  Tnos- 
clay,  the  20th  inst.，  state  that  the  gross  profit  on  the  rev^Miiio 
account  for  the  three  corrcsponcliiio-  yearly  periods  end  in  3Lst 
December  is  a、s  follows :  1911,  £l、2，572.,8s.  7d.  ；  1910，  £11,307.  13s. 
10(1.;  1909，  £G,087.  9s.  lid.  The  net  profit  after  payment  of 
mm  tgage  interest-  for  the  same  periods  being :  1911,  £7,783.  1 7s. 
lOd.  ；  1910,  £6,503.  7s.  Gd.  ；  1909,  £2,664.  13s.  6(1.  The  m、t  profit 
of  £7,783.  17s.  lOd.,  with  £0,475.  ILs.  8d.  brought  forward  from 
1910,  after  payment  of  the  di\'idend  clue  on  the  cumulative  pri'- 
feronce  si  tares  up  to  the  3Lst  _  December  of  that  yeai*,  makes  ji 
total  of  £17,259.  9s.  6d.  After  deducting  the  dividend  paid  on 
the  preference  shares  np  to  30th  June,  1911，  a  balance  of  £16,123. 
8s.  9d.  remains,  and  the  directors  propose  to  pay  a  dividoiul  at 
the  rate  of  G  per  cent,  per  an nnm  on  the  cumulative  preferenco 
shares,  thus  absorlnng  £1,746.  Is.  lOd.  ；  to  write  off  administra- 
tion and  development  expenses  to  the  extent  of  £14,047.  Is.  4d. ； 
and  to  carry  forward  £330.  5s.  7d.  The  report  adds  that  con- 
siderable extensions  have  again  been  made  to  the  company's  sys- 
tem to  supply  new  d  em  a  mis,  and  further  generating  plant  has  l)epn 
ordered  to  nioet  tlie-se  new  demands.  - 

The  Rcxos  Automatic  Spanner. ― The  accompanying  illustration 
shows  an  in'genious  arraiiiioment  of  automatic  lock i no;  si'ani:er 
which  is  heinp;  introduced  ]>>'  Messrs.  Frye  &  Co.,  of  46,  IT p per 
Thames  Street,  London,  E.G.  The  drawback  to  the  ordinary 
spanner  when  applied  to  a  hexagon  n ut  is  that  the  difference 
between  the  radius  measured  over  the  corners  and  the  radius 
measured  over  the  flats  is  so  little  that  a  slight  difference  in 
the  size  of  the  spanner  makes  it  either  too  small  or  too  big,  in 
tlip  latter  case  causing  it  to  grind  off  the  fornors  of  the  nut,  and 
if  frequently  used  iiiakiiijj;  the  trouble  of  findiii^  a  right-sized  key 
more  difficult  still.  Tho  spanner  under  notice  overcomes  this 
difficulty  in  a  very  simple  and  effective  way.  Referring  to  tlit> 
accompanying  view  the  top  half  of  the  jaw  is  centred  on  a  pin 


a  few  pounds  damage  to  wood.    Tho.y  iru'ntion  in  U""r  Icttor  tliat 
for  tho  spiinklors  tlio  firo  mi^lit  iiav<^  hocn  scrioim,  as  that 
part  oF  the  mill  is  .so  iiiacc(>,ssil)Ie  that  sorion.s  (lai"ag<，  would  have 
l>('('i，  do  no  lK'f()r(、  the  firo  could  liavc  f>oori  ^ot  at.    On  山,' '■ 

】,.st  a  firo  (»c(M!i  mmI  at  tlio  Rockh'ffc  Mills  of  M^-^sns.  A.  Smart  ati<l 
Soris，  Ltd.  It  <>ri|;inat('(l  in  tlic  cotton  clciiii in^c  waste  dcpart- 
iTK"it.  Messrs  Smart  liave  written  Mcsssrs.  Matlwr  A-  Piatt  to 
say  that  tho  sprinklors  pnn'entcd  a  had  fiiv.  TJu-rc  was  no  ncwl 
for  tlio  fironifMi  to  fix  a  Iioso  wlicn  thvy  arrived.  Tiic.se  are  only 
two  of  the  most  reoont  oxamjilcs  which  go  to  prove  how  well 
adapted  is  the  Grinnoll  system  for  the  protor-tion  of  overy  fla.ss 
of  manufacturing  and  waroliouso  property.  The  (;iiim('ll 
Sprinkler  has  receivod  offifial  rcfof^iiition  from  fin.  iiisiiraiu'o 
offices  all  over  tho  world.  So  hi;^lily  do  insurance  people  ('stw'i'i 
tlm  .siniiiklcr  tliat  a  reduction  of  iioin  25  i".r  fciit.  to  7(J  per 
fciit.  IS  JiUowiHl  ofl'  tho  pi'cniiiKMs  on  huilfliii^^s  ('(jiiippcd  with  it. 

British  Corporation  Registry  of  Shipping.— At  tlie  amm;"  dinner 
"I'  tli(«  11"'" 山 ('I's  ol'  tl"'  >tiifr  ol'  tlu'  British  Corporation  Hi'^^istry 
"f  Shippings  Iu«l(I  on  Saturday  last  i.t  (ilii.s^ow,  Alt.  FosUt  Km", 
(山 it  f  siirvoyor,  said  the  Miitisli  Corporation  IN'^^istiy  had  just 
(•om|>l,'t('(l  21  y<vars  of  active  ！ ilo.  Tt  was  louiulcd  in  1890,  with 
the  iH-iiiiiiry  object  of  safeguarding  the  int<>rosts  of  British  sliip 
(>、\'i""、s  l»y  oxti^ndino;  tho  adininistrutivo  authority  under  the  Load 
Line  Act.  Tho  constniction  nilcs  U"'  Corp<,r:iti<,ii  wcro  first 
published  in  1893,  nnd  aU" (川 nn-oliitioMary  in  form,  they  wcrr 
at  once  acoopted  by  tho  tcclni ical  world  as  a  j^roat  advance, 
lK、('aiise  they  appealod  U>  iouiwan-sonsc.  Starting  from  a  staml^ 
point  which  it  was  to  I"'  Icarod,  looiardod  the  oxistciu-o  of 
practice  as  unsatisfactory  evidonco  of  somulne.ss,  aftor  mncli  、'<'，•>' 
hard  work  and  siftiiip;  of  fart  from  theory,  .standards  oi"  strength 
were  laid  down  for  tho  various  parts  of  tho  hull,  on  tlio  hasis 
of  caucn-to  rathei-  thai  abstract  scitmcc.  Tlwvso  were  the  sofii^ty's 
staiulards  to-day.  It  was  true  that  as  tlio  yoai\s  passed  thvre 
liad  been  changes  and  developments,  l)ut  these  had  always  hccn 
towards  a  more  perfect  realisation  of  tho  lessons  of  oxpoi  ieiu-o  a、s 
、vp】l  as  of  the  principles  on  which  the  riilos  were  first  built.  Tt 
was  evidence  of  the  consorvatism  wliicl)  att(»nclod  oven  rarlif-al 
ch anises  in  this  country  that  it  had  takoii  18  yoavs  of  st<'ady  inovo- 
ment  in  one  direction  to  arrive  at  tho  simplicity,  efficiency,  and 
economy  of  present  day  shipbniklino;.  And  the  end 謂 not  yet. 
After  tracing  the  close  association  of  tho  Corporation  with  n en- 
developments  in  ship  constniction  and  engine  design,  and  tmich- 
iiip;  on  the  work  done  in  tlio  past  aiul  on  that  now  in  l"iml,  Mr. 
King  oonclnded  by  saying  that  lar^e  as  their  work  was  and  had 
V)ppn，  it  roprosontod  but  a  small  proportion  of  the  real  vnhic  of 
the  society  to  tlie  shippino;  community. 


The  Rexos  Automatic  Spanner. 

so  that  it  can  be  easily  slipped  over  a  nut,  and  any  tightening 
movement  causes  it  to  size  the  nut,  not  only  over  the  two 
opposite  flat  sides,  but  also  over  three  corners,  while  one  leg  of 
the  L- shaped  movable  piece  drops  into  a  socket  in  the  spanner 
head  and  assists  the  pin  in  resisting  arty  force  that  may  be 
applied.  The  spanner  is  one  of  the  simplest  and  most  effective 
locking  spanners  we  have  seen,  while  it  permits  of  equal  adapt- 
ability to  luits  or  bolt  heads  that  may  be  a  little  under  or  a 
little  over  the  nominal  size.  The  spanner  further  can  be  used 
for  getting  a  fresh  grip  with  a  small  amount  of  rotation  without 
removing  the  spanner  owing  to  the  flexibility  and  automatic 
character  of  the  lock.  The  device  is  well  north  tho  attention  of 
works  managers. 

Grinndl  Sprinklers  and  Fire  Outbreaks.— Two  further  examples 
have  recently  been  afforded  of  the  remarkable  efticiency  of  the 
Grinnell  Sprinkler  as  a  means  of  preventing  serious  fires.  An 
outbreak  occurred  on  the  lOtli  November  at  the  flour  and  pro- 
vendeT  mills  of  Messrs.  AY.  Primrose  &  Sons,  Ltd.,  Glasgow.  The 
mill  was  equipped  with  an  installation  of  Griniiell  Sprinklers. 
In  the  strut  house  eleven  of  the  sprinklers  operated  in  such  a 
manner  that  the  fire  was  soon  extinguished.  Messrs.  W.  Primrose 
and  Sous,  Ltd.,  have  Avritten  to  Messrs.  Mather  &  Piatt,  Ltd., 
stating  that  owing  to  the  timely  action  of  the  sprinklers  the  only 
damage  clone  to  the  strut  lioiise  Avas  th:\t  caused  by  wator.  and 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  "ttt. 

AIiimiTiium  ingot   (13/-  per  cwf. 

"         M'ire,  according  tn  sizes,  &f  from  102/-  ，， 

，，         sheets         "  ，，   ，  J  20/ -  ，， 

Antimony   £27/10/-  to  £28/-/-  per  ton 

Brass,  rolled    7^1.  per  lb. 

，，    tubes  (brazed)    OJd.  " 

，，       ，，      (solid  drawn)   8cl.  ，， 

"       ，，     wire   7Jd. " 

Copper,  Standard   £61/-/-  per  ton. 

Iron,  Cleveland   49 /-  .. 

，， Scotch    55/ - 

Lead,  English    £16/-/-  ,. 

，， Foreign  (soft)    £15/15/-  ,， 

Mica  (in  original  cases),  small   6(1.  to  2/-  per  lb. 

，，  ，，  ，，       medium   2/6  to  4/-  " 

，，  ，，  ，，       large    4/0  to  8/6  ,, 

Quicksilver   £S/5/-  per  bottle. 

Silver   27(1.  per  oz. 

Spelter    £5(>/12/G  per  ton. 

Tin,  block   £104/-/-  ', 

Tin  plates    13/0 

Zinc  sheets  (Silesian)   £2!»/10/-  ,. 

，，  (Stettin  ；  VieiJle  Montagne)   £30/-/- 


Personal. ― Mr.  W.  Boyd,  from  Cammell,  Laird,  A'  Co.'s, 
Birkenhead,  is,  we  learn,  to  be  Mr.  Bond  s  siuressor  in  the 
establishment  of  the  London  and  Glasgow  Engineering  and 
Shipbuildins:  Company,  Govan.  Mr.  Boyd  went  to  Birken- 
head from  Messrs.  Workman,  Clark,  \'  Co.'s,  Belfast. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1910. 

Valvos  for  internal-combustion  engines.    Sears.  17379. 
Centrifun;al  piiin])s  and  fans.    Watson  <fe  Billotop.  18808. 
Change-speed  or  reversing  worm-gearing.    Dawson.  23907. 
Treatment  of  smoke  from  furnaces.    Thomas.  28976. 
Gas  generators.    Salsbnry  &  Whitaker.  29047. 


Machine  tools.    Bungeroth  &  Tyrcr.  1044 
D riviii<i  hy  friction.    ()' Kecnaii.  1052 
Water-tube  boilors.    ()II)riclit  i('  Gertois.  1(1">4. 
Steam-traps.     Patorsoii.  】（）7(). 
RcdiK'tion  of  ore.    Sieurin.  1134. 
Plunger  pumps.    Kirkham.  1166. 
Valve  (^ears  for  engines.    Murauer.  1203. 

Shock-deadening  reactive  valve  with  ,siiigl(、  or  double  effect  for 
water,  steam,  and  compressed  air  conduits.    Van  Bonn.  1217. 

Methods  of  compressing  gases  and  utilising  tlie  expansive  force 
thereof.    Humphrey.  1241. 

Processes  for  roasting  sulphide  ores.    Renw  ick.  1267. 

Intornal-oomhustion  engLnes.  Wolseley  Tool  and  Motor  Car 
Comnaiiy,  Remington,  and  Rowledge.  1421. 

Blowers  for  tubular  boilers.    Mackenzie.  1479. 

Manufacture  of  screws,  bolts,  and  studs.    Jackson.  1585. 

Railway  signalling.    Thorrowgood.  1719. 

Fluid-actuated  turbines,    Boult.  1852. 

Lat]i(\s.    Dron  &  Lawson,  Ltd.,  and  Fulton.  1873. 

Intcrnal-coinbustioM  engines.    Alston  &  Houston.  3113. 

Pnoumatic  hand  tools.    Ames.  3187. 

Miners'  "afety  lamps.    Cremer.  3785. 

Surface  feed-water  heaters.    Weir.  3787. 

Exliaustor  and  blower  which  may  }>e  also  nsod  as  a  pnni]) 

ami  t'ligine.    Laniploi  gli.    4  494. 
Rope  haula^j;e  dips.    Aslinia n.  5210, 

Chaplet  for  use  in  rastiiiii;  ami  niouldinp;  metals.    Grace.  5423. 
Axle  trucks  for  railway  and  tra  nnvay  vehicles.    Cur  wen  .  6720. 
Sido  flues  and  downtakos  for  boilers.    Han  nan.  6831. 
Apparatus  for  purifying  water.    Wilson.  7029. 
Cutting  machines  for  use    in   milling    or    qnarryinp;  minerals. 

Mavor  &  Coulson,  Ltd.,  and  iVIavor.  7465. 
Gas  or  fluid  meters.    Berry,  Olovor,  &  Meters,  Ltd.  7726. 
Rotary  motor.    Gray.  8010. 
Gas  meters     Glover.  8130. 
Oil  humors.    Jolmson.  8088. 

Sileiifer.s  for  internal  fomhustion  engines.  Bailoy  &  Bailor .  9335. 
Rotary  entwine.    Un y  9410. 

Rope  a  lid  cahk'  flips  for  haulage.    Fanisworth.  9780. 
Furnace  <^ rates  for  stoiun-geiu>ratr)rs.    Neill.  10072. 
Spam 聽. G.  R.  Smit! 續 &  Co"  and  Williams.  10887. 
T.ii  tins-clogs.    Griffiths.  11044. 

Mt'thod  of  chldriiiatiiiK  roasting  of  ores.    Helsingborgs  Koppar- 

vtM'ks  Akticholag.  11515. 
Apparatus  for  s('])a liitin^  oil  from  water.    Bradshaw  A'  Doxoy. 

11883. 

Propel  l«'rs.    C'oa  lula .    1 1*740. 

^raniifacture  of  nniimir  ])lates.  Virkers,  Ltd,,  and  Benthall. 
14000. 

Fire  tuiic  l»oiltMs,     I'U'lock.    Ml 38. 

Vah'o  ； icar  lor  steam  oiij^inos.    AValtcr     1  MSG. 

MacliiiH's  for  trwiting  ^asos  in  tl"'    i"、"lii('t        "1    sulphate  of 

ainmonia.    Hurstall.  14440. 
Distributii)}^  valves  for  strain  engines.    Stninpf .  14927. 
Suction  gas  prodiioors.    Livrns  &  Vinc'^nt.  14976. 
noarin<is  for  hijj;li-spo(H]  sliafts  of  ina<'liinp  tools.    Dymoiul.    1  (>8'i2 . 
T wo  stroko-cvclo   rovolviiijj;  ('vlin(W  explosion   on;^inos.  Brivois. 

1 830(5 .    '  * 
Shaft  governors  for  rontroUinij;  tlio  admission  of  iluid  to  p<i\\  it 

("igines.    Wygodsky.  18400. 
Dovioo  for  pmppning  vossols.    Wobor  A-  Mnllor.  18673. 
Grips  or  clips  for  haulage  svstoms,      M((，al"、，    Jniniesoiu  and 

]VIcCal)o.    18751.  ' 
Valve  <i;oa r  tor  pinMimatio  tools,    Hiibors.  19090. 
C'n rl>iirotttM*s  for  iiitonial coiiibnstidn  t'li^inos.    (； iltay.  10077. 
Hall"hoarin|rs.    AlintVlt.  I>()l(i8. 

Method  of  mid  apparatus  for  startin;j;  iiuilt i  ovliiulrr  。>" 山 nsti(、n 

on^iiuvs.    Robort  HnsHi.  雙 
Ilailroiul  track  ('urvos.    ^Ic^lananin,  Siinoiuls.  A-       rhov.    'Jl!  1(7. 
Huso  platrs  for  annoulin^  (»voiis.    IMotsrIi.  ：2:"218. 
V:ilvt、  nu'cliaiiisin  for  intiMiiitl coinltnstion  *、ng"»，'s.  Woidiuaiin. 


Ball-bearings.    Benz  &  Co.  24358. 

Aiiti-friction  devico  for  radial  d rillinjj;  ni aohinos.      A.s(|iiitli  and 
Asquith.  24547. 

"Watt"'- till"'   boilers.      Fried.    Kriijip    A  kt.-Gos.  Oermaniawerft. 
2495G. 

Distance-measuring  instrument.    Optische  Anstalt  C.   P.  Ooerz 

Akt.-Ges.  25269, 
Apparatus  for  drilling,  punching,   or   stamping  coiLstrnctional 

ni**tal  nieni])ers.    Kolassa.    256G1 . 
Means  for  protecting  boiler  stay  ends  and  nuts  and  analogous 

projections  from  the  effects  of  heat.    Christie.  26624. 

ELECTRICAL  1910. 

Telephonic  apparatus,    Graham.  23742. 

Elt'ctriral  condoiisers.    British  In.sulated  and  Hol.s})v  Cal)les.  Ltd., 

and  Bayles.  24084. 
Eleotrio  wires  or  cables     Hriti.sli  InsnlattK]  ainl  H  el  shy  Cables, 

Ltd.,  and  Bayles.    26o91 . 
Fusible  fnt-onts  for  ronti-ollirifj;  oloftrio  fircuits.    Hopo.  29122. 
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Electric  accumulator  electrodes.    Pai)e,  905. 
Transmission  of  sound  by  electrical  means.    Brown.  9oG. 
Process  for  obtnining  rapidly  the  establishment  or  tlie  variation 

of  the  elect ro  motive  force  of  a  dynamo.    Soc.  Alsaoienne  de 

Constructions  ^recaiiiques.  1252. 
Controlling  apparatus  for  electrical  lifts.    A.  W.  Penrose  tt  Co., 

and  Barlow.  1335  k 
Electric  welding.    Koopman  and  Poutelec  Welding  Patents,  Ltd. 

1563. 

Electric  si^^nalling  on  railways.    Brown.  1566. 
Electrically-heated  cooking  apparatus.    Perry.  1883. 
Electrically-heated  ovens.    Perry.    1885.  •  j 

Rheostat  adapted  to  deregulated  from  a  distance.  Eilertsen.  8156. 
Electric  switches  and  ciron it-breakers.    Morris  A'  Lister.  820-5. 
Electric  motor  generators.      Eloctric*  and  Ordnance  Accessories 

Company,  and  Bowoii.  D8oG. 
Electric  meters  of  the  electrolytic  type.    Mou nsdon.  10689. 
Magneto-electric  machine.    Smyth.  12011. 
Electric-contact  breakers.    JBelfitt.  18479. 

Eieetric  signal  apparatus.  I^eynolds.  18G93.  j 
Drivin;^  gear  of  electrically- operated  winches.  Wilson.  18911.  I 
Circuit  arra n<j;onients  for  autoiiiatie  telei)lu)no  systems.  Siemens 

and  Halske  Akt.-Ges.    19186  ai.d  19231.  " 
Electric  safety  hand-lamps.  Simplex  Conduits,  Ltd..  and  Bennett. 

19347. ' 

A  re  lamps.    Kortinj^  &  Mathiesen  Akt  .-Ges.  27600. 


THE  DANGERS  OF  TUBE  STOPPERS. 
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In  mult ilubular  l>oiIers  it  not  infrequently  happens  that  \ 
smoke  tubes  give  out  in  service  through  some  local  <lefeot  ^ 
which  could  iiofc  be  easily  foreseen,  and  to  permit  of  working  . 
until  the  tube  can  be  conveniently  replaced  a  t-emporary 
repair  is  effected  by  stopping  the  tube.  This  is  sometimes 
done  by  driving"  in  plain  taper  plu^s  at  each  end,  and  some- 
times by  using  a  long  bolt  screwed  at  each  end  and  fitt^ 
wiUi  caps,  wliich  are  screwed  to  a  bearing  over  the  end  of 
eaoli  tube.  As  an  eniorsjeucy  repair  there  is  no  objection  to 
a  tube  stopper,  but  the  UMnporary  character  of  such  repair 
should  be  rei'ognised,  and  the  defective  tube  renewed  at  the 
first  opportunity.  Many  fatal  sralding  arridents  have 
oci'unod  llirougli  the  failure  of  tube  stoppers  in  one  way  or 
another.  Taper  plugs,  for  instance,  are  liable  to  work 
slack  and  be  blown  out,  while  screwed  rods  sometinies 
fracture  as  a  result  of  excessive  stress  in  screwing  the  caps 
oil  the  ends  to  secure  tightness.  A  report  recently  issued 
(No.  2,087)  shows  how  failure  of  a  defe<^tivoly-applio<l  tube 
stopper  may  lead  to  shortness  of  wat<*r  and  overheat infj.  The 
accident  occurred  on  board  a  steam  vaoht  wliile  in  Loch 
Stow  art,  on  Sentenibor  14tli  last.  The  boiler  was  of  the 
ordinary  single-furnace  multitubular  type,  and  it  appears 
that  in  consequence  of  a  tube  failing  the  engineer  ap{)liod  a 
srre\V(Hl  bolt  stopper,  but  failed  to  make  it  quite  tight,  so 
that  leakage  orcunetl  when  it  was  put  under  stoain,  and  this, 
unknown  to  the  att<»ndant .  caused  the  rrown  of  tlie  rom- 
bustioii  chamber  to  be  laid  bare,  with  the  result  that  it  was 
overlioatf'd  and  torn  awav  from  the  bolts  securing  it  to  three 
of  tlio  irirder  stays.  Through  the  holes  thus  fonnod  the 
4-oiitont  s  of  the  hoilor  escano^l.  and  fat  nil v  scal(le<l  f  lie 
attendant. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 
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Smoke  from  Metallurgical  Furnaces. 

We  flreiW  attention  about  a  fortnight  ago  to  a  discussion  in 
Sheffield  arising  out-  o'f  some  articles  by  Prof.  Arnold  in  a 
local  ])aper  setting*  forth  some  elementary  fact 幺  coiiceriiiiig 
conibustioii  and  tlie  application  of  heat  in  certain  processes 
of  steel  manufacture.  He  showed  that  whatever  control 
might  be  exerci&ed  over  excessive  smoke  production  in  the 
case  of  boiler  furnaces  it  was  impracticable,  and,  iu  fact, 
almost  impossible,  in  furnacef^  for  the  re -heating  of  steel 
ingots  to  avoid  the  enuseiou  of  smoke',  and  that  any  harsh 
measures  taken  against  steel  manufacturers  for  smoke 
lunsance  at  the  instance  of  misguided,  and,  we  fear,  often 
ill-inforaied  entliusiastfi,  might  seriously  prejudice  Sheffield 
iiidustry.  Prof.  Arnold  has  been  taken  to  task  for  the 
attitude  he  has  taken  up  on  tbe'  question,  but  his  position 
is,  we  think,  incontrovertible,  and  on  another  page  we  give 
some  remarks  of  his  bearing  on  the  subject  which  may  be 
cominended  to  the  notice  of  those  who  imagine  that  smoke 
prevention  iu  metallurgical  operations  is  quite  an  easy 
matter.  The  seriousness  of  the  subject,  from  a  public  point 
of  view,  is  further  testified  by  a  communication  which  has 
juyi  bee  a  issued  by  the  Sheffield  Chamber  of  Commerce  to 
its  members,  as  they  point  out  that  the  question  of  smoke 
iu  re-heating  and.  annealing  furnaces,  as  far  as  Sheffield  is 
concerned,  is  not  a  new  one.  A  special  report  ou  the  subject 
was  made  in  1889，  and  as  the  conclusions  the" 
arrived  at  are  in  many  respects  just  as  portinent  to-day 
they  may  wit h  advantage  be  repeated.  They  stated  ： 
" We'  have  come  -  definitely  c^o  the  conclusion  that 
there  is  no  known  means  at  the  present  time  of  re- 
heating and  annealing  steel  of  a  higher  carbon  than 
about  .5  in  any  other  medium  than  that  of  a  low  smoky  fire, 
which  alone  can  prevent  the  oxidation  of  the  carbon,  the 
overheating  of  the  surface,  and  the  ooasequcnt  destriution  of 
t he  material.  If  this  conclusion  be  correct,  and  your  coin- 
uiittee  are  unable  to  liud  a  single  voice,  either  tlicuietiial  or 
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practical,  to  the  contrary,  it  follows  that  the  production  of 
smoke  in  such  cases  is  an  incident  of  the  trade,  and  thai  to 
prevent  the  smoke  would  put  a  stop  to  a  very  important 
portion  of  the  Sheffield  trade."    The  committee  proceeded 
further  to   remark  that   "  they    are  compelled,    upon  the 
known    facts,    to    come    to    the    conclusion    that  smoke 
from     the     re-lieating     and     annealing     furnaces     is  as 
demonstrated   by   them   a    necessity    .     .     .    and   that  it 
would  be  the  height  of  injustice  were  the  Health  Committee 
of  the  Corporation  to  initiate  a  campaign  against  re-heating 
and  annealing  furnaces,  for  by  doing  so  they  would  be  con- 
ducting a  campaign  against  tlio  trade  itself,  and,  therefore, 
against  one  of  the  most  important  by  which  Sheffield  has 
attained  its  high  position  as  a  manufacturing  centre."  In 
the  course  of  the  recent  discussion  it  has  been  suggested  that 
the  heating  of  steel  ingots  could  be  effected  without  the  use 
of  a  smoky  flame,  or,  if  one  were  used,  that  the  smoke  could 
be  treated  as  it  escaped  from  chimneys  and  consumed  or 
precipitated,  but  those  who  speak  glibly  of  these  remedies 
have,  we  fear,  little  knowledge  of  the  commercial  and  practical 
difficulties  in  the  way,  some  of  which  have  been  outlined  by 
Prof.    Arnold,   while'  it   may   be   pointed    out    that  these 
suggestions  are  by  no  ineans  new.    The  Chambers  of  Com- 
merce   Committee  were  fully  cognisant  of  them  when  the 
question  was  previously  discussed,  but  they  arrived  at  the 
conclusion    that    such    appliances    as  were  suggested  were 
imperfect,  while  they  added  that  none,  so  far  as  they  could 
ascertain,  "  had  ever  been  successful  in  even  partially  meeting 
the   difficulty,    and   having    regard   to   the    situation  and 
other    circumstances    affecting    re-heating    and  annealing 
furnaces,    was    any    arrangement    likely    to    be  produced 
to  enable  the'  -escaping  emoko  to  be  got   rid   of?"  No 
doubt  the  sinoke-preventiou  enthusiasts  will  argue  that  how- 
ever true  this  expression  of  opinion  may  have  been  at  the 
time  of  this  report,  it  scarcely  applies  at  the  present  day, 
but  the  hard  i'act  remains  that  no  appliance  has  proved 
sufficiently    practicable   to    ensure  its  adoption,  and  steel 
makers  cannot  be  accused  of  lack  of  personal  interest  towards 
any  improvement  which  could  be'  shown  to  be  commercially 
successful. 


The  Mosslcy  Tram  Disaster. 

After  a  lapse  of  nearly  four  months,  the  report  has 
at  length  been  issued  of  the  investigation  made  by  Lieut. -Col. 
Douop,  R.E.，  into  the  circumstances  attending  the  tram 
disaster  which  occurred  at  Mossley  on  the  20th  of  October 
last,  when,  it  will  be  remembered,  a  tram  which  was  desceud- 
ing  a  steep  road  got  out  of  the  control  of  the  driver  and  at  a 
sharp  curve  at  the  bottom  was  precipitated  over  an  einbank- 
nient  on  the  London  and  Nurlli-Wcsteni  Railway,  causing 
th(、  deaths  of  six  persons  and  injury  to  a  n umber  of  others. 
The  wreck  was  so  complete  that  it  is  hardly  a  matter 
of  surprise  that  Lieut. -Col.  Don  op  has  failed  to  diaguose 
exactly  the  precise  nature  of  the  failure  of  the  braking 
mechanism,  which  was  responsible  for  the  disaster.  It 
appears,  however,  that  the  driver  lost  control  immediately 
the  car  started  and  never  regained  it,  but  whet  her  this  was 
due  to  some  mismanagement  or  error  of  judgment  on  his 
part  or  to  some  defect  in  the  controlling  mechanism  it  is  now 
impossible  to  say,  though  the  B<)artl  of  Trade  Inspeitor 
inclines  to  the  belief  that  a  defect  in  the  oouiioller  was  most 
probably  the  primary  cause,  and  points  out  the  iiiipodam'e 
of  subjecting  the  interiors  of  control  lei's  to  periodical  examina- 
tion and  supervision.  The  construction  of  this  apparatus  is 
so  simple  that  tl;ere  is  perhaps  an  almost  excusable  tendency 
to  rogard  the  existence  of  a  defect  as  impossible.  These, 


however,  do  undoubtedly  at  times  occur,  and  it  is  to  be 
trusted  that  this  particular  lesson  will  not  be  lost  upon  tram- 
way authorities.  Nothing,  in  fact,  in  connection  with  the 
brake  apparatus,  in  view  of  the  number  of  accidents  that 
liave  occurred  from  runaway  cars,  should  be  taken  for 
granted.  In  this  connection  it  would  appear  t hat  the 
practice  of  the  officials  of  the  tramway  in  question  was  open 
to  criticism.  The  car  was  fitted  both  with  a  magnetic  brake 
and  also  with  a  hand  brake.  The  latter  is  the  one  on  which 
nonnally  reliance  is  plared  by  tlie  driver,  and  had  it  been 
promptly  applied  wlif^n  the  controllei'  went  wrong  it  alone 
might  have  been  effective,  just  as  a  little  tardiness  in  applica- 
tion would  render  it  useless.  Under  such  conditions  he 
could,  of  course,  turn  to  the  magnetic  brake,  but,  as  the 
Board  of  Trade  have  pointed  out  in  reports  on  previous 
disasters,  there  is  a  risk  of  applying  this  wrongly  unless 
drivers  are  continually  practising  its  application,  while, 
further,  there  is  the  rbk  of  the  brake  it&elf  being  found  defec- 
tive when  most  urgently  wanted.  It  would  appear  that  at 
Mossley  the  men  were  not  instructed  to  use  the  magnetic  brake 
except  for  emergency  stops  or  for  desoendiug  steep  grades, 
instead  of  being  instructed,  as  they  ought  in  all  cases  to  be. 
to  habitually  use  emergency  brakes,  as  well  as  the  ordinary 
one,  in  order  to  be  familiar  with  their  application  and  to 
ensure  that  they  are  in  working  order,  and  can  be  instantly 
applied  if  the  occasion  demands. 

EFFECT  OF  CURRENTS  ON  INSULATORS. 

The  results  of  some  experiments  carried  out  by  MM.  Laporte, 
de  la  Gorge,  and  Girault,  ou  the  behavious  of  the  insulating 
media  used  for  cables,  with  direct  and  alternating  currents, 
and  with  alternate  currents  of  low  and  high  frequencies,  are 
recorded  in  "  The  Times  "  Engineering  Supplement.  The 
experiments  show  that,  although  alt-eniating  ('urreiits  break 
down  the  insulation  】nudi  more  readily  than  direct  currents, 
the  ratio  between  the  voltage  in  each  case  necessary  lo  cause 
a  breakdown  varies  with  the  material  used.  In  the  case  of 
dry  paper,  for  example,  this  ratio  is  1  ：  18  ；  with  ('aouk'lmu 
it  is  1  ：  2*6  ；  well-insulated  cellulose  gives  the  ratio  1  ：  o'li. 
and  air  gives  the  ratio  1:1,1.  In  certain  cases  glass  gives 
the  ratio  1  :  6*3,  so  that  with  glass  insulation  direct'  current 
would  require  】ess  than  one-sixth  of  the  insulating  medium 
tliat  would  be  necessary  iu  the  case  of  alternate  current.  As 
regards  the  influence  of  the  number  of  alternations  per  serond 
on  the  breaking  down  voltage  of  various  dielectrics,  tht 
following  figures  show  the  ratio  of  those  voltages  for  c'ur^ent：^ 
whose  frequencies  are  respectively  25  and  500 ;  Glass,  145  ； 
presspahn,  1-42  ；  ebonite,  l  !23  \  mica,  118  ；  oil,  0*92  ；  and 
air,  0*95.  The  figures  show  that  higher  iiiunbors  of  alterna 
tions  increase  the  stress  on  the  diekn-trics,  except  in  the  cas^ 
of  oils  and  gases.  Exj)erimeiits  on  tlie  effe*'ts  of  high -tension 
currents  on  highly-insulating  oils  recent Iv  carried  out  by  Mr. 
T.  Thorne  Baker  showed  that  the  capillarity  is  greatly  affected 
by  curronts  of  very  liigli  frequoiu'v,  tlie  "  specific  cohesion' 
being  easily  halved  under  the  influence  of  oscillatory  currents. 
Direct  currents  of  high  tension,  on  the  other  hand,  produced 
a  decided  effect  on  the  oil,  of  a  different  character,  the  oil 
being  always  attracted  to  one  electrode  and  repelled  from  the 
other,  though  its  viscosity  was  in  both  oases  considerablv 
lessened.  The  experiments  indicate  that  the  st ress  in  th* 
case  of  insulating  oils  lessens  wit h  greater  frequency,  and  i、 
greatest  in  the  rase  of  direct  current,  the  former  phenonionoi 
being  quite  in  accord  with  tlie  last  experiments  of  do  la  Gorg* 
and  Girault. 


Mechanicians  in  the  Navy.  Tlio  Admiralty  have  approved  of 
iiieolianirians  being  defin it-el y  inrlu(lf»(l  in  tho  <'oinpleiiients  (': 
liis  Majesty's  ships.  No  mei'hanician  is  to  be  di aft+^d  lo  " 
ship  smaller  than  a  first-olass  cruiser  until  he  has  ob(aine<l 
a  cortifu-ato  that  he  is  rapablo  of  taking  rharge  of  tlie  eiitir 
watch  in  tlio  ongiiie-rooin  department  of  a  largo  ship  under 
、vay.  If  mechanicians  are  not  available,  two  engine-room 
artificers  and  one  stoker  are  to  be  drafted  in  lieu  of  every 
tlu'ee  mechauiciaus. 
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[WEIR'S  SURFACE  FEED-WATER  HEATER. 

We  illustrate  herewith  a  design  of  surface  feed- water  heatm, 
of  the  type  comprising  a  steam-enclosing  casing  and  two  water 
headers  connected  together  by  water  tubes.  The  heater, 
which  forms  the  subject  of  a  recent  patent  granted  to  William 
Weir,  of  G.  &  J.  Weir,  Ltd.,  Cathcart,  Glasgow,  is  intended 
to  be  employed  for  heating  the  feed  water  for  steam  generators, 
by  means  of  exhaust  or  other  steam,  and  is  specially  adapted 
for  use  on  the  discharge  or  pressure  side  of  the  boiler  feed 
pump.  Fig.  1  is  a  vertical  section  of  the  heater.  Fig.  2  is, 
as  regards  its  right-hand  portion,  a  plan  of  the  heater,  and, 
as  regards  its  left-hand  portion,  a  horizontal  section  through 
the  upper  header,  and  Fig.  3  is  a  horizontal  section  through 
the  lower  header. 

The  heater  is  provided  with  an  upper  header  A  and  a 
bottom  header  B.  Each  of  these  headers  is  divided  into 
several  compartments  which  are  separated  from  each  other  by 
radial  partitions  C.  The  headers  are  of  circular  form,  and  a 
circular  space  D  is  left  in  the  interior  of  each.    The  inner  face 
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of  each  header  is  adapted  to  act  as  a  tube  plat©  and  is  bored 
to  receive  water  tubes  E，  which  are  expanded  into  the  tube 
plates.  Each  header  is  cast  in  one  piece.  Holes  are  bored 
or  tapped  in  the  outer  wall  or  cover  plate  of  each  header, 
these  holes  being  opposite  the  tube  ends  ；  and  plugs  F  are 
screwed  into  these  holes.  These  holes  allow  of  the  expansion 
of  the  tubes  into  the  tube  plates,  and  are  also  useful  in  periri it- 
ting  of  the'  examining  and  cleaning  of  the  interior  of  the  tubes. 

The  tubes  an?  of  relatively  large  diameter,  say  about  l^in. 
external  diameter.  To  obtain  a  satisfactory  heating  with 
tubes  of  such  large  diameter,  and  with  a  heater  of  a  convenient 
length  or  height,  it  is  necessary  that  the  water  should  make 
n^a;iy  passes  through  the  tubes,  and  this  is  the  reason  for  the 
division  of  the  headers  into  several  chambers.  By  reference 
to  Figs.  2  and  3，  which  are  shown  in  their  correct  relative 
positions,  it  will  be  seen  that  the  partitions  in  the  upper  header 
are  staggered  with  respect  to  the  partitions  in  the  lower 
header,  an  exception  to  this  rule  being  the  partition  W  in 
the  upper  header  which  separates  the  first  chamber  in  the 
upper  header  from  the  last  chamber.  By  this  arrangement 
the  water  entering  at  H  is  passed  alternately  downwards  and 
upwards  through  the  several  chambers  of  the  lv;n  headers  and 
through  the  tubes  connecting  these  and  eventually  arrives  at 
tile  exit  port  K.      In  the  design  illustrated,  the  water  makes 


in  all  12  passes  through  tho  tubes.  Tho  steam  admission 
pipo  H  is  connected  to  the  upper  header,  and  tho  steam- 
enclosing  casing  N  is  also  connected  to  the  same  header.  This 
casing  encloses,  not  only  tho  tubes,  but  also  tlie  lower  header, 
which  is  nob  attached  to  the  casing  but  is  hung  from  the 
upper  header  by  means  of  tho  tubes,  so  that  relative  expansion 
can  take  place  between  tho  tubes  and  tho  casing.  P  is  tho 
drain  for  the  condensed  heating  steam.  In  the  circular  space 
in.  the  centre  of  tho  tube  nest  is  placed  a  closed  sheet  metal 
casing  Q,  which  nearly  fills  tbo  space,  so  that  the  flow  of  tho 
steam  is  directed  over  tho  tubes.  Deflecting  plates  R  may 
also,  if  desired,  be  employed  to  give  a  more  tortuous  course 
to  the  steam.  When  these  plates  are  used,  holes  are  bored  in 
them  for  the  steam  to  pass  through.  Holes  S  arc  provided 
to  allow  water  of  condensation  to  drain  away  through  the  hole 
D  in  the  bottom  header. 

By  means  of  the  construction  described,  the  use  of  large, 
heavy  flanged  joints  is  avoided,  while  the  steam  inlet  branch 
is  located  in  such  a  position  that  it  does  not  involve  the  break- 
ing of  a  joint  to  enable  the  cuter  casing  to  be  removed  bo 
facilitate  cleaning  and  examination  of  the  outer  surfaces  of 
the  tubes. 


WIRELESS  TELEGRAPHY. 

The  adjourned  discussion  on  "  Wireless  Telegraphy  ，'  was  held 
at  the  Institute  of  Marine  Engineers,  Stratford,  E.，  ou 
Monday,  January  29th.  Mr.  G.  W.  Newall  (Member)  occu- 
pied the  chair.  In  the  expected  absence  of  Mr.  John 
McLaren,  the  author  of  the  paper,  Mr.  A.  E.  Battle  bad  been 
asked  by  the  Hon.  Secretary  to  elaborate  some  of  the  details. 
Mr.  Battle  opened  with  a  brief  account  of  the  develop- 
ments leading  to  the  discovery  of  wireless  telegraphy.  He 
said  that  scientists  like  Maxwell,  in  the  mid-Victorian  era, 
held  the  theory  of  the  existence  of  luminiferous  ether,  which 
was  further  demonstrated  by  Hertz.  His  apparatus  was  very 
simple  and  consisted  of  two  metal  discs,  which  acted  as  con- 
densers, and  to  which  an  induction  coil  was  connected. 
Electrical  waves  were  set  up,  due  to  the  breaking  down  and 
sparking  between  the  two  discs,  and  these  waves  were  caught 
by  means  of  a  circular  piece  of  wire.  An  electric  current  at 
high  tension  was  thus  obtained.  Hertz,  however,  did  not 
believe  in  the  possibility  of  transmitting  telegraphic  messages 
through  space  without  wires.  The  Bramley  coherer  was  the 
foundation  of  the  modern  coherer  used  in  wireless  telegraphic 
apparatus.  It  consisted,  roughly,  of  two  discs  in  a  tube,  with 
metal  filings  between.  Other  scientists  bad  discovered  most 
of  tho  phenomena  connected  with  wireless  telegraphy,  but  it 
was  Marconi  who  had  collected  and  used  these  phenomena  and 
brought  them  into  practical  every- day  use.  With  regard  to 
the  author's  remarks  on  ether,  it  was  generally  accepted  t hat- 
ether  permeated  everything,  but  had  different  properties 
under  different  conditions.  Ether  waves  had  been  proved  to 
be  capable  of  compression  ，  reflection  ，  and  refraction  ，  and 
these  properties  were  made  use  of  in  wireless  telegraphy- 
Mr.  Newall  said  he'  did  not  consider  that  the  electric  waves 
moved  only  in  a  series  of  transverse  vibrations.  He  under- 
stood they  were  spherical  vibrations  operating  from  a  central 
" core,"  in  all  directions.  The  late  Mr.  Macfarlane  Gray  had 
gone  deeply  into  the  subject,  and  came  to  the  conclusion  that 
ether  was  an  imponderable  jelly-like  substance,  which  would 
suffer  a  pressure  of  millions  of  tons  per  square  inch.  "Wireless 
telegraphy  had  assisted  marine  engineers  in  various  ways.  In 
the  case  of  breakdowns  it  would  be  possible  to  communicate 
with  the  works  and  give  full  details  in  order  thafc  the  new 
gear  might  be  in  readiness  on  arrival.  It  could  bo  used  in 
ordering  fuel  in  advance  and  in  cases  of  fog  or  shipwreck. 
He  indicated  the  way  in  which  marine  engineers  might  put  to 
good  use-  five  different  iiustruinciits  which  had  been  i)erfert(  '1 
in  recent  years,  viz.,  the  Marconi  telegraphy,  the  long- 
distance telephone,  the  electrical  transmission  of  photographs 
and  drawings,  the  phonograph,  and  the  microphone. 

Mr.  F.  M.  Tiinpson  asked  if  the  position  of  a  vessel  in  a 
fog  could  be  located  by  means  of  wireless  telegraphy.  lie 
understood  that  better  results  would  be  obtained  by  sub- 
marine signalling  iu  such  cases.  Messrs.  T.  Fleming  and  R. 
Dilworth  Harrison  also  took  part  in  the  discussion.  The 
ineeting  closed  with  a  vote  of  thanks  to  Mr.  Battle  and  to 
the  cLairinaii. 
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RECENT  DEVELOPMENTS  IN  STEAM  TURBINE  PRACTICE.* 

liV  K.  BAUMANN. 

{Concluded  from  page  162.) 
Improvement  in  Economy  of  Steam  Turhines. 


Tmk  full-load  consuniptioiis  and  total  officioncies  of  the  most 
important  turbines,  obtained  in  tests  made  during  tlic  last 
five  years,  arc  given  in  the  following  list  : ― '、 


No. 

Manufacturer. 

Year 

of 
Test. 

Kilo- 
watts. 

per 
Minute. 

Lbs.  per 
Kilo- 
watt- 
hour. 

1  二&; 

■sea 

1 

A.h.b.            . .          . . 

lyuo 

Q  C\f\(\ 

1,0UU 

12 

75 

63 

8 

2 

C.  A.  Parsons        • .        • . 

1907 

3,500 

1,200 

13 

35 

62 

3 

Wostinghouse  Machine  Co. 

1907 

7,500 

750 

15 

00 

66 

3 

4 

Brown,  Boveri  &  Co.       . . 

1907 

3,500 

1,360 

13 

70 

64 

8 

5 

Escher,  Wvss,  &  Go. 

1908 

5,000 

1,000 

15 

17 

63 

1 

1 1 

A. E.G.  *  

1909 

4,000 

1,500 

11 

92 

63 

8 

\-l 

El.  Masc'liineTifabrik         . . 

1910 

3,500 

1,500 

14 

07 

64 

8 

14 

Maschinenfabrik  Augsberg- 

Niirnberg  . .        . . 

1910 

2,500 

1,500 

15 

50 

64 

5 

18 

B.T.H  

1911 

3,000 

1,500 

15 

96 

64 

7 

21 

Escher  Wyss         . . 

1910 

4,000 

1,000 

13 

30 

64 

4 

22 

Escher  Wyss         . . 

1910 

2,000 

3,000 

13 

03 

66 

0 

25 

Oerlikon       . .        . . 

1911 

3,000 

1,500 

11 

62 

64 

1 

26 

British  Westinghouse       . . 

1911 

3,000 

1,500 

13 

72 

63 

9 

27 

British  Westinghouse       • . 

1911 

5,000 

1,500 

13 

00 

67 

9 

28 

Richardson  Westgarth      . . 

1910 

6,250 

1,200 

11 

90 

68 

4 

Change  of  Stkam  Consumption  witii  varying  Steam 

c'oxditioxs. 

The  efficiency  of  a  .steam  turbine  is  tlic  ratio  : ― 
Actual  work  done  on  turbine  shaft 
Mechanical  equivalent  of  lieat  drop  according  to  adiabatic 

expansion. 

This  ratio  is  referred  to  wherever  ofhcieiu^y  is  mentioned  in 
the  followinj^  discussion. 

Ill  order  to  ronipare  tito  merits  of  different  steam  turbines,  the 
efficiencies  as  obtained  above  are  usually  calculated  and  compared. 
This,  liowever,  docs  not  provide  a  rational  basis  of  comparison,  as 
the  efficiency  of  a  turbine  is  itself  dependent  upon  the  steam 
conditions.  It  is  well  known,  for  instance,  that  the  efficiency 
increases  with  the  superheat.  For  this  reason  the  author  has 
adopted  standard  steam  conditions  to  which  the  performances 
of  all  turbines  can  be  reduced  by  applying  proper  corrections. 
These  standard  conditions  are  :— 

For  high-pressure  turbines.  ISOlbs.  per  .square  incli  pressure, 
] 50^''  Fall,  superlieat,  28in.  vacuum  (30in.  Bar.). 

For  low-pressure  turbines,  IGlbs.  per  square  inch  absolute 
pressure,  0°  Fah.  superheat,  27^in.  vacuum  (30in.  Bar.). 

(1)  Corrections  for  Turbines  Designed  for  Particular  Condition  ： 
(a)  Superhent. ― According  to  our  present  knowledge  the  corrections 
to  be  made  for  superheat  are  independent  of  steam  pressure  and 
vacuum,  and  are  therefore  the  same  for  hi"'h，  】mv，  and  approxi- 
mately for  back-pressure  turbines.  The  corrections  are  as 
follows  : ― 

Between 

0-100^  Fall,  superheat,  1  per  cent,  improvement  of  steam 
consumption  for  every  10。  Fah.  superheat. 


\、 

\ 

^^、 

\ 

k- 

、《 

、 "Nj 

々 

、 、 

0。        50。     100。     150。     200°    25。。  3o5F 

Superheat 

Kk;.    36— Supkhheat    Corrections    fou  High- 

I'ltKBSUIlK  TrUBINE  DkMGNKD  FOR  SUPERHKAT. 


5。: 
SuperneAC 


looF. 


FlO.  37.— SUPEBHKAT  COUIIKCTTONS  FOR  LOW-PRLS- 
Sl-'llK  TUUHINK  DkSU;NKD  FOR  SUPKRHKAT. 


Vnm\  this  list  it  will  bo  seoii  that  tho  stoiim  <(»iisuinj)tioii  has 
I'PHi  irn[)iovt>(l  from  12-7r)lhs.  per  kilowatt -liour  in 】幫） to 
1 1  -  6lbs.  per  kilowatt-liour  in  1911  ；  and  the  total  etticioiu  v  : — 

  Actual  output  on  generator 

Moclianical  equivalent  of  heat  drop  ju-conlinL'  to  adiabatic 

expuiisioii 

from  {V,\ . S  per  vvnt.  in  1906  to  66 -3  por  cent,  m  lUOT.  aiul  1 
p(、r  iiMit.  ill  1910.    This  figure  lias  not  bmi  iiuproviMl  ujioti  m 


The  best  otticiem-v  on  jnix(Ml-pressure  turhinos  rumiini:  on 
low-pressure  steam  Has  been  obtained  on  a  1,000  turbine 
running  at  3,000  revs,  per  minute,  made  by  the  British  Wosting- 
Imuse  Company.  TV  efficiency  realised  in  this  case  was  69^8 
per  cent. 

•  Pim  r  read  before  the  Manchester  section  of  the  Institution  of  Rlectricai 
bnginoore.  Janiiary  Ititli,  1912， 


100-200^^  Fall,  supcrliral 

ronsiunption   for  ovcry   12'   Fall,  superlioat. 
200-300^  Fall,  superheat. 】 per  cent,  improvement  of  steam 

consumption  for  every  14。  Fall,  suporlicat. 
Tho  elficioiH-v  increases  with  the  superheat,  and  coiusoiiurntly 
actual  is  larger  than  tho  theoretical  correction,  which  i.^ 
t'ali'ulated  from  the  variations  of  tho  available  heat  drop  in 
adiabatic  expansion.  Fig.  3G  sliows  plotted  the  actual  superheat 
corrections  for  high-pressure  turbines  together  with  the  change 
of  officiency,  and  the  moan  theoretical  correction  for  st^ani 
conditions  varying  between  the  limits  : 一 

lOOlbs.  per  square  inch  gauge  pressure,  26in.  vacuum. 
2001bs.  per  square  inch  gauge  pressure,  29in.  vacuum. 
Fig.  37  shows  plotted  similar  values  for  low-pressure  turbines 
for  steam  conditions,  varvinn  hetwoon  the  limits  : — 
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Hlbs.  per  square  iiick  absolute  pressure,  26iii.  vacuum. 
181bs.  per  square  inch  absolute  pressure,  29in.  vacuum. 
The  improvements  in  efficiency  may  be  taken  as  ： 一 
4-25  per  cent,  better  efficiency  at  100°  Fall,  superlieat  than 

for  dry  saturated  steam. 
6-75  per  cent,  better  efficiency  at  200""  Fah.  superlieat  than 

for  dry  saturated  steam. 
丁 -5  per  cent,  better  efficiency  at  300"  Fall,  superheat  than 

for  dry  saturated  steam. 
From  wliicli  tlie  futility  of  comparing  the  efficiencies  of 
turbines  without  a  knowledge  of  the  superheat  is  apparent. 


27"  28" 


23" 


Fig.  39.— Vacuum  f'oitRKCTioxs  for  Loav-prf.ssurf,  Turbtnr  dfsignkd 

FOR  Vacuum. 

The  corrections  given  have  been  deduced  fi'om  a  large  number 
of  tests  made  on  impulse  turbines  ；  they  are  probably  too  large 
for  pure  Parsons  turbines,  Avliich  are  unable  to  utilise  Iiigli  super- 
heat to  the  same  extent  as  impulse  or  impulse  reaction  turbines. 

Tests  have  shown  that  ivhen  the  steam  is  u、et  the  efficiency  is 
reduced.  Assuming  that  the  efficiency  follows  a  continuous 
curve  for  superheated  and  wet  steam  when  plotted  with  entropy 
as  a  basis,  the  efficiency  will  change  by  1  per  cent,  for  each  1  per 
cent,  variation  in  wetness.    It  follows  therefore  that  tlie  steam 


、 

500°  W, 

Pressure 


20olbsy 


Fia.  40.- 


-PiiESSURE  Correction  for  High-pressukk  Turbine  designed 
FOR  THE  Pressure. 


consumption  measured  as  condensed  water  will  be  2  per  cent, 
higher  for  each  1  per  cent,  increase  in  moisture. 

(b)  Vacunvi. ― The  efficiency  of  a  turbine  using  and  designed 
to  use  a  very  high  vacuum  will  not  be  so  good  as  tliat  of  a  turbine 
of  quite  similar  type,  having  the  same  number  of  stages,  but 
designed  to  utilise  a  lower  vacuum.  The  difference  will  be 
slightly  larger  for  dxmn  than  for  disc  turbines,  as  the  latter  can 
be  designed  to  use  a  higher  vacuum  to  greater  advantage  than 


the  former.  Tlie  correotions  for  high-pressure  turbines  are 
given  in  Fig.  38. 

The  average  theoretical  corrections  obtained  by  considering 
tlic  adiabatic  heat  drop  available  are  plotted  in  Curve  A，  and 
may  be  taken  as  : 一 

r)  per  cent,  improvement  of  steam  consumption  for  lin. 

between  261  n.  and  27in.  vacuum. 
6  per  cent,  improvement  of  steam  consumption  for  lin. 

between  27in.  and  28in.  vacuum. 
7*75  per  cent.  iinproveiiKMit  of  steam  consumption  for  lin. 

between  28in.  and  28^iii.  vacuum. 
11 '5  per  cent,  improvement  of  steam  consumption  for  lin. 

between  28|in.  and  29in.  vacuum. 
The  actual  improvement  which  can  be  obtained  with  the 
present  design  of  impulse  tAirbine  is  : ― 

4  per  cent,  improvement  of  steam  consumption  fur  lin. 

between  26in.  and  27in.  vacuum. 
'5  per  cent,  improvement  of  steam  consumption  for  】in. 
between  27in.  and  28in.  vacuum. 

per  cent,  improvement  of  steam  consumption  for  lin. 
between  28in.  and  29in.  vacuum. 
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Fig.  41. 


-Pressure  Corrkction  for  Low-pressure  Turbine  desigxed 
FOR  THE  Pressure. 


According  to  these  figures  the  efficiencies  of  equivalent- 
turbines  with  the  same  number  of  stages  using  and  designed  to 
utilise  different  vacua  would  be  : —— 

1  per  cent,  better  efficiency  at  26in.  than  at  27in. 
1  per  cent,  better  efficiency  at  27in.  than  at  28in. 
1  per  cent,  better  efficiency  at  28in.  than  at  28iin. 
2-5  per  cent,  better  efficiency  at  28Jin.  than  at  29in. 
These  figures  represent  a  very  fair  average  for  any  steam 
conditions  between  the  limits  : ― 

Steam  pressure  lOOlbs.  per  square  inch  gauge  to  2001bs.  per 

S(]uare  inch  gauge. 
Superheat  0°  Fah.  to  300。  Fall. 

Whereas  the  superlieat  correction  is  nearly  independent  of 
the  other  steam  conditions,  the  vacuum  correctioii  depends  to  a 
great  extent  upon  the  steam  pressure,  and  is  very  much  larger 
for  low-pressure  turbines,  the  corrections  for  which  are  given  in 
Fig.  39. 

The  average  theoretical  corrections  for  these  are  : ― 

12  per  cent,  improvement  of  steam  consumption  for  lin. 

between  26iii.  and  27in. 
13-75  per  cent,  improvement  of  steam  consumption  for  lin. 

between  27in.  and  28in. 
17  per  cent,  improvement  of  steam  consumption  for  lin. 

between  28in.  and  28Jin. 
22-5  per  cent,  improvement  of  steam  consumption  for  lin. 

between  28Jin.  and  29in. 
The  actual  improvements  whicli  can  be  obtained  with  the 
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present  design  of  low-pressure  impulse  turbine  of  similar  con- 
struction, but  increased  number  of  stages  for  higher  vacuum  are  : 
11.5  per  cent,  improvement  of  steam  consumption  for  lin. 

between  26in.  and  27in.  vacuum. 
13  per  cent,  improvement  of  steam  consumption  for  lin. 

between  27in.  and  28iii.  vacuum. 
14 '5  per  cent,  improvement  of  steam  consumption  for  lin. 
between  28iui.  and  29in.  vacuum. 
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03   0.4    0  5   0-6  0-7    0  8   0  3    1.0  M 
Load   on  gene  raptor 
Vacuum  Cobbection  for  Low-pressure  Turbines. 


According  to  these  figures  turbines  using  and  designed  to 
utiliso  different  vacua  give  efficiencies  as  follows  : ― 

0-5  per  cent,  better  efficiency  at  26in.  than  at  27in.  vacuum. 
0-7  per  cent,  better  efficiency  at  27in.  than  at  28iii.  vacuum. 
1  '0  per  cent,  better  efficiency  at  28in.  than  at  28|in.  vacuum. 
3-5  per  cent,  better  efficiency  at  28|in.  than  at  29in.  vacuum. 
The  corrections  given  represent  a  very  fair  average  for  any 
steam  conditions  between  the  limits  : 一 

141bs.  per  square  inch,  absolute,  0。  Fah. 
181bs.  per  square  inch,  absolute,  100°  Fah. 
(c)  Pressvre, 一 The  efficiency  which  can 
be  obtained  with  turbines  having  the  same 
number  of  stages  depends  also,  but  in  a 
lesser  degree,  upon  the  steam  pressure. 
When  the  steam  pressure  is  low  not  only  are 
the  leakage,  ventilation,  and  friction  losses 
in  tlie  turbine  smaller,  but  the  blading 
efficiency  increases  as  the  total  heat  drop 
decreases.  The  corrections  for  pressure  in 
the  case  of  lugh-pressure  turbines  are  shown 
in  Fig.  40.  The  average  theoretical  correc- 
tions are  as  follows  : ― 

2  per  ceiit.iniprovement  in  steam  consump- 
tion for  10  per  cent,  increase  of  pressure 
between  lOOlbs.  and  1401bs.  poi'  sqiiaiv 
inch  gauge. 
1-95  per  cent,  improvement  in  steam  coii- 
siimption  for  10  per  cent,  iiu'ivasc  of 
pressure   between  HOlbs.  :m(l    I  soil's, 
per  square  inch  gauge. 
1  '00  per  cont.  iniprovtMiuMit  in  sti'am  t  <»n- 
.suinption  for  10  per  cent,  incivasc  of 
pressure  between  180 lbs.  ami  2001  l)s. 
per  square  im'h  i^auge. 
The  actual  iniprovomoiits  in  steam  con- 
sumption wliich  can  be  obtained  with  tin* 
prosont  design  of  impulso  turbino  are  : ― 

1  *5  per  cent,  improvement  in  steam  consuniptioii  for  10  per 
cent,  increase  of  pressure  between  lOOlbs.  to  2001  l)s.  per 
square  inch  fjauujo. 
Ac-cording  to  these  ligurcs  equivalent  turbines  Imviiig  the 
same  number  of  stages,  using  and  designed  to  utilise  dilTorent 
prossiiros,  would  ijive  improved  cfticiencics  as  follows  : 一 

0  1  per  cent,  hotter  at  1801l)s.  por  .sr|uaiv  inch  tlian  at  2001bs. 
per  square  inch  gauge. 


0-G  per  cent,  better  at  HOlbs.  per  square  inch  than  at  ISOlba. 
per  square  inch  gauge. 

1.9  per  cent,  better  at  lOOlbs.  per  square  inch  than  at  HOlbs. 
per  s(juare  inch  gauge. 

These  corrections  are  a  very  fair  average  for  any  steam  condi- 
tions between  0°  Fah.  superheat,  26in.  vacuum,  and  30(^  Fah. 
and  29in.  vacuum. 

For  low-pressure  turbines  the  consumption  correction  is 
plotted  on  Diagram  41.  Tlie  range  of  pressure  met  with  in 
low-pressure  turbines  is  so  small  that  the  pressure  correction  for 
thermo-dynamic  efficiency  is  negligible. 

The  average  consumption  correction  is  as  follows  : 一 

4  per  cent,  improvement  for  10  per  cent,  increase  of  pressure 
between  l4lbs.  to  18lbs. 

Tlxese  figures  may  be  taken  as  a  fair  average  between  the 
limiting  steam  conditions,  0〜 Fah.  superheat,  26in.  vacuum,  and 
100'  Fall,  superheat,  29in.  vacuum. 

The  corrections  we  have  already  considered  refer  to  the  steam 
consumptions  of  turbines  utilising  steam  conditions,  for  which 
they  have  been  specially  designed,  and  are  of  the  greatest  impor- 
tance to  the  purchaser  when  fixing  the  steam  conditions  under 
which  turbines  have  to  work.  In  addition  to  these,  however, 
we  have  to  consider  : ― 

(2)  Corrections  for  Turbines  Running  under  Conditions  Different 
from  those  for  which  they  have  been  Designed  ：  (a)  Superheat. ― 
When  a  turbine  designed  for  definite  conditions  of  load,  pressure, 
superheat,  and  vacuum  is  tested  at  a  specified  load,  a  rise  in 
superheat  will  affect  the  pressure  in  front  of  the  nozzles  because  : ― 

(1)  The  steam  consumption  decreases. 

(2)  The  specific  volume  of  the  steam  increases. 

The  steam  quantity  flowing  through  a  turbine  is  given  by  the 
following  formubo  : — 


G  =  1\J  1  kg.  or  Ibs./sec.  ('： 


4) 


where 


a  constant  for  the  turbine. 
= pressure  in  front  of  the  nozzles. 


K 
P 

\  =  specific  volume  of  the  steam  in  front  of  the  nozzles. 
But  the  law  p  v  =  R  T  is  approximately  true. 

here 

WT  =  the  absolute  temperature  of  steam. 


43.— TunniNE-nnivKN  Auximaht  IHtmps.  The  Bumsu  Westu^ohocse  Company,  1910. 


II  二  constant  of 

= 47. 1,  if  /)  is  ill  kg./m."  and  T  is  the  absolute  temperature 

Centi*jrade.  • 
= 85 -T),  if  p  is  in  lbs.  sq.  in.  and  T  i<  absolute  temperature 
Fahronheit. 
Therefore ― 

A  ^  ...  (-25) 
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from  (24)— 


G 


k 卩 


01' 一 


G 


RT 


(26) 
(27) 


In  practice  the  temperature  varies  between  70(^  Fah.  and 
1,000°  Fah.  absolute.  Now  the  improvement  in  steam  con- 
sumption and  therefore  the  decrease  in  G  is  1  per  cent,  for  every 
10 ― 14°  Fah.  increase  in  superheat,  and  with  the  same  change  of 
superheat  T  increases  by  0-7  per  cent.  Thus  the  decrease  of 
pressure  before  the  nozzle  will  be  0*3  per  cent,  for  every  1  per 
cent*  decrease  in  steam  consumption.  As,  however,  10  per  cent, 
decrease  in  pressure  only  increases  the  steam  consumption  by 
\\  per  cent,  for  lugl 卜 pressure  turbines  or  4  per  cent,  for  low- 
pressure  turbines,  the  additional  change  of  consumption  due  to 
increase  of  pressure  before  the  nozzles  can  be  safely  neglected. 
The  superheat  corrections  for  steam  consumptions  measured  at 
certain  specified  full  loads,  or  partial  loads,  are  therefore  the  same 
as  those  already  given  for  turbines  designed  for  the  different 
superheats,  %,e. :— 

1  per  cent,  improvement  of  steam  consumption  for  every 
10°  Fah.  superheat  between  0 一 100°  Fah. 

1  per  cent,  improvement  of  steam  consumption  for  every 
12。  Fah.  superheat  between  100 — 200。  Fah. 

1  per  cent,  improvement  of  steam  consumption  for  every 
14。  Fah.  superheat  between  200—300。  Fah. 

It  will  be  apparent  tliat  the  difference  in  turbines  of  the  same 
output  and  designed  for  various  superheats  is  negligible.  For  the 
reasons  as  stated  above  tlie  corrections  for  wetness  also  remain 
the  same  as  those  given. 

(6)  Vacuum. ~ When  a  turbine  designed  for  a  certain  load, 
superheat,  pressure,  and  vacuum  is  tested  at  a  specified  load,  an 
improvement  in  the  vacuum  will  affect  the  pressure  in  front  of 
the  nozzles,  because  the  steam  quantity  going  through  the  turbine 
becomes  smaller.  If,  for  instance,  an  improvement  of  the 
vacuum  from  2 Tin.  to  28iii.  causes  a  decrease  in  steam  consumption 
of  5  per  cent,  the  steam  pressure  in  front  of  the  nozzles  will  also 
drop  by  5  per  cent. 

The  turbine  will  now  be  5  per  cent,  too  large  for  these  condi- 
tions and  the  steam  will  be  throttled  to  a  greater  extent  than  if 
the  turbine  had  been  designed  for  28m.  vacuum.  The  improve- 
ment due  to  vacuum  will  therefore  be  smaller  tlian  that  already 
given  for  turbines  designed  for  various  vacua. 

In  the  case  already  considered  5  per  cent,  decrease  in  pressure 
would,  for  high-pressure  turbines,  decrease  the  improvement  due 
to  vacuum  by  J  per  cent.  The  improvement  will  be  further 
decreased  because  the  efficiency  of  tlie  last  stages,  being  designed 
for  27in.  and  working  with  28in.，  will  be  inferior  to  that  of  stages 
designed  to  deal  with  the  larger  steam  volumes  at  28in.  vacuum. 

From  this  it  will  be  apparent  that  the  decrease  in  consumption 
of  a  turbine  for  a  certain  range  of  vacuum  will  depend  upon  the 
vacuum  for  which  the  turbine  has  been  designed. 

The  correction  for  partial  loads  becomes  larger  for  two 
reasons  : —— 

(a)  As  the  available  heat  drop  becomes  less  the  change  due  to 
vacuum  is  relatively  larger. 

(b)  As  the  total  weight  of  steam  flowing  through,  the  turbine 
becomes  less,  the  blading  of  the  last  stages  is  better  able 
to  cope  with  the  increased  volume  due  to  increased  vacuum. 

For  these  reasons  the  corrections  will  be  still  larger  for  mixed  - 
pressure  turbines  where  the  low-pressure  part  is  too  large  for  the 
steam  quantity  used  when  running  on  high-pressure  steam. 

For  low-pressure  turbines  the  difference  between  the  correc- 
tions given  for  turbines  designed  for  various  vacua,  and  for 
turbines  working  with  vacua  otlier  than  for  whicli  they  were 
designed,  is  still  greater.  If,  for  example,  an  improvement  of 
vacuum  from  27in.  to  28in.  decreases  the  steam  consumption  by 
13*75  per  cent,,  tlie  steam  pressure  in  front  of  tlie  first  guide 
blades  falls  by  13-75  per  cent. 

As  a  pressure  decrease  of  10  per  cent,  on  low-ptessure  turbines 
increases  the  steam  consumption  by  4  per  cent.,  the  connection  is 
reduced  from  13-7  per  cent,  to  about  9-5  per  cent. 

The  actual  corrections  for  different  generator  loads  of  turbines 
' designed  for  26in.,  27iii.，  28in.，  and  29in,  vacuum  are  plotted  iu 


Fig.  42  for  lin.  change  in  varmmi  above  or  l)r»low  that  for  which 
the  turbine  i.s  designed. 

When  a  turbine  dcsignocl  for  a  <^ive!i  vacuum  is  run  at  a  lower 
Olio,  it  will  not  supply  the  (lesigiu'd  full  load  with  the  "  full-load  " 
nozzles  and  the  de.si^nied  pressure;  before  tlie  nozzles.  The 
total  steam  quantity  remains  the  samo,  but  since  the  available 
heat  drop  is  reduced  the  work  done  will  also  be  reduced.  If,  for 
example,  a  turbine  is  dcsijiiied  foi*  2(iin.  and  is  l  un  at  25in.  viu  uuni, 
the  maximum  load  at  this  vacuum  will  only  he  ！ iO  pov  cent. 
of  the  designed  full  load  at  26in.  vacuum.  Tin*  (If'sig 噴 I  full 
load  can,  however,  be  obtained  l)y  mishig  t  lio  pressure  before  the 
nozzles. 

The  maximum  loads  which  can  be  obtained  witli  a  vacuum 
lin.  above  or  below  that  for  which  a  turbine  is  desij^nod,  pi'ovklf'd 
the  pressure  before  the  nozzles  remains  tlie  same,  are  given  on 
Fig.  42  by  curve  B.  Curves  C  and  D  similarly  connect  points 
corresponding  to  three-quarters  maximum  load  and  half  maxi- 
mum load .  The  intercept  between  a  point  convspondiiig  to  a 
maximum  load,  and  the  curve  E  gives  the  ratio  of  the  steam 
consumption  at  that  maximum  load  to  the  consumption  for  the 
full  load  and  vacuum  for  wliicli  the  turbine  is  designed. 

Pressure  Correction —— When  the  steam  pressure  in  front  of 
the  nozzles  is  increased  the  steam  consumption  decreases  because 
of  the  increase  of  available  heat  drop. 

For  high-pressure  turbines  the  improvement  of  steam  con- 
sumption is  1  i  per  cent,  for  10  per  cent,  increase  of  pressure. 

For  low-pressure  turbines  the  improvement  of  steam  consump- 
tion is  4  per  cent,  for  10  per  cent,  increase  of  pressure. 


Fig.  u. 


-Turbine-driven  Boiler  Feed  Pump. 

Com  I  ANY,  1911. 


The  British  Wkstinohouse 


It,  liowever,  the  turbine  is  working  on  constant  load  and  the 
pressure  before  the  governor  valve  is  increased,  the  pressure  in 
front  of  the  nozzles  remains  practically  constant,  and  the  only 
advantage  gained  is  that  due  to  the  increased  superheat  resulting 
from  the  additional  throttling. 

In  this  case  the  corrections  for  full  or  partial  loads  will  be  the 
same  for  high-pressure  and  low-pressure  turbines ― namely, 
0-5  per  cent,  improvement  of  steam  consumption  for  every  10 
per  cent,  increase  of  pressure. 

Development  of  Rotary  Machines  driven  by  Steam 

Turbines. 

The  most  economical  speed  for  small  low-lift  pumps  and 
high-lift  pumps  is  too  higli  for  reciprocating  engines,  and  it  was 
therefore  necessary  to  drive  these  either  by  belt,  gearing,  or  by 
means  of  electric  motors.  The  advent  of  the  steam  turbine, 
however,  made  direct  coupling  possible,  but  it  necessitated  the 
further  development  in  these  pumps  so  that  the  speed  might  be 
sufficiently  high  to  enable  a  reasonably  efficient  turbine  to  be 
built  at  a  competitive  price. 

The  advaiitages^of^steam-driven  pumps  arc  often  of  great 
importance  in  tlie  case  of  pumps  used  for  condensing  plants. 
A  view  of  such  a  group  for  a  surface  condenser  is  given  in  Fig.  43, 
which  shows  a  turbine  on  an  overhung  shaft  driving  a  centrifligal 
pump  witli  two  double-flow  impellers  of  the  helico-centrifugal 
type,  a  rotary  air  pump  of  the  Le  Blanc  typo,  and  an  extrattiun 
pump  consisting  of  one  double-flow  impeller.     This  set,  which 
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is  running  at  2,500  revs,  per  minute,  is  used  in  conjunction  with 
a  3,000  kw.  mixed-pressure  turbine  for  a  full  load  steam  quantity 
of  80，0001bs.  per  hour.    A  section  of  a  liori/ontal  turbine  driving 
a  boiler-feed  pump  running  at  4,000 
revs,  per  minute  is  shown  in  Fig.  44. 

The  influence  of  tlie  steam  turbine 
towards  the  development  of  rotary 
blowers,  and  particularly  of  compres- 
sors, has  been  of  still  greater  import- 
ance. 

Whereas  blowers  may  be  arranged 
to  be  driven  by  motors,  compressors 
must  generally  be  driven  by  turbines 
as  the  high  speeds  required  (4,000 
revs,  per  minute  at  1,500  b.h.p.,  or 
5,000  revs,  per  minute  at  1,000  b.h.p, 
and  6,000  revs,  per  minute  at  600 
b,h.p.)  can  only  satisfactorily  be  ob- 
tained by  steam  turbines.  Tlio 
economy  of  turbo-compressors  is  very 
high,  more  particularly  if  low-pressure 
steam  is  available  for  driving  the 
turbine. 

The  thanks  of  the  author  are  due 
to  the  British  Westinghouse  Company 
for  the  preparation  of  a  great  number 
of  the  blocks  required  for  this  paper, 
also  to  Mr.  Halfanstein  for  the  com- 
pletion and  recalculation  of  the  test  results,  to  Mr.  H.  L.  Guy 
for  the  calculation  of  the  diagrams,  and  to  Mr.  C.  S.  Richards 
for  his  very  valuable  advice  with  regard  to  the  wording  of  this 
paper. 


so  completely  shattered  that  it  was  impossible  to  reassemble 
the  parts,  and  there  appears  little  doubt  the  failure  was  due 
primarily  to  the  giving  way  of  one  of  several  pipes,  which 


AN  ECONOMISER  EXPLOSION. 

At/htough  explosions  of  "  econoniisers  "  are  comparatively 
infrequent,  it  .would  be  a  mistake  to  imagine  they  are  not 
capable'  of  sudden  disruption  and  of  inflicting  considerable 
damage  The  chief  danger  from  tlie  failure  of  a  weak  pipe  in  sucli 
an  apparatus  is  that  it  may  inflict  such  blows  on  other  pipes 
surrounding  it  t h at  they  may  give  way  also ― especially  if 
weakened  by  corrosion —— and  a  small  primary  explosion  be  tlu's 
converted  into  one  of  an  extensive  character.  A  failure  of 
this  kind  is  recorded  in  Report  No.  2，080，  recently  issued  by 
the  Board  of  Trade. 


EcosoMiSER  Explosion.   View  op  Wrecked  Ecoxomiser  House. 


were  badly  wasted  by  internal  corrosion,  and  that  the  shock 
resulting  from  its  failure  at  a  pressure  of  1 15Ibs. 
on  the  inch  led  to  the  disruption  of  the  others.  The 
corrosion  appears  to  have  been  most  severe  near  the  centre 
of  the  tubes,  where  it  was  difficult  to  detect  by  visual  inspec- 
tion, but  in  the  previous  October ― that  is,  10  months  before 
the  explosion ― the  economiser  was  tested  by  hydraulic  pres- 
sure to  1901bs.  oil  the  inch,  or  over  1^  times  the  working 
pressure.  The  corrosion  at  that  time  was  probably  consider- 
able, and  the  fact  that  the  hydraulic  test  failed  to  reveal  it 
shows  that  where  tubes  of  small  diameter  are  concerned  the 
water  test  cannot  be  relied  on  as  an  infallible  means  of 
detection. 


KcONuMlSKlt  KXI'LOSION.     VU:、V  OF  W  UECKKJJ  ECONOMISKR  Hoi  SK. 

It.  occurred  at-  a  tin  works  in  Soutli  Wales,  on  the  2nd  of 
August  last.  The  eooiiomiser  consist od  of  a  stack  of  192 
vertical  oast-iron  pipes,  about  4Ain.  external  diameter  and 
gi".  thu  kness.    Out  of  this  number  a  section  of  96  pipes  were 


The  Explosion  in  the  Bradford  Beck. ―  After  several  adjourn- 
】m、uts  tlie  inquest  on  the  three  victims  of  the  terrific  ex- 
plosion which  occurred  in  a  sewer 
running  under  the  centre  of  the  city 
of  Bradford,  Yorkshire,  on  December 
1st,  and  which  iiiHicted  enormous 
damage  to  property,  was  brought  to 
a  termination  last  week.  The  jury 
found  that  the  explosion  was  caused 
l)y  the  ignition  of  petrol  vapour  in 
a  confined  part  of  the  heck.  They 
were  also  of  opinion  that  there 
was  not  suflicient  evidence  to  show 
at  what  point  the  petrol  entered 
tho  beck,  or  wlieiher  it  had  \>een 
accidental  or  otherwise.  They  made 
no  recommendations.  Mr.  F.  、V. 
Kicliardson,  city  analyst,  expressed 
the  opinion  that  the  accumulation  of 
pt'trul  fumes  that  caused  the  explo- 
sion in  the  beck  was  not  due  to  the 
steady  pitssing  down  the  heck  of  petrol 
ill  SI  It  all  «|Uiinlities,  but  was  due  to 
a  great  amount  of  petrol  going  down 
at  one  time.  The  breaking  of  a 
large  drum  of  petrol  running  into 
the  beck  might  have  been  the  cause 
of  that  rtcoimuilation.  In  reply  to 
.Mr.  H.  Watson  (for  the  l?radford 
Dyers'  Association)  ho  said  it  was  quite  iin])ossib]e  accurat<*ly 
to  state  the  sou  rev  of  the  |H?troI  coining  down  tlu*  beck.  We 
n、ay  add  that  it  is  nunouml  the  source  is  known,  and  that 
tlie  case  may  fonu  the  subject  of  litigation. 
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A  STUDY  OF  THE  PROPERTIES  OF  ALLOYS  AT  HIGH 
TEMPERATURES.* 

JiV.   a.   D.   BENGOUGH,  M.A. 

Introduction  and  History. 
The  det-ennination  of  the  changes  in  physical  properties 
which  take  place  in  metals  and  alloyp^  as  the  teinperatiire 
is  raised  has  attracted  tlie  attention  of  coiiiparatively  few 
workers.  This  is  true  even  in  the  case  of  iron  aud  steel,  and 
is  more  remarkable  still  in  the  case  of  non-ferrous  metals  aud 
alloys.  Yet  the  subject  is  one  of  considerable  interest,  both 
from  the  practical  and  the  scientific  point  of  view.  In  prac- 
tice non-ferrous  metals  or  alloys  are  sometimes  called  upon 
to  withstand  the  combined  effects  of  heat  and  stress,  as  in 
the  case,  of  the  sheets  and  stays  of  locomotive  fireboxes  ；  also  in 
the  case  of  certain  valves  and  other  engine  parts,  though  here 
the  temperature  conditions  are  less  severe.  Further,  a  study 
of  mechanical  properties  at  high  temperatures  should  throw 
some  light  on  the  behaviour  of  metals  and  alloys  when  forged 
or  rolled,  and  might  be  expected  to  offer  some  interesting  sug- 
gestions as  to  the  best  limits  for  rolling  temperatures.  From 
the  scientific  point  of  view,  the  correlation  of  mechanical 
properties  with  phase  relationships  should  prove  a  study  of 
cojisiderable  interest. 

In  the  case  of  copper  alloys  one  of  the  oarliest-  researrhos 
carried  out  on  any  considerable  scale  was  that  conducted  by 
the  Admiralty  at  the  Portsmouth  Dockyard  in  1877.  The 
test  bars  were  heated  in  an  oil  bath,  and  then  transformed 
rapidly  to  a  tensile  testing  machine  and  broken.  It  was 
claimed  that  the. whole  operation  only  lasted  a  minute,  and 
that,  in  consequence,  the  temperature  errors  were  not  serious. 
The  results  obtained  were  remarkable,  and  showed  a  sudden 
and  big  fall  in  tenacity  at  temperatures  between  350。  ami 
400。  Fall,  in  the  case  of  bronzes  containing  from  5  to  9  75  per 
cent,  of  tin,  and  from  10  to  2  per  cent,  of  ziuc.  A  copper- 
zinc  alloy,  containing  62  per  cent,  of  copper,  was  also  tested, 
but  showed  no  such  sudden  drop  in  strength. 

In  1890  Martens  published  an  elaborate  investigation  on 
the  meclianical  properties  of  iron  and  steel  at  high  tempera- 
tures, ami  im'liKled  copper  in  his  tests.  For  temperatures  up 
to  200。  C.  his  bars  Ave  re  heated  in  a  bath  of  paraffin  ；  between 
200°  and  600。  C.  in  a  bath  of  lead  or  lead-tin  alloy  ；  in  both 
cases,  jets  of  gas  were  used  for  heating  the  bath.  Tempera- 
tures lip  to  400°  C.  were  measured  by  a  niei'cury  tlier- 
inoineter  ；  temperatures  above  400。  by  an  air  thermometer, 
which  caused  much  trouble. 

In  1899  XJnwin 十 re— investigated  the  whole  matter.  His 
apparatus  consisted  of  a  special  horizontal  testing  jiiachiiif* 
of  the  manometer  type,  the  pressure  on  the  diaphragm  being 
balanced  by  a  mercury  column.  The  bars  were  turned  down 
to  a  diameter  of  ！ in.  to  fV  and  elongation  was  measured 
over  a  2 in.  length.  The  bars  were  placed  in  an  oil  bath 
heated  from  below  by  a  gas  burner,  and  placed  between  the 
jaws  of  the  testing  machine  ；  the  temperature  of  the  oil  bath 
was  taken  by  means  of  a  mercury  thennometer.  Uiiwiii 
states  that  above  600°  Fah.  (  =  316°  C.)  the  thermometer 
behaved  irregularly.  The  highest  temperature  used  in  the 
research  was  340°  C.  Some  of  his  results  are  shown  in  Table  I. 

In  1900|  Le  Cliatelier  published  a  number  of  tests  at 
high  temperatures.  His  results  for  pure  copper  are  given  in 
Table  I.,  and  are  plotted  in  Figs.  6  and  7,  together  with  the 
author's.  The  similarity  between  the  two  sets  of  maximum 
stress  results  is  remarkable. 

In  1907  Roseiihain,  and  in  1910§  Rosenhain  and  Lants- 
ben'y,  published  the  results  of  some  high  teniperaiure  tests 
on  copper-aluminium  alloys,  with  and  without  niangajies-e. 
The  apparatus  used  on  both  occasions  consisted  of  a  small 
electric  resistance  furnace  placed  between  the  jaws  of  an 
ordinary  testing  machine.  Temperatures  were  measured  by 
a  thermocouple.  The  degree  of  uniformity  in  heating  was 
ascertained  with  much  care,  a  matter  that  had  been  rather 
neglected  by  some  of  the  earlier  workers.  A  special  series 
of  observations  showed  that  no  differences  of  temperature 
exceeding  5。  C.  could  be  detected  in  a  2^in.  length  of  tlie 
specimens,  even  at  temperatures  as  high  as  500°  C. 

*  Paper  read  beforo  the  Institute  of  Metals.  January,  191-2. 
t  "  Uepovt  of  British  Association,"  1899. 
t     Congres  ties  ISfethodes  iVKssais."  Paris.  1900. 
§  "  I'rocccdini^s  of  the  Institution  nf  Mei/lmiik-al  Ent^ineers,'' January.  1910- 


Taimj-:  \. -Copper  (Rolled), 


Tenacity. 

Klon^'utioii 

Atiiios|)eric 

Tons  per  Stiuaro  Inch. 

on  2  '  nclies  i>er  Cfiu. 

Teiiij't'i'ature. 

Xjg  ChcLtelier. 

X '  n  \v  i  n . 

Tip  f  'Iin tolipi* 

Un  win  • 

lJc{4i'Ucs  Ccnliii^i'fulc. 

150 

I7-,S 

"•0 

KrO 

ion 

1  III 

1-2 -9 

'； ；' 

1 1  -0 

!JU 

14；) 

IGl 

8-0 

■IW) 

1  H 

:w-u 

•JiO 

15-9 

•J-0 

260 

】5'L 

7-0 

3IG 

■)•() 

316 

l\-2 

330 

9-G 

34-4 

340 

13  7 

430 

8-1 

1  7,8 

530 

4-6 

16-4 

In  191 1  Hughes  publishf'd  in  the  "  Journal  of  the  Institute 
of  Metals  ，，  the  i'esu】ts  of  some  experimonts  on  copper  at  higli 
temperatures,  and  figured  his  apparatus.  It  resembles,  except 
for  the  facts  thai  the  test  bar  is  held  vertically  instead  of 
horizontally,  and  that  an  air  space  is  introduced  between  the 
oil  bath  and  the  test  piece.  The  highest  tenn)orature  amployed 
was  350"  C. 

Scheme  of  Present  Research.  — TIh^  original  .scheme  for  the 
present  research  was  a  somewhat  extended  one.  It  was 
divided  into  two  parts.  In  the  first  place,  it  was  fiesired  to 
make  a  considerable  number  of  tests,  under  strictly  coni- 


Fi(i.  1.— A  二  Pipe  from  liydraulic  cylincTev  to  tap  B.  B  :  Tap  to  iiipc 
Iroiii  cyUiKler  '  FiA.  3).  C  二  Keservoir  ( Fig.  3).  D  -  Puna  p.  1':  -  Pump  Luvcr. 
F  二  Kurnat-e.  X  =  Thermocouple  cold  junction.  Y  =  Thermocouple  cold 
junction.    Z  =  Thread  reconler. 

parable  conditions,  of  the  properties  of  copper- ru-h  alloys  of 
the  following  binary  series,  all  of  which  have  been  employed 
at  one  time  or  another  to  withstand  the  coinbiu^d  effect  of 
stress  and  temperature ― copper-arsenic,  copper-nickel,  copper- 
manganese,  and  copper-vanadium.  Tn  the  next  place,  it  was 
proposed  to  take  one  or  two  pure  metals,  and  also  selected 
materials  from  some  well-known  series  of  alloys,  the  constitu- 
tion of  which  had  been  satisfactorily  established,  and  to  con- 
struct typical  curves  for  all  tvj)es  of  single-phase  and  2-pliafo 
systems!^  As  regards  the  alloys,  it  was  thought  that  the  series 
most  likely  to  give  interesting  results  would  bo  one  in  whitli 
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the  industrially  useful  alloys  extended  over  a  sufficient 
range  of  composition  to  include  both  single-phase  and  2-phase 
systems,  and  for  this  reason,  amongst  others,  the  copper-zinc 
series  was  chosen . 

Work  was  begun  on  both  parts  of  the  scheme,  but  it  soon 
became  clear  that  it  would  be  necessary  to  modify  it  consider- 
ably, since  it  was  found  necessary  to  investigate  a  number  of 
subsidiary  matters  about  which  no  information  could  be 
obtained  from  the  literature  on  the  subject.  One  of  the 
most  important  of  these  matters  was  the  influence  of  the 
time  under  stress  upon  the  strength  and  ductility.  At 
ordinary  temperatures  this  factor  has  little  effect  in  the  case 
of  static  stress,  but  as  the  tenij^erature  of  the  test  bar  is 
raised  it  soon  becomes  of  considerable  importance. 

The  section  of  the  research  now  published  is  confined 
entirely  to  the  second  part  of  the  scheme  outlined  above,  and 
the  only  properties  discussed  are  the  maxiiiiuiii  stress,  elonga- 
tion, an f]  contraction  of  arra  under  static  iension. 

Description  of  Experimental  Methods.— Ratlu-r  full  descrip- 
tions will  be  given  under  this  lioad,  for  the  reason  that,  so 

far  as  the  author  has  been  able   

to  ascertain,  the  present  paper 
contains  tlie  first  account  of  an 
attempt  to  follow  the  variation 
of  mechanical  properties  from 
the  ordinary  temperature  up  to 
the  melting-points  of  the 
respective  metals.  Practically 
all  previous  workers,  Rosen - 
hain  and  Lantsberry  excepted, 
have  stopped  their  experiments 
at  temperatures  not  higher  than 
350"  C.  ；  Eosenhain  stopped  his 
at  450()  C,  except  in  one  ex- 
periment, when  Ji  temperature 
of  500'^  C.  was  used. 

The  apparatus  in  this  re- 
search ； nay  be  conveniently 
considered  under  two  headings : 
(1)  The  methods  of  heating  and 
measuring  the  temperature  of 
the  specimens  under  test.  (2) 
The  methods  of  applying  and 
measuring  the  stress  and  strain 
on  the  specimen. 

(1)  Methods  of  Obtaining 
and  Measuring  Temperatures. ― 
The  earlier  workers,  including 
Martens,  Unwin,  and  Hughes, 
heated  their  specimens  in  baths 
of  oil  or  molten  metal,  and 
measured  the  temperature  of 
the  baih  by  means  of  mercury 
or  air  thermometers.  In  this 
type  of  apparatus  it  is  obvious 
that  the  temperature  must  in- 
crease from  the  bottom  of  the 
apparatus  upwards,  and  this  will  give  rise  to  considerable 
variation  in  temperature  throughout  the  bath.  This  is 
especially  the  case  when  the  bar  is  placed  vertically,  as  in 
Hughes'  apparatus.  There  is  a  further  possible  source  of 
error  in  both  cases  duo  to  the  fact  that  the  tlierinonieter 
measures  the  temperature  of  a  point  in  the  bath,  and  uot  of 
the  metal  itself.  Owing  to  the  lack  of  stirring  apparatus, 
and  to  the  (lifferem'e  in  thermal  properties  (coiuluctivitv. 
radiative  power,  &('.)  between  the  bath  and  the  healing  liquid, 
it  is  by  no  means  certain  that  lliey  take  oxactly  the  same 
temperature  when  the  whole  has  come  to  thermal  oquilibriuni. 
Thero  will  probably  be  a  constant  though  small  rliiTerence  in 
tpinperature  between  the  bar  and  the  liquid.  Both  the  errors 
mentioned  become  rapidly  more  significant  as  the  tempera- 
ture rises,  and  seriously  vitiate  all  results  at  leniporatures 
above  350。  C.  At  400'  C.，  in  an  apparatus  similar  to 
that.  fifTUiTcl  by  Hughos,  \\\v  author  found  a  (lifToiviu-e  in 
temperature  of  45、、  C.  betweon  tho  toj)  and  tlio  bottoui  of  a 
2iui.  gauge  length.  Unwia  and  Hughes,  however,  carried 
out  most  of  thoir  experiments  at  comparatively  Jow  tempera- 
tures~ below  350'  C. ― and  the  horizontal  position  of  Unwin's 
bars  lessened  materially  the  chances  of  error  iu  bis  case. 


From  what  has  been  said,  it  is  obvious  that  the  only  sound 
method  of  experiment  is  to  use  an  electric  resistance  furnace 
of  which  the  thermal  gradient  has  been  made  as  uniform  as 
possible,  and  to  measure  the  temperature  by  thermocouples 
kept  in  actual  contact  with  the  test  bar  itself.  It  must  be 
borne  in  mind  that  the  work  of  Martens  and  Unwin  was 
carried  out  before  the  thermocouple  had  come  into  general 
laboratory  use  for  experimental  work. 

Rosenhain  and  Lantsberry  give  the  following  details  of 
their  apparatus  and  working  accuracy.  The  heating  ap- 
paratus was  a  nickel  wire  resistance  furnace  used  in  a  vertical 
position  between  the  jaws  of  a  testing  machine.  At  first  they 
found  differences  of  from  10。  to  30」 C.  between  the  top  and 
bottom  of  their  specimens  ；  later,  they  were  able,  by  carefully 
adjusting  the  packing  of  the  lower  portion  of  the  furnace,  to 
counteract  this  tendency  of  the  upper  part  to  attain  a  higher 
temperature,  and  finally  they  state  that  even  at  a  tempera- 
ture of  500°  C.  no  differences  exceeding  5°  C.  coul<l  be 
detected  in  the  length  of  the  specimen  (2^in.). 

The  present-  author  has  used  a  vertical  resistance  furnace 
wound  with  platinum  strip,  and  has  been  able  to  approach, 
but'  not  quite  to  -equal,  this  degree  of  uniformity.  In  some 
preliminary  experiments  two  thermocouples  were  used,  and 
the  junctions  were  tightly  wired  on  to  a  bar  hung  vertically 
in  the  furnace  at  a  distance  of  2in.  from  one  another,  each 
junction  being  at  a  distance  of  liru  from  the  centre  of  the 
bar.    The  following  results  were  obtained  :■ ~~ 


Fig.  2. 


Top  Couple, 
Degrees  Centigrade. 

Bottom  Couple. 
Degrees  Centigrade. 

Difference, 
Degrees  Centigrade. 

240 

216 

24 

342 

323 

19 

424 

404 

20 

510 

490 

'20 

To  improve  these  results,  loose  asbestos  packing  was  intro- 
duced into  an  air  space  between  the  outside  lagging  of  fur- 
nace and  tlie  platinum  winding  ;  also  into  the  centre  tube  of 
the  furnace  around  the  test  bar  itself.  After  some  trials  the 
following  improved  results  ^^9ere  obtained  : ― 


Top  Couple, 
Degrees  Centigrade. 

Bottom  Couple, 
Degrees  Centigrade. 

Difference, 
Degrees  Centigrade. 

292 

286 

6 

348 

340 

8 

480 

485 

5 

521 

5U 

7 

GIO 

GIG 

6 

It  will  be  noticed  that  iu  all  cases  the  temperature  of  the 
top  couple  was  slightly  higher  than  that  of  the  lower  ；  this 
dilfereiice  was  so  slight,  however,  that  though  fracture  of  the 
test-pieces  took  place  more  frequently  in  the  top  half  of  the 
gauge  length  than  in  the  bottom  half,  there  were  but  few 
occasions  in  which  it  occurred  either  on  or  above  the  top 
gauge  mark.  .  When  this  occurred  the  results  have  not  been 
recorded  in  the  tables  and  curves. 

The  experiments  just  mentioned  were  carried  out  with 
the  Carpeiiter-Stansfiekl  potentiometer  and  platiiium-iridiuni 
couples.  All  tiMiiperature  measurement?,  in  the  actual  tensile 
experiments  were  carried  out  wit h  the  same  couples  and  a 
thread  recorder,  which  was  parlirularly  useful  in  showing 
graphically  when  thermal  equilibrium  had  been  obtained  in 
the  bar.  The  degree  of  accuracy  of  the  temporal ure  measure- 
ments with  this  instruineiit  was  not  greater  than  ±  4^  C.  It 
should  be  mentioned  that  it  is  absolut<»ly  essential  that  the 
thornio-junction  be  in  actual  contact-  with  the  test  bar.  The 
temperature  of  the  heating  element  in  the  type  of  furuac^ 
used  is  always  higher  than  tliat  of  the  bar.  and  tho  tempera- 
ture of  the  intervening  space  is  also  somewhat  greater  than 
that  of  tlie  bar,  even  at-  points  quito  close  to  the  latter.  This 
avisos  from  the  fat  t  tliat  tho  thcnnal  proi>ertie?i  of  the  bar 
under  tost  wore  difforcnt  from  that  of  the  surroundin£r  air 
spjaco  • 

1  *J)  Methods  of   Applying  and  Measuring    Stress.  ―  It  was 

highlv  desirable  to  instal  jitM  iiiaiUMit  ly  ill"  heating  and  tem- 
perature measuring  apparatus,  owing  to  tlio  large  number  of 
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tests  which  it  was  proposed  to  carry  out.  This  apparatus  was 
somewhat  bulky,  and  could  not  be  conveniently  fitted  to  tho 
Liverpool  University  tensile  testing  machine;  ifc  was  there- 
for© decided  to  design  a  special  piece  of  apparatus  for  carrying 
out  the  best's.  On  the  ground  of  expeusei  it  was  advisable  to 
keep  it  as  simple  as  possible,  and  to  do  away  with  the  ixm 
of  levers  for  magnifying  the  load  applied  to  the'  specimen. 
Fig.  1  is  a  photograph  of  the  apparatus  used  in  the  part  of 
the  research  now  published,  and  which  it  assumed  after  a 
number  of  preliminary  trials.  Figs.  2  and  3  give  drawings 
of  details.  All  three  are  lettered  to  correspond  with  one 
another.  In  Fig.  2  it  will  be  noticed  that  the  test  bars  are 
all  screwed  at  the  ends  and  fitted  into  extension  pieces,  which 
in  turn  are  screwed  into  hemispherical  nuts.  These  nuts  are 
carried  on  spherical  seatiiigs,  which  rest  on  asbestos  pads. 
The  pads  are  placed  on  carriers  attached  respectively  to  the 
top  framing  of  the  machine  and  to  a  steel  stirrup  carrying 
the  weights.  The  asbestos  pads  are  used  to  lessen  the  amoiuit 
of  heat  lost  by  conduction  to  the  various  parts  of  the  macliine. 

The  top  carrier,  with  its  seating,  can  be  moved  horizon- 
tally in  two  directions,  and  can  thus  be  accurately  adjusted 
so  that  the  top  seating  is  vertically  above  the'  lower.  This 
adjustment  is  of  great  importance-  owing  to  the  well-known 
fact  that  the  efficiency  of  spherical  sea  tings  is  very  small  with 
small  loads.  The  load  is  applied  to  the  specimen  by  placing 
weights  on  the  stirrup.  In  Fig.  1  nine  weights  of  561bs.  each 
are  shown  on  the  near  side  of  the  stirrup  ；  arlditioiial  weights 
can  be  built  up  on  these  to  t'he»  required  amount.  A  similar 
load  can  be  applied  to  the  other  side  of  the  stirrup.  The 
stirrup,  weights,  and  seating  hang  from  the  spherical  nut 
attached  througk  the  extension  piece  to  the'  lower  end  of  the 
specimen.  Lateral  play  of  the  stirrup  is  limited  by  rollers 
which  were  placed  at  each  side  of  it,  and  worked  between  the 
two  L-shaped  girders,  which  form  the  upright  framing  of  the 
machine.  There  is  about  a  quarter  of  an  inch  play  between 
the  rollers  and  the  framing  at  each  side. 

The  maximum  load  which  tlie  machine  is  designed  to  carry 
is  2  tons,  and  some  arrangements  had  to  be  devised  to  take 
up  this  load  when  the  specimen  broke.  (  It  was  also  most 
important  to  arrange  that,  when  a  weight  was  added,  the 
additional  stress  could  be  applied  to  the  test  bar  gradually, 
and  without  impact.  Both  these  conditions  were  met  by  the 
use  of  a  hydraulic  ram  and  cylinder.  This  device  cushions 
the  load  after  the  fracture  of  the  specimen  by  allowii)g  the 
stirrup  to  fall  only  as  fast  as  the  ram  to  which  it  is  attached 
can  drive  water  out  of  the  cylinder  through  a  pipe  of  very 
small  section.  The  hydraulic  ram  is  seen  in  Fig.  1，  also  the 
top  of  the  cylinder,  showing  white  amongst  the  weights.  The 
top  of  tlie  ram  is  riveted  to  the  cross-bar  of  the  stirrup  ； 
after  the  fracture  of  a  specimen  the  ram  sinks  owing  to  the 
load  on  the  stirrup,  and  drives  liquid  from  the  bottom  of  the 
cylinder  through  pipe  A  and  tap  B  into  tlie  copper  reservoir 
C.  But  this  can  only  occur  when  tap  B  is  open  ；  when  it  is 
closed  no  liquid  can  leave  the  cylinder.  Heuce  any  small 
additional  load  applied  to  the  stirrup  is  not  transmitted,  to 
th©  test  bar,  since  this  load  is  merely  employed  in  compressing 
the  practically  incompressible  liquid  in  the  cylinder.  It 
follows  that  by  slowly  opening  the  tap  B  the  load  can  be , 
applied  to  the  test  piece  as  gradually  as  desired,  and  without 
any  appreciable  impact'.  After  again  closing  tap  B  the  load 
remains  on  the  specimen,  but  no  additional  load  placed  on 
the  stirrup  will  be  transmitted  to  the  specimen  ；  in  other 
words,  the  valves  do  not  allow  of  back  suction. 

. The  arrangement  of  the  valves  and  of  a  pump  to  allow 
of  the  stirrup  being  raised  to  the  required  position  for  attach- 
ment  to  the  spherical  nut  is  shown  in  Fig.  3.  The  pump  D 
raises  liquid  from  reservoir  C,  and  forces  it  into  the  hydraulic 
cylinder,  provided  the  tap  B  be  closed.  Fig.  1  shcn^s  tlie 
position  of  the  cold  junctions  of  the  two  thermocouples  X  and 
Y     Behind  the  machine  can  be  seen  the  thread  recorder  L. 

The  effective  load  of  the  stirrup,  that  is,  its  real  weight 
minus  the  frictioual  effects  of  the  various  parts  of  the 
mac-bine,  is  ascertained  by  means  of  a  carefully  t'alibrated 
spring  balance.  Frequent  check  tests  have  shown  that  the 
effective-  load  remains,  constant  for  long  periods  of  time  The 
sprinjr  balance  gave  scale  readings  from  41bs  up  to  halt  a 
ton,  and  this  range  was  useful  in  calibrating  the  machine  tor 
small  loads.  It  was  found,  however,  that  the  actiial  load 
on  the  specimen  was  suffiriently  accurately  expressed  by  the 
effective  load  plus  the  value  of  the  weights  used.    In  all  cases 


the  weights  won;  an  ;m"' (-"  quite  syMUiuArically  with  rc^'a I'l  to 
the  hydraulic  rylindcr;  this  was  thought  to  b(i  rk'sirabl"  in 
order  to  avoi<l  any  slight  tilting  ofToct  which  might  or(  m'  iii 
spite  of  tho  long  bearing  of  the  ram  in  tho  ijlinrler. 

Attached  to  the  lower  part  of  the  right-liaiul  pillar  of  tho 
machine  (Fig.  1)  is  soen  an  electric  boll.  This  is  put  into 
action  by  11  le  fall  of  the  stirrup,  and  is  useful  in  thf  experi- 
ments of  the  effect  on  maximum  stress  of  the  time  under 
load.  Tho  furnace,  marked  F,  is  seen  in  tho  centre  of  tho 
machine;  it  is  so  a rra lifted  that  it  can  be  swung  out  on  a 
hinge  near  tlio  pillar.  This  arl justinenl  was  found  to  be  very 
useful  in  introducing  ami  removing  tho  test  bars. 

The  loads  actually  usorl  in  the  experiments  varied  from 
nearly  2  tons  <l()\vii  to  71bs.  This  last  was  ttiucIi  smaller  than 
the  effective  wciglib  of  tho  stirrup  alone,  which  was,  in  far  t, 
nearly  I  cwt.  For  loads  smaller  than  this  separate  arrange- 
ments had  t ()  bf  mafic.      TIh'  stirrup  was  let  down  to  it:; 


lowest  position,  an  oak  board  was  then  screwed  on  to  the  top 
of  the  carrier,  and  on  to  this  was  placed  a  flat,  light  scale 
pan  of  special  construction,  which  weighed  only  31bs.  ；  by 
working  the  pump  the  scale  pan  could  be  raised  and  attached 
directly  to  the  extension  piece  in  a  simple  manner.  Weights 
could  then  be  placed  on  the  pan  in  amounts  sufficient  to  cover 
the  whole  range  of  loads  from  31bs.  to  1  cwt.  At  the  be- 
ginning of  the  test  the  stirrup  was  lowered  slightly,  and  the 
scale  pan  was  left  hanging  freely  from  the  extension  piece. 
When  fracture  took  place  the  scale  pan  fell  on  to  the  oak 
boards.  The.  height  of  this  drop  c-oulcl  readily  be  kept  very 
small  by  adjusting  the  height  of  the  ram  in  the  cylinder  by 
hand  pump  and  tap,  so  that  it  followed  closely  the  ext<^nsion 
of  the  test  piece.  For  very  small  loads  a  \vater-loa<l,  whu  h 
could  be  increased  at  a  slow  but  constant  rate  by  means  of  a 
tap,  was  used .  The  water  was  run  into  two  vessels  simul- 
taneously, the  vessels  being  placed  symmetrically  upon  the 
pan. 

This  machine  is  described  as  it  was  used  in  the  present 
research  ；  it  is  undergoing  certain  improvement's  aiHl  i 卿 li- 
fu-ations.  partly  to  allow  of  a  reducing  or  neutral  atiuospliere 
being  maintained  in  the  furnace,  and  partly  to  allow  of  tosts 
other  than  those  now  described  being  rarricd  out  with  it. 
The  machine  has  been  made  for  the  author  by  Mr  W  W. 
Strafford,  of  Crosby,  Liverpool,  and  has  given  complete 
satisfaction  in  use. 

(To  be  continued.) 

Motor-bus  Accident.  ―  At  Surbitoii  la"'  on  Saturday  ' ， 
last  a  molor-uiuiubus  roiitainiiii:  a  uumln'r  of  pass^Mu 
pkiddcd  in  taking  a  ooriier  and  fell  on  to  its  side.  Tlu^  tmtsi"" 
p 纖 "igei's  wtMv^liurlod  into  tho  ro;ul  ami  the  insulc  |>ass»Mi- 
crers  tTn-own  t()<;otlicr  in  a  lieap.  Tlic  vchirlo  was  wrtvkixl. 
Fourteen  passcn^^Ms,  together  with  the  driver  and  the  co"- 
d  uc-to  i'，  we  re  itiju  red  • 
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THE  ORIMESTHORPE  STEAM  VALVE  EXPLOSION. 

JjuAKO  OK  Tit," 化 Formal  Inc^likv. 
On  Tuesday  and  Wednesday  】ast  week  a  formal  im|iiiry  was 
held  by  the  Board  of  Trade,  at  th^.  Banisley  Town  Hall,  into 
the  circuiiistaiices  attejicling  a  fatal  explosion,  、vhi(，li  occurred 
on  July  10th  last,  from  the  bursting  of  a  steam  stop  valve 
the  Griiiiesthorpe  Colliery,  and  resulted  in  the  death  of 
Mr.  Frank  Green,  chief  inechanical  engineer,  Mr.  Jolui 
Allen,  engiiiewriglit,  and  Mr,  II.  Duckworth,  foreman 
mechanic.  The  Coniniissiouers  were  Mr.  A.  A.  H nelson, 
K.C.,  president,  ami  Mr.  Alexander  Gray,  coiusulting 
ciigiueor. 

Mr.  George  ('.  Vaux,  solicitor,  represented  the  Board  of 
Trrulc  ;  Sir  William  Clegg  (Messrs.  Clegg  and  Sons,  solicitors, 
Slipflield)  appeared  for  Messrs.  Vickers  Ltd.,  Brightside, 
which  firm  were  engaged  laying  a  new  turbine  for  the  pur- 
pose of  generating  electricity  throughout  the  colliery  when 
the  disasiter  occurred,  and  Mr.  W.  M.  Gichard,  solicitor, 
Hotherhain,  watched  the  interests  of  the  Carlton  Main 
Colliery  Company,  the  owners  of  the  Griniesthorpe  Colliery. 

Mr.  Vaux  said  the  stop  valve  which  exploded 
was  the  property  of  the  Carlton  Main  Colliery  Company, 
Ltd.,  and  was  fitted  at  their  colliery  at  Griniesthorpe. 
The  boilers  at  the  colliery  were  worked  at  a  pressure  of 
1201  bs.  to  the  square  inch,  and  supplied  steam  through  a 
range  of  piping  to  a  500  kw.  turbine-driveii  electrical  gene- 
rator. In  or  about  February,  1910，  it  was  decided  to  instal 
another  1 ,000  kw.  turbiiie-driveii  generator,  and  the  order 
i'or  them  was  given  to  Messrs.  Vickers,  Ltd.  ll  then 
became  necessary  to  fit  a  new  range  of  piping  to  supply  both 
these  turbines.  Mr,  Frank  Green  (one  of  the  killed)  was 
the  chief  mechanical  engineer  to  the  Carlton  Main  Colliery, 
and  was  responsible  to  them  f&r  the  upkeep  and  the  safe 
working  of  the  steam  and  electrical  plant.  Ilo  designed  the 
m、w  range  of  steam  ])ipiiig  ami  the  fittings  leading  to  the  two 
turbines.  Tho  contract  for  supplying,  but  not  the  fitting, 
of  the  steam  piping  and  two  stop  valves  was  given  to  the  firm 
of  Messrs.  Needhani,  Brothers,  and  Brown,  Banisley,  and 
th(*  two  stop  valves  were  Gin.  and  lOiii.  respectively.  No 
Ihic'kiiesses  or  material  appeared  to  have  been  specified,  but 
it  was  stipulated  that  the  piping  was  to  be  capable^  of  a 
working-  pre^^sure  of  lOOlbs.  per  square  inch,  and  to  be  tested 
"I)  to  200lbs.  per  square  inch.  The  pipes  were  made  by 
Messrs.  Needhani,  Brotlw^rs,  &  Bro、vii，  and  duly  delivered 
to  the  collirry  company,  and  tho  ^anie  firm  gave  the  order 
for  the  stop  valves  to  Messrs.  Marsdoii  Staiislield,  of 
Bri^lioii.M\  The  body  and  cover  of  the  valve  chest  were  of 
cast  iron.  The  thickness  of  the  metal  in  the  chest  varied 
troin  7-16tIis  to  10-I6ths,  and  when  completed  the 
valvo  was  tested  to  2401bs.  per  square  inch  by 
hydraulic  pressure.  After  being  delivered  at  the  colliery 
fuid  fitted,  several  tests,  or  trials,  took  place,  and  on  each 
occasion,  Aaron  Bacon,  one  of  the  mechanics,  lieard  several 
f>hot、  of  wator-liammer,  which  he  I'epoi't^Hl.  (>n  the  night 
of  July  HMh  til"  final  trial  took  place,  a  man  named  Duck- 
worth, the  foroinan  ciigiiH^or,  being  in  cliarge.  Ho  went  into 
tlie  baseiiu'iit  and  gave  instructions  to  a  luechaiiic  named 
IWo",  ill  the  employ  of  Messrs.  Vickers,  Ltd"  (o  open 
the  Gill,  valve  very  slowly.  Immodiat<*Iy  lio  did  so，  water 
n，,l"、(l  out.  of  tlje  lin.  cock  on  the  steain  slraim-r,  ami  (he 
t、n'e<;t.  was  that  the  valve  bui^t  with  a  loud  report.  Ba 議 
t^luit.  oil*  the  valve  at  once,  and  ran  out  of  (ho  place  into 
safety,  but  Gm"i，  Allen,  ；， ml  Duckworth  were  killed. 

Alt  or  rvideiice  as  to  tho  actual  orcurrciUT  liad  been  】>rt、 
s(Mit<'"，  Air.  Vaux,  on  bi'Inilf  of  (he  Board  of  Trade,  sub- 
，？ itted  the  following  issues  for  the  consideration  of  tl"、 
C  oiuMu^sionors :  ( I)  Was  the  stoain  stop  valvo  、vl"<，li  failed 
。- Iv  const ructeil  and  fit  for  tho  |)ur|K)se  for  which  it  was 
intonded?  (2)  Did  the  C  arlloii  Main  Colliery  Company. 
】'td.，  entrust  tlio  design  and  erection  of  tho  "； w  arrange- 
，nem.  of  pipes  at  tin*  Grimost horpe  C  olliory  in  or  about  June 
n"d  July  last  to  a  conji>et^nt  person  or  to  competent  persons  ？ 
(:5)  \V«.s  th(、  tiow  nrrancomont  of  for  the  (wo  f，"-l)"i(> 

、vlu、i，  t  hvy  hnri  hwu  litlod  up  at  tl"、  Griinrsf  lH)r|H-  Colliory  a 
batisl'actory  one,  aud  was  a(lcqunt<-  piovi^u"  made  tor  drain- 


ing the  pipes  of  water  resulting  from  strain  condensing 
therein  ？  (4)  What  alterations,  if  any,  were  made  in  the 
arrangement  of  the  ])ipcs  and  fittings  before  the  explosion 
cccurred  ？  Who  was  responsible  for  such  alterations,  if  any 
were  made  ？  (5)  Who  was  in  charge  of  the  trial  of  the 
l，(）00kw.  turbine  which  w;"s  to  take  place  on  the  evening  of 
the  lOtli  July  last  ？  Did  proper  means  then  exist  for  f reining 
tlie  pipes  of  water  ？  Who  was  responsible  for  seeing  that  tin* 
[)i])ps  were  properly  drained  of  water  rr suiting'  from  strain 
condensing  therein  before  steam  was  admitted  to  t he  turbine? 
(6)  Were  proper  measures  for  safety  taken  by  those  in  charge 
oil  the  occasion  of  the  trial  of  the  1 ,000  kw.  turbiiu'  on  July 
lOtli  last?  (7)  What  was  the  cause  of  the  explosion  ？  (8) 
Did  the  late  Mr.  Frank  Green,  chief  mechanical  engineer  to 
the  Carlton  Main  Colliery  Company,  Ltd.,  Mr.  John 
Allen,  engineer  and  ciiginewright  at  the  Griint  c^thorpe 
Colliery,  ami  Mr.  Herbert  Duckworth,  foreman  mechanic  to 
Messrs.  Vickers,  Ltd.,  know  the  necessity  for  properly 
d raining  the  eteam  pipes  of  water  ？  Was  the  danger  of 
opening  the  Gin.  stop  valve  and  attempting  to  drain  the 
])ipcs  through  the  lin.  ccck  on  the  steam  strainer  appreciated 
by  them  or  any  of  them  ？  (9)  Was  the  explosion  caused  by 
the  neglect  (a)  of  Messrs.  Marstleii  A:  Stansfield，  (b)  of  the 
Carlton  Main  Colliery  Company,  Ltd.,  or  of  their 
servants  or  any  of  them  ？  In  the  latter  event,  are  the 
Carlton  Main  Colliery  Company,  Ltd.,  responsible  for 
such  neglect  ？  (c)  of  Messrs.  Vickers,  Ltd.,  or  of  their 
servants  or  any  of  thera  ？  In  the  latter  event,  are  Messrs. 
Vickers,  Ltd.,  responsible  for  such  neg^lect  ？  (10)  Should 
Messrs.  Marsden  &  Stansfield,  the  Carlton  Main  Colliery 
Company,  Ltd.,  and  Messrs.  Vickers,  Ltd.,  or  any  and  which 
of  them  pay  any,  and  if  so,  wliat  part  of  the  cost  of  tliis 
formal  investigation  ？ 

Mr.  Hudson,  who  presided,  said  they  had  come  to  the  de- 
cision that  of  those  living  the  manager  of  the  colliery  (Mr.Gill) 
was  partly  responsible  for  the  cause  of  the  explosion,  and  also 
found  that  Bacon  was  responsible  morally.  In  their  answers 
to  tho  questions  submitted  by  the  Board  of  Trade,  they  con- 
sidered that  the  valve  which  failed  was  properly  constructed, 
and  also  (hat  the  Carlton  Main  Colliery  Coin])anv  liad 
entrusted  the  work  to  a  coiupetent  person  in  Mr.  Green.  They 
considered,  in  the  first  place,  the  arrangement  of  the  pipes 
wa、s  a  satisfactory  on?.  There  was  no  automatic  stop-cock, 
but  they  did  not  see  why  the  one  provided  should  not  have 
im't  the  requirenieiits.  There  had  be-en  some  alteration  made 
in  the  arrangement  connected  with  the  j)uiu]),  and  the  two 
persons  rt<j>oiisible  for  that  alteration  were  Jltssrs.  Gill  and 
Green.  They  considered  that  proper  inean;^  wore  not  taken 
to  empty  the  pipes  of  water,  and  this  was  part  of  the  duty 
of  Mr.  Green.  Proper  measures  for  safety  were  certainly 
not  taken  bv  those  in  charge  of  the  turbine  on  Julv  3rd. 

cause  of  tli©  explosion  was  •'  wat^r-baiiiiiier,  and  Messrs. 
Green,  Allen,  and  Duckworth,  who  were  in  charge  of  the 
work,  would  be  quite  aware  of  the  necessity  for  having  the 
pipes  properly  drained.  They  must  have  fiillv  a])])reciated 
the  danger  of  opening  the  Gin.  valve  when  having  tho  pipe 
d rained.  The  explosion  \va、、  not  due  to  tlie  neglect  of  Messrs. 
Mansden  &  stansfield,  neithrr  was  it,  due  lo  the  Caritoii  Main 
Colliery  Conipauy,  Ltd.  Tho  luauafjer  and  the  engineer 
were  partly  responsible  for  the  explosion  which,  tlimigli  it 
was  not  (hie  to  tlio  noglrrt  of  M(t*;r>:.  Vickers,  Ltil.,  \va^ 
cont ributocl  to  hy  the  neglect  of  Bacon,  one  of  i l"'ir 
"ledianics,  wl.o  should  have  warned  Mr.  Duckworf h  of  the 
(Ian "飞、 r  before  lie  carrird  out  his  onlors  in  tviniiiii:  on  tho 
valve.  They  thought  thai  Baron  inu^t  have  known  tliat  a 
large  quantity  of  water  would  have  aoMinuilacl  Ix^twron 
Julv  Gth  and  July  lOtli,  wlion  tlio  (rial  took  )>laoe.  The 
C'onnnissioncrs  ordered  Mr.  Gill,  tho  iiiana*:or  of  iho  rollicrv; 
to  pay  £25,  and  Bacon,  Uu'  Murhanic-,  £?i  towards  tho  ex- 
[x、nses  of  the  enquiry. 

Fatal  Crane  Aaident. 一 A  fatal  a('('id<MU  mvimW  at  tho 
Victoria  Harbour,  Greenwk,  on  the  9th  inst.  A 
number  of  workmen  were  on^a^ed  t  Ihmo  loadiii"'  a  cur  go 
st?i 出 er  with  iron,  and  wlion  a  load  of  about  throe  tons  was 
h，、in"'  swuiit;  minid  tli,、  chain  of  tlio  craiio  snapped,  and  tlio 
im"  Ml  upon  t wo  of  (lie  labounM-s.  with  tlio  rcbiilt  tliat  one 
、vas  killed  aud  the  otluT  seriously  injured. 
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BITUMINOUS  SUCTION  GAS  PRODUCER. 

A  DESIGN  of  suction  gas  producer  for  use  with  bituminous  or 
similar  fuel  is  shown  in  the  accompanying  cuts.  The  appa- 
ratus, which  is  the  joint  invention  of  F.  H.  Livens  and  11 
V.  Senior,  both  of  Huston,  Proctor,  &  Co.,  .Ltd.,  Sheaf  Iron 
Works,  Lincoln,  comprises  a  casing  lined  with  firebrick,  into 
which  fuel  is  fed  downwards  on  to  the  fuel  bed  A  through  a 
hopper  B,  surrounded  by  a  water  chamber  C.  The  gases 
coming  away  from  the  incandescent  fuel  pass  up  through  the 
annular  space  D  between  the  hopper  and  the  outer  wall  of  tha 
producer.  The  fuel  chamber  B  is  extended  in  a  downward 
direction  low  enough  into  the  fuel  bed  for  combustion  to  take 
place  in  the  zone  marked  X,  for  it  to  form  part  of  the  fuel 
bed  also.  To  this  chamber  B  a  downward  current  of  air  and 
vapour  is  supplied  through  the  branches  E,  and  the  air  and 
vapour  passing  upwards  through  the  firebars  and  at  F  from  a 
water-sealed  ashpit,  are  at  the  same  time  restricted.  By  this 
means  the  gases  from  the  freshly-ignited  fuel  are  compelled 
to  pass  through  fuel  which  is  already  incandescent  and  their 
tarry  vapours  are  tliereby  coiivprted  into  fixed  gap.     The  pro- 


to  remove  clinker  if  formed  on  tlio  lirf'brirk  round  I  Ik*  I'la'l 
bed.  The  air  combined  with  tlie  vapour  formed  in  the  spa", 
Q  leaves  by  the  valves  R  and  can  either  pass  into  the  fresh 
fuel  chamber  B  by  the  branches  E  or  down  the  pijx's  L  S  to 
the  ashpit  and  firebars,  tlic  amount  passing  to  the  lait<T 
varied  by  opening  or  closing  the  valves  M  T;  when  starting' 
tlie  fire  these  valves  are  turned  so  that  T  is  quite  closed,  and 
air  is  foroed  by  the  fj-n  N  through  the  valve  M  directly  to  the 
ashpit  in  the  usual  way  until  the  fuel  in  tlie  fuol  bed  bf-low 
the  hopper  mouth  is  quite  incandes<;ent.  Tlif^  valve  M  is  lln-ii 
reversed  so  that  air  is  forced  upwards  and  throuf^h  the  bram  h 
E  into  the  fuel  cliainber  lo  create  a  down  draught  and  extend 
coinbustioii  into  the  zone  X.  I)ui'i"",  this  operation  I  ho  valves 
R  are  closed  so  thai  the  vapour  spare  Q  and  the  air  inlet  O 
are  shut  off.  After  the  fuel  in  the  zone  X  is  quite  incan- 
descent, the  valve  M  is  turned  to  shut  off  the  fan  N  and  make 
a  throughway  of  the  pipe  L,  and  the  valve  T  is  opened  to  inako 
a  throughway  of  the  pipe  S  ；  the  valves  R  are  also  opened  so 
that  air  and  vapour  can  pass  from  the  space  Q  through  the 
branches  E  to  the  fuel  clianilM^r  B,  and  by  tlie  pipes  L  S  to 
t  he  ashpit,  and  afterwards  through  the  grate  bars,  as  required, 
by  tlie  valves  M  T  to  ensure  that  tlie  draught  tlirou^li  E  sliall 
be  always  sufficient  to  keep  up  incandescence  in  the  zone  X. 
This  zone  of  incandescence  in  time  will  extend  upwards  as  far 
as  the  branches  E,  and  it  is  not  detrimental  if  it  does,  but 
the  continual  downward  movenit'nt  of  tli*^  fresli  fuel  from  the 
space  above  these  branches  keeps  such  upward  extension  of 
the  incandescence  at  a  lower  limit. 


Bituminous  Suction  Gas  Producer. 

ducer  is  thus  converted  to  one  of  the  up  and  down  "  draught 
kind,  but  without  the  usual  inconvenient  side  exits  for  the 
gases,  which  are  liable  to  be  choked  up  in  time. 

In  order  to  regulate  the  height  of  the  incandescent  zone  of 
the  fuel  bed  so  as  to  make  sure  that  the  fuel  at  the  base  of 
the  fuel  chamber  X  shall  be  thoroughly  incandescent,  a  series 
of  openings  G  are  provided  at  intervals  round  the  circum- 
ference of  the  producer  casing  and  at  different  heights  by  which 
air  and  vapour  can  pass  to  the  fuel  bed  from  below  the^  fire- 
bars through  nozzles  ；  one  of  these  is  shown  in  detail  in  Fig.  3， 
where  it  will  be  seen  that  the  opening  through  the  nozzle  can 
be  varied  by  turning  the  screw  plug  H，  a  screw  thread  being 
formed  on  the  outside  of  the  nozzle  so  that  when  the  plug  H 
is  withdrawn  altogether,  a  poker  can  be  used  without  doing 
damage  to  the  screw  thread.  The  ga&es  leave  the  annular 
chamber  D  by  multiple  exits  K.  The  water  space  C  rouud 
the  hopper  B  may  be  】】iade  to  supply  part  or  all  of  the  vapour 
required  to  mix  with  the  air,  but  this  water  space  may  in  some 
cases  be  omitted  and  the  hopper  protected  by  firebrick  or 
other  refractory  material,  in  which  case  a  vaporising  chamber 
can  be  formed  in  the  outer  case  of  the  producer. 

In  Fig.  2  is  shown  an  inlet  for  the  air  O  into  the  space  Q 
above  the  water  space  C,  and  a  hole  P  for  passing  down  a  bar 


A  PRACTICAL  APPLICATION  OF  FLUORESCENCE  IN 
TESTING  OILS.* 

BY  ALEXANDER  E.  OUTERBRIDGE,  .TUN. 

Those  of  you  to  whom  the  proces-:  of  casting  metals  is  familiar 
know  that  in  the  operation  of  moulding  considerable  atten- 
tion has  to  be  given  to  the  production  of  the  "  core  ，' 一 that 
part  of  the  mould  which  forms  the  hollow  portions  of  the 
casting.  In  cylinders  for  internal-combustion  engines,  or  in 
locomotive  injectors,  &c.，  the  interior  of  the  casting  is  by  far 
the  more  important  part,  and  the  accuracy  of  reproduction  of 
this  from  the  mould  depends,  of  course,  mainly  on  the  excel- 
lence of  the  cores  used.  In  view  of  the  significance  of  the 
factor,  core-making  is,  and  has  always  been,  regarded  as  a 
distinct  and  separate  branch  of  the  art  of  moulding. 

Cores  were  formerly  all  made  by  "ramming"  a  mixture 
of  sand  and  such  adhesive  materials  as  clay,  flour,  molasses- 
water,  or  other  constituents  into  a  "  corebox  "  of  suitable  con- 
figuration, thereby  producing  a  compacted  mass  that  could  be 
removed  from  the  box  without  injury.  The  "  green  "  oore, 
as  this  was  termed,  was  transferred  to  an  oven ,  where  it  was 
slowly  baked  until  hard.  In  this  condition  it  was  ready  for 
insertion  in  the  mould. 

This  method  of  core-making  is  still  in  universal  use  for 
large  work,  though  for  smaller  cores  a  radically  different 
process  has  come  into  vogue.  A  kind  of  quicksand  is  pre- 
pared by  intimately  mixing,  in  a  suitable  machine,  beach  or 
bar  sand  (called  by  moulders  "  sharp-sand  ")  and  some  vege- 
table oil  (preferably  linseed  oil)  in  the  proportion  of  from 
30  to  100  parts  of  sand  to  one  part  of  oil.  The  mixture, 
being  mobile,  is  poured  into  the  corebox  to  well  fill  the  latter, 
and  the  excess  is  simply  scraped  off  with  a  straight  edge 
drawn  across  the  top  of  the  box.  Provision  is  made  for 
taking  apart  the  latter  and  leaving  the  fragile  core  on  an 
iron  plate  on  which  it  can  be  transported  to  the  core-oven 
without  injury. 

These  oil-cores  so  produced  are  not  only  far  cheaper  than 
" rammed  "  cores ~ they  are  made  by  unskilled  labour  in  a 
fraction  of  the  time  taken  to  make  rammed  rores  by  skilled 
labour 一 but  are,  moreover,  extraordinarily  tough  when 
baked,  and  are  impervious  to  moisture.  They  require  no 
(- venting,"  as  but  little  tendency  to  form  gas  is  manifest e<l 
on  pouring  the  metal. 

In  consequence  of  these  advantages,  the  adoption  of  this 
method  of  making  cores  has  durintr  recent  years  notably 
increased,  so  that,  at  the  present  time,  large  sums  are  being 
spent  annually  by  industrial  concerns  in  the  purchase  of  oil 
for  their  production. 

It  has  been  already  stated  that  the  best  binder  for  making  oil- 
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sand  cores  is  linseed  oil.  In  the  last  few  years  the  price  of 
this  has  risen  considerably.  "  Soya  ，，  oil,  pressed  from  beans 
grown  in  enormous  quantities  in  China,  has  been  found 
an  excellent  substitute.  The  cost  of  this  is  about  2s.  6d.  a 
gallon  for  fine  grades.  The  very  best  substitute  for  linseed 
oil  is,  however,  said  to  he  crude  whale  oil,  which  costs  about 
the  same  as  "Soya"  oil,  although  its  use  is  objected  to  on 
account  of  the  unpleasant  odour  emanating  from  the  core- 
ovens  during  the  operation  of  baking.  Cotton-seed  oil  has 
been  used,  but,  as  a  large  proportion  of  oil  to  sand  is  required, 
no  economy  results. 

The  high  cost  of  the  fine  grades  of  these  vegetable  oils  has 
brought  about  the  introduction  of  so-called  "  core-oils." 
These  usually  consist  of  linseed  oil  as  a  base  and  mineral  or 
resin  oil,  or  both -  Experience  has  shown  that  the  presence 
of  the  latter  "  non-drying  "  oils  materially  affects  the  cores, 
renders  them  brittle  and  subject  to  rapid  deterioration,  and 
is，  therefore,  undesirable.  Hitherto,  however,  no  metliod 
except  the  costly  one  of  chemical  analysis,  usually  imprac- 
ticable in  industrial  plants,  has  been  available  for  detecting 
their  presence  and  amount  in  oils  supplied. 

The  method  about  to  be  described  to  you  was  some  months 
ago  tried  out  and  put  into  practice  at  the  works  with  whicli 
I  am  connected.  The  basis  of  the  method  is  that  hydro- 
carbon oils  (incorrectly  termed  "  mineral ")  and  resin  oils 
exhibit,  under  the  rays  of  reflected  light,  the  phenomenon 
known  as  fluorescence  and  termed  in  this  connection 
" bloom,"  while  vegetable  oils  exhibit  no  such  fluorescence  or 
" bloom."  All  these  oils  appear  of  tlieir  natural  colour  in 
transmitted  light. 

In  both  mineral  and  resin  oils  the  degree  or  intensity  of 
bloom  depends  on  the  degree  of  refinement  of  the  oil,  and  is 
generally  in  proportion  to  its  natural  colour.  Mineral  oil 
exhibits,  however,  green  fluorescence,  while  that  exhibited 
by  r€sin  oil  is  blue.  Fluorescence  is  the  property  inherenti 
in  certain  substances  of  becoming  self-luminous  on  exposure 
to  "  ultra-violet "  or  ((  actinic  "  rays  of  light.  Such  rays  are 
present  to  some  extent  in  daylight,  and  under  this  the 
phenomenon  can  be  observed  to  a  certain  degree. 

As  the  result  of  investigation  using  the  various  forms  of 
electric  light,  such  as  that  given  by  carbon  or  tungsten  fila- 
ment lamps,  by  Cooper-Hewitt  mercury  vapour  tubes,  by 
ordinary  and  flaming  arcs  and  by  enclosed  arcs,  it  was  found 
that  the  intensity  of  bloom  in  bloom  oils  was  particularly 
increased  under  the  rays  of  the  latter.  The  utilisation  of 
this  observation  in  the  practical  detection  of  adulteration  and 
quantity  of  adulteration  in  vegetable  oils  forms  the  subject 
matter  of  this  paper. 

When  it  is  remembered  that  the  method  of  chemical , 
analysis  for  the  detection  of  a  small  quantity  of  impurity  is 
very  costly,  that  the  method  of  studying-  fluorescence  by 
means  of  quartz  prisms  and  lenses  mounted  in  a  spectroscope 
has  the  same  disadvantage,  ami  that,  moreover,  skilled  mani- 
pulation by  highly-trained  observers  is  essential  to  both, 
the  significance  of  the  simple  method  under  consideration 
bocomes  at  once  apparent. 

That  the  inethod  is  efficient  so  far  as  discrimination 
between  nature  of  oils  is  concerned  is  shown  by  the  fact  that 
under  the  rays  of  the  enclosed  arc  neither  linseed  oil,  "  Soya  ，， 
oil,  corn  oil,  cotton-seed  oil,  China  bean  oil,  China  wood  oil, 
nor,  in  fact,  any  of  the  vegetable  oils,  show  the  slightest, 
trace  of  fluorescence.  On  the  other  hand,  all  mineral  and 
resin  oils,  except  the  very  volatile  products  of  petroleum, 
such  as  gasolene  and  petroleum  ether,  show  marked  bloom, 
as  also  do  samples  of  so-called  No.  1  and  No.  2  lard  oils, 
while  pure-  wliito  strained  lard  nil  is  seen  to  he  free  from 
bloom.  This  latter  introduces  the  question  of  oleic  acid  in 
lard  oil,  said  to  be  in  itself  fluorescent,  and  tlie  method  may 
furnish  a  novel  moans  of  determining  the  amount  of  such 
arid  present.  Tlio  sli^^ht  fluorescence  of  lard  oil  differs  in 
appearance  from  that  of  niinoral  or  resin  voil,  lienco  adultera- 
tion of  lard  oil  by  either  of  the  latter  may  be  (iet"'ted  by 
the  method . 

Processes  of  clwriical  treat niont-  aro  supposed  to  havo  boon 
discovered  to  *'  de-bloom  "  mineral  and  resin  oils,  thus  facili- 
tating their  use  as  adulterants  of  the  more  expensive 
vo^etable  oils.  Then^  is  at  tho-  ]>rosent  time  a  large  trade  in 
such  oils.    Samples  of  <le-blooniC(l  oils  of  various  gradeii  and 


colours  were  obtained.  Such  exhibited  no  fluorescence  in 
bright  sunlight  or  in  tlie  light  from  the  ordinary  arc.  On 
exposure  to  the  rays  from  the  enclosed  arc  they  are,  however, 
seen  to  possess  distinct  bloom. 

A  metal-cutting  compound  now  being  sold  as  "  mineral 
lard  oil  " — its  name  indicates  its  composition ― shows  strong 
fluorescence.  Under  the  enclosed  arc  kerosene  is  seen  to 
become  a  beautiful  blue  colour.  Cheap  fuel  oil  from  the 
storage  tank  becomes  quite  opaque  and  entirely  self-luminous. 
Resin  oils  of  ilifferent  grades  and  resin  oil  mixed  witli  tur- 
pentine exhibit  the  phenomena. 

Pure  linseed  oil  and  Pennsylvania  fuel  oil,  diluted  with 
a  small  quantity  of  kerosene,  are  seen  to  be  indistinguishable 
under  transmitted  liglit,  while  under  the  arc  the  contrast 
between  them  becomes  very  forcible.  The  demonstration 
shows  that  no  misstatement  is  made  in  saying  that  any  kind 
of  mineral  or  resin  oil  can.  be  distinguished  from  any  kind 
of  vegetable  or  animal  oil.  Further,  if  the  latter  oils  b© 
adulterated  with  the  most  minute  quantity  of  the  former  the 
impurity  can  at  once  be  det-ected  by  the  method,  and  in  many 
cases  the  nature  of  the  adulterant  can  be  at  once  stated. 
The  quantity  of  adulteration  present  is  determined  from  the 
intensity  of  bloom  produced  in  oils  free  from  bloom  ；  the 
nature  of  the  impurity  from  the  green  or  blue  colour. 

By  preparing  a  set  of  standards  of  pure  linseed  oil  with 

1，  2,  3,  4,  &c.，  per  cent,  adulteration  with  mineral  or 
resin  oil,  in  glass  test-tubes  mounted  in  a  suitable  frame 
against  a  dark  background,  a  means  is  provided  whereby  the 
proportion  of  impurity  in  any  adulterated  linseed  oil  can  be 
quickly  determined  by  colour  comparison  on  exposure  to  the 
enclosed  arc.  Such  standards  furnisli  a  "  scale  of  fluores- 
cence " somewhat  similar  to  the  well-known  carbon  colour 
scale  used  in  steel  foundry  laboratories  for  rapidly  deter- 
mining by  colour  comparison  the  proportion  of  carbon  in  an 
acid  solution  of  steel. 

These  standards,  having  linseed  oil  as  a  base,  may  be  used 
for  the  examination  of  any  adult 乇 rated  vegetable  oil,  but  for 
lard  oil  a  special  set  of  standards  with  pure  lard  oil  as  a  base 
must)  be  made  up.  A  set  of  standards  was  prepared  with 
so-called  bloomless  mineral  oil  as  the  adulterant  for  the  pur- 
pose of  readily  detecting  the  presence  and  amount  of  such 
adulterant  in  any  sample  of  vegetable  oil. 

Detection  of  the  presence  of  a  combination  of  mineral  and 
resin  oil  adulterants  in  one  sample  of  vegetable  oil  is  rendered 
possible  by  virtue  of  the  colour  of  bloom  imparted,  although 
the  "  quantitative  "  determination  of  the  amount  of  adult-^^ra- 
tion  is  at  first  difficult.  In  cases,  too,  where  the  adulteration 
of  vegetable  oils  exceeds  10  per  cent,  it  is  npoessarv,  in 
order  to  correctly  estimate  the  exact  amount  of  it,  to  dilute 
the  sample  with  a  known  quantity  of  the  pure  oil,  quan- 
titatively det-ermine  the  adult^ation  in  this  dilute  oil,  and 
til  us  in  the  original  sample  by  calculation.  This  procedure 
is  necessary  from  the  fact  tliat  comparison  of  colour  value  is 
impossible  wlien  tlie  bloom  is  of  siieli  intensity  as  to  produce 
apparent  opaqueness. 

In  practice  it  has  been  found  advisable  to  prepare  stan- 
dards with  fluorescent  oils  of  different  grades  as  adulterants. 
Cnido  mineral  or  resin  oils  are  much  darker  in  natural 
colour  than  refinod  oils  from  them,  and  the  colour  of  the  oil 
bv  transmitted  light  is  often  a  guide  to  the  nature  of  the 
adulterant  employed,  and  consequently  furnishes  an  indica- 
tion of  the  proper  set  of  stanrlards  necessary  in  making  the 
" quaTititative  analysis  "  by  comparison  of  fluorescence. 

In  conclusion,  this  practical  application  of  fluorescence  to 
the  testing  of  oils  for, industrial  purposes  is  not,  of  course, 
iniencled  to  furnish  a  met  hod  to  supplant.  i'hon、i(、a】  analysis, 
but  merely  to  afford  a  moans  of  rapidly  asoertainine  whothor 
an  expensive  vegetable  or  animal  oil  is  or  is  not  free  from 
suspicion  of  adulteration.  At  the  same  time,  however,  the 
niotliod  is  so  sensitive  in  the  case  of  mineral  oil  a(hilt<*rant5 
most  commonly  used  as  to  furnish  a  rorroct  indioatiou  of  the 
amount  of  adulterant  present.  The  fluorescent  tint  is  one 
so  characteristic  tliat  aft^^r  a  little  practice  it  o  an  not  bo  con- 
fusod  with  the  slight  fluoresoonce  of  some  oils  in  which  no 
mineral  oil  is  present.  The  fluoresoont  test  for  kerosene 
adulterant  is,  however,  not  sufficiently  sensitive  to  bo  of  prac- 
tical value,  for  the  reason  that  kerosene  is  not.  of  itself 
fluorescent  onoU£r1i  to  tinpe  other  oils  to  which  it  is  added  in 
small  amount?. 
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Oil  Still  Explosion.— Vtkw  of  Still  after  Explosion. 

against  a  sudden  access  of  pressure,  as  this  may  ensue  with 
much  greater  rapidity  than  in  an  ordinary  steam  boiler,  in 
the  event  of  the  feed  supply  being  turned  on,  when  the  still 
has  boiled  dry  and  become  o verb e ate tl,  owing  to  the  much 
more  volatile  character  of  oil  as  compared  witli  water. 
From  the  report  in  question  (No.  2,085),  it,  appears  that  the' 
still ,  which  was  about  9ft.  in  height  by  9ft.  diam.,  and  used 
for  distilling  creosote  oil,  had  been  allowed  to  boil  f  1  ry ,  owing 
to  the.  feed  supply  pipe  t^etting  choked.  When  the  obstruc- 
tion was  removed,  and  the  feed  turned  cm  again,  the  over - 


Oil  Still  Explosion.—  Sectional  Elevation  and  Plan  of  Still, 
showing  position  of  fractures- 

but  the  results  might  easily  have  been  disastrous,  for  the 
explosion  was  followed  by  fire,  and  in  view  of  the  possibilities 
demonstrated  by  previous  disasters  it  behoves  all  users  of 
oil  stills  to  recognise  that  when  the  safety  valve  blows  off 
danger  exists,  and  the  fire  should  be  at  once  extinguished. 
Further,  safety  valves  should  be  of  amplo  area  to  prevent 
the  sudden  accumulation  of  pressure  which  is  likely  to  accrue 
from  overheating.  It  may  be  remarked  that  this  is  the  second 
still  explosion  which  has  occurred  at  tJiese  works,  and  further, 
that  the  still  was  not  insured  or  inspected  by  any  iiulepeiident 


SAFETY  VALVES  ON  OIL  STILLS. 

Some  of  our  older  readers  may  be  able  to  recall  certain 
extremely  disastrous  explosions  of  vessels  used  for  tlie  distilla- 
tion of  tar  or  oil.  They  invariably  occurred  as  a  result  of 
excessive  pressure  from  t'li'e  choking  of  the  worm  ，，  in  t  lu' 
still  by  the  condensation  of  certain  constituents,  'sudi 
as  wax,  carried  over  in  the  distilling  process.  Ordinarily 
these  vessels  were  worked  without  any  safety  valve,  as  the 
outlet  of  the  worm  when  in  proper  working  order  was  open 
and  there  was  no  pressure  in  tlio  evaporating  vessel.  But 
with  the  choking  of  the  worm,  danger  at  once  arose,  and  tlie 


heated  platefj  generated  vapour  so  rapidly  that  the  safety 
valve,  wliicli  had  a  free  area  of  escape  of  only  2  sq .  in.,  and 
wars  lofided  to  about  4 lbs.  on  the  inch,  was  incapable  of  reliev- 
ing the  pressure  fso  siuldenly  generated,  with  Uio  result  that 
the  bottom  was  blown  out.  and  the  body  of  the  vessel  shot  over 
a  wall,  where  it  crashed  into  another  part  of  the  works,  as 
shown  in  accompanying  plioto  views. 

Fortunately  tlio  explosion  occurred  at  five  o'clock  in  the 
morning,  before  the  day  workmen  had  arrived,  and  when  no 
person  was  about,  so  that  there  was  no  injury  to  life  or  limb, 


OxL  Still  Explosion.— Bottom  of  Still  after  Explosion. 

explosions'  were  often  of  a  deadly  kind,  as  the'  inflammable 
contents  of  the  still  caught  fire  and  were  scattered 
around  like  a  discharge  from  a  volcano.  After  a 
time  the  users  of  these  vessels  adopted  the  pre- 
caution of  equipping  such  vessels  with  prej^siirei  gauges  to 
give  warning,  and  safety  valves  to  afford  relief  if  necessary. 

A  recently  published  Board  of  Trade  report  shows  that 
even  when  safety  valves  are  affixed  rare  slioulrl  be  taken  not  to 
depend  upon  it  blindly  unless  it  is  large  enough  to  provide 
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PELLETS  AND  SEGREGATION  IN  IRON  CASTINGS.^ 

HY  E.  L.  UHEAD,  M.SC.  TKCH.  1  M.C  . 

The  segregation  and  concenti^ation  of  the  constituents  of  cast 
iron  has  an  import  ant  bearing  not  only  on  the  characters 
occasionally  displayed  by  iron  when  some  exLraordinary 
features  such  as  pellets,  &c,，  are  prominent,  but  also  on  the 
ordinary  properties  of  the  metal.  If  no  such  separation 
occurred,  the  use  of  cast  iron  for  the  purpose  for  wliicli  it  is 
now  employed  would  be  impossible. 

The  complex  nature  of  the  material  is  known  more  or  less 
to  all  intelligent  foundry  men,  and  the  names  of  its  constitu- 
ents have  become  quite  common  words  in  use.  Any  foundry 
man  who  could  not  talk  of  silica,  manganese,  carbon,  and  the 
rest  would  be  considered  very  much  behind  the  times.  Many, 
however,  who  talk  freely  do  not  appreciate  tho  manner  in 
which  the  substances  occur,  or  the  quantities  of  the  substances 
of  which  they  are  talking.  It  is  this  kind  of  somewhat  loose 
talk  that  has  led  to  so  many  misunderstandings,  and,  in  some 
cases,  prejudice  to  interference  by  chemists  in  the  work  of 
the  foundry.  Quotations  of  the  percentage  composition  of 
cast  iron  are  nowadays  iu  every  man's  mouth,  but  it  is  doubtful 
whether  everyone  appreciates  the  meaning  of  the  quantities 
he  talks  about. 

The  general  idea  entertained,  Ac,  as  simple  individual 
substances.  One  per  cent,  of  silica  suggests  that  of  every  hun- 
dred particles,  one  is  silica  and  0*5  per  oent.  phosphorus  ； 
that  of  every  200  particles,  one  is  phosphorus.  These  quanti- 
ties may  or  may  not  appeal  to  you  as  large  amounts  according 
to  the  habit  of  mind.  It  will  be  more  apparent  if  some  actual 
evidence  of  what  is  meant  is  visibly  shown.  A  cubic  foot  of  a 
fairly  close  iron  weighs  more  or  less  about  4  cwts.,  say  4501bs. 
If  it  contains  3  per  cent,  carbon,  2  per  cent .  silica,  1  per  cent, 
phosphorus,  0*5  per  cent,  manganese,  0*15  per  cent,  sulphur, 
til 6  actual  weights  are :  131bs.  8ozs.  carbon,  91bs.  silica, 
41bs.  8ozs.  phosphorus,  21bs.  4ozs.  manganese,  lOJ^'ozs.  sulphur  ； 
total,  291bs.  14》zs.  The  volume  of  these  cannot  fail  to  strike 
everyone  who  for  the  first  time  considers  the  】natter  in  this 
light,  nor  can  he  fail  to  appreciate  the  enormous  effects  they 
-nust  necessarily  exert  on  the  metal. 

This,  however,  is  not  all.  The  weights  of  the  substances 
do  not  represent  the  whole  effect  either  as  regards  weight  or 
the-  nature  of  the  substances  in  the  form  in  which  they  occur 
in  the  iron.  Only  one  of  them ― carbon ― occurs  in  the  metal 
in  the  free  state.  Tli€  rest  and  some  of  the  carbon  are 
chemically  combined,  silica,  phosphorus,  and  sulphur  with 
the  iron  and  manganese. 

It  must  not  be  forgotten  that  cheiiiical  combination 
destroys  the  specific  properties  of  the  bodies  tliat  combine  and 
produces  fresh  substances  with  properties  quite  distinct  from 
t  he  original  substances. 

Thus  carbon  produces  the  carbide  Fe,,  C\  in  which  the 
carbon  only  amounts  to  one-fifteent  li  of  the  whole,  or  676  per 
cent. 

Silicon  forms  a  silicide  Fe  Si,  in  wliich  the  silicon  is  only 
one-tliird,  or  33 '3  per  of  the  ('oinpouml. 

Phoi^phorus  forms  phosphides  F'、  P  or  l'，e:: 丄) ••'：  the  latter 
with  31*1  per  cent.,  and  tin-  former  wit li  1 5 ' 5  per  vent,  only 
of  pliosphorus. 

Sulpliur  forms  a  sulphide  Fe  S  or  Mn  S,  with  36  3  per  cent . 
only  of  sulphur. 

Hence  1  per  cent,  of  combined  carl)on  represents  15  per 
cent,  of  carbide  ；  1  per  cent,  silicon,  3  per  cent,  of  the  silicide  ； 
] per  cent,  phosphorus,  at  Wst  1 5  per  cent,  of  the  phos])liirle  ； 
and  O'l  per  cent,  sulphur,  nearly  0  3  per  cent,  of  t  he  sulphide. 

Speaking  ge'nerally,  on  this  showing,  something  like  5  per 
cent,  to  7*5  per  cent,  of  silicide,  12  per  cent .  to  14  per  cent . 
of  carbide,  and  10  per  cent,  of  phosphides  may  be  present  in 
an  ordinary  casting.    The  rest  is  iron  and  the  graphite. 

It  will  be  seen  that  the  properties  of  the  metal  will  depend 
on  the  readiness  and  completeness  with  wliu'li  these  bodies  mix 
with  each  other  and  witli  the  remainder  of  the  iron,  botli  wlien 
molten  and  after  cooling  and  becoinin^^  solid.  If  they  aro 
completely  soluble,  no  separation  will  occur,  ami  tlie  metal 
will  liavo  a  u"if(、nii  strurlure. 

Saturated  Solutions.  When  a  bodv  dissolves  it  becomes 
diffused  through  the  other  known  as  the  solvent,  a iid  forms  a 
solution.  The  solution  is  said  to  be  saturated  when  under  th，> 
existing  conditions  no  more  of  the  substance  will  dissolve. 
This  point  may  be  arrived  at  iu  two  ways : ― 
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(") By  adding  the  dissolving  body  till  no  more  is  taken  up. 

(/y)  By  altering  the  conditions  so  that  under  the  new  con- 
ditions the  solution  is  saturated. 

A  supersaturated  solution  is  one  llial  under  the  existing 
conditions  contains  more  o l'  the  dissolved  body  than  it  is 
capable  of  permanently  retaining :  such  a  condition  often 
results  from  slow  cooling  without  disturbance.  The  excess 
separates  when  agitated,  or  when  a  crystal  of  the  disfeolved 
bcdy  is  added. 

The  amount  of  a  substance  taken  vip  by  a  sol  vim  it  depends 
on  \  arioius  considerations.  It  rises  with  the  temjieratiire  ami 
may  increase  or  diiniiiivsh  in  the  presence  of  ot her  bodies.  In 
a  melted  mass,  the  solubility  of  the  constituents  is  further 
influenced  by  the  temperature  or- solidification  of  various 
constituent^^.  The  withdrawal  of  these  from  the  ina&s  as  the 
temperature  falls  will  influence  the  solubilities  of  the  re- 
mainder and  the  degree  of  concentration  attained. 

The  lowering  of  meltini^  points  by  substances  in  solution 
is  well  known.  The  diagram  is  a  curve  illustrating  the 
behaviour  of  a  solution  of  salt.  On  one  side  the  curve  shows 
the  teiiiperatuiT  at  which  the  water  begins  to  freeze  witli 
iiicreasiiig  amounts  of  sa】t.  ;  on  the  other  t he  temperatures 
at  which  salt  separates  from  the  solution.  In  all  solutions 
containing  salt  no  w al  t  Sc^parates  at  the  freezing  |M)int  of 
water. 

A  solution  containing  23 '5  per  cent,  solidifies  coiiipleU'lY 
and  at  once  at  22'^  — C.  All  solutions  behave  in  a  similar 
iiiauner.  There  is  a  certain  strength  of  solution  from  which 
neither  coiistit-uent  se])ara1  e^,  and  which  solidifies  as  a  whole 
at  the  lowest  temperature  attained  in  the  series.  It  is  the 
eutectic. 

Ill  every  mixture  undergoing  solidification  1  here  i、s  the 
tendency  to  produce  mixtures  whose  melting  points  an'  m'aivr 
those  of  the  eutectic  composition. 

The  complex  nature  of  cast  iron  causes  the  chaufjes  to  be 
very  complicated,  and  the  raising  or  lowering  of  the  mean 
irieiting  point  would  be  dependent  on  all  the  constituent's. 
Such  a  system  has  not  up  to  the  present  been  fullv  investi- 
gated. In  such  a  system  it  will  be  seen  that  the  posi^ibilities 
are  very  great .  As  the  temperature  falls  the  excess  of  one 
constituent  after  another  may  separate,  and  the  withdrawal 
of  these  from  the  main  mass  may  cause  a  separation  of  others, 
either  separately  or  in  solution,  leaving  at  each  step  a  fusible 
residue  constantly  depleted  of  the  bodies  of  higher  melting 
point. 

The  greater  the  range  of  temperature  over  which  this 
occurs  the  greater  will  be  the  degree  of  separation  possible. 
Quenching  and  rapid  cooling  prevent  the  completion  of  the 
changes,  but  tliey  niav  be  roconimenced  and  coniplett^d  bv 
heating  to  the  t^iajxTature  at  which  it  was  arrest as  in 
annealing.  The  highly  complicated  structure  of  cast  iron 
is  due  to  these  causes,  and  its  strength,  uniforniitv,  and 
other  pro  pert  H'S  are  de])en(leiit  on  the  selection  of  a  mixture 
that  under  tli:、  conditions  of  treatment  will  give  the  stricture 
ivquimi. 

vSe])arated  bo<lit\s  may  therefore  be  of  two  orders  ： ― 

1.  Those  that  separat<^  from  a  saturated  solution. 

2,  Those  that  are  lett  Huid  or  rejected  in  the  solidi- 

fication of  a  mass. 

The  second  division  iria v  hv  (lividrd  into ― (a)  those  left 
f\ aid  which  solidify  as  a  \vliolo»  and  (b)  thoso  that  tseparatf 
after  solidification.  Class  1  will  comprise  bodies  of  hit;li 
inell  iiit:  |>f)int  and  low  solubility. 

Graphite.  ―  When  cast  iron  is  perferllv  nij^lU-d  all  the 
carbon  is  in  solution.  Tlu*  soiubiiity  depeiidt>  on  the  tei-ipera- 
t u re  and  the  presence  or  absence  of  other  bodies.  Molal  in 
t  he  ladle  of  I  on  contains  less  carbon  ihan  the  original  iinxtun*, 
due  to  the  pig  iron  having  het^v  produced  and  saturated  with 
ra rbon  at  a  higher  temperature  tliaii  is  attained  in  ro-inelt- 
ing.  Often  on  standing  the  molten  metal  throws  up  kisli  as 
a  scum.  The  i>r;i))hite  is  so  pa  rat  in  wliilo  the  im'tal  is  inoU<MK 
and  i-oin  para  lively  light  is  lloatiii^  up.     Its  produrti*)!! 

points  to  tlie  fact  that  for  its  coii»posilioii  ll)e  metal  contains 
more  carbon  than  is  suitable  for  niakint:  strong  castings.  Even 
wlien  poiimi,  siuh 川 will,  as  it  en  tors  the  mould,  ( ontinu<* 
to  sep:irate  ca rbon.  and  as  long  as  it  is  fluid  this  will  rolle<t 
ami  rise  to  the  liigliest  attainable  point  as  in  tlie  example 
sliown.    It  niav  be  the  edge  of  a  hollow  casting. 

After  solidification  has  commenced,  the  reniaiiiinij  t  arl)oii 
will  st'paratt*  in  the  usual  manner,  and  the  size  of  the  flakes 
will  depend  on  the  rate  of  cooling. 
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Such  metal  may  mako  satisfactory  this  casting,  providing 
the  separated  graphite  can  be  got  rid  of  in  a  riser  or  liead,  or 
similar  way. 

Wlieii  the  iron  is  not  satiu'at^nl  at  iho  pouring  t fMiiporat  uro 
the  metal  may  enter  and  fill  the  mould  (■oinpletcly  wil lioul  any 
separation  taking  place,  but  as  it  cools,  the  saturation  point 
is  passed,  and  a  deposit  of  carbon  coinniences.  Nuclei  arc 
first  former!,  and  on  these  fuither  deposits  take  place  as  the 
temperature  falls  and  the  saturation  limit  is  lowered.  This 
continues  as  long  as  the  metal  is  sufficiently  hot  to  permit  of 
free  movement  and  produces  coarse  graphite.  Carbon  con- 
centration occurs  in  the  vicinity  of  the  graphite  flakes.  As 
the  freedom  of  movement  becomes  more  restricted,  the  carbon 
particles  cannot  be  so  readily  transmitted,  and  fresh  centres 
of  deposition  result,  producing  fhm,  graphite.  This  <*oiiti'nuos 
till  cooling  is  coiiipleted. 

When  the  saturation  limit  is  not  reached  till  the  metal  lias 
cooled  considerably  and  freedom  of  movement  of  the  particles 
is  restricted,  coarse  graphite  does  not  form. 

If  at  any  stage  the  liberty  of  movement  is  arrested  as  by 
cooling,  the  condition  of  tliei  constituents  remains  as  it  was  at 
the  temperature  at  which  it  was  arrested . 

Slow  cooling,  therefore,  permits  the  most'  perfect  separation. 

Certain  bodies,  such  as  silicon,  in  some  form  of  combination 
promote  the  decompositiou  of  the  carbide  and  lower  the  satura- 
tion limit,  thus  promoting  the  formation  of  graphite,  and 
irons  yielding  kish  are  usually  high  in  silicon. 

Effects  on  Casting. ― The  separation  of  this  lighter  body, 
occupying  a  larger  space  than  it  did  in  solution  helps  to  com- 
pensate for  the  contraction  taking  place  as  the  metal  cools, 
and  thus  prevents  the  development  of  internal  stresses  of  as 
great  a  magnitude  as  would  otherwise  be  produced,  and  the 
separation  of  the  temper  graphite  that  occurs  when  the  separa- 
tion is  recommenced  and  completed  in  softening  and  annealing 
or  malleablising  is  responsible  for  the  increase  in  size  of  the 
casting. 

The  action  of  the  silicon  in  promoting  decomposition  of  the 
carbide  and  segregation  of  the  graphite  is  well  shown  by  the 
absence  of  graphite  from  white  iron ― always  low  in  silicon ― 
and  the  retention  of  the  carbon  as  the  carbide  further  by  the 
lower  temperature  at  which  the  separation  recommences  when 
irons  containing  more  silica  are  heated.  The  following 
figures  by  Charpy  will  make  this  clear  : ― 


With  Silicon, 
Per  Cent. 

Carbon,  about 

TeMperatiire  at  which  Carbon 
begins  to  Separate. 

1 

0,07 

3-60 

1,150°  C. 

2 

0-27 

3-40 

1,100°  C. 

3 

0-80 

3-25 

800°  C. 

4 

1-25 

3-2 

650。  C. 

5 

2-1 

3-3 

650°  C. 

No.  5  deposited  85  per  cent,  of  its  carbon  during  six  hours' 
heating  at  650°  C.，  leaving  0"52  in  the  combined  state. 

Hardness.  ―  The  decomposition  of  the'  carbide  and  the 
separation  of  graphite  secures  a  soft  casting,  and  the  ordinary 
softening  process  is  carried  on  to  continue  tlie  change  with 
which  the  rate  of  cooling  has  interfered.  ' 

The  formation  of  graphite'  flakes  divides  up  the  casting  into 
areas  in  which  the  silicon  and  the  remainder  of  the  carbon  are 
present. 

Phosphorus. ― Phosphide  of  iron  is  the  most  fusible  consti- 
tuent of  the  iron,  ami  consequently  lowers  the  melting  point, 
of  solutions  into  which  it  enters  to  a  greater  extent  than  any 
other  substance  present. 

It  is  completely  dissolved  by  cast  iron  when  the  metal  is 
molten. 

Iron  free  from  carbon  will  retain  iron  phosphide  in  solu- 
tion up  to  1*7  per  cent,  phosphorus.  It  is  not  soluble  in  the 
carbide  on  cooling,  and  as  the  carbon  contents  increase,  the 
phosphide  is  separated  as  the  metal  cools.  It  is  not,  however, 
completely  separated  by  as  much  as  3'5  per  cent,  "arbon. 

Silicides  retard  the  separation,  and  much  may  be  retained 
in  solution  till  some  of  the  graphite  has  been  separated.  As 
the  temperature  falls,  the  excess  of  phosphide  forms  with  the 
other  fluid  portions  a  liquid  portion  having  a  low  melting 
point.  This  liquid  portion  continues  to  deposit  some  of  the 
constituents  of  higher  melting  as  the  temperature  falls,  be- 
comes enriched  in  phosphorus,  and  remains  molten  till  the 
final  solidification. 

It  consequently  occupies  in  general  middle  areas,  which 
may  unite  and  form  a  meshed  network  showing  up  in  patches 
on  sections  of  tlie  metal.    The  continuity  of  these  will  depend 


on  tlio  amount  of  pliospliorus  and  composition  of  tho  inotal 
and  rate  of  cooling.  If  tlicy  are  corjlinuous,  the  propf'ilif's 
of  tlie  casting  will  he  (loiiiiiialcd  by  tliose  of  ilui  [)liosplii(lo. 
It'  will  hrii tic  wli'-ii  cold  ； uid  wfak  wlicri  liol  .  It  will  also 
lianler. 

The  brittlencss  cold  unfits  such  castings  for  stronp 
inacliinory  or  wIum'c 卜 irrhig  and  vibration  havo  to  ]hs  encoun- 
tered. 

The  weakness  hot  may  lead  to  fracture  while,  cooling  vvliore 
iiard  parts  of  the  mould  offer  resistance  to  contraction. 

The  inferences  to  be  drawn  are  clear.  In  strong,  close- 
t^rained  castings,  the  silicon  roiiteiits  of  wliich  aro  k opt  low  to 
ensure  closeiicss  and  slreiigtli,  pliospliorus  】nust  be  kopt  low. 
In  some  cases,  for  great  strength  0*2  or  0*3  is  the  maxiinuni. 

Tlie  relative  beliaviour  of  carbon  silicon  and  pliospliorus 
will  explain  the  vagaries  observofi  when  exaiiiining  dilftMcnt 
samples  of  cast  iron  in  which  the-  pliospliorus  contents  as  shown 
by  analysis  are  the  same.  In  some  cases  a  singular  hut  woll- 
known  effect  is  produced,  viz.,  the  formation  of  pellets.  These 
sometimes  occur  in  tlie  metal,  occupying  a  kind  of  cell,  which 
they  often  do  not  completely  fill,  a  crack  being  visible.  Some- 
times they  are  found  loose  in  cavities  in  tlie  casting.  Examples 
of  both  kinds  are  shown.  The  loose  ones  were  taken  from  a 
large  cavity  near  the  end  of  tool  bed,  the  metal  of  which  hail 
tlie  following  composition  ： ― 


Si    1-9 

The  pellets  have  the  composition ― 

P    1-5 

Si  . 

 2-4 

M    0-78 

P  . 

. ...  4-33 

S    0-11 

S  . 

 0-44 

The  other  examples  cxanii 

nod  ha  vo  vielded —— 

Tlio  iron  rontaincd ― 

Si   

0-8  ' 

Si    2-26 

P   

4-OG 

P    1-9 

C   

1-24 

C    3-5 

M   

0-6 

M    OG 

The  brilliance,  hardness,  shape,  and  brittlenCvSS  will  be 
noted. 

Those  found  embedded  in  the  metal  have  resulted  by  the 
separation  of  the  phospliide  while  the  matal  has  been  suffi- 
ciently fluid  to  permit  of  its  contraction  to  a  globular  form. 
The  specific  gravity  of  the  pellets  not  being  much  different 
from  the  metal,  the  tendency  to  rise  has  not  caused  them 
to  float  up.  In  all  cases  where  such  pellets  have  been 
observed  by  the  author  tlie.  metal  has  been  highly  carbonised 
and  not  especially  high  in  silicon.  The  extrusion  of  the 
pellets  into  cavities  has  resulted  from  the  contraction  of  the 
already  solidified  part  of  the  casting  squeezing  the  still 
liquid  eutectic  into  the  cavity,  the  direction  of  cooling 
favouring  this.  In  the  case  of  the  tool  bed  in  question,  the 
hole  in  which  they  were  found  was  a  slirink  hole  near  where 
the  casting  had  been  run,  and  was  of  considerable  size.  It 
was  produced  by  tlie  abstraction  of  metal  to  feed  the  casting, 
this  part  remaining  hot  and  fluid  longest  because  all  the 
metal  had  passed  this  point  and  heated  up  the  mould. 
This  state  of  affairs  favoured  the  expulsion  of  the  fusible 
eutectic  towards  the  cavity. 

The  difficulties  in  drilling  and  machining  arising  from  the 
hardness  and  tlie  tendency  of  embedded  pellets  to  drop  out 
is  well  known.  Another  point  connected  with  segregation 
of  the  phosphide  is  the  possibility  of  producing  hard  places 
in  castings  where  no  separation  of  pellets  takes  place. 

In  very  thin  castings  it  is  the  universal  practice  to  use 
phosphoric  iron  both  for  success  in  casting  and  to  obtain  as 
sharp  a  casting  as  possible. 

If  the  metal  cools  in  running  over  the  surface  of  the 
mould,  it  follows  that  the  least  fusible  portions  will  be  first 
abstracted,  leaving  a  more  highly  phosphoric  fusible  metal  to 
go  forward.  This  would  result  in  the  pari  furthest  from  the 
runner  being  in  ore  phosphoric  and  harder  in  consequence. 

If  in  filling  such  a  mould  two  streams  of  metal  meet, 
they  may  amalgamate  perfectly  owing  to  the  greater  fluidity 
caiKsed  by  the  presence  of  the  phosphide,  but  give  a  hard 
place  across  the  junction  as  the  result. 

Sometimes  in  the  interior  of  pig  iron  portions  are  met 
with  of  a  different  character  from  the  outside  of  the  sample. 
Such  a  case  was  investigated  recently,  witli  the  following 
results : ― 

Silicon.  Phosphorus.  Sulphur. 

Outside    2-7    0-378    0-072 

Inside   2-7    049    001)6 

The  figures  show  the  same  sequence,  and  pointed  to  the 
fact  that  tlie  more  fusible  constituents  were  collected  in  the 
last  solidifying  portions. 
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INITIAL  CONDENSATION  IN  STEAM  ENGINE  CYLINDERS.- 

BY  PROF.  A.  li,  MELLANliY,  I). SC. 

The  nature  of  the  problem  to  be  discussed  can  be  readily  seen 
by  a  glance  at  Fig.  1，  which  shows  an  indicator  card  from  the 
high-pressure  cylinder  of  a  compound  engine.  The  cylinder 
volume  may  be  represented  by  the  length  LM  and  on  the  same 
scale  NL  will  indicate  the  clearance  volume.  If  it  be  assumed 
that  the  cushion  steam  is  dry,  and  saturated  near  the  compres- 
sion point,  the  dotted  line  will  represent  the  volumes  occupied 
by  this  steam  at  different  pressures.  If,  therefore,  only  the 
fuiiouiit  of  steam  shown  by  the  indicator  card  were  passing 
through  the  engine  the  lino  BC  would  represent  the  volume 
of  the  steam  that  had  entered  the  engine  up  to  the  point  of 
cut-off.  The  line  DK  represents,  however,  the  volume  which 
the  actual  quantity  of  steam  that  has  passed  through  the 
engine  would  occupy  if  it  were  dry  and  saturated  at  the  differ- 
ent pressures.  We  have,  therefore,  to  find  some  reason  for 
the  difference ― represented  at  cut-off  by  CD  and  at  release  by 
HK ― between  the  indicated  and  actual  weights  of  the  steam 
used. 

The  most  popular  explanation  is  that  this  difference  is  duo 
to  initial  condensation.  The  exliaust  steam  is  said  to  cool  the 
cylinder  walls,  so  that  wlien  fresh  steam  is  admitted  some  of 
it  condenses  upon  the  colder  metal.  This  condensation  up  to 
tlie  point  of  cut-off  would  be  represented  by  CD.  This  ex- 
planation appears  to  be  quito  feasible  until  it  is  critically 
examined  ； uid  ce rtain  experiinoni  al  observations  are  made 


The  following  leiiiarks  are  intended  to  show  that  the  quantity 
of  steam  initially  condensed  is  much  smaller  than  is  generally 
supposed. 

It  is  quite  obvious  that  llie  inetul  in  ('("dad'  with  the  steam 
will  bp  alternately  heated  and  cookd,  and  thus  will  iit  turn 
absorb  and  give  out  heat.  There  must,  therefore,  be  some 
initial  condensation  during  admission  and  some  re-evaporation 
during  expansion.  Note,  however,  that  the  amount  of  this 
coiuleiisation  and  ve-evaporation  will  depend  altogether  upon 
the  temperature  range  of  the  metal  itself. 

It  can  be  shown  that  if  a  metal  surface  undergoes  a  simple 
harmonic  periodic  temperature  change,  tlie  heat  absorbed  may 
be  represented  by  tlw  following-  formula  : ― 

2  T 

Heat  absorbed  per  square  foot  per  cycle  =  — -^B.Th.U.'s. 


Where  T  ―  leinperature  range  in  degrees  Fall. 
N  ―  number  of  cycles  per  minute. 
丄 11  the  steam  engine  the  temperature'  changes  do  not  follow 
the  simple  harmonic  law,  but  it  has  been  shown  tliat  the  above 
formula  may  be  applied  with  very  little  error.  It  is  obvious, 
tlieii,  that  if  the  temperature  range  of  the  nietal  can  be 
measured  the  amount  of  steam  initially  condensed  may  be 
readily  calculated.  Various  attempts  liavo  been  made  to 
measure  the  actual  temperature  r;m"'，'  in  aii  entwine  under 
working  conditions.  The  late  Mr.  H ryan  Doukin  was,  per- 
haps, tlie  first  experimenter  in  this  direction,  but  as  he  used 
mercury  thermometers  his  attempts  were  not  very  successful. 
One  important  result  obtained  bv  liiin  was  that  tho  avt"'age 
temperature  of  the  "letal  was  f^eniM-ally  lOiisidcra hly  liigher 
than  the  average  temperature  of  the  steam.  Although  it  does 
not  appear  to  have  been  noticx^d,  tliis  conclusively  proved  that 
the  toinperaturo  range  of  the  metal  is  much  less  than  that  of 
t he  strain .  The  most  notowortliv  oxporirnrnts,  however,  were 
those  niado  by  Messrs.  Callendar  aiul  Nicolson.    They  showed 

•  Pftper  read  before  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland, 
November  2l8t.  1911. 


til  at  the  teiii])erature  range  was  inui-li  smaller  than  had  ever 
been  suspected  even  when  the  engine  was  running  at  a  mode- 
rate speed.  The  result  of  one  of  their  experiments  may  be 
seen  from  the  table  below,  which  gives  some  steam  and  metal 
temperatures  wlieii  the  engine  was  rmuiiiig  at  73  revs,  per 
minute. 

Maximuur  Miuimum.  Mean.  liange. 
Temperature  of  steam  (。Fah.)...     324        212        245  112 

，，  metal     ，，      ...    304.4    2y7.6    301  6-8 

If  one  refers  to  the  formula  for  the  heat  absorbed  per 
cycle  it  will  be  seen  that  the  temperature  range  of  6'8°  Fah. 
would  (wount  for  a  very  small  amount  of  initially-condensed 
steam.  It  was  as  the  result  of  these  experiments  that  Messrs. 
Callendar  and  Nicolson  brought  forward  their  theory  that  ini- 
tial condensation  was  as  a  rule  comparatively  unimportant  and 
that  the  greater  part  of  the  steam  lost  in  a  steam  engine  was 
due  to  valve  leakage.  Experiments  of  a  similar  nature  have 
been  made  upon  a  gas-engine  cylinder  by  Prof.  Coker,  who  has 
found  that  in  this  type  of  engine  also  the  fluctuations  of  tem- 
perature in  the  walls  are  very  small. 

The  laws  governing  the  steady  rate  of  steam  condensation 
upon  metal  surfaces  are  still  imperfectly  known.  As  the  result 
of  a  limited  number  of  experiments,  Messrs.  Callendar  and 
Nicolson  suggested  that  this  rate  could  bo  expressed  by  the 
following  equation  : -- 

Heat  given  out  by  steam  per  square  foot  per  serond 

'  二  O'7'l  (T-0)  B.Th  U.  V 

Where  T  =  temperature   of  st t^nm,    and    d~  temperature  of 

nietal  in  degrees  Fah. 

From  an  elaborate  series  of  experiments  made  at  the  Glas- 
gow Technical  College  by  Mr.  Gordon  C.  AVebster,  it  appears 
that  the  velocity  and  the  density  of  the  steam  have  some 
influence  upon  the  rate  of  condensation.  For  high-pressure 
steam  moving  at  the  velocities  generally  existing  in  steam - 
engine  ports,  this  formula  gives,  however,  a  fairly  close 
approximation  to  the  actual  amount  of  condensation. 

It  has  already  been  shown  that  the  temperature  fluctuation 
of  the  cylinder  walls  is  very  small,  so  that  if  the  average  tem- 
perature of  the  dearam'e  surface  be  known,  the  amount'  of 
initial  condensation  can  be  calculated  with  approximate  accu- 
racy by  using  this  simple  formula  for  steady  condensation. 
A  thermometer  inserted  into  a  conveniently-situated  hole  will 
give  the  average  temperature  of  the  metal ,  and  the  indicator 
card  will  give  the  necessary  information  about  the  st-eain  tem- 
perature. So  long  as  the  steam  temperature  is  above  that  of 
the  metal  condensation  will  be  taking  place. 

Examples  will  now  be  given  to  show  that  the  theories  of 
Callendar  and  Nicolson  are  supported  by  other  experi- 
menters, and  that  they  supply  a  reasonable  explanation  of 
many  of  tlie  phenomena  observed  in  steam-engine  trials. 

Particulars  frofu  the  High- pressure  CijUruhr  of  a  Compound 

Engine, 

No  Jackets  .lAcheted. 

1.  Steam  used  per  hour  (lbs.)    2,184         1 ,980 

2.  Indicated  weight  at  cut-off  (lbs.  per 

hour)    1,431  1,470 

3.  Indicated  weights  at  release   1,781  1,760 

4 .  Difference  between  actual  and  indi- 

cated weights    at   cut -off  (lbs.  per 

hour)  •   753  510 

5.  Difference  bet weiMi  actual  and  indi- 

cated weights    at  release  (lbs.  per 

hour    403  220 

6.  Increase  of  indicated  weight  between 

rut -off  and  release  (Ihs.  per  hour)  ...       350  290 

7.  Mean  t-eiiiperature  of  ilearanoe  sur- 

face (degrees  Fah.)    335  342 

8.  Mean  temperature  of  st<*ani  (degrees 

Fah.)  .   、  284  282 

The  St*  trials  are  to  soino  ext<Mit  illusti'atvd  bv  Fi?.  12.  It 
will  bo  iioticvd  that  the  indicator  rards  are  lu^re  sliowii  with 
temperature  substituted  for  the  usual  pressure  ordinal^s. 
These  ternperat ures  liavo  been  obtained  from  the  s""""  tables 
on  tlie  assunipt ion  that  the  steam  is  always  at  saturation  tem- 
perature (luring  its  stroke.  On  the  same  scale  the  average 
temperature  of  the  metal  aloni;  the  cylinder  is  sliown .  The 
temperatures  have  been  obtained  by  Ihernioiueters  insert<»(i  in 
tiio  inotal  at  the  points  marked  by  the  circles.     As  would  be 
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1  STEAM   TEMPERATURE   FROM  CARDS 

2  STEAM   TEMPERATURE  FROM  THERMOMETER 
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0  large  as  it  is.    The  bulk  of  cxperinieutal  evideiu 


the  steam  during  a  revolution.  With  the  aid  of  a  fine,  plati- 
num wire-resistanre  thermometer  they  found  that  during 
compression  (1 )  the  main  body  of  the  steam  socined  to  be 
slightly  superheated,  (2)  that  Mio  steam  in  a  small  hole  in  the 
cylinder  was  very  highly  superheated.  It  would,  therefore, 
appoai-  probable  from  those  experiments  that  all  the  steam  in 
tlie  neiglibourhood  of  tlio  walls  was  to  some^xtent  supf  rheatod 
during  coinprnssioii.  FurtlKT  proof  of  tliis  was  obtained  by 
M.  A.  Duchesne  in  his  cxpcriniciits  at  the  University  of  Liege. 
He  measured  the  temperature  of  the  steam  near  to  the  walls 
by  a  therniom(>"、r  that  cxtondccl  for  a  considorable  clistanc'-' 
round  the  cylinder.  In  Fig.  3  are  shown  dia^'rains  drawn 
from  the  data  given  by  M.  Duchesne.  It  can  be  seen  from 
these  figures  that  the  steam  is  very  appreciably  superheated 
(luring  roiiipressioii,  vvlien  no  jackets  are  used,  and  is  supor- 
licatcd  during  conipresKioii,  adniir-sioii,  and  exhaust  wIumi  Mk; 
rylitirler  i.s  jacket(、(l.  Thero  is,  lht"vfor。，  dirocl  f'xpf'riuiMitpl 
pVoof  that  (】〉tl】(、  main  body  of  tlic  strain  is  sli^'lilly  sup'r- 
hcatod,  (2)  that  otca-ii  in  a  pocket  may  be  very  liiglily  siiptM'- 
li('at(、d，  (3)  that  the  st('a"i  near  to  ilie  walls  is  considorfibly 
superheated  during  compression. 

These  figures  ought  to  ('onclusivdy  dispose  of  the  idea  that 
the  cylinder  walls  are  continually  wet,  and  a  little  considera- 
tion will  show  til  at  the  walls  in  circumstances  like  these  ca  n 
have  very  little  condensing  effect . 


ANTI  FRICTION  DEVICE  FOR  RADIAL  DRILLING  MACHINES. 

Thk  accompanying  illustrations  sliow  an  arrangement  of  anti- 
friction device  for  radial  drilling  maclnnes  which  has  recently 
been  patented  by  William  Asquith,  Ltd.,  High  Road  AVell 
Works,  Halifax."  The  device  has  been  designed  with  a  view 
to  reduce  to  a  niiiiniuim  the  frictioa  of  the  arm  sleeve  or  the 
(irilJ  pillar  sleeve  upon  the  drill  pillar  during  a  radial  adjust- 
ment, while  at  the  same  time  a  solid  boariug  for  the  arnx  is 
jiiaintaiued  during  working.  With  the  use  of  their  device, 
Messrs.  Asquith  claim  that  little  fore©  is  'needed  to  adjust 


expected,  the  jacketing  li.is  raised  the  temperature  of  tlie 
iiiotal  'very  (.'ousiderably. 

Line  1  shows  that  in  1  lie  engine  without  jackets  there  is 
an  apparent  initial  oondcnsatioii  of  7531bs.  pe r  hour,  aiul  t  hat 
the  application  of  the  jackets  has  reduced  this  to  f)  1011)s.  }"'r 
hour.  The  apparent  re-f'vapoi'at'ioii  between  fut-off  ； i ri <  1  re- 
lease is  shown  in  line  G  lo  ho  3501bs.  per  houi-  fnr  ( \\v 
lilt  jackett^f],  ami  only  '」！'01bs.  ]M'r  hour  for  tlic  jacketed . 
That  is  to  say,  the  lioti  r  the  walls  the  less  readily  will  the 
water  on  tliom  be  evaporated.  It  is  obvious  that  these  figures 
cannot  be  explained  on  \  he  initial  condensation  t  heory.  The 
actual  anioiuits  of  initial  ronrlensation ,  as  est iinatcd  from  tlio 


TEMPERATURES  IN  H  P  CYLINDER 

■Fig.  '1. 


formula  given  previously,  are,  for  the  jacketed  engine  1141bs. 
per  hour  and  for  the  unjacketed  SOlbs.  per  hour.  The  re- 
maining part  of  the  difference  between  indicated  and  actual 
weights  is  to  be  attributed  to  valve  leakage. 

Note  also  that  in  the  unjacketed  trial  the  maximum  tem- 
perature of  the  steam  is  356  5'  Fah.，  an'J  the  mean  temperature 
of  the  metal  335。  Fall.  The  greatest  possible  range  of  tem- 
perature in  the  metal  could  not  bo,  therefore,  more  than 
2  (356*5  -  335  -  43°  Fah.  Assuming  this  range,  and  using 
the  formula  for  the  heat  absorbed  during  periodic  temperature 
changes,  it  is  found  that  undei'  these  conditions  the  steam 
initially  coudeiised  per  hour  would  be  55 7 lbs.  Tlie  actual 
weight  of  steam  to  be  accounted  for  is  7531bs.  per  hour,  so 
that  even  if  the  smallness  of  the  actual  temperature  range 
were  not  known  from  Callendar  and  Nicolson's  work,  and  the 
excessive  range  give'n  above  be  assumed,  the  initial  condensa- 
tion theory  again  breaks  down. 

Another  point  upon  which  there  is  much  discussion  is  the 
couditiou  of  tlie  cylinder  walls  during  a  revolution.  Several 
writers  state  definitely  that  in  their  opinion  the  walls  are  never 
dry,  and  it  is  on  account  of  the  wetness  that  initial  condensa- 


tion is  so  large  as  it  is.  The  bulk  of  cxperinieutal  evidence 
is,  however,  against  this  conclusion,  and  it  is  certain  that  in 
most  engines  the  walls  are  dry  for  a  considerable  proportion 
of  a  revolution.  As  indirect  evidence  there  is  the  fact  that  tlie 
average  temperature  of  the  metal  is  higher  than  the  average 
tcmp<M-ature  of  tlie  steam .  Tlicre  are  also  m'ord's  t'rom  Callcii- 
dai'  and  Nicolsou  of  Llieir  uieasureuieiits  of  the  temperature  of 
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Asf^uiTH's  ANTi-ruicTioN  Devick  for  Uaiual  UuiLLiNG  Machines.  ' 

I  ho  arms  of  the  heaviest  iiiachines  iio  matter  what  thv  position 
(hereon  of  tlie  spindle  slide.  In  the  application  of  the  device, 
a  slot  or  opening  is  formed  in  the  arm  sleeve  at  the  front  and 
near  the  bottom.  Within  this  opening  are  placed  two  anti- 
friction rollers  mounted  upou  a  cap  or  cover  secured  by  set- 
screws  to  the  radial  arm  sleeve.  The  rollers  now  become  a 
])art  of  tlie  slf ove  and  bear  upon  tlio  drill  pillar  at  the  point 
frictionally  most  affected  by  the  weight  of  the  arm  ami  the 
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position  of  the  spindle  slide.  In  order,  however,  to  render 
tlio  adjustment  of  the  arm  still  easier,  each  roller  revolves  on 
ball  bearings  mounted  on  its  supporting  spindle. 

Referring  to  the  illustrations,  Fig.  1  is  a  sectional  plan  of 
a  segment  of  the  radial  arm  sleeve,  with  the  anti-friction 
bearings  secured  thereto.  Fig.  2  is  a  sectional  elevation. 
Fig.  3  is  a  front  view.  Fig.  4  shows  the  position  of  the'  bear- 
ings upon  the  arm  sleeve  of  a  fixed  arm  radial  drilling  machine, 
and  Fig.  5  shows  the  position  upon  an  elevating  arm  radial 
drilling  machine.  In  the  front  of  the  radial  arm  or  pillar 
sleeve  A，  a  slot  or  opening  B  is  formed,  giving  access  to  the 
drill  pillar  C.  Within  this  opening  is  mounted  the  anti- 
friction device  consisting  of  two  or  more  rollers  D，  free  to 
revolve  -upon  their  supporting  spindles  E.  The  rollers  are 
hollow  or  cupped  and  provided  with  ball  bearings  centrally 
situated  therein.  The  ball  bearing  of  each  roller  consists  of 
two  concentric  rings  F  G  forming  an  intervening  ball  race 
containing  balls  H.  When  fixed  within  the  roller  the  lesser 
ring  F  rests  upon  a  shoulder  J  on  the  spindle  E,  and  is  pre- 
vented from  any  undesirable  vertical  movement  by  the  sleeve 
K.  The  ring  G  is  held  in  position  and  locked  against  a  shoul- 
der L  in  the  roller  by  means  of  the  screwed  bush  M.  The  nut 
N，  whilst  securing  the  sleeve  K  upon  the  spindle  E，  also  locks 
the  latter  in  the  bearings  P  in  the  cover  R.  S  are  worm 
grooves  filled  with  lubricant  whicli  also  serves  to  prevent  dust 
or  the  like  getting  to  and  affecting  the  efficie'ncy  of  the  ball 
bearings.  The  anti-friction  device  is  secured  in  position  by 
set-screws  T  passed  through  bolt  holes  in  the  cover  R  and 
screwed  into  the  arm  or  pillar  sleeve  A，  thus  bringing  the 
peripheries  of  the  rollers  D  flush  with  the  inner  surface  of 
the  sleeve.  The  amount  of  frictional  contact  of  the  rollers 
with  the  drill  pillar  C  is  regulated  by  tightening  up  the 
cover  R. 


STEEL  MANUFACTURE  AND  THE  EMISSION  OF  SMOKE. 

In  the  course  of  a  series  of  liouours  lectures  to  metallurgical 
students  in  the  Applied  Science  Department  of  the  Sheffield 
University,  Prof,  Arnold  made  some  further  references  to  the 
bearing  of  the  smoke  question  on  steel  maimfacture,  to  whicli 
our  readers  will  remember  we  alluded  in  a  recent  issue  (see- 
page 121  ante).  About  nine  years  ago,  Prof.  Arnold  said, 
til  ere  was  a  similar  ebullition  of  anti-smoke  literature  to  that 
which  was  taking  place  at  present.  Shortly  before  that  time 
there  had  been 一 for  the  first  time,  he  believed,  in  the  history 
of  Sheffield ― a  pro&ecution  and  conviction  for  the  emission  of 
metallurgical  smoke.  The  City  Council  were  so  alarmed  at 
the  storm  which  was  roused  by  it  that  they  commissioned  the 
then  University  of  Sheffield  to  make  an  investigation  as  to 
whether  or  not  black  smoke  was  necessary  in  re-heating  steel . 
Since  ilie  report  of  that  investigation  was  presented,  there 
had  only  been  one  prosecution  for  metallurgical  smoke  in 
Sheffield,  and  it  failed .  In  the  irianageiiient  of  furnaces 
required  for  relieatiiig  steel ,  lie  remarked,  "  The  furiiaceinaii 
cannot  tell  you  why  he  does'  certain  things.  It  i.s  almost  intui- 
tive, lie  does  not  understand  tJi-e  scieaice  of  it :  I  do.  lie  can  ro- 
ll (*  at  steel :  I  couldn't.  It  is  one  of  those  things  in  which  science 
anil  practice  must  work  together."  The  flame  must  be  kept 
" green  ，， -- carburised 一 so  as  not  to  decarburise  or  oxidise  the 
skin  of  the  ingot,  which  would  ruin  it.  Re-heating  iniglit  be 
divided  into  three  distinct  periods ― the  period  of  niucli  smoke, 
th(、  period  of  moderate  smoke,  and  the  soaking  or  finishing 
period,  when  there  was  very  little  smoke. 

Describing  the  emissions  of  smoke  fouiul  in  I lip  case  ol'  the 
official  observations  of  nine  years  ago,  he  called  attiMitioii  to 
the  fact  that  the  first  period  began  with  11  iniuutes  of  black 
smoke.  At  that  stage  it  was  very  useful  ami  necessary,  but 
even  if  it  were  not,  it  foulrl  not  h(、  avoul(、（l,  Ixu-ause,  after  1  he 
first  firing,  considerable  (juaiit  it  ies  of  li(、；ivv  liydrcx-arboii  gasos 
were  given  off,  and  these,  striking  tlu*  cold  ingot,  liberated 
great  volumes  of  finely-divided  carbon.  Thv  furDaccniaii  had 
to  be  on  t-lie  "  qui  vive  "  the  wholo  of  t lie  tiino,  to  soo  lliat  his 
flame  iiovor  got  "  dry,''  and  lie  prevented  tliis  cilhfM-  by  rousing 
the  lire,  which  niCfint  (lie omission  of  more  s'm)k,、，  or  by  putting 
on  more  coal  -  lie  gave  figures  of  tlie  sinokr  i""issi()"s，  si  low- 
ing til  at  tliere  were  10  periods  of  black  smoki\  a"u》i，，"in;^  to 
1^8 i  mill,  in  ( ho  first-  liour  ；  rommciil  iiii:  on  t  Ih*  "  almost 
rliytbiuic  ，，  way  in  wlii<  li    t  lir    I'lirtwirt'inan    Urpt    liiis  "aim' 


"green"  in  the  second  ；  and  pointing  out  how  little  black 
smoke  there  was  in  the  third,  during  which,  at  one  time,  there 
was  no  smoke  for  32  minutes.  The  furnacemen  could  not 
explain  why  they  made  these  euiissions  of  black  smoke.  He 
did  not  think  they  knew ― it  was  done  as  the  result  uf  long 
experience  and  intuition.  The  consequence  was  that  when  a 
furnaceman  came  into  Court ~ probably  with  a  very  fierce 
lawyer  against  him ― he  made  nothing  of  a  case. 

Counsel  would  hand  up  the  records  of  observations,  and, 
referring  to  the  first  11  minutes  of  black  smoke,  would  say, 
" I  suppose  you  were  in  a  hurry  to  get  home,  weren't  you  ？" 

Tbe  furnaceman  would  look  at  him  astonished,  and  say, 
" Well,  it's  the  way  we  always  do  it."' 

" Never  mind  about  that/'  counsel  would  say.  "  Here  you 
go  for  32  minutes  without  making  any  black  smoke  at  all. 
Why  couldn't  you  do  that  at  first  ？ ，， 

He  simply  badgered  the  witness  to  pieces,  and  the  magis- 
trates, if  they  did  not  understand  the  question,  were  naturally 
unfavourably  impressed,  and  a  conviction  was  very  likely  to 
follow. 

Alluding  to  the  proposed  appointment  of  a  committee  by 
smoke  prevention  enthusiasts  to  investigate  the  matter,  Prof. 
Arnold  said  that  being  fallacious  and  unscientific,  he  would 
not  be  on  it,  but  he  had  had  33  years'  experience  in  stiulyiiig 
tliB  metallurgy  of  Sh-effield,  and  he  ventured  to  give  a  little 
advice,  though  it  might  not  be  very  encouraging. 
After  the  ebullition  of  nine  years  ago,  a  good 
many  manufacturers  were  convinced  by  the  arguiiKMits  put 
forward,  and  they  started  installing  gas  furnaces.  Some  four 
years  ago,  a  big  firm  did  this,  and  there  was  a  very  big  trouble 
in  a  very  short  time.  He  was  asked  to  go  down  and  exaiiiiiie 
the  steel  ingots,  which  were  very  badly  injured.  The  gas 
plant  came  out,  a  coal  re-heating  plant  went  in,  and  the 
trouble  ceased.    That  had  happened  over  and  over  again. 

He  would  suggest  that  the  proposed  committee  should  put 
down  various  sizes  of  gas  furnaces  for  different  masses  of  st<^('l. 
Tlipy  should  have  one  to  re-heat,  say,  Canuuel  Laird's  140-ton 
ingots.  He  had  no  doubt  the  firm  would  supply  them  with  a 
series  at  a  price.  Then  tliey  should  have  another  for  oiu»-ton 
high-speed  steel  ingots,  which  several  firms  would  supply  at 
£100  each.  To  vary  the  proceedings,  they  might  try  a  few 
heats  of  manganese  steel .  Lastly,  let  them  t r y  a  gas-fired 
sheet  mill  re-heater.  "  If  they  do  this/'  said  Pruf.  Arnold, 
" we  shall  see  what  we  shall  see  ；  but  I  will  venture  to  predict 
that  the  whole  matter  will  end  in  smoke/' 


Pit-cage  Accident  ：   Eight  Men  Injured. — On  the  6tli  i"st,，  an 

accident,  occurred  in  om>  ol'  the  shafts  at  the  NewdigaU* 
Colliery,  Astley,  Nuneaton.  A  number  of  day  men  had 
been  lowered  into  the  pit,  and  while  a  cage  containing  a 
dozen  em])loycs  was  on  it、s  way  to  the  bottom,  it  was  over- 
wound, and  came  to  grief.  The  cage  struck  the  bottom  of 
tho  shaft  with  considerable  f()m\  Some  of  tlie  men  were 
jerked  from  the  plat fonus  of  the  cage,  while  ot lu^rs  wvw 
hurled  from  side  to  side,  and  two-thirds  of  the  j>arty 
snstaiued  more  or  less  serious  injury. 

Memorial  to  the  Late  Prof.  Ashcroft.  —In  a  m^Mit  issut*  \\v 
rofcrrt'cl  to  t  lu'  Muldcii  山、 at  li  of  Prof.  Aslicroft  ，  ai^i.^tant 
pro  lessor  of  Civil  and  Mechanical  Engineering  at  the 
Central  Technical  Coiloge.  Prof.  Ashcroft  was  so  universally 
liked  by  all  those  who  came  in  contact  with  liiiti  at  the 
college,  and  he  did  so  niiioh  to  help  his  students,  both  in  rnd 
out  of  college  hours  that  there  is  a  very  strong  feel  in*;  1  hat 
his  old  stiuliMits  should  unite  to  found  a  luoinorial  lo  liii* 
name  and  work.  Aft^cr  careful  investi*;at ion  by  t-lie  < >l<l 
Students'  Association  it  \^  considered  that  the  most  suitflhlr 
plan  to  adopt  is  to  place  a  tablet  to  his  nieinorv  in  tli* 
college,  and  to  collect,  funds  for  the  purjKjse  of  aiding  liii* 
son,  who  is  now  ahoi"  14  years  old,  to  follow  and  complete 
the  course  of  training  which  the  late  Professor  had  j)Ianne<l 
for  liiin.  It  is  sugc:<\sto<l  tliat  if  earh  of  liis  Ptud<Mils  would 
Mil>scribe  even  a  siiwill  sum  suiVirioiU  fuiuls  would  In-  avail 
ablo  to  carry  out  the  sclioinc.  Donations  should  l>e  addressed 
to  E.  V.  A nustroii*;,  98，  Luiulon  l^oad,  R<>;idi，ig,  if  pos^sihlf 
l>、、foi\、  the  oiul  of  Frbrua rv,  to  that  iinincdialc  action  may  ho 
lakoii. 
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THE  PARSONS  MARINE  STEAM  TURBINE  AND  ITS  APPLICA- 
TION TO  VARIOUS  CLASSES  OF  VESSELS.* 

BY   E.    H.    B,  ANDERSON. 

The  object  of  this  papur  is  to  put  before'  the  meinborfi  of  this 
Society  some  of  the  various  arrangements  of  iurbiat^ 
machinery  in  past  and  present  vessels  which  are  fitted  with 
Parsons  t urbines.  Dealing  with  the  well-known  pioneer 
vessel  "Tm'binia"  it  is  of  iiitereet  to  note  that  in  iorp'do 
bo'ate  and  small  fast  steam  yachta  of  this  type',  a  similar 
arrangement  of  machinery  is  still  installed  and  there  arc 
about  40  such  vessels  at  sea,  and  in  addition  10  are  under 
construction  at  the  present  time  for  the  Spanish  Navy.  Iii 
the  "  Turbinia/'  the  astern  turbine  is  in  a  separate  casing 
and  no  cruising  turbine  was  fitted.  This  arrangement  com- 
bines simplicity  with  extreme  lightness  of  parts  and  good 
economy  over  a  very  wide  range  of  power.  In  the  earliest 
turbine  destroyers,  Viper,"  "  Cobra  ，，  and  "  Velox,"  four 
shafts  were  fitted,  having  two'  sets  of  independent  ahead 
turbines',  consisting  of  two  high-pressure  and  twoi  low- 
pressure  with  astern  turbines  on  inboard  shafts  only. 

This  design  was  followed  in  t'lie'  next  destroyers  by  tlio 
standard  3 -shaft  arrangement  to  wliicli  was  added  two 
cruising  turbines  in  series,  arranged  at  forward  end  of  each 
low-pressure  turbine.  There  are  about  100  veeselsi  con- 
structed with  such  an  arrangement  having  shaft  horse- 
powers varying  from  7,000  to'  20,000  and  speeds  from  26  to 
34  knots.  In  the  United  States  Navy  there  are  15  of  this 
type  at  sea  and  four  being  built,  all  of  which  have  speeds  of 
29  knots  and  upward.  In  the  French  destroyers  having  the 
usual  3-sliaft  arrangement  only  one  cruising  turbine  is  fitted, 
and  the  machinery  is  arranged  in  two  compartments. 

For  small  fast  cruisers,  the  3 -shaft  arrangement  lias  been 
found  very  satisfactory,  and  this  design  was  adopted  in 
H.M.S.  "  Ametby&t "  and  in  the  first  turbine  warship, 
Mogami/'  built  for  the  Japanese  Navy,  and  in  two  scouts 
completed  for  Brazil  in  1909.  No  cruising  turbines  were 
installed  in  the  ship  built  for  Japan.  Three  small  cruisers 
of  the  3 -shaft  type  are  at  present  under  construction  for  the 
Chinese  Navy.  In  these  installations  no'  separate  cruising 
turbines  are  being  fitted,  but  the  high-pressure  turbine  has 
been  arranged  with  an  additional  stage-  to  improve  tho 
economy  at  cruising  speeds  and  at  full  power  by-pa&s  valve 
arrangements  will  be  made  use  of  admitting  steam  to  the 
second  stage. 

Among  the  smaller  cruisers  and  ecout  emitters,  the  4-&liaft 
arrangement  has  been  adopted  largely.  In  England  there 
are  14  vessels  of  this  type  at  sea,  some  of  which  have  cruising 
turbines  in  parallel,  but  in  the  latest  design  the  machinery 
arrangement  is  fciniilar  to  battle-ship  and  cruiser  practice. 
Two  are'  under  construction  for  the  Australian  Colonies. 
The  first  German  turbine  cruiser  "  Lubeck "  had  such  an 
arrangement,  and  three  others  have'  since  been  completed 
for  the  same  Navy.  A  similar  design  was  adopted  in  U.S.S. 
" Chest-er/'  the  first  Parsons  turbine  warship  in  the  United 
States  Navy.  In  the  case  of  tbe  large  experimental  turbine 
destroyer  H.M.S.  "Swift"  the  machinery  was  arranged  on 
four  shafts  with  the  turbineis  in  two  engine  rooms,  and  on 
trial  this  vessel  made  an  average  speed  of  about  35*25  knots. 

Dealing  with  battle-ships  and  cruisers  of  the  Dreadnought 
type,  four  ehafts  are  fitted,  which  are  driven  by  two  inde- 
pendent sets  of  ahead  turbines  consisting  of  two  high- 
pressure  on  outboard  shafts  and  two  low- pressure  on  inboard 
shafts.  Two  cruising  turbines  are'  arranged  in  parallel  at 
forward  end  of  each  low-pressure  turbine.  All  shafts  are 
arranged  with  astern  turbines,  which  are  in  two  sets.  Each 
set  consists  of  a  high-pressure  and  low-pressure,  turbine  re- 
spectively. 

In  the  latest  ships  of  this  type,  cruising  turbines  have 
been  dispens'ed  witli,  and  although  it  was  recognised  that  the 
addition  of  cruising  turbines  improved  the  economy  to  a 
large  extent,  ihe  complication,  together  with  the  fact  that 
such  turbines  are  often  running  idly,  decided  against  in- 

*  Paper  read  at  the  eighteenth  general  meeting  of  the  American  Society  of 
^*val  Architects  and  Marine  Engineers,  held  in  New  York. 


.slalliug  tliein  iu  t>hipt>  ol'  tliie  type,  especially  where  cruifiiiig 
turbines  are  fitted  in  parallel.  The  saving  in  weight,  by 
oiiiittiug  cruising  turbines,  was  not  made,  ukc  of  in  cutting 
down  the  machinery  weights,  but  the  iiiaiu  turbines  were 
increased  in  size  eo  af>  to  improve  their  efficiency,  and  at  the 
forward  end  of  each  high-pressure  ahead,  an  additional  vx- 
paiisiou  wae  litkid  which  is  used  when  cruising,  and  for  full 
power  conditions-  by-pass  valve  arrangements  are  made  use 
of.  Five  vessels  of  thi.s  typo  have  completed  all  trials  most 
successfully,  four  of  which  arc  battle-ships  and  one  a  battle- 
ship cruiser.  Twelve  additional  ships  of  a  similar  type  are 
now  under  construction  in  England,  having  speeds  varying 
from  21  to  28  knots,  two  of  which  are  being  built  for  the 
Australian  Colonies. 

In  the  United  States,  four  battle-ships  are  being  installed 
with  Parsons  turbines,  of  which  the  "  Utali  '，  and  "  Florida  " 
are  in  coimnisdoii.  The  "Wyoming'"  and  "  Arkansas"  are 
launched  and  will  shortly  he  completed.  The  main  difference 
in  the  machinery  lay-out  of  these  ships  compared  with  those 
of  the  Dreadnought  type,  is.  that  the  cruising  turbines  are 
arranged  in  series  instead  of  in  parallel.  In  France,  six 
battle-ships  with  arrangements  of  machinery  similar  to  U.S. 
vessels  have  completed  trials;  two  more  are  in  an  advanced 
state  of  consti'uction  and  contracts  have  just  been  awarded 
for  two  others.  All  of  these  vessels  have  4 -shaft  arrange- 
ments of  turbine  machinery. 

In  Germany,  the  cruiser  "  Von  der  Taun  ，，  haa  given 
splendid  results  in  commission  and  on  trial  made  a  speed 
of  27*63  kiiote.  This  ship  has  been  followed  with  the  cruiser 
' Moltke,"  which  has  made  a  speed  of  about  29  knots  on  a 
preliminary  trial.  There  are  three  others  under  construc- 
tion, which  have  four  sliafte,  with  the  turbines  arranged  in 
series.  In  addition,  three  battle-ships  are  being  built,  these 
ships  having  triple  screws  and  turbines  of  the  Parsons  type, 
but  with  details  special  to  the  German  Navy.  In  Italy, 
there  are  at  the  present  time  four  battle-ships  under  con- 
struction to  be  driven  through  four  shafts.  In  Russia,  four 
large  battle-ships  are  in  course  of  construction,  having 
turbines  arranged  to  drive  four  shafts.  In  Austria,  two 
battle- ships  are  in  construction  and  a  third  has  just  been 
ordered,  which  will  have  four  shaft  arrangements  of 
turbines. 

In  Spain,  three  battle-shipe  having  speeds  of  19i  knots 
are  in  course  of  construction.  No  cruising  turbines  are  to  be 
fitted,  but  one  high-pressure  and  one  intermediate-pressure 
on  separate  ehafte  take  the  place  of  the  usual  two  high- 
pressure  turbines,  and  the  intermediate- pressure  is  arranged 
to  divide  its  exhaust  steam  into  two  low-pressure  turbines 
arranged  on  the  outboard  shafts.  Japan  ha&  recently  ordered  a 
large  battle-ship  cruiser,  which  is  being  built  at  Barrow.  This 
vessel  will  have  a  high  speed.  Three  others  arc  to  be  built 
in  Japan  and  will  be  fitted  with  turbines  of  the  Par&one  type, 
driving  four  shafts.  Three  battle-ships  have  been  ordered 
for  Brazil,  Chili,  and  Turkey  respectively,  and  all  are  to  be 
fitted  with  four  shafts.  The  Brazilian  naval  autlioritks 
decided  to  fit  turbines  iu  their  battle-ships  after  the  success 
of  the  scouts. 

Ill  the  mercantile  marine,  the  3-shaft-  arrangement  of 
turbine  machinery  similar  to  that  installed  in  the  first  ship, 
the  ''King  Edward,"  is  still  need  in  almoet  all  ships,  except 
those  of  very  large  power.  This  ship  has  been  in  regular 
service  now  for  eleven  seasons,  and  is  giving  splendid  results 
both  as  regards  speed,  economy  and  small  amount  of  upkeep 
and  repairs.  There  are  upward  of  75  ships  at  sea  fitted 
with  similar  installations,  having  speeds  varying  between 
17*0  and  25  knots.  The  pioneer  liners  "Victorian"  and 
" Virginian  "  have  the  standard  3-shaft  installation,  and 
th-eee  ships  are  maintaining  speeds  of  17i  knots  on  round 
trips  across  the  Atlantic.  On  the  Pacific  Ocean,  the  Japanese 
vessels  "  Tenyo  Maru  ，，  and  "  Chiyo  Maru  "  hold  all  speed 
records  and  can  average  about  20  knots.  Among  other  well- 
known  ships  of  this  class  may  be  mentioned  tlie  following : ― 
(( Queen,"  21*73  knots;  Onward,"  22  53  knots ；  "  Manx- 
man/' 23*14  knots  ；  "  Viking,"  23*53  knots  ；  "  Ben-my- 
Chree,"  25  0  knots :  "Jan  Breydel,"  24'30  knots :  -'  St. 
George/'  23.0  kiiot^  :  Cnrniaiiia/'  20'0  knote  :  "  Newhaveu/' 
23-85  knots. 
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In  1905，  a  2-shaft  arrangement  of  machinery  was  installed 
ill  ilio  stoam  yacht  "  NarcLssus."  In  tliis  installation,  tho  two 
ahead  turbines  are  arranged  in  series  and  an  astern  turbine 
is  fitted  to  each  shaft.  Pipe  and  valve  connections-  are 
arranged  so  that  the  high-pressure  exhaust  5vteani  can  pass 
direct  to  the  condenser,  and  a  live  steam  connection  is  fitted 
to  the  low-pressure  turbine,  so  that  the  vessel  can  bo 
manoeuvred  similar  to  an  ordinary  twin-screw  reoi])rocating 
engine  installation. 

The  first  vessel  built  in  the  United  States  fitted  with 
Parsons  turbines  was  the  "  Governor  Cobb,"  having  a  speed 
of  18  knots.  This  vessel  was  followed  by  the  "  Yale  ，，  and 
" Harvard  "  with  speeds  of  21  knots.  Another  vessel,  the 
" Old  Colony,"  has  a  speed  of  19  knots.  All  the&e  ships  have 
the  regular  3 -shaft  turbine  arrangement  with  two  conden&ers. 


Fja. 】 — GKNi'utAL  Akrangement  of  Geared  Turhtnes  、vn'H  Twin  Schews. 

The  "Camden"  and  "  Belfast  "  are  smaller  vessels  than  the 
above,  and  have  speeds  of  19  knots.  The  turbines  in  the&c 
sliipts  are  arranged  similarly  to  the  above,  but  with  the  ex- 
oe])tio!i  that  one  condc?iser  is  fitted  instead  of  two.  This  is 
fittetl  l)ot wpoii  the  low-]iress\iro  tiirbiiiff^,  botli  of  which 
exiiaust  into  this  coiulciuser  placed  ovor  tlie  lii^'li-presftun^ 
turbine  shaft  line,  the  】iigh-pressure  turl)im'  beiu<r  putOml 
forward  to  cloar  it.  Tliis  cliaiige  rodiUTS  the  munber  of 
auxiliii ri  -  for  oiilv  om、  air  and  circulat  iii.<:  piniip  ； uv  in  us(\ 
wliicli  im'aus  a  savint]^  in  steam  consumjit  i(m  and  t\-\vvr 
auxiliaries  to  kcop  in  order. 

The  Cuiiard  liners  "  Liisitania  "  and  "  Maurotania  "  havo 
4 -shaft  arrangements  of  turbines  which  consist  of  two  inde- 
pendent sets.  Each  set  is  composed  of  one  high-pressure 
and  one  law-prefi$uro  on  separate  shafts  and  similar  to  tho 
I'wial  battle-slii])  arrangonioiit.  In  tWse  ships  p^parat-o 
;\st<^rn  turbines  are  fittrd  to  tho  inboard  shafts  only.  Thesi^ 
sliips  hold  all  records  on  tlio  Atlantic  ami  < '； usily  nuunlaiii 


25 i  knots  with  fair  weather  conditions,  tlie  turbines  making 
about 】90  revs,  per  minute. 

A  niodilied  arrangement  of  turbines  hae  been  adopted  in 
the  French  liner  "  France/'  now  nearing  completion,  which 
will  furth-er  improve  the  wononiy  as  the  turbines  are 
arranged  in  serievS  similar  to  the  Spanish  battle-sliijjs.  It  is 
expected  that  this  ship  will  have  a  speed  of  23  knots  at  sea. 
A  similar  arr?jngeni<»nt  of  machinery  is  being  adoptive!  in  tho 
new  Cunard  liner  "  Acjuitania,"  now  uiickr  construction  on  the 
Clyde.  In  Germany,  there  are  under  construction  for  the 
Hamburg- American  line,  two  large  vessels  with  4-6haft 
arrangements  of  machinery.  The  Canadian  Pacific  Railway 
Company  have  also  under  construction  two  large  liners  for  the 
North  Atlantic  trade,  and  these  ships  are  being  fitted  with 
an  arrangement  similar  to  the  "  France." 

The  combination  arrangement  of  turbinf's  and  recipro- 
cating engines  ha^;  also  given  good  results.  This  was  first 
carried  out  in  the  destroyer  H.M.S.  "  Velox  "  completed  in 
1903,  in  which  two  sets  of  twin  engines  were  arranged  at 
forward  end  of  the  low-pressure  turbines  on  inboard  shafts 
and  connected  to  exhaust  into  the  high-pressure  turbines  on 
outboard  shafts.  This  was  done  to  improve  the  economy 
up  to  a  speed  of  12  knots,  above  which  the  engines  were  dis- 
connected, and  it  proved  very  successful. 

Ill  1908，  the  New  Zealand  s.s.  "  Otaki  "  was  installed 
with  a  3-shaft  arrangement  of  machinery.  Tlie  wing  tihafts 
were  driven  by  triple  expansion  reciprocating  engines, 
arranged  to  exhaust  into  a  low-pressure  turbine  on  centre 
line  of  ship.  This  ship  was  followed  with  the  **  Laurentic  "* 
having  a  similar  arrangement  to  tho  ''  < )taki,"  and  the 
decision  to  install  this  system  in  the  White  Star  liners 
"Olympic"  and  "Titanic"  was  based  on  the  successful 
results  obtained  with  the  "  Laurentic."  The  "  Olympic  ' 
has  now  made  four  round  trips  ami  tlie  designed  spee<l  of 
21  knot's  has  been  exceeded  by  1  knot,  on  service  and  with 
a  remarkably  low  coal  coiisuinptioii . 

The  slow-speed  French  Transatlantic  liner  '•  Rochani- 
bean  ，'  has  a  combination  arrangement  of  machinery  driving 
four  shafts.  In  th;s  installation,  two  sets  of  reciprocating 
engines  are  inst ailed  on  the  inboard  shafts  and  the  exhaust 
steam  from  each  is  passed  into  low-pressure  turbines 
arranged  on  the  outboard  shafts.  This  vessel  has  completed 
her  trials  very  successfully  and  will  shortly  be  put  in  service. 
Two  ships  with  similar  installations  have  ju"  been  put  in 
hand  to  the  order  of  Spanish  shipowners.  The  Orient  Line 
has  also  a  large  vessel  in  course  of  construction  for  the  mail 
service  between  England  and  Australia,  and  having  an 
installation  similar  to  the  previous  3-sliaft  shipe.  At  the 
prc&ent  time  there  are  12  vessels  completed  and  in  course 
of  construction  having  installations  of  this  type.  The 
American  steam  yacht  "  Vauadis  "  represents  an  alternative 
arrangement  of  a  reciprocating  engine  and  low-pressure 
turhines.  In  tliis  case  there  are  three  shafts,  the  centre  one 
bt'iiig  driven  by  a  triple-expansion  reoiprocat ing  engine, 
arranged  to  exhaust  into  low-pressure  turbines  on  tho  wing 
■shafts. 

The  first  application  of  a  geared  turbine  was  made  by  the 
Parsons  Marine  Steaui  Turbine  (，ompan 、-  in  1 8^»7  This  in- 
stallation \va8  made  for  a  22 -foot  launch  and  consisted  of  oi"、 
combined  ahea«d  and  ast^^rn  turbine,  coupled  to  a  pinion 
wliich  \v as  arranged  to  drive  two  irear-wlioels  coiuiect-ed  to 
two  shafts.     In  thiti  case  single  helical  gear  was  UM»d. 

In  1910  the  s.s.  Vespasian  .'  was  fitted  with  a  geared 
installation  of  turbines.  This  ship  wa^  orirrinally  fitted  with 
ono  triple  oxpnn^ion  surface  rondeiisinir  ongine.  Aft<T 
carrying  out.  a  series  of  trials  with  this  engine,  the 
； 111(1  condensiiif^  plant  was  taken  out.  and  in  its  place  two 
fast  -ruiining  turhinrs,  arranged  in  series  and  eaoli  driviuij 
})v  moans  of  a  jiiniou  a  double  hHical  *:oar-\vluH»l  ooniirctocl 
to  ilio  lino  shaftinc:.  It  should  bo  niontioiuHi  that  tlie 
original  propeller,  line  shafting,  and  thrust -block  were  left 
alone.  This  sliip  ha.^  now  been  in  regular  ooinniis^io]i  for  18 
months  giving  splendid  results,  and  absolutely  "o  trouble 
lias  been  exporiencod  witli  the  E^earing,  although  the  vp5«*I 
l、as  stoaniod  about  32,000  knots.  Further,  it  is  of  iiitoiwt  to 
noto  that  there  i8  no  approciablo  \vf»ar  on  tho  t，'(  th  of  citht^r 
pillion,  and  the  original  pair  being  still  in  use. 
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At  the  present  time,  two  fast-  destroyers  are.  Hearings  com- 
pletion in  England  having  geared  turbine  machinery  ilrivinj^ 
two  shafts.  Two  Channel  steamers  for  the  London  and  South- 
western Railway  Company  are  also  under  construction. 
These  ships  will  have'  two  shafts,  each  shaft  being  driven  by 
two  fast-running  turbines  in  series  connected  to  a  double 
helical  gear  wheel  through  pinions.     (See  Fig.  1.) 

With,  regard  to  the  question  of  multiple  shafts,  th-e 
present  tendency  among  certain  naval  authorities  is  to  cut 
down  the  number  of  shafts  and  turbines  in  vessels  of  the. 
de-stroyer  classes.  A  difference  of  opinion  appears  to  exist 
as  to  whether  two,  three,  or  four  shafts  are  most  suitable- 
f ro in  an  economical  and  a  practical  point  of  view.  The 
builders  of  tlie  ''  Curtis,"  the  '*  Zoelly  ，，  and  similar  types  of 
turbines  favour  2 -shaft  installations,  although  in  three  large 
warships,  which  have  Curtis  turbine  machinery,  three  shafts 
have  been  adopted. 

In  a  2-shaft  arrangement  of  turbine  inachinery,  a  slightly 
better  propeller  efficiency  may  be  obtained  as  compared  with 
3  or  4 -shaft  installations,  but  the  fact  should  not  be  lost 
sight  of  that  propeller  efficiency  has  to  go  liand  in  hand  with 
turbine  efficiency,  and  increased  propeller  efficiency  can  only 
be  obtained  by  reducing  the  revolutions  witli  a  oertain 
sacrifice  in  turbine  efficiency. 

There  is  a  great  deal  to  be  said  in  favour  of  the'  distribu- 
tion of  the  total  power  over  several  shafts,  and  the  system 
of  placing  the  turbines  in  series  not  only  reduces  the  weight 
of  the  machinery  and  increases  the  propulsive  efficiency  of 
the  steam,  but  improves  the  conditions  for  examination  and 
overhaul  carried  out  on  board  ship.  Furtlier,  by  the  sub- 
division of  power  over  three  or  four  shafts  the  turbines  are 
m ucli  sliialler,  the  weights  to  be'  dealt,  with'  are  considerably 
less,  and  the  work  of  opening  out  is  greatly  facilitated. 

Contracts  have  recently  been  awarded  for  eight  deist royers 
in  the  United  States,  six  of  which  are  to  be  fitted  with  twin 
screws  and  independent  turbines.  In  addition,  all  these 
vessels  are  being  installed  with  two  sets  of  reciprocating 
engines  for  cruising  speeds  up  to  15i  knots.  Tli'ese  engines 
are  arranged  to  exhaust  into  the  turbines  up  to  this  speed, 
above  which  they  will  be  disconnected.  At'  the  present  time 
there  are  only  two  battle-ships  being  oonstructed  with  twin 
sets  of  reciprocating  engines,  namely  the  U.S.S.  "  New 
York"  and  U.S.S.  "Texas." 

It  is  not  my  purpose  in  this  paper  to  describe-  at  any 
length  the  arrangements  of  the  engine-room  bulkheads,  and 
the  sub-division  of  the  machinery  space.  In  the  3 -shaft 
arrangements,  both  in  merchant  work,  torpedo  boats, 
destroyers,  and  including  small  cruisers  of  this  type,  the 
engine-room  is  generally  contained  in  one  compartment 
having  the  turbines,  condensers,  and  the  various  auxiliaries. 
In  the  first  vessels  of  the  Dreadnought  type,  including  the 
United  States  ships,  the  turbines  and  auxiliaries  are  arranged 
in  one  athwartsliip  compartineiit  divided  along  the  centre 
line  of  ship  by  a  fore  and  aft  bulkhead. 

In  the  latest  ships,  tlie  machinery  is  arranged  in  three 
compartments,  in  which  both  low-pressure  ahead  and  astern 
turbines  are  in  on©  compartment,  while  the  high-pressure 
ahead  and  high-pressure  astern  turbines  are  in  separate  oom- 
partment'S  at  the  sides.  The  middle  coTiipartment  contains 
the  starting  valves,  condensing  plant  and  various  auxiliary 
machinery.  Arrangements  are  also  made'  so  that  in  case  the 
wing  engine  rooms  are  flooded,  the  high-pressure  turbines 
can  be  shut  off  and  direct  steam  connections  used  to  each 
low-pressure  turbine,  both  ahead  and  astern.  In  the  ca,&e' 
of  the  Cunard  liners  "  Lusitania  ，，  and  Mauretania,"  tlie 
turbines  are  arranged  in  three  compartments  similar  to  the 
foregoing  installations,  both  condensers  in  a  separate  water- 
tight room  aft  of  engines,  and  air  and  circulating  pumps 
further  aft  in  two  compartnieuts. 

As  regards  the  steam  consumption  of  turbine  machinery, 
ni  the  "  Turbinia  ，，  the  measurements  figure  out  giving  a 
wat'er  rate  of  about  151bs.  per  horse-power,  all  purposes  at 
full  power.  In  IT. M.S.  "Amethyst"  the  water  rate  in 
pounds  per  hor&e-power  for  all  purposes  at  full  power 
averaged  13-601bs.  This  agrees  very  closely  with  a 
figure  of  14'Olbs.  per  shaft  horse-power  which  was  obtained 
with    United    States    destroyers.    In    battle-ships    of  tlie 


Drcadnouglit  type,  iho  water  mnfuiinpt in  terms  of  shaft 
liorse-j)ower  of  main  (Migiiies  averages  about  】3  01bs.  for 
turbines  only.  Tn  large  cruisers  of  the  "  Indomitable  "  type, 
tlie  consumption  for  turbines  only  averages  about  12-Olhs. 
per  fvliaft  horfre-power. 

In  ships  of  the  mercantile  marine,  the  steam  consumption 
of  the  turbine  machinery  for  all  purpofi^^s  in  terms  of  .sliiaft 
liors-e- power  of  main  engines  averages  about  lolbs.,  ami  in 
large  installations  such  as  the  *•  Mauritania "  about  】41bs. 
In  vessels  fitted  with  a  combination  syst/em  of  reciprocating 
engines  and  low-pressure  turbines,  a  saving  in  coal  consump- 
tion of  about  12  per  cent,  is  made,  ooiiipared  with  similar 
ships  having  quadruple  expansion  reciprocating  engines  only. 

In  a  battle-ship  or  cruiser  installation  an  arrangement  of 
geared  cruising  turbi!ie*s  would  effect  a  saving  of  at  least 
20  per  cent,  at  a  crumiiig  ^peed  of  12  knots,  this  comparison 
being  made  with  an  installation  having  direct  coupled 
cruising  turbines.  A  further  increasi;^  in  economy  can  be 
obtained  by  increasing  the  coerticients  of  the  turbines.  This 
would  improve,  the  results  without  any  increase  of  machinery 
weight,  due  to  a  saving  in  the  boiler-room  installation.  A 
further  economy  of  steam  c-onsuinptioii  is  realised  by 
arranging  to  pass  all  available  auxiliary  exhaust  steam  at 
suitable  stages  into  the  turbines  instead  of  passing  this  direct 
to  the  main  condensers. 

In  1905，  the  total  amount  of  Parsons  turbine  machinery 
of  the  marine  type  completed  amounted  to  about 
270,000  li.p.  At  tlie  present  time  the  total  horse- power 
completed  and  under  construction  amounts  to  approximately 
6,400,000,  of  which  about  5,300,000  is  to  be  fitted  in  war- 
ships ； of  this  total,  1,900,000  h.p.  was  ordered  during  the 
past  year.  In  the  German  Naval  Programing  of  last  year 
a  total  shaft  horse-power  amounting  to  281,000  is  being  in- 
stalled in  ships  fitted  with  Parsons  turbine  machinery,  being 
58  per  cent,  of  the  total  xirdered  in  that  year. 


ELECTRIC  POWER  FOR  DRIVING  MACHINES, 

BY  O.   R.   WM.  PAUL. 

The  usefulness  of  the  electric  motor  in  some  instances  for  indi- 
vidual drive  is  not  a  matter  of  opinion  or  of  speculation. 
There  is,  however,  no  rule  without  exceptions.  To  insist  upon 
having  a  motor  for  each  individual  tool  probably  is  carrying 
individual  drive  to  the  extreme.  In  large  machine  shops 
every  tool  that  requires  above  4  h.p.  may  be  driven  individu- 
ally, but  smaller  tools  should  be  grouped.  Group  drives  are 
desirable  in  tool  rooms  where  one  small  motor  can  be  con- 
nected to  a  short  line  shaft  transmission,  as  usually  only  one 
machine  is  in  operation  at  a  time,  or  at  least  a  few  machines. 
The  motor  need  not  be  much  larger  than  is  required  to  drive 
the  largest  machine  and  the  line  shaft.  This  rule  holds  good 
in  the  foundry  for  the  emery  wheels  needed  for  grinding  cast- 
ings. A  very  short  shafting  is  required,  as  the  wheels  can  be 
placed  close  together  and  the  friction  loss  will  be  nominal. 
Since  an  electric  motor  takes  only  as  much  power  as  is  required 
for  the  work,  group  lines  are  generally  installed  where  short 
shafting  can  be  used  advantageously.  Portable  tools,  of 
course,  should  always  be  driven  individually,  even  if,  as  in 
rare  cases,  the  necessary  motor  is  small. 

Motors  should  be  placed  as  near  as  possible  to  the  tool  to  be 
driven,  so  that  only  one  belt  or  a  single  set  of  gears  is  required. 
The  floor  should  be  dry,  the  motor  fully  protected  from  dust, 
and  if  there  is  danger  of  flying  pieces  getting  into  the  motor, 
screens  should  be  provided.  In  some  departments  of  a  fac- 
tory, such  as  the  blacksmith,  the  carpenter,  and  patternmaker 
shops,  considerable  dust  is  created  that  seems  to  penetrate 
even  walls.  In  such  cases  the  motor  should  be  properly 
covered  by  a  wooden  box  lined  with  asbestos  or  a  sheet  of  tin 
or  iron .  To  prevent  an  abnormal  rise  of  temperature  inside 
the  box  the  wall  should  have  holes  neai'  the  bottom  and  top 
so  as  to  permit  a  circulation  of  air.  These  holes  should  be 
covered  with  a  fine  wire  screen.  A  number  of  machines  are 
installed  on  the  same  base  with  their  motors,  or  have  the 
motors  conveniently  located  upon  the  frames.  This  is  in  many 
instances  an  advantage,  but  may  be  a  menace  to  accurate  work, 
especially  if  the  machine  is  small  or  light.  The  only  instance 
where  such  trouble  occurred  that  has  come  to  my  knowledge 
is  in  connection  with  a  small  plauer,  but  iu  this  particular 
case  the  motor  had  to  be  taken  down  and  installed  on  the  floor. 
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The  special  advantages  arising  from  the  use  of  an  induc- 
tion motor  for  planer  drive  are  :  At  the  instant  of  reversal  of 
a  planer  bed,  after  the  tool  lias  completed  the  cut,  and  when 
it  is  important  to  accelerate  the  bed  quickly  in  the  opposite 
direction  to  get  the  tool  into  the  cut  again  as  quickly  as  pos- 
sible, an  enormous  increase  of  torque  is  demanded  from  the 
motor,  involving  a  rush  of  current  sometimes  three  or  four 
times  as  great  as  the  average  current  required  for  the  work. 
If  a  direct-current  motor  should  be  subjected  to  this  sudden 
rusli  of  current  injurious  flashing  and  frequent  burn-outs 
would  result,  unless  the  motor  is  considerably  larger  than 
would  normally  be  required  after  the  machine  was  accelerated. 

Direct-current  motors  can  have  variable  speeds,  which  offer 
unlimited  advantages  for  use  on  such  machines  as  require 
different  operating  speeds  at  different  times.  Tliey  may  be  so 
arranged  that  the  speed  changes  may  be  made  without  causing 
inconvenience  or  loss  of  time  to  the  mechanic.  Very  little 
manual  effort  is  required  to  make  small  variations  of  speed 
while  the  motor  is  loaded.  A  motor  with  a  suitable  controller 
can  give  speed  increments  of  from  10  to  14  per  cent. 

Table  I.  has  been  computed  from  the  results  obtained  from 
a  variable-speed  motor  and  a  16in.  engine  lathe.  The  open 
belt  speeds  on  this  lathe  were  523,  293，  178，  and  107  revs,  per 
minute,  and  the  gear  speeds  obtainable  57,  32,  19，  and  12  revs, 
per  minute.  In  facing  a  disc,  a  comparison  of  the  two  systems 
can  easily  be  shown.  Take  the  cutting  speed  at  40ft.  per 
TTiinute,  and  the  radial  feed  0'02iii.  a  revolution.  The  table 
gives  the  spindle  speed  and  the  corresponding  radii,  which 
give  a  cutting  speed  of  40ft.  per  minute,  and  also  the  radii  and 
cutting  speed  which  obtain  just  before  the  belt  is  shifted  to 
the  next  pulley  to  increase  the  speed. 


Table 


Feet  per 

Minute  Cutting 

Revs. 

Speed. 

Mills. 

per 

In.  Radii. 

for  Cut 

Min. 

Max. 

Min. 

lOin.  Long. 

12 

6-37 

40 

41-6 

4-02 

25-2 

19 

4-02 

40 

2(3-3 

2-39 

23-8 

32 

2-39 

40 

15G 

1-34 

22-4 

57 

1-34 

40 

7-7 

The  electric  drive  with  increments  of  14  per  cent,  gives 
approximately  a  1  to  6  speed  variation.  Applying  the  same 
analysis  to  the  above  lathe  gives  the  following  table  ： ― 


Table  II. 


Revs. 

per 
Min. 

In.  Radii. 

Feet  pei 
Max. 

r  Minute  Cutting 
Speed. 

Min. 

Mills. 
for  Cut 
loin.  Long. 

12 

6 

37 

40 

5 

58 

35 

2 

41C 

13-7 

5 

58 

40 

4 

90 

35 

2 

35-5 

15-6 

4 

90 

40 

4 

32 

35 

2 

32  0 

17-7 

4 

32 

40 

3 

78 

35 

1 

28-2 

20,2 

3 

78 

40 

3 

32 

：!-) 

1 

24-7 

23 

3 

32 

•10 

2 

92 

3.-) 

2 

21-7 

26- 2 

2 

92 

40 

2 

55 

35 

0 

10- 1 

30' 0 

2 

55 

40 

2 

23 

3r> 

0 

lG(i 

34-2 

2 

23 

40 

1 

9G 

35 

1 

14  G 

390 

1 

96 

40 

1 

72 

35 

1 

1-28 

44-5 

1 

72 

•10 

1 

50 

：!4 

i> 

112 

50-7 

1 

50 

•10 

1 

32 

35 

2 

9-SJ1 

57-7 

1 

32 

40 

1 

10 

；!  7 

1 

8  GO 

C5-7 

1 

IG 

40 

1 

02 

.If) 

1 

7  02 

75-2 

02 

40 

6- 65 

This  table  shows  that  with  the  electric  drive  the  deviation 
from  the  permissible  cutting  speed  is  in  no  case  greater  than 
12^  per  cent. 

The  induction  motor  is  specially  well  suited  for  duty  in 
mines,  powder  houses,  oil-cloth  manufactories,  and  any  plac« 
wliere  inflammable  gases  or  explosive  materials  are  used,  since 
it  is  absolutely  free  from  sparking  or  flashing  on  any  movable 

contacts. 

The  installation  of  an  electric  motor  depends,  of  course,  on 
the  machine  to  be  driven,  and  the  first  question  arising  is: 
What  shall  be  the  size  of  the  motor,  or  how  many  horse-power 
are  required  ？  Conditions  are  so  varying  that  it  is  impossible 
to  present  the  exact  horse-power  which  should  be  used  in  all 
cases.  The  formulae  given  are  based  on  the  assumption  that 
tools  are  made  of  water-hardened  steel,  and  the  average  cutting 
speed  is  taken  at  approximately  20ft.  per  minute.  In  case 
high-speed  tool  steels  are  used  the  necessary  horse-power  will 
increase  practically  proportionally  to  the  increase  in  the  cut- 
ting speed.  Machine  tools  may  be  divided  into  two  classes : 
machines  with  direct  rotary  motion  of  either  the  work  or  the 
cutter,  and  machines  which  have  a  reciprocating  motion  of 
either  the  work  or  the  cutter.  Under  the  first  class  come 
lathes,  drill  presses,  boring  mills,  &c.，  while  planers,  shapers, 
Blotters,  &c,，  may  be  classified  under  the  second  heading. 

Shunt-wound  variable-speed  motors  should  be  used  for  driv- 
ing lathes,  drill  presses,  boring  mills,  &c. 

Engine  lathes  using  one  cutting  tool  of  water-harden**d 
steel  at  about  20ft.  per  minute : 

Horse-power  =  0*15  S  ―  1. 

Heavy  engine  lathes,  such  as  forge  lathes  : 
Horse-power 3r 0-234  S  — 2. 
S  =  swing  of  lathe  in  inches. 

Boring  mills :  For  the  operation  of  standard  boring  mills 
using  one  water-hardened  cutting  tool,  cutting  at  approxi- 
mately 20ft.  per  minute.  The  following  formula  represents 
good  practice  for  heavy  work  : ― 

Horse-power  =  0*25  S ―  4. 
S  =  swing  of  mill  in  inches. 

Milling  machines :  For  ordinary  milling  machines,  using 
water -hardened  ste*el  .cutters  running  at  about  20ft.  per 
minute  : 

Horse-power  =  0*3  W. 
W—  distance  between  housings  in  inches. 

Drill  presses :  For  ordinary  drill  presses,  using  water- 
hardened  steel  drills,  running  at  a  peripheral  tutting  speed  of 
approximately  20ft.  per  minute  ： 

Horse-power  =  0'06  S. 
For  heavy  radial  drill  presses : 

Horse-power  二  O'l  S. 
S  =  Swing  of  drill  in  inches. 

Reciprocating  machines  are  from  their  nature  less  produc- 
tive than  purely  rotary  motion  machines,  and  should  be  driven 
by  compound  wound  motors.  As  at  the  instant  of  reversal  of 
tlio  inachinc  tool  the  torque  of  the  motor  increases  considerablv 
above  the  normal,  the  compound  winding  of  the  latter  holds 
the  inrush  of  current  within  reasonable  limits. 

Blotters :  Normal  crank  slotters,  using  \vat<"r-hardened 
steels  at  cutting  speeds  of  from  15ft.  to  20ft.  per  minute : 


Stroke.  H.p. 

lOin   5 

ISin   7 

30in   10 

Shapers  ：  Shapers  umiie;  water-hardf'nod  tool  steels  at  cut- 
ting speeds  of  from  15ft.  to  20ft.  per  minute  ： 

Stroke.  Hp. 

16in   3 

]6in   3i 

24  in   5' 

30in   6h 


Planers  ：  Normally  the  length  of  the  bed  of  a  planer  in  feet 
is  approximately  two-tenths  tho  widtli  bot、voon  ihe  housing  in 
inrhes.  For  oxamplo,  a  48in.  )>lancr  has  a  length  of  platan 
of  practically  9'6  or  10ft. : 

ITorso-powor  ―  3  W. 

For  heavy  forge  planers,  horse  powers ―  4'92  VT.  Planors 
with  two  tools  in  operation,  and  n  ratio  of  cutting  speed  to 
rot  urn  spood  of  1  to  3.  W  —  width  bet  wcm^u  housiugs  in  feet. 一 
" Southern  Machinery." 
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A  COMPARISON  OF  OIL  AND  SUCTION-GAS  ENGINES 

FOR  SHIPS. 

A  CORRESPONDENT  of  the  "  Glasgow  Herald "  gives  a  few 
interesting  notes  on  the  relative  me  rite  of  oil  and  gas'  eiigiiiet^ 
for  iiiariiie  propulsion.  So  far,  oil  engines  s.eem  to  have 
made  the  most  progress  in  this  direction,  though  makers  of 
suction  gas  power  plants  are  now  making  strong  efforts  in 
this  direction  also.  One  reason  put  forward  for  this  isi  thai 
anthracite  is  fairly  steady  in  price,  and  can  be  obtained  in 
Belgium  for  about  17s.  6d.  per  ton,  while  the  price  of  oil  is, 
or  was,  more  inclined  to  vary  and,  moreover,  is'  not  stored  in 
large  quantities ― in  the  lower  grades ― whereas  anthracite  or 
gas  coke  is  obtainable  almost  everywhere.  It  is,  Iiowever,  on 
its  economy  that  suction  gas  makes  its  greatest  claim, 
coupled  with  its  cleanliness  in  working  and  its  ease  in  start- 
ing, and  the  writer  asserts  that  as  suction  gas  has  in  many 
instances  displaced  oil  engines  on  land  so  will  it  eventually 
oust,  it  for  many  services  at  sea. 

Regarding  economical  working,  he  expresses  the  opinion 
that  suction  gas  will  probably  be  】nost  successful  when  the 
plant  does  not  exceed  300  h.p.  to  500  li.p.,  unless  some  type 
of  engine  similar  to  the'  Diesel  is  produced,  capable  of 
operating  successfully  on  this  fuel  ；  and  states  that  in 
Belgium  oil  engines  are  being  altered  to'  use  gas  instead  of 
oil.  There  fuel  oil  can  be  bought  for  about  2id.  per  gallon, 
and  oil  engines  up  to  about  300  li.p.  to  500  h.p.  are  on  the. 
market  which  claim  to  use  on  an  average  about  '65  of  a  pint 
of  this  oil  per  horse-power  per  hour.  Tlie'  cost  of  running 
100  h.p.  for  100  hours  is  £8.  9s.  3d.  Makers  of  suction  gas 
plant  claim  that  lib.  of  coal,  and  sometimes  less,  is  required 
p^r  lior&e-power  per  hour,  but,  lie  adds,  lest  oil  engine  makers 
think  the  previous  consumption  of  oil  too'  high  let  the'  coal 
consumption  be  taken  at  l^^lbs.  of  anthracite  per  horse-power 
per  hour.  Take  tbe  price  as  23s.  per  ton  and  s'ee  what 
100  h.p.  for  100  hours  will  cost.  The  total  consumption  is 
5*58  tons  or  5  tons,  llcwt"  2qr . ,  11  lbs. ,  which  would  cost 
£6.  8s.  4d. -― a  saving  of  £2.  Os.  lid.  in  a  little  more  than 
four  days'  continuous  running.  Stoking  is  a  sun  pie  matter, 
unlike  firing  a  boiler  furnace.  A  certain  quantity  of  coal  is 
fed  into  a  hopper  every  four  to  six  hours,  and  occasionally 
the  fire  has  to  be  poked  ，，  from  the  top  to  prevent  arching 
of  the  fuel. 

Even  in  the  best  designed  installations,  and  with  the  best 
workm ansliip,  he  points  out,  oil  has'  a  propensity  for  leaking, 
with  its  attendant  annoyance.  Further,  with  all  oil  engines, 
other  than  the  Diesel  or  petrol  engines,  there  must  be  some 
preliminary  heating  before  the  heavy  oil  is  used.  This  is 
clone  either  by  a  lamp  or  by  using  petrol  for  a  short  period 
to  start  and  then  using  a  heavy  oil.  With  a  gas  producer 
the  fire  may  be  left  smouldering  for  days,  and  then  started 
in  a  minute  or  two  with  the  aid  of  a  fan. 

The  supportersi  of  the  oil  engine  urge  two  points  against 
the  gas  producer.  They  allege  that  it  is  more  difficult  to 
run,  and  that  it  requires  more  space,  that  it  weighs  a  lot,  and 
adds  to  the  cost  of  the  plant.  These  objections,  it  is  con- 
tended, are  not  supported  to  any  serious  extent,  and  more 
than  set  off  in  other  ways.  As  regards,  for  instance,  the 
additional  weight,  the  following  figures  are  given :  A  pro- 
ducer for  a  100  h.p.  engine  weighs  about  3i-  tons,  and  if  this 
does  reduce  the  carrying  capacity  bo  that  extent,  and  if  it 
does  add  to  the  cost  of  the  engine  by  £300，  there  is  a  saving 
on  100  hours'  working  of  £2.  Os.  lid.  Taking  a  year  of  52 
weeks  of  6  days  and  12  hours  per  day ― that  is  3,744  hours, 
or  37*44  times  100  hours ― there  is  £76.  1  Is.  lOd.  saved  as 
i  compared  with  oil,  which  sum  will  more  than  meet  upke'ep 
i  and  interest,  and  make  up  for  the  cargo  which  was  not 
I'   carried  because  of  the  weight  of  the  producer. 


Northampton  Institute  Engineering  Society. ― On  Friday,  the 
2nd  inst.,  a  paper  on  "  Steam  Turbines  Utilising  the  Impulse 
Principle,  with  Special  Refere'nce  to  the  Disc  Drum  Type," 
by  Messrs.  T.  R.  Houston  and  F.  G.  Parnell,  was  read  before 
this  society.  In  the  course  of  their  papers  the  authors  de- 
scribed turbines  made  by  various  firms,  including  the  Brown - 
Boveri,  Parsons,  Willans,  the  Brush  Company,  De  Laval, 
Rateau,  Zoelly,  and  Curtis  types.  The  meeting  closed  with 
a  good  discussion. 


ELECTRIC  CRANES  FOR  STEEL  MILL  SERVICE.* 

IIV   K.  FUir.DI.AKNUKl;. 

The  rapid  and  cheap  handling  of  all  kinds  and  fiizofi  of 
material  by  means  of  electric  craiiee  lias  greatly  influenced 
the  making  of  steel  produc"  and  lif^lped  considerably  to  reduoo 
cost  of  same.  As  cranes  can  now  be  built  to  suit  evory  con- 
dition, tliey  are  coining  every  day  more  in  use.  To  avoid  the 
least  delay:^  in  the  oporatioii  of  cloctric  cranes,  special  atten- 
tion must  be  paid  to  the  j) roper  design  of  evory  detail, 
wlietheT  electrical  or  mechanical.  Most  cranes  are  built 
from  specially  prepared  plaiis,  and  differ  in  design  from  others 
funiLslied  to  perform  probably  similar  work  under  exactly 
the  same  conditions.  Each  purchaser  has  his  own  ideas  about 
crane  construftion  and  is  willing  to  ])ay  for  extra  cloveloprnoiit 
work.  Co-operation  between  crane  IniilcUu'  ami  purchaser 
will  finally  result'  in  standard  cranes  t'o  meet  all  r('(iuir(" 
nients. 

Electric  cranes  are  not  nearly  so  wasteful  in  power  con- 
sumption, as  hydraulic  cranes  ；  power  is  used  in  direct  propor- 
tion to'  load  lifted  ；  on  hydraulic  cranes,  howiever,  cylinders 
liave  always  to  be  filled,  regardless  of  whether  the  hook  is 
handling  full,  light,  or  no  load.  Nevertheless,  the  large 
number  of  gears,  shafts,  bearings,  ropes,  &c.，  on  electric 
cranes  cause  a  great  amount  of  friction al  resistance,  whicli 
should  not  be  overlooked.  Good  lubricated  cut  gears  have 
an  efficiency  of  from  96  to  98  per  cent. ,  but  when  dry,  worn , 
and  out  of  alignment  as  low  as  92  per  cent.  Each  bearing 
causes  a  loss  of  from  1  to  7  per  cent. ,  according  to  lubrication 
and  alignment.  Rope  stiffness  reduces  efficiency  from  1  to  3 
per  cent.,  depending  on  the  diameter  of  sheaves  and  drujns. 

The  total  mechanical  efficiency  of  electric  cranes  hardly 
ever  exceeds  65  to  75  per  cent.,  and,  together  with  electrical 
losses  in  motors,  controllers,  and  conductors-,  brings  overall 
efficiency  down  t'o  50  to  60  per  cent.  It  is,  therefore,  very 
important  to  use  the  least  possible  number  of  shafts,  bearings, 
and  gears  to  reduce  dead  weight  to  a  minimum,  and,  last,  but 
not  least,  keep  all  frictional  surfaces  properly  machined, 
aligned,  and  well  lubricated.  This  will  not  alone  decrease 
power  consumption,  but  will  at  the  same  time  reduce  con- 
siderably tlie  cost  of  main  ten  anoe  and  repairs  of  motors  and 
controllers. 

The  wrong  application  of  brakes  can  also  greatly  increase 
power  consumption  on  cranes  and  punish  severely  all 
mechanical  and  electrical  parts.  Motors  should  not  work 
against  friction  of  brakes,  but  be  released  from  it  on  the  first 
step  of  the  controller.  This  is  easily  accomplish  eel  by  the  use 
of  magnetic-actuated  brakes,  but  is  entirely  dependent  on  the 
skill  of  operator  with  hand  or  foot  brakes. 

The  proper  Bpeed  control  of  crane-motors  is  important ; 
their  rapid  starting,  stopping,  and  reversing  by  unskilled 
men  is  not  only  very  wasteful  in  power,  but  also  very  hard 
oil  all  machinery,  especially  electrical.  The  best  remedy  is, 
probably,  to'  take  the  control  out  of  the  hands  of  operators 
and  predetermine'  acceleration,  speed,  torque,  and  current 
through  magnetic  switches.  This  means,  however,  extra 
complication  and  expense,  but  will  in  the  end  pay  for  itself. 

In  regard  to  working  efficiency  of  electric  cranes,  wherever 
a  great  amoanit  of  material  has  to  be'  handled,  the  general 
rule  of  keeping  material  always  going  in  same  direction 
should  be  adhered  to  as  much  as  possible.  It  is  very  in- 
efficient and  costly  to  handle  small  loads  at  very  high  speeds 
over  long-  distances  on  large  and  heavy  cranes. 

In  deciding  on  th&  speed  of  different  motions  we  sliouhl 
not  lo&e  sight  of  the  fact  that  the  normal  load  hardly  ever 
exceeds  one-fourth  】naximum  load,  and  speed  should  rallier 
be  made  to  suit  normal  load  ；  work  in  foot-{X)iinds  feliould 
then  be  made  tlie  same  for  the  maxiimim  load .  Series  direct - 
current  motors  are  better  adapted  to  this  than  alternating- 
current  motors,  and  will  give  a  better  working  efficiency. 

The  proper  type  of  girders  should  be  selected  for  the  work 
to  be  done  by  cranes.  Heavy  double  or  single  leg  gantries 
should  not  be  used  where  fast  and  continuous  bridge  work  is 
required.    It  does  not  matter  whether  box,  lattice,  single- 
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web,  or  rolled-beam  section  is  employed  for  girders;  all  will 
give  equal  satisfaction  if  properly  designed.  It  is  erroneous 
to  think  that  lattice  girders  on  outdoor  cranes  are  not  so 
susct^[)tible  to  wind  pressure  ；  experience  lias  proved  that  the 
four  rows  of  angle  braces  of  girders  cause  as  much  resistance 
as  plated  girders  of  same  capacity.  The  fish-belly  girder 
allowK  material  to  be  used  to  best  advantage  ；  the  square 
lattice  girder,  however,  is  easier  fabricated,  as  all  sections  at 
different  poiiit.s  are  alike  ；  it  makes  a  rigid  and  stiff  construc- 
tion, if  properly  braced,  with  the  least  dead  weight. 

Gears,  bearings,  and  shaftings  may  be  regarded  as  the 
most  imt>ortant  parte  of  cranes.  On  tlieir  proper  design 
depends  largely  the  efficiency,  safety,  and  cost  of  maintenance 
of  cranes.  Wherever  possible,  wo'rm,  bevel,  split.,  and  over- 
hanging gears  should  bs  avoided.  All  gears  should  be  of 
steel,  with  standard  involute-cut  teeth  ;  all  high-speed  gears 
should  be  made  of  higli  carbon  steel,  properly  tempered  and 
to  run  in  oil  bath.  No  pinions  with  less  than  thirteen  teeth 
should  be  used,  as  they  will  run  rough  and  are  liable  to  be 
mechanically  weak.  Although  only  one-half  maximum  load 
can  come  ordinarily  on  one  tooth,  for  the  sake  of  longer  life 
and  safety  each  tooth  should  be  made  amply  strong  to  stand 
entire  maximum  load.  As  all  gears  on  cranes  are  worked  in 
either  direction  and  continuously  reversed,  teeth  should  be 
mad©  so  strong  that  tliey  will  resist  absolutely  all  bending 
stresses  ；  otherwise  crystallisation  and  breaking  of  teetli  would 
be  the  final  result.  One  cannot  recommend  too  strongly  to 
run  all  gears,  wberever  possible,  in  oil  batli  ；  the  resultant 
noiseless  and  easy  running  of  the  crane,  as  well  as  better 
efficiency  and  lower  cost  of  upkeep,  would  soon  pay  for  it. 

All  brackets  and  bearing  supports  should  be  made  strong 
enough  to  avoid  deflection  of  shafts  and  their  binding  in  bear- 
ings. Where,  on  account  of  tlie  light'  weight,  it  is  impossible 
to  j)rev€nt  working  and  twisting  of  bearings,  they  should  be 
made  of  swivelling  type  and  be  self-aligning.  The  use  of  roller 
or  ball  bearings  on  cranes  for  mill  work  cannot  be  reconi- 
ni ended,  and  should  only  be  allowed  where,  on  account  of 
hand-power,  friction  must  be  reduced  to  a  minimum.  It  is 
surprising  that  more  use  is  not  made  by  crane  builders  of  oil- 
ring  bearings  biinilar  to  those  on  motors.  Cranes  equipped 
throughout  with  such  bearings  are  always  ready  for  wo'rk， 
much  cleaner,  do  not,  drop  oil  on  men  and  objects  below,  run 
easier  and  quieter,  with  loss  power  consuiii，>ti(Mi  and  cost  of 
niaintenanoe. 

Cranes  generally  receive  much  rougher  handling  than  any 
stationary  inachinery,  and  require  continuous  attention. 
They  are  naturally  located  in  very  inaccessible  places,  often 
high  up,  very  hot,  dirty,  and  smoky.  Proper  means  should 
always  be  provided  to  give  easy  access  to  them  without  neces- 
sitating climbing  of  ladders  or  building  columns  ；  good  stair- 
ways with  railing,  platforms,  and  galleries  on  top  for  neces- 
sary inspection  and  repairs  should  always  be  furnished  with 
crane  structure.  Crane  girders  should  always  have  walks  all 
around  girder,  and,  if  possible,  trolley,  to  prevent  slipping  or 
falling  from  crane. 

The  u&e  of  over  275-volt  currents  on  cranes  cannot  be 
reomnniended,  as  accidental  touching  of  conductors  is  liable 
to  be  fatal.  Even,  where  electric  shock  is  not  dangerous,  it 
may  cause  serious  injury  through  fall  by  fright-  ：  therefore, 
bare  conductors  should  be  avoided  ； is  much  as  possible  or  be 
plainly  marked  by  some  bright  colours. 

Means  for  we  venting  cranes  from  running  awav  and 
wrecking  the-mselves  through  wind  pressure  or  accidental 
starting  of  motors  should  always  be  provided. 

The  ))r())>er  location  and  arraii<^(MiHMit  of  o]>erator's  cab  is 
of  great  imwrtaiice.  0\vr  yards,  wlieii  material  is  often 
obstructing  clear  view,  where  owrator  handles  material  by 
means  of  grab  buckets  or  lifting  magnets  without  any 
assistance  below,  cab  is  best  inomittHl  din*ct  on  trolh'v.  Man 
trolleys  can  be  operated  at  higher  speeds  :  manual  brakes  can 
easily  be  provided  to  control  trolley  and  lioi^t  motion,  and 
crane  can  be  wired  eatsier  and  clu'ii|)er.  Locating  cab  in 
centre  of  one  side  of  crane,  instead  of  on  end  of  girder,  gives 
oi>erator  often  a  iiuich  bettor  view. 

Crane  motors  aiv  railed  upon  to  work  mo^>tly  under  vim  v 
trying  conditions,  tsuch  ！ shocks,  vibrations,  frequent  start" 


ing，  stopping,  and  sudden  reversing,  high  lowering  speeds, 
overloads,  and  many  others,  not  to  mention  dirt,  heat,  rain, 
and,  last,  but  not  least,  lack  of  attention.  The  ordinary  com. 
merc'ial  motor  has  been  found  unable  to  withstand  con- 
tinuously such  conditions,  and  special  mill-type  motors  had 
to  be  developed  for  this  work.  Through  co-operation  with 
operating  men，  all  weak,  defective,  and  undesirable  features 
have  been  I'e 寶 died,  and  there  should  be  no  troubk^  in  getting 
crane  motors  which  will  stand  operating  conditions  of  mills 
and  at  the  same  time  reduce  cost  of  maintenance  and  repairs 
to  a  niiniinum. 

Motor  frames  are  now  made  entirely  of  steel,  and  allow 
easy  access  and  removal  of  armatures  and  fields,  being  split 
horizontally  through  field  castings  and  bearings.  The  spider 
construction  makes  it  possible  to  renew  shaft  or  commutator 
without  touching  windings.  Shafts  are  made  】iiuch  heavier, 
with  larger  keys  and  taper  ends  ；  core  is  pushed  on  spider 
instead  of  on  shaft  in  such  a  way  that  it  cannot  get  loose  and 
damage  windings  or  leads.  Ample  ventilation  with  very  low 
core  losses  is  provided  ;  brush-holdei-s  have  adju.stable  tension 
springs ；  bearings  are  arranged  for  oil-ring  lubrication.  In- 
sulation is  almost  fireproof,  and  will  stand  higher  t^nij>era- 
tur^s  than  on  standard  motors. 

The  poor  commutation  of  high-peak  current  has  always 
been  a  defect  of  crane  motors,  and  caused  frequent  renewals 
of  brushes  and  commutators.  The  introduction  of  interpoles 
on  all  crane  motors  has  greatly  h^^lued  to  improve  conunuta- 
tion  and  do  away  with  rough  and  worn  commutators,  short- 
circuiting  of  bars,  and  final  grounding  of  motors  and  burning 
of  controller  contacts,  as  well  as  blowing  of  fuses.  Sparking 
and  flashing  over  at  brushes  even  with  three  times  full -load 
current  is  not  often  encountered  on  interpole  motors.  The 
slower  speed  of  the&e  motors  allows  quicker  acceleration  and 
stopping,  with  less  braking  effect  and  current  consuiiiptiou. 

The  usual  practice  of  rating  railway  motors  after  one  hour 
full-load  run  with  maximiiin  temperature  not  to  exceed  75°  C. 
is  the  one  that  should  be  adhered  to  in  most  instauces, 
especially  on  bridge  and  trolley  motions,  where,  on  account  of 
fast  acceleration  of  large  and  heavy  masses,  current  values 
are  liable  to  become  very  high.  The  half-hour  rating  will 
give  motors  large  enough  for  cranes,  which  are  generally  not 
worked  so  hard  and  steady  ;  as,  for  instance,  iu  slioj^g,  engine- 
roorns,  and  over  niacliinery  in  mills. 

It  should  not  he  overlooked  that  the  rate  of  temperature 
rise  of  crane  motors  is  slow,  in  order  to  meet  the  one-hour 
rating,  but  that  the  inaxiniuni  teniiK'rature  is  often  finally 
exceeded  and  liable  bo  deteriorate  iusulatiou  if  surrounding 
temperature  is  excessive,  as  is  often  the  case  in  mill  buildingp. 
Manufacturers  of  electric  machinery  should  state  the  maxi- 
mum temperature  their  apparatus  can  be  submitted  to  with- 
out any  danger  of  injuring  insulation,  also  what  influence 
continuous  liigh  te!mj)eiatm't、s  would  have  finally  on  motor 
windings. 

In  deciding  on  the  proper  size  of  a  motor  for  certain  work , 
not  only  weights,  speeds,  and  efficiencies  should  be  taken  into 
consideration,  but,  on  account  of  rating  of  】notors,  the  time 
of  work  and  rest  and  average  speed  and  load  should  be  given 
attention.  The  great  speed  variation  of  series  direct-current 
motors  uuder  changeable  load  t^liould  also  be  considered  in 
determining  size  of  motor,  independent  from  the  power  re- 
quired. The  maximum  speed  of  motion  is  always  consider- 
ably liiglK'r  than  the  mean  speed,  and  oould,  of  course,  l)e 
reduced  by  a^'celeraliiig  and  stopping  in  k'fes  time,  but  thL^ 
would  increase  load  of  motor  and  necessary  braking  power 
and  make  wear  and  toar  on  go  a  i*s.  shafts,  and  brakes  heavier. 

As  the  coiiibint^d  jnec'hanical  and  oK'ct rical  offiiit*ncv  of 
cranes  is  only  about  50  to  60  per  cent.,  not  more  than  2 2, (MM 
foot-iK)uuds  of  work  can  be  got  out  of  a  1  h.p.  motor  for 
crane  work.  This  inav  givt^  a  hoinewhat  bigger  motor  on 
small  craneti,  but  would  hardly  be  objectionable,  as  such 
cranes  are  workiiii^  ireiierally  fa^;""*  and  川 ore  continuous 
than  large  cranes  and  are  subject<^d  to  loughor  treatment. 

As  the  capacity  of  direct-current  motors  is  mainly  limited 
bv  the  rise  in  temperature,  and  motors  are  liable  to  exert 
torque  greatly  in  excess  of  the  capacity  of  the  crane  and 
cauee  serious  breakdowns,  devices  should  be  provided  to  limit 
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torque  and  current  to  a  predetermined  inaximiim  ami  f^top 
the  motor  before  any  hanii  is  done. 

In  lowering  a  load  the  motor  is  assisted  by  the  descending 
weight  and  is  liable  to  attain  very  high  speed,  causing  spark- 
ing and  flashing  at  brushes  and  often  serious  injury  to  arma- 
ture and  field  windings.  The  controller  should,  therefore, 
be  arranged  to  pi^event  the  speed  from  exceeding  twice  full- 
load  speed.  Alternating-current  motors  do  not  permit  speeds 
much  in  excess  of  synchronous  speeds  and  can  be  counted  on 
to  take  the  place  of  mechanical  retaining  brakes.  OperatorK, 
however,  must  be  careful  and  not  shut  off  power,  as  tlio 
motor  would  then  be  liable  to  attain  very  high  speeds. 

The  a  1  te r n a t i n g - cu r re n t  motor  ha^  encroached  more  and 
more  into  the  field  of  the  direct-current  motor  and  successfully 
replaced  same  where  speed  and  direction  of  rotation  is  con- 
stant. Their  introduction  for  crane  work,  however,  has  been 
slow,  for  many  rea^iis. 

The  series  direct-current  motor  has  speed-torque  charac- 
teristics especially  well  adapted  for  crane  service .  To  give 
similar  characteristics  to  the  alternating-current  motor  much 
of  the  simplicity  and  advantage  of  the  alternating-current 
motor  had  to  be  sacrificed.  The  simple  squirrel-caged  motor 
had  to  be  changed  to  a  wound-rotor  motor  with  slip  rings  and 
brushes.  On  account  of  closed  slots,  windings  are  tedious 
and  difficult  to  put  in  place  and  to  form  into  the  required 
shape.  Open  or  semi-closed  slot^  would  greatly  simplify 
winding,  but  decrease  efficiency  of  motor.  The  maximum 
starting  torque  is  not  as  great  as  on  direct-current  motors  and 
regulation  much  poorer,  as  speed  will  exceed  very  little 
synchronous  speed,  even  at  no  load,  and  if  maximum  torque 
is  exceeded  the  motor  is  liable  to  pull  out  and  stop  entirely, 
and  cannot  start  again  unless  load  is  decreased. 

The  large  magnetising  currents  of  alternating-current 
motors  under  all  load  conditions  are  liable  to  beat  them  up 
considerably  when  worked  steadily,  and  must  not  bo  over- 
looked. These  wattless  currents  do  not  represent  energy  and 
do  not  increase  power  consumption,  but  will  heat  up  motors , 
traiisformers',  geiieratons,  and  conductors.  Voltage;  drop 
should  be  avoided  as  much  as  possible  on  al  t-e  i^ii  at  i  n  g  -  cur  re  ii  t 
motors,  as  torque  varies  as  the  square  of  the  applied  electro- 
motive force  :  this,  of  course,  】iieans  heavier  conductors  on 
cranes  and  feeders  than  for  direct-current  cranes,  where  drop 
in  voltage  affects  mainly  speed,  not  torque.  Efficiency  at 
light  loads  decreases  rapidly,  and  is  it  therefore  advisable  not 
to  make  motors  too  large  for  tlie  normal  work. 

Although  a  1  te ni a t i n g - c u r r en t  cranes  can  handle  a  load 
just  as  delicately  as  direct -current  cranes ,  they  cannot-  perform 
much  work,  i.e.,  act  as  quickly  as  direct-current  cranes. 
Only  the  maximum  loads  can  be  hoisted  at  the  same  speed  on 
both  cranes,  the  speed  of  light  loads  and  lowering  being  much 
higher  on  direct-current  cranes.  The  suggestion  of  slowing 
down  alternating-current  xno'tors  for  heavy  work  by  means  of 
resistance  and  of  speeding-up  for  light  loads,  to  approximate 
direct-current  crane  work ,  means  larger  motors  and  lower 
operating  efficiencies. 

Single-phase  commutator  motors  have  about  tlie  same 
cliaracterLstics  as  series  direct-current  motors,  and  are  better 
adapted  for  crane  work  than  three-phase  synchronous  motors. 
However,  they  have  been  very  little  in  use  on  account  of 
complicated  construction  of  motor  and  their  inability  to  com- 
mutate  large  currents. 

Since  the  introduction  of  electric  motors  on  cranes  and 
their  ability  to  generate  electric  energy,  great  efforts  have 
been  made  to  use  the  generative  control  and  do  away  with 
mechanical  retaining  brakes.  The  very  same  characteristics 
which  make  series  motors  and  their  rheostatic  control  best 
adapted  for  crane  work,  are  very  detrimental  for  regeneration 
and  do  not  permit'  very  readily  lowering  step  by  step  by  means 
of  dynamic  braking.  The  self-excited  series  generator  is 
slow  in  building  up  its  field  with  resistance  in  circuit,  allowing 
load  to  descend  until  the  field  is  strong  enough.  Unless  the 
operator  handles  the  controller  properly  and  th^  weight  is 
sufficient  to  overhaul  the  drum,  this  rheostatic  dynamic-brake 
control  is  hardly  satisfactory. 

By  giving  tli©  series  motor  shunt  characteristics,  dynamic - 
brake  control  has  become  almost  perfect.    The  operator  can 


handle  the  controller  as  usuni,  and  is  able  to  lower  either  the 
t'liipty  hook  or  tlie  inaximuni  load  step  by  step  at  any  desirable 
speed.  By  dividing  the  armature  and  field  in  two  separate 
circuits  and  exciting  fi o] separately,  counter  electromotive 
force  can  be  1  owe  rod  or  raised  above  lino  voltage  a's  cU'fsired. 
This,  however,  re<iuirP8  l;u'ge  rheostats  in  addition  to  con- 
troller resistance  and  brake's,  whicli  will  release  the  motor 
when  current  is  at  its  "linimuni  value.  The  use  of  shunt 
brakes,  or  placing  of  series  brakes  wit  Ii  resistance  directly 
across  the  line,  would  easily  overcome  all  trouble. 

A  number  of  clifTerent  devices  are  in  u&e  to  limit  the  travel 
of  hook  in  the  highest  position.  To  prevent  serious  break- 
downs and  perhaps  injury  to  men,  all  such  devices  must  be 
absolutely  dependable  at  all  times  without  requiring  any 
attention.  To  avoid  delays  and  losses,  limit  switchef^  should 
not  interfere  with  lowering  of  hook  at  any  time,  and  must 
not  require  any  re-setting  or  readjusting  after  once  put  in 
service.  Overhoisting  ehoiild  open  the  device  and  stop  motion 
before  any  damage  is  done  ；  lowering  should  then  reset  device 
automatically.  Limit  switch  must  always  be  normally  closed 
in  such  a  manner  that-  hoist  is  inoperative,  should  limit  device 
for  any  reason  whatsoever  get  out  of  order.  The  safest  and 
simplest  arrangement  is  a  single- pole  switch  placed  into  the 
passage  of  the  lioist  block,  which  opens  switch  in  time  to  allow 
brake  to'  stop  motion. 


STUMPPS  VALVE  GEAR  FOR  STEAM  ENGINES. 

The  accompanying  sectional  views  show  the  construction  of 
valve  mechanism  for  double-acting  steam  engines  having 
separate  spring-pressed  valves,  the  invention  of  Prof.  Johanu 
Stumpf,  33，  Kurfiii'steudamm,  Berlin  W.  The  exhaust  from 
the  steam  cylinder  A  is  effected  through  the  ports  B，  whicli  are 
controlled  by  the  piston  during  its  travel.  The  inlet  of  steam 
from  the  steam  spaces  E  on  the  ends  of  the  double-acting 
cylinder  is  controlled  by  lift  valves  C,  whicli  admit  steam  from 
the  spaces  E,  to  the  cylinder  A，  through  the  ports  D.  The 
valves  C  are  of  the  unbalanced  type  and  are  pressed  to  their 
seats  by  means  of  springs  F.  Owing  to  the  high  pressure 
which  is  obtained  in  engines  of  the  type  illustrated,  such  un- 
balanced valves  may  be  employed  without  unduly  loading  the 
valve-operating  mechanism.  The  stems  G  of  the  valves  C 
are  arranged  parallel  with  the  axis  of  the  cylinder  and  extend 
towards  one  another,  so  that  they  are  only  separated  by  one 
arm  II,  of  an  oscillating  horned  lever.    The  stems  G  are  pro- 
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Stumpf's  Valve  Gear. 

viderl  with  grooves  which  assist  in  the  lubrication  of  the  parts 
and  also  assist  in  packing  the  si>ems.  The  lever  H  is  an  idle 
member,  and  is  provided  with  two  horns,  between  which  there 
is  a  circular  part  over  which  a  roller  of  a  lever  K  may  travel. 
The  lever  K  is  power  driven,  and  is  mounted  on  an  axis  M， 
which  is  caused  to  oscillate  by  an  arm  O.  The  oscillation 
of  the  arm  O  may  be  effected  in  any  convenient  manner.  The 
horn  lever  H  and  its  roller  are  contained  in  a  casing  P,  filled 
with  oil,  so  that  the  parts  work  in  an  oil  bath.  During  the 
running  of  the  engine,  the  lever  K  oscillates  so  that  at  the 
ends  of  its  oscillatory  movement-  it  coacts  with  the  two  horns 
to  oscillate  the  lever  H，  and  thereby  alternately  open  the 
valves  C  against  the  action  of  their  springs  F. 
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SIMPLIFYING  SOME  THERMAL  CALCULATiONS  BY  THE  USE 
囊    1  OF  THE  THERMAL  OHM.* 

BY  CAKL  HEllING. 

Thk  purpose  of  the.  present  article  is  to  show  how,  by  the 
adoption  of  a  new  unit  for  a  quantity  for  which  no  unit  has 
existed,  the  mental  labour  in  a  certain  class  of  calculations  can 
bo  greatly  simplified  and  reduced.  In  general,  when  no 
definite  unit  exists,  we  naturally  refrain  from  using  that  quan- 
tity by  adopting  some  roundabout  methods,  or,  when  we  must 
use  it,  we  have  to  define  a  unit  of  our  own ― a  hoiiie- made  unit, 
as  it  were ― which  generally  results  in  different  writers  giving 
tlieir  data  in  different  units,  thereby  causing  the  waste  of 
iiiuch  mental  effort  by  the.  one  who  desires  to  combine  and  use 
such  data  from  different  sources. 

One  of  the  groups  of  calculations  in  which  no  definite  units 
exist  for  certain  quantities  is  that  concerned  with  the  flow 
or  transmission  of  heat  by  conduction,  convection,  and  radia- 
tion. It  therefore  (concerns  such  calculations  as  the  thermal 
insulation  of  steam  or  refrigerating  pipes,  of  electric  and 
oilier  furnaces,  the  transference  of  heat  from  the  flames  to  the 
water  in  boilers,  or  from  the  flames  or  the  arc  of  a  furnace  to 
the  metal  to  be  melted,  the  insulation  of  thermos  bottles,  the 
cutting  of  metals  with  flames,  the  repairing  of  broken  metal 
machines  by  local  fusion,  &c. 

For  measuring  heat  energy  itself,  statically,  plenty  of 
units  exist  ；  too  many,  unfortunafcely :  the  large  calorie,  the 
small  calorie,  the  B.T.U,,  the  mongrel  pound-centigrade  unit, 
the  joule,  ami  the  erg,  some  of  which  have  several  names  ；  in 
name  thero  exists  a  seventh,  the  "  heat  unit,"  which  may  mean 
nearly  any  of  the  others,  according  to  the  fancy  of  the  writer, 
and  is,  therefore,  meaningless  unless  defined  by  the  user. 

When  a  flow  of  lieat  is  involved,  that  is,  a  rate  of  trans- 
liiission  of  heat,  the  element  of  time  must  be  introduced,  and 
here  there  is  again  the  choice  of  the  hour,  minute,  or  second, 
according  to  the  fancy  of  the  writer.  Six  heat  units  combined 
witli  three  time  u'nits  make  18  possible  units  of  heat  flow,  from 
among  which  different  writers  seem  to  delight  in  choosing  that 
one  wliicli  they  think  other  writers  have  slighted.  However, 
each  one  of  this  family  of  18  would  be  an  intelligible  unit  for 
expressing  a  flow  of  heat  if  its  particular  make -up  is  clearly 
specified  by  its  particular  admirer. 

Flows  of  heat  through  bodies  are  conducted,  and  t hey  then 
meet  with  more  or  less  resistance  in  that  body,  which  resist- 
ance, for  instance,  is  said  to  be  about  twenty  or  thirty  thousand 
times  as  great  through  a  piece  of  flannel  as  it  is  through  an 
equy.l  piece  of  copper.  And  as  this  thermal  resistance  varies 
so  g?  eatly  and  is  of  great  importance,  it  becomes  very  desir- 
able, and  sometimes  even  necessary,  to  use  it  as  a  quantity 
capable  of  being  measured,  calculated,  and  specified  ；  hence 
tliefe  should  be  a  unit  in  terms  of  which  this  can  be  done. 
But  no  such  unit  existed,  and  the  cousequcnce  is,  as  usual, 
that  au  autlior  either  evades  this  quantity,  or  else  makes  up 
a  unit  of  his  own  ;  this  results  in  a  great'  inultiplicit'y  of  units, 
ambiguity  in  their  meaning,  and,  in  general,  much  wasted 
mcntril  efFort  on  the  part  of  the  one  who  lias  to  apply  tlu^  data 
to  practical  cases.  Some  autliors  seem  to  take  particular 
pleasure  and  pride  in  】iiaking  up  new  composite  units  in  such 
cases,  and  sometimes  the  only  originality  in  an  article  is  the 
invention  of  a  different  unit  which  no  one  else  has  cared  to 
use. 

Thermal  resistances  have  i'n  the  past  been  generally  avoided 
by  using  the  reciprocals  instead,  naincly,  conductancos  (often 
inrorrectly  called  conductivities,  which  are  really  spcrific  con- 
ductances). But  in  by  far  the  most  cases  in  practicG  a  flow 
of  heat  passes  through  several  bodies  in  succession,  that  is, 
in  series,  as  the  electrical  engineer  terms  it.  Even  in  simple 
cases  there  are  generally  several  successive  contact  resiaiances 
ill  series  with  that  of  the  material  itself,  and  these  are  some- 
i lines  extremely  Iiigli  ;  in  fact,  at  times  the  most  important 
of  all,  as  in  steam  boilers,  for  instance,  in  wliirli  by  far  tlu* 
l;ir"<、st  pnrt  of  the  virtual  t lionnal  rosistaiu'o  is  at  the  contat'l 
of  the  fl times  and  the  outside  of  tlie  water  tubes  ；  this  is  so 
very  groat  tliat  the  difference  between  tlio  rcsistaiu'c  of  copper 
ami  iron  tubes  (about  four  to  ono)  falls  into  iiisi^Muficanco. 

When  heat  or  elect ricily  ilows  llirou*jh  sovoral  hodirs  in 
series  it  is  far  simpler  to  use  rosistauces  iu  iho  t:alrulatio"s, 
instead  of  roiulm'taiices  ；  and  when  llu»v  arc  in  multiple  the 
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reverse  is  the  case.  The  former  being  by  far  the  more  general 
case,  it  is  much  more  rational  to  use  thermal  resistances  than 
the  older  and  more  common  conductances.  This  is  the  first 
of  the  improvements  which  is  here  recommended  for  the  pur- 
pose of  economising  mental  effort  in  such  calculations. 

But  in  view  of  the  fact  that  coiiduetaiices  have  in  the 
past  been  used  almost  exclusively,  let  us  consider  for  a  moment 
the  question  of  the  units  of  conductance  and  conductivity. 
Such  units  are  composite  and  must  be  made  up,  and  this  par- 
ticular case  is  a  good  illustration  of  how  each  writer  is  apt 
to  make  up  one  of  his  own  without  the  slightest  regard  for 
uniformity.  Moreover,  it  seems  that  no  one,  until  recently, 
lias  ever  suggested  a  unit  of  conductaiu-e  itself,  but  only  of 
conductivity.  Notwithstanding  the  convenience  which  the 
former  would  be,  let  us  consider  here  only  the  latter. 

A  unit  of  conductivity  is  defined  by  a  certain  flow  of  heat 
through  a  specified  cross  section  for  a  specified  length,  hence 
involves  areas  and  lengths.  For  the  latter  the  physicists 
usually  take  the  square  centimetre  and  the  centimetre,  hence 
they  specify  the  heat  flow  through  a  centimetre  tube  ；  yet 
the  mch  is  also  often  used,  and  until  we  have  abandoned  this 
irrational  unit  it  is  convenient  to  give  conductivities  in  inch  •  | 
cube  units  also.  Besides  these  two,  some  writers  also  use  the 
metre  cube,  others  the  square  foot  combined  with  lin.  thick- 
ness, &c.  ；  in  one  noted  case  of  an  otherwise  excellent  article  1 1 
descriptive  of  some  valuable  research  work,  the  author  of  it  " 
even  introduced  the  inexcusable  mongrel  combination  of  one 
square  metre  area  with  lin.  thickness.  But  assuming  that 
there  are  only  four  sets  of  these  linear  and  superficial  units, 
then  with  the  18  different  possible  units  of  heat  flow  men- 
tioned above,  this  makes  72  possible  units  of  thermal  conduc- 
tivity—enough for  the  most  fastidious  writer  to  choose  from 
if  he  wants  something  different  from  what  others  use  ；  some- 
thing " original. "  . 

This  absurd  and  deplorable  state  of  affairs,  and  the  waste  f  | 
of  mental  effort  which  it  involves,  led  the  writ-er  some  time 
ago  to  investigate  the  subject  with  a  view  to  finding,  if  possible, 
that  unit  in  each  case  which  is  at  the  same  time  the  most 
rational  and  reduces  the  calculations  to  the  least  possible.  垂 
The  units  used  in  the  absolute  system  are  those  which  *  ， 
bring  nearly  all  coefficients  to  unity,  hence  involve  no  trouble- 
some conversion  factors.    Hence,  whenever  we  are  in  want  of 
a  new  unit  it  is  best  to  go  to  this  absolute  system,  and,  as  tho 
units  in  that  system  are  often  incouveniently  small  or  large, 
to  take  some  decimal  multiple  of  them.      This  is  what  was 
very  wisely  done  when  our  system    of  electrical   units  was 
devised,  and  those  who  enjoy  the  siinplirity  of  electrical  calcu- 
lations should  be  thankful  to  our  forefathers  for  their  good 
judgment  and  wisdom. 

A  flow  of  heat  is  a  particular  case  of  the  traiisniissiou  of 
energy,  the  particular  one  in  which  the  transmitted  energy  is 
in  the  form  of  heat,  but  as  it  mav  be  transformed  from  or 
into  other  forms  of  energy,  it  is  best,  in  the  selection  of  a 
unit,  to  consider  energy  in  general,  and  not  only  one  form  of 
it.  The  unit  of  energy  in  the  absolute  syst-ein  is  the  er*;, 
which  is  equal  to  the  force  of  a  dyne  acting  through  a  centi- 
metre. The  unit  of  time  in  that  system  is  always  a  second; 
hence  the  absolute  unit  for  nioasuring  a  transmission  of  enerpy 
of  any  form  is  an  erg  per  second.  This  being  iiK  onveni(MitIy 
small  for  practical  work,  it  has  been  decided,  for  elertrical  pur- 
poses at  least,  to  make  the  practical  unit  10  uiillioii  times  as 
great,  and  this  unit  is  known  as  the  watt. 

Hence  the  most  rational  unit  for  measuring  a  flow  of  heat 
is  the  watt.  To  say  that  the  heat  flow  in  a  certain  rase  is 
so-aiid-so-inany  watts  means  that  the  amount  of  heat  is  tliat 
wliicli  would  be  set  froe  if  that  many  Avatts  wore  convertod 
into  heat ,  as  in  an  electriral  lieatt^r,  for  iiistaiu'c.  Heme,  if 
this  unit  were  used,  all  cooffirients  ami  reduction  factors  would 
drop  out  (or  be  some  iiiultiplo  of  10)，  at  least  for  all  talrula- 
tions  with  elet'trical  quantities,  such  as  electric  fm.nares  or 
lioat-ers,  A'(、. 

As  a  watt  is  a  joule  per  second,  the  coefficients  and  con- 
version factors  would  also  drop  out  in  all  our  heat  calrulatioiis 
if  the  tables  of  tliormal  ronstants  were  rod  need  oner  for  all  to 
joules.  Specific  Invito,  wliicli  a  re  geiierallv  i:iven  rclalivt-ly  to 
wator,  would  tlien  be  given  by  their  true,  ahsohito  value's  in 
joulos,  Bui  such  a  revolutionary  chan«;o  as  (liat,  wliit  h  would 
involve  tlio  dropping  of  all  four  of  our  ''  liomo-niailo  "  units  of 
lu'at ,  for  wliirh  wo  soom  ( <>  have  such  ； mi  afTcct ion.  aiul  using 
only  the  two  natural  or  absolute  ones,  the  erg  and  joule,  is 
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foreign  to  the  present  paper  a'lid  need  not  be  further  discussed 
here. 

Having  found  that  the'  most  rational  unit  of  heat  flow  is 
the  watt,  and  having  decided  that  thermal  resistance  was  a 
more  generally  useful  quantity  than  conductance,  the  next 
question  is,  Wliat  is  tlie  correspondingly  rational  unit  of 
thermal  resistance  ？  It  is  evidently  that  one  which  again 
reduces  the  coeffirient  to  unity.  The  law  of  heat  flow  is, 
that  the  amouut  of  flow  increases  in  proportion  with  the  tem- 
perature drop  (which  causes  the  flow)  and  decreases'  in 
proportion  with  the  resistanre  (which  opposes  the  flow)  ；  hence 
just  like  with  electricity.  Thir>  might  be  termed  the  thermal 
Ohm's  law  ；  or,  represented  by  letters,  if  W  is  the  heat  flow, 
T  the  temperature  drop,  and  It  the  thermal  resistance,  then 
W  =zTjE.  It  is  in  this  fundamental  law  that  the  coefficient 
is  to  be'  made  unity. 

In  the  absolute  system  of  units  there  is  no  temperature 
scale  as  temperature  has  not  yet  been  reduced  to  absolute 
measure.  Hence,  until  it  is,  we  are  compelled  to  use  some 
one  of  the  artificial  temperature  scales,  and  among  these  the 
centigrade  is  certainly  the  more  rational. 

Hence,  as  T  is  to  be'  in  centigrade  degrees  and  W  in  watts, 
it  follows  that  the  unit  for  the-  thermal  resistance  11  must  be 
so  chosen  that  tlie  coefficient  in  this  law  will  be  unity.  Heiu-e 
R  must  be  made  equal  to  that  thermal  resistance  whicli  will 
allow  one  watt  to  flow  when  the  temperature  drop  is  F  C. ; 
this  is  the  unit  that  the  writer  has  termed  the  thermal  oh  in, 
a  name  originally  suggested  by  Dr.  A.  E.  Ken  nelly  for  ther- 
mal resistance,  though  for  a  quantitatively  different  unit. 

Hence,  when  the  physical  property  of  a  given  body  through 
which  heat  is  flowing  is  stated  in  thermal  ohms,  and  the  tem- 
perature drop  ill  centigrade  degrees,  the  quotient  of  the  latter 
by  the  former  will  give  the  heat  flow  in  watts  directly  without 
any  further  reductions.  It  has,  therefore,  been  reduced  to  the 
simplest  possible  kind  of  a  falculation. 

For  calculations  involving  electric  heat,  such  as  those  coii- 
ceniing  electric  furnaces  and  heating  devices,  nothing  simpler 
could  be  desired,  but  even  in  other  rases  it  will  often  be  found 
to'  be  simpler  to  make  the  calculations  in  thermal  ohms  and 
watts,  and  merely  convert  the  final  result  back  to  the  older 
and  more  cumbersome  units,  in  which  it  may  be  desired. 

The  physical  property  of  materials,  called  resistivity 
(specific  resistance),  as  given  in  tables,  is  then  stated  in  ther- 
mal ohms  for  one  ceutinietre  cube  or  lin.  cube,  and  with  the 
aid  of  these  the  total  resistance  of  any  given  block  of  material 
is  determined  just  as  for  electrira]  resistance,  namely,  by  the 
usual  formula  R=  rhjS,  in  which  R  is  the  total  resistance  iii 
thermal  ohms,  r  the  resistivity  in  thermal  ohms, 人 the  length, 
and  iS  the  section,  centimetres  or  inches  being  used  consistently 
throughout. 

The  use  of  thermal  resistances  as  such,  in  calculations,  is 
often  a  great  couvenieuce  and  time-saving  device.  For  in- 
stance, in  determining  the  insulating  walls  of  electric  furnaces 
the  temperature  drop  is  known,  and  so  is  also  the  allowable 
loss  in  the  form  of  a  percentage  of  the  total  input.  Tlic 
former  divided  by  the  latter  then  gives  the  resistance  which 
the  walls  must  have  in  thermal  ohms.  With  the  resistivities 
of  the  various  materials  and  the  inside  dimensions  of  the  fur- 
nace, the  thickness  of  each  layer  oi'  the  different  materials 
making  up  the  total  wall  can  then  be  ('alrulated  so  that  the 
sum  of  all  the  resistances  is  equal  to  that  required.  This 
would  be  an  extremely  tedious  calculation  to  make  with  con- 
ductances. The  temperature  at  the  juiirtioii  of  any  two  layers 
can  then  also  be  readily  calculated  with  the  same  formula  ； 
TF  and  It  being  then  the  known  quantities,  T  is  equal  to'  tlieir 
product. 

In  the  insulation  of  steam  pipes  the  temperature  drop 
from  the  inside  to  the  outside  is  known,  and  the  permissible 
loss  in  power  (reduced  to  watts)  is  decided  upon  ；  their  quotient 
then  gives  the  total  insulation  resistance  in  thermal  ohms, 
liem:e  per  foot  or  per  inch  of  pipe.  Knowing  the  resistivities 
of  the  various  iiisiilatiiig  inaterials,  the  thickness  of  each  can 
then  be  readily  calculated,  lieiue  their  respective  costs,  whicli 
can  then  be  properly  coinpared.  It  im，y  thus  be  found,  f(u' 
instance,  that  it  is  cheaper  to  use  a  thin  layer  of  a  better 
insulator  than  a  thick  layer  of  a  poorer  one,  or  the  reverse  ； 
or,  perhaps,  that-  a  combination  of  two  layers  is  better.  For 
thick  layers  over  small  pipes,  the  outer  layers  count  for  much 
less  than  the  iuner       Several  such  trial  calculatious  would 


show  to  what  extent  tlio  value  of  the  steam  energy  which  is 
b<?ing  saved  is  worth  the  cost  of  saving  it.  In  such  cases 
the  rvKl*i'^"lion  to  aiid  from  watts  is  made  once  for  all,  the 
simple  Ohm's  law  being  then  available  for  the  more  numerous 
trial  or  comparative  cah'ulatioiis. 

For  a  certain  limited  class  of  simple  calculations  involving 
steam  or  fuel  energy  alone,  when  the  physical  constants  arc 
avilablc  in  t'he  best  form  for  direct  application,  it  may  be  more 
couvonient  to  use  the  olckr  iiietliod  based  on  conductivities 
and  without  reducing  to  watts  :  but  when  anything  different 
from  the  ordinary  is  involved,  it  will  probably  be  found  to  be 
simpler  to  perform  tlio  computations  in  terms  of  watts  and 
Ihorinal  ohms,  and  reduce  merely  tlie  end  results  to  ilie  units 
desired,  just  as  it  is  often  simpler,  in  the  more  involved  calcu- 
lations, to'  reduce  values  to  the'  metric  system,  perform  the  cal- 
culatioiKs  ill  tliat  system,  and  convert  the  end  result  l)ack  to  our 
old  units.  It  is  also  possible,  of  course,  to  establish  other 
units  of  thermal  resistance,  based  on  the  particular  thermal 
temperature,  time'  and  length  units,  which  one  may  be  accus- 
tomed to  using,  by  a  i»iethod  which  reduces  tlic  coefFudeiit  to 
unity,  similar  to  tlie  one  here  used  to  establish  the  ther- 
mal ohin. 

Another  advantage  of  sucli  a  unit  as  the  thermal  oliui  is 
that,  being  based  on  tlie  absolute  system,  it  is  a  rational  one 
to  whicli  all  values  determined  in  other  units  could  be  ex- 
pected to  be  reduced  by  the  authors,  hence  it  could  be  used  as 
a  sort  of  standard  international  thermal  unit  in  terins  of  wliicli 
all  determinations  can  be  readily  compared,  and  from  which 
they  can  readily  be  reduced  to  any  other  specific  units  desired  ； 
a  sort  of  clearing-house  for  the  72  possible  units  of  resistance. 

Attention  is  here  called  to  the  fact  that  in  not  a  few  books 
and  papers  the  heat  flow  and  tliermal  conduci  ivity  mi  its  based 
oil  the  gramme  calorie  per  second,  centigrade,  and  centimetre 
cube  are  claimed  to  be  the  absolute  units.  This  is  an  error, 
although  a  very  common  one  ；  this  can  be  shown  by  the  fact 
thai  t'liey  are  inconunensurate  with  tli©  true  absolute  units. 
There  is  no  heat  unit  in  the  absolute  system  ；  heat  is  energy, 
and  tlie  energy  unit  in  that  system  is  the  erg  and  uot  the 
gramme  calorie.  The  units  recommended  by  the  writer  (watt 
ami  thermal  ohm)  are  the  ones  whicli  are  the  decimal  multiples 
of  the  true  and  correct  absolute  units,  and  bhey  are  incom- 
inensm'ate  with  the  so-called  absolute  units  just  described. 

A  table  of  about  150  values  of  the  thermal  resistivities  of 
different  materials,  taken  from  various  sources  and  reduced  to 
tliermal  ohms  by  tlie  writer,  is  published  in  the  December 
issue  of  "  Metallurgical  and  Chemical  Engineering."  The 
values  in  centimetre  cube  units  rang©  from  about  0*24  to 
about  3  for  the  metals  ；  25  to  180  for  various  bricks  and  solid 
stones ；  and  from  about  250  to  5,000  for  granular  or  fibrous 
materials  mixed  with  air.  It  will,  therefore,  be  seen  that  the 
unit  is  of  a  convenient  size. 

A  table  of  conversion  factors  for  reducing  Win  various 
units  of  thermal  resistancGs,  conductances,  resintivitics,  and 
conductivities  to  one  aiiotber  is  given  in  the  writer's  paper 
on  the  tliernial  ohm,  in  "  Metallurgical  and  Chemical 
•  Eiigiueeriug,"  January,  1911，  page  13. 


PROPERTIES  OF  METALLIC  CERIUM  AND  ITS  ALLOYS. 

Cerium  is  a  member  of  a.  group  of  rare  metals  known  as  the 
" cerium  group  '，  and  which  have  already  found  extensive  use 
in  the  arts.  The  metals  themselves  have  not  been  used,  but 
the  oxides  are  employed  in  the  preparation  of  the  \v€ll-kno\va 
AVelsbach  gas  light-  mantles.  Cerium  alloys  are  also  used  in 
self-igniting  matcli  boxes,  &c.  The  extensive  use  of  these 
oxides,  known  as  the  "  rai'e-eartlis，，，  led  Alcan  Hirscli  to  carry 
on  some  very  extensive  experiments  both  in  the  preparation 
of  metallic  cerium  ami  its  alloys.  The  physical  and  the  flieini- 
cal  properties  were  all  carefully  investigated.  The  results 
of  these  experiments  were  jrivon  in  a  paper  read  before  the 
Aiuericaii  Electrocheiniral  Society,  for  the  following  abstract 
of  whicli  wo  are  indebted  to  the  "  Brass  World  " :— 

The  method  used  for  the  preparation  of  metallic  coriuin, 
and  which  the  author  found  to  be  the  most  satisfactory  of  any 
tried,  was  by  the  electrolysis  of  the  anhydrous  chloride  of 
cerium  iii  an  iron  vessel.  A  graphite  a  node  was  used.  A 
small  amount  of  sodium  and  potassium  chlorides  was  first 
fused,  and  then  the  ceroiis  chloride  added.  More  of  the  sodium 
and  pusi  assium  rlilorides  was  added  as  the  electrolysis  weut  ou. 
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At  the  end  of  two  hours,  witli  a  current  of  110  ainperes,  40 
grammes  of  a  fairly  well-fused  metal  was  obtained.  Tliis  first 
experiment  indicated  the  feasibility  of  the  process,  and  li  was 
afterwards  used  on  a  larger  scale. 

The  metallic  cerium  thus  obtained  was  not  quite  pure  but 
contained  about  1  per  cent,  of  iron,  with  small  aniouiits  of 
cerium  oxide  and  carbide.  The  purification  of  the  cerium 
was  affected  by  amalgamating  it  with  mercury  (it  readily 
forms  an  amalgam),  and  tlio  distilling  in  an  iron  pipe  with  a 
long  portion  at  the  top  for  cooling  the  niorcury  vapour.  The 
iron  and  other  impurities  float  to  the  top  and  can  bo  removed. 
The  cerium  amalgam,  thus  freed  from  foreign  substances,  is 
strongly  heated  in  a  magnesia  crucible  to  drive  out  all  of  the 
mercury  and  pure  cerium  results.  A  very  high  temperaiure 
is  required  for  tliis  purpose,  and  the  heating  is  carried  on  in  a 
magnesia  crucible  placed  in  a  quartz  vessel,  in  a  vacuum  in 
order  to  remove  the  last  traces  of  mercury.  The  cerium  thus 
obtained  is  quite  pure.  Unless  the  magnesia  crucible  is  used, 
the  high  temperature  required  will  soften  the  quartz.  The 
cerium  thus  obUimnl  has  the  following  properties  : ― 

Properties  of  Metallic  Cerium,  ― According  to  the  author, 
jnetallic  cerium  is  a  white  metal  resembling  steel  in  colour. 
It  is  highly  malleable  and  ductile,  and  may  readily  be  rolled 
into  sheet  or  drawn  into  wire.  A  strip  of  the  metal  was  rolled 
down  to  thin  sheet  0'015in.  in  thickness.  It  is  quite  soft  and 
seems  to  resemble  tin  in  this  respect.  The  author  states  thai 
it  is  not  quite  as  soft  as  lead.    It  is  easily  cut  with  a  knife. 

The  melting  point  was  determined  by  the  author  and  found 
to  be  635°  C.  (1,175°  Fah.),  or  practically  that  of  aluminium 
(very  low  red  heat).  When  melted,  cerium  oxidises  rapidly 
in  the  air,  so  as  to  render  the  casting  difficult.  In  order  to 
cast  it  successfully  it  must  be  poured  in  an  inert  atmosphere, 
such  as  that  of  hydrogen  or  carbon  dioxide.  When  this  pre- 
caution is  taken,  the  metal  may  be  readily  cast  in  regular 


The  specific  gravity  of  cerium  was  found  to  he  6*92,  or 
about  Ihc  same  as  zinc.  The  atomic  weight,  as  detennined 
from  pure  sails,  is  given  by  the  author  as  140*25. 

While  the  author  made  no  direct  determiiiatioiis  of  the  heat 
conductivity  of  cerium,  it  appeared  to  be  fairly  high,  lie  says, 
and  if  so  is  an  example  of  a  metal  whicli  has  a  liigh  heat  con- 
ductivity and  low  electri<'al  (;onductivity. 

The  electrical  conductivity  was  measured  on  a  cast  rod  and 
tlic  specific  resistance  is  given  at  71  *6  niicrohms  per  cubic  centi- 
meter. 

The  hardness  of  the  cerium  was  measured  by  means  of  the 
scleroscope,  and  found  to  be  9  5  (hard  steel  is  taken  as  100). 

The  tensile  strength  of  a  cast  cerium  rod  was  found  to  be 
12,900  lbs.  per  square  inch.  This  is  quite  low,  and  approxi- 
mates that  of  pure  I  in . 

Wlien  cerium  is  filed,  the  filings  will  ignite  unless  care  is 
taken  and  this  property  has  been  made  use  of  in  the  prepara- 
tion of  tlie  so-called  "  pyroplioric  alloys, •'  which  ai'e  usuatlv 
composed  of  about  70  per  cent,  of  ('(、rium  and  30  per  cent,  of 
iron. 

Pure  cerium  is  very  slightly  attacked  by  cold  water,  hut 
when  boiling  it  is  more  strongly  attacked  and  hydrogen  gas 
is  slowly  given  off.  At  tlie  same  time,  the  surface  of  the 
metal  is  blackened.  Concent rah'd  sodium  hydroxide  solution, 
roiifeutrated  sulphuric  acid  alcohol  or  amnionia  havo  no  action 
on  the  metal.  Dilute  sulphuric,  nitric,  and  hydnn-liloric  ackls 
attack  the  metal  vigorously  Salts,  such  as  aininoniiiiii  or 
sodium  chloride,  have  moderate  action  on  it. 

When  heated  in  the  air  to  160°  C.，  if  in  a  comparatively 
finely-divided  condition,  cerium  burns  with  luminescence.  " 

Alloys  of  Cerium.  —A  nuinbcr  of  alloys  were  stiulicd  and 
were  in  most  cases  high  in  corium,  usually  containing  about  70 
per  cent,  of  this  metal.  Tlu»  mctliod  of 'inakiiig  11"、  alloys  was 
first  to  melt  the  cerium  in  a  porcelain  cruciblp  under  a  layer 
of  ronimon  salt,  and  tlien  arM  \  lie  othrr  motal  in  small  pieros. 

Silver  alloys  with  corium  and  niotal  is  hard  and  brittle. 
It  has  a  silvery  whit**  lustre. 

The  alloy  of  gold  ami  reriui"  is  soft  and  lias  a  nuldisli 
colour.  Upon  standing  in  tho  air  it  disintegrated  to  a  piir- 
plisli-black  powder. 

Cerium  and  platinum  alloy  to  a  liard,  wliilo  luotal  tliai 
is  pyrophorir.  It  disintegrated  slightly  upon  standing;  in  tlu、 
air.  *  ' 

With  ropper,  corium  alloys  to  a  lia nl  and  brittle  metal 
、vludi  disiutegrated  to  a  powder  upou  standing. 


Tin  and  ceriujii  form  a  pyroplioric  alloy  which,  standing  a 
f(nv  months,  disintegrated  to  a  powder. 

Cerium  and  antimony  alloy  to  a  soft  metal  wliicli  seems  to 
be  permanent  in  the  air. 

With  arsenic  a  fairly  soft  alloy  was  produced  which  was 
apparently  permanent  in  the  air. 

Carbon  combines  with  cerium  ami  hardens  it.    This  car- 
bide is  produced  in  reducing  the  cerium  in  presence  of  it. 

Silicon  and  cerium  combine  with  the  formation  of  a  hard 
and  brittle  silicide.  When  about  15  per  cent,  of  silicon  is 
used,  a  good  pyrophorir  alloy  is  formed.  |  J 

Tellurium  unites  with  cerium,  forming  a  brown,  pulvereiit  '1 1 
mass.    The  tellurium  and  cerium  combine  vigorously.  1 1 

Upon  adding  seltMiiuTn  to  molten  cerium,  two  products 
were  formed.  One  was  a  powder  and  tlie  other  a  iiielallic 
alloy  ^vllich  was  apparently  cerium  selenide  dissolved  in  molten 
cerium. 

Lead  and  coriuiii  oonibiue  with  a  violent  action.  The 
alloy  is  very  soft  and  eniits  sparks  of  a  reddish  colour  when 
filed.  The  alloy  disintegrates  slightly  upon  standing  in  the 
air. 

Cerium  and  calcium  unite  quietly  with  tlie  forninticii  of  a 
white  alloy,  harder  than  either  of  the  constituents.  It  emits 
sparks  when  Hied,  and  is  apparently  permanent  in  the  air. 

Sodium  and  cerium  alloy  quietly  witli  the  formation  of  a 
liard  alloy  that  is  slightly  pyroplioric,  and  oxidises  upon  ex- 
posure to  the  air. 

Aluminium  alloys  with  cerium  readily,  and  the  alloy  is 
hard  and  brittle.  It  disintegrates  without  oxidation,  and  is 
not  pyroplioric.  ,  | 

When  zinc  and  cerium   alloy,  tlie  re  is  a   violent  action,     ' , 
almost  explosive.    The  alloy  is  hard  and  brittle.    It  is  pyro- 
plioric and  rem  a  i  IKS  unaltered  in  the  air. 

Cadmium  combines  with  cerium  with  the  same  vigour  as 
zinc.    The  alloy  is  hard,  brittle,  and  pyroplioric.     It  oxidises  J 
upon  exposure  to  the  air,  but  does  not  disintegrate.  ， 

The  chromium  and  cerium  alloys  are  white  iu  colour  and 
hard  and  brittle,  unaltered  in  the  air,  and  somewhat  pyro- 
plioric. 

Manganese  combines  with  cerium,  forming  a  hard  aiui 
pyroplioric  alloy  pennant  upon  standing.  ^ 

The  nickel  and  cerium  alloys  are  soiuowhat  softer  t lian  幌 
those  of  ceriuin  and  iron.    The  ones  high  in  cerium  were  very 
pyroplioric. 

The  iron  and  ccriuni  alloys  are  very  interesting,  as  they 
were  tlie  first  pyroplioric  allovs  known  and  wore  discovered  bv 
Dr.  Auer  von  Welsbacli.  The  allovs  containing  about  70  per 
cent,  of  cerium  are  hard  and  soiiipwhat  brittle.  This  is  the 
alloy  now  used  so  extensively  iu  self-igniting  niatvh-boxes  and 
gas  igniters.  When  filed,  sparks  are  emitted  which  have  the 
property  of  iirnitiiii^  easilv  inflammable  substances  surh  as 
gasoline  or  illuniiiiating  gas. 

With  tungsten  a  liard  and  brittle  alloy  was  obtained  that 
was  pyroplioric. 

CVriuin  forms  aiiialganis  willi  iiicrcurv  readilv  and  with  a 
few  per  cent,  they  are  brittle,  but  when  a  greater  amount  of 
cerium  is  used,  they  are  solid.  They  oxidise  easily  in  the  air, 
and  those  containing  8  or  10  per  cent,  of  reriuni  take  fire  in 
1  ho  air. 

With  magnesium  lii^'lily  pyrophorir  alloys  are  fonm、(l.  Tho 
alloy  containing  about  83  per  cent,  of  cerium  is  liighly  pyro- 
plioric. Most  of  those  alloys  are  brittio  and  an'  readilv  pul- 
verised.   Excellent  flash-light  pcnvdei's  can  bo  produced  from 

1  he  Olios  hi"'h  in  ' 


Wireless  Telegraphy.  ―  An  liUi-rnai loiial  (，(>""、rt'，，(v  on 
Win'li、、、  Tdr^rapliy,  to  wlik-li  ainuxst  all  the  European 
nalioiiis  will  send  official  rej)reseiitat.ives,  is  to  be  held  in 
Lomlo'ii  in  ,I\ine  next.  One  of  tlio  chivf  ohjcvts  will  ho  io 
、vi(lou  tho  sco|H^  of  the  Radio-Telo*;ra]>hic  Convention  wliirli 
caimi  into  t'oroo  in  the  suinnier  of  1908.  Groat  Britain  has 
adopted  tho  Marconi  system.  Gennany  has  the  Telofimkon 
and  its  own  repilaticms,  and  tlie  United  S(«t<^  again  has  a 
(liOVnMil  systoiii  and  rofjulat  ions,  so  that  <*<>-o|H^ratioti  is  haiidi- 
It  is  hoinnl  that  many  of  the  existiug^  difToroiico** 
"ill  he  wiped  away,  and  some  effective  scheme  of  inter- 
iwit  ional  roiitrol  aijiood  npoii.     The  i?it<*rnatioiiaI  (、<、，、• 

Irronco  \v;u^  hold  in  Berlin  in  1IX、3,  nud  marker]  a  fjnat 
forward  in  the  direction  of  intoruatiuiial  control. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Wigan  Coal  and  Iron  Company. ― Tlio  aruiual  report  of  tlio  Wigan 
Coal  and  I roii  C<)nii>aiiy,  u liich  has  a  paid-up  capital  of  nearly 
£ ；^， 000,()()0，  shows  a  profit  of  £72,449  tor  the  year  1911,  and  ii 
total  available  of  £119,419.  The  directors  reoommonci  a  dividfiul 
of  2\  per  cent. ,  ma kiii^'  4  por  cont.  for  the  year,  free  of  iiicom,' 
tax.    Tilt*  l)aIanco  carrit'd  t'orwarcl  is  £47,030. 

Board  of  Trade  Returns  .—The  returns  for  tlu-  dkuiIIi  (-tided 
January  31st  mIiow  tliat  the  value  of  goods  inij)oit<Ml  during  tlic 
month  amounted  to  £67,002, 582,  against  £62,093,421  in  1911,  and 
£5o,9()9,684  in  1910.  Of  foreign  and  colonial  mercliandiso 
exported  in  the  month  the  value  \va^  £9,594,626,  against 
£8,041,472  in  1911,  and  £8,147,164  in  1910.  Tlio  value  of  British 
and  Irish  product^  and  iiianufactiirt's  exported  in  the  month  、vn,、 
£-40,41(j,812,  a.uiunst  €87, 730,831  in  1911,  and  £34,803,11；")  in  1910. 

Ebbw  Vale  Steel  Works  Active. 一 A  notable  feature  of  the  WelsJi 
.sto*^I  trade  is  the  activity  at  the  Ehbw  Vale  Works,  wliioli,  aft<T 
a  Imig  «t(>ppaii;o,  are  now  \v()rkiii<^'  at  high  piessnro.  Tlit'y  con- 
template extensions  to  tlioir  plant,  includiii<j;  th(、  ert'ction  of  slKH^t 
mills  on  a  site  adjacent  to  the  stt'ehvork.s.  It  is  uiultM'stood  that 
til*'  Briton  I^'ci  ry  Steol  Company  and  the  Llandly  Stoel  Coini)aiiy 
a  re  installing  iie、v  plant  to  enable  them  to  im'ivast、  their  output. 
Thv  t in])Iate  works  an>  still  oxperieiicin*i;  an  acnto  scarcity  of 
steel,  and  e;i(h  week  the  difficulty  socnis  to  .i^et  inoio  and  mmv 

Small  Air  Compressing  Plant. ― Wo  have  received  from  tl"' 
Par-sons  Motor  (,(>iiip:ui,v，  Ltd.,  Southampton,  a  photo  of  a  little 
combined  paraffin  engine  and  air-compressor  pi  ant,  several  of 
wliic'h  they  have  supplied  for  compressing  air  for  startinjj; 
internal-combiKstion  engines.  The  paraffin  eno;ine  is  of  7  h . p . , 
running  at  about  800  revs,  per  minute,  with  a  cylinder  4 j i ii .  horo 
and  a  piston  stroke  of  Bin.  It  is  fitted  with  governor  and  jjiunp 
for  water  cooling  purposes.  The  compressor  is  of  the  singlf^ 
cylinder  type  and  water  jacketed.  This  plant  is  designed  tt; 
produce  a  compression  pressure  of  lOOlbs.  per  square  inch. 

Shipyard  Discharge  Note. ― At  the  conclusion  of  the  conference 
held  at  Edinburgh  la.st  wee.;  between  the  Executive  of  the  Ship- 
building Employers'  Federation  and  representatives  of  the  men's 
unions,  under  the  national  shipyard  agreement,  for  the  considera- 
tion of  the  discharge  note  system ,  the  following  official  communi- 
cation was  issued :  It  was  agreed  that  the  present  system  as 
regards  discharge  notes  be  discontinued  pending  the  question  of 
the  non-completion  of  contracts  by  piece  workers  being  remitted 
to  the  various  employes'  local  associations  and  the  local  repre- 
sentatives of  workmen  witli  a  view  to  devising  a  method  which 
will  meet  such  difficulties  in  a  manner  equitable  to  employers 
and  workmen. 

Exhibition  of  Internal-combustion  Engines. ― The  Society  of  Motor 
Manufacturers  and  Traders  will  hold  its  usual  .show  at  Olympia 
this  year,  but  will  very  probably  hold  a  big  exhibition  in  1913, 
to  include  all  types  of  internal-combustion  engines.  This  avotiIcI 
include  Diesels  and  senii-Dieisels  as  well  as  ga^s  engines  and  marine 
motors  of  every  known  type,  and  reveal  to  the  world  at  large 
marine  uses  of  the  oil  engine,  of  which  few  people  liave  any  idea 
at  present.  In  armoured  warships  Di<^sel  electric  light  sots  are 
now  the  rule.  All  the  battleships  of  this  year's  programme  are 
to  be  equipped  in  this  way,  and  the  contracts  are  keenly  com- 
peted for.  Nor  is  this  practice  confined  to  armoured  sliips. 
Kven  destroyers  are  to  have  Diesel  electric  light  sets'.  I  lio  exten- 
sion to  their  case  is  a  new  departure,  and  the  first  hoiits  to  l>e 
equipped  in  this  Avay  are  those  for  which  shiphuilder.s  are  now 
preparing  tenders. 

The  National  Gas  Engine  Company. ― The  present  report  of  this 
oompany  deals  u  itli  tl"'  jjeriod  t  roiii  the  30th  June  (wIkmi  tlio  (,1(1 
company  terminated  its  existence)  to  the  end  of  1911.  After  ； pro- 
viding for  depreciation  the  profit  amoiuits  to  £43,368.  The  new 
company  did  not  obtain  its  certificate  to  commence  husim\ss  until 
the  2nd  September,  and  the  directors  are  advist'd  that  the  profits 
earnod  before  that  date  (from  the  30th  June)  cannot  be  lej^ally 
disposed  of  in  the  way  of  dividend.  It  lias  therefore  heon 
decided  that  £8,800,  being  the  Osstimated  profit  dnriiio  th*'  pcrioti 
nieiitioiiod,  l)e  placed  to  rt\servo  acconiit.  Thi.s  will  leavi'  £34,5()9 
available  for  disposal.  It  is  re<'onunended  that  £6,000  Ik'  applied 
to  the  payment  of  a  dividend  at  the  rate  of  5  pt'r  cent,  per 
annum  in  respect  of  the  preference  shares  and  £22,500  in  the 
payment  of  a  dividend  of  9d.  per  share  on  the  ordinary  £1  shares. 
These  pavments  will,  subject  to  directors'  remuneration,  leave 
£6，068  to'  he  carried  forward.  The  profit  of  £43,368  for  the  half- 
year  compares  witli  £'Y2，8()(J  by  the  old  company  in  tho  whole  of 
1910,  £4i,682  in  1909,  and  £44,986  in  1908.  The  dividend  paid 
on  the  capital  of  the  old  company  was  20  per  cent,  for  each  of 
the  last  three  years. 

The  Boilermakers'  Society  and  Apprentices. ― The  following  letter 
has  been  adclre-ssed  to  tl"'  Hoilot  ni  、l、*'rs，   Sooiety  by  th(>  Ship 


building  Employers'  Federation  rc.sp<*ctinK  the  attitude  of  the 
society  towards  apprentices :  "  We  are  desired  to  formally 
refer  to  this  question,  which  was  raised  during  the  C*onferoiice 
this  aft*'riio'>ii  l)('t ；、 vtM'"  tlio  Fi^loratioii  ujul  the  Shipyard  Trade.s 
AgrofMm'iit  Stariciini^  (*"mmit"'<，.  Tl"、  cniployors  were  siirp'is^'d 
to  learn  fmm  tlie  public  pn*ss  thi.s  niorm'ng  that  your  ,s("'i('ty 
WHS  iakin^i;  st^'ps  to  I, ring  iin 山' r  th("r  control  ail  appivntici'  iioii- 
、v<)rl">ns  in  .sliipyaids.  Th«w  liavo  boon  scvpvul  fonferencew  within 
recent  months  on  certain  proposed  aineiKlmonts  of  the  existing 
appn'iitice  a^^reeniorit.  Those  n*^^otiations  are  still  ponding,  and 
the  Federation  is  still  waiting  th-e  f urther  reply  promLsod  in  tiie 
last  cainniunication  received  from  your  society.  Tho  apprcnt ioe 
agreement  provides  that  '  an  ajipHMitico  is  not  to  belong  to  any 
trade  society  (except  for  the  purpose^s  of  hoiiefit)  nor  i's  he  to  be 
inU^rfered  Avith  in  any  way  by  any  trade  society.'  The  action 
which  has  now  been  taken  is  directly  contrary  to  this  provision, 
and  the  employers,  as  was  intimated  at  the  confer^Mico  to- (lay, 
most  cnij^liatioally  protosst  against  thi.s  action,  w  liicli  they  ro<^a rd 
ius  provocative  of  t r(tuhi<%  and  likely  to  briii^  ahoiit  a  jj;ra ve  crisis 
in  the  imlu-"try.  They  trust  that  advantafj;o  will  bo  taken  l)y  yoiii 
society  of  tlie  adjourimient  of  this  Conference  to  take  .such  st«'ps 
as  will  i'(»lit>ve  the  present  menace  which  overhangs  the  ship- 
Imildiii^  industry. ，'  The  Itittw,  it  will  ho  so(mi,  is  ronclied  in 
firm  tonos,  and  it  is  foarod,  if  an  amioaMe  arranjj;eine!it  is  not 
sooii  arrived  at,  f urtlie"  trouble  iti  the  shipyards  may  ari.so. 

Boilermakers  and  the  National  Shipyard  Agreement.  ―  Mr.  John 
Hill,  general  secretary  of  the  HoilermaktM's'  Society  in  h is 
February  report,  states  that  "  the  vote  on  the  National  Shipyard 
Agreement  is  altogether  against  a  continuance  of  our  present 
agreement,  and  is  also  against  an  amended  agre<*ment,  either  by 
ourselves  or  in  ronjii notion  with  the  joint  trades."  The  members 
of  the  society  were  askwl  to  vote  on  the  following  four  ques- 
tions : (1)  Shall  we  continue  the  agreement  as  it  is  at  present? 
(2)  Shall  we  ask  the  employers  to  meet  us  in  conference  witli  tho 
joint  trades  to  have  the  present  agreement  amended  ？  (3)  Shall 
we,  as  a  society,  have  an  agreement  ourselves  with  the  employers  ？ 
(4)  Shall  we  notify  the  employers  that  we  ck^sire  no  agreement  ？ 
The  voting  shows  a  very  large  majority  again.st  the  renewal  of 
the  present  agreement,  a  fair  majority  against  endeavouring  to 
obtain  an  amended  agreement/,  a  larger  majority  against  an 
op:reement  of  any  kind  between  the  society  alone  and  the  em- 
ployers, and  a  large  majority  in  favour  of  notifying  the 
Employers'  Federation  that  the  members  desire  no  agreement 
whatever.  The  total  number  of  members  voting  was  not  large, 
hilt  it  is  sufficiently  decusive,  and  the  result  of  the  votf^  will  he 
notified  ill  due  course  to  the  Joint  Trades'  Standing  Committer. 
That  committee  are  taking  a  vote  of  all  the  other  trades  on  tho 
question  of  renewing  the  agreement,  but  even  if  this  vote  is 
favourable  it  seems  clear  that  the  Boilormakers'  Society  will  not 
be  a  party  to  whatever  now  agreement  is  adjusted.  The  oxistinp; 
agreement  formally  terminates  on  March  9th  of  this  year,  but 
it  oontimies  in  force  for  at  least  half  a  year  longer,  as  six  months' 
notice  of  its  termination  can  be  given  only  at  the  close  of  the 
period  for  which  it  was  arranged  three  years  ago. 

Control  of  Pickets. ― The  Trade  Disputes  Act  Reform  League 
havo  drawn  up  a  petition  to  both  Houses  of  Parliament  iti  sup- 
port of  Lord  Claud  Hamilton's  Rill.  The  essential  part  of  the 
doouinent  reads  as  follows :  (1)  Your  petitioners  crave  leave  to 
call  the  attention  of  your  House  to  the  disastrous  effect  of  strikes 
to  the  nation  as  they  are  conducted  under  the  Trades  Disputes 
Act  (1906).  Loss  of  trade,  with  consequent  loss  to  wage-oarneis, 
increased  cost  of  the  necessities  of  life  consequent  upon  the 
paralysis  of  transport  services,  and  {general  hardship  and  inoon- 
venie!ict>  to  the  community  are  only  some  of  the  rewsnlts  of  theso 
uncontrolled  industrial  disputes.  Your  petitioners  hold  the 
opinion  that  the  inttM-ests  of  capital  and  labour,  which  arc 
directly  involved,  are  of  secondary  importance  to  those  of  tho 
entire  nation,  which  are  adversely  affected  by  this  i"iregulat<、(l 
warfare.  Under  the  existing;  Act  such  strikes  are  a  constant 
iiK'tiace  to  thf  woJfare  of  millions  of  unoffeiulinp:  pjersons.  (2) 
Your  ])etitioiuMs  realise  that  industrial  disputes  must  on  occa- 
sion broak  out,  hut  pray  that  they  may  be  so  roKulated  as  to 
inflict  a  mini  mum  of  injury  to  all  conoorntHl,  dirortly  or 
indirectly,  and  that  they  may  be  conducted  with  the  Iea.st  pos- 
sible infraction  of  the  peace  upon  which  the  well-being  of  tho 
nation  (ltv(、mls.  The  presence  of  large  numbers  of  pickets,  ymir 
petitioners  hold,  is  in  itself  an  incentive  to  law- breaking  wliilo 
disputes  are  in  progress,  and  they  pray  that  the  pickets  may 
be  controlled  in  the  manner  provided  by  the  Hill  promoted  hy 
the  Trade  Disputes  Act  Reform  League.  (3)  Fvirtlierjiiore,  your 
petitioners  view  with  p;rave  concern  the  loss  of  individual  fre*- 
dom  which  has  reunite'!  fiom  the  methods  of  indijcoment  adopted 
by  pick^'ts,  and  whicli  arc  hmiight  into  operation  even  at  the 
lnuiies  of  ('oiitt'nt*'(l  workers. 
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MECHANICAL  1910. 


Safety  fTiTiikiiifj;  <lfn'i("s. 


KniMi'ton.  L>*)448. 

1911. 


Automatic  t\n  ret  lathes.    Conradson.  1542. 

Toi'sioii  nu'tcr  and  jxvwer  record  in  ji;  apparatus.    SoarflF.  1579. 

jVlt'chanisin  for  eonnectinjj;  tlu^  piston  and  crank  shaft  of  intt'i  nal- 

conihustion  enf>;ines  and  pumps.    Court.  1591. 
Chang"- speed  (gearing-.    Phillips  tV'  AUingham.  1790. 
Meaius  for  heating  by  high- pressure  gas.    Smith  &  WaltfM*.  1872. 
Litornal-combiustion  pn<;ines.    Norman.  1905. 
Nut-locks.    Kill"'.  1919. 
Steam  boiler  fmnaccs.     J ontvs.  2010. 

Crank  discs  for  internal-coin f)n.stioii  motors.    Stuart  Tu riier.  Ltd . , 

and  Flint.  2213. 
Turbine  puir-ps.    J'age  &  Boultbee.  2223. 
Oil  *»n<i;ines.    Aktieselkabet  Volund.  2238. 
Recuperative  zinc  furnaces.    Folliet-Mieusset.  2250. 
Gas  produoei-s.    Folliet-Mieiisset.  2253. 
Two-cycle  internal-combustion  engines.    Sears.  2272. 
Ore  concentration.  Nutter,  and  Minerals  Separation,  Ltd.  2383. 
Manufacture  of  air-gas.    Pace.  2401. 

Method  of  and  means  for  re-making  wire  drawing  dies.  H  or  ton. 
2497  and  2503.  ― 

Holders  for  mining  and  boring  drills.    Thomas  *fe  Lewis.  2505. 

I n t e r n a  1-co in h u st ion  engines  combined  with  pneumatic  pressure 
apparatus.    Keartoa.  3005. 

Heating  of  strain  generators  in  connection  with  water-gas  pro- 
ducers.   Thiiman.  3024. 

Apparatus  for  tlie  removal  of  hoilw  inrrnstation.  Van  Dovoordo. 
3117. 

Lubricators.  Heenaii  A'  Froude,  Ltd.,  and  "Walla 叮 Sc  Coates.  3287. 
Manufacture  of  crank-shafts.      Overgaard  iVr  Aktielskabet  Bur- 

meister  &  Wains  Maskin-og  Skibsbyggeri.  3043. 
Vaf'uum  brake  systems.    Richardson.  3699. 

({iiriuT  for  liquid  or  j^aseous  fuel.    Graddon  &  Blumeiiau.  3742. 

Apparatus  for  reducing  pressure,  measuring  volume,  and  regulat- 
injT  delivery  of  gases  from  vessels  containing  gases  under 
pressure.    Bayeux  & 】{ichard.  4187. 

Processes  for  welding  or  cutting  metals  by  means  of.  the  blow- 
pipe flame.    Knowles.  4487. 

Carburetters  for  interna 卜 combustion  engines.  Carter  &  Rivett. 
5215. 

Steain-geijeratitm.    Fletcher.  5799. 

Screw -cuttinji;  inacl lines.    Sachsische    Sohriuiht-n    unci    M  iittern- 

fabrik  Oeb.  Hubiior.  (:087, 
Furnaces  for  boilers,    Sturrook.    6231 . 
FtH'd  water  heators  for  hoiler.s.    jMejani.  0308, 

Apparatus  for  the  regulati<ni  of  rt'i'rij^oratiiiK  iniu-luTH^s.  Pollard. 
0414. 

(iyroscopie  transmission  apparatus.    Fieiix.  6424. 
High- pressure  ga.s  hnriicrs  tor  heating  purposes.  Smith  &  Walter. 
()719. 

Furnaces  of  the  iind^'ifed  type.    Will.s.  7119. 
(iriiidiii^  valves.    Cotton.  744(3. 

F*M'(lin^  iiml  (、i,nvcv"i《  iipi)ai atiis    for   im'tal- plate  rolIine;-milh. 

(； ale  A:  Whittle.    7717.  " 
MtH-hanico-chemical  process  for  the  soparati(»»i  of  ores.  Conipagnio 

d'Entreprises  de  Lavage  de  Mincrais.  8154. 
Re^ulatiii*i;  the  travel  of  punip-phingt^rs.    Wakefield.    8721 . 
lioii riii^is  for  niachiiKTV.    Hughe«.  8755. 
Sf'n、、v  propellers.     Keitt'l.  8778. 

Varial»le  cut-oft'  gear  tor  locomotive  (Mi^iiu\s.    Bakor.  8089. 
Apparatus  for  rt*^iilati!»*i  the  sii|)ply  of    hyd roca rlxms    ">  car- 

bu retting  apparatus.    Smitli.    ！ U". 
Flywlu^els.     Bilit*'、"ski.  ""43. 

M*'a  MS  lor  tivating  smok*'  a  nil  f  um»'s.  Mi'rrei'  &  Afercor,  rJ71*l . 
Hoisting  appuratns.    (；: "l"'，i.  13(>】；2. 

Machines  i'or  ^iidinj^  mllers    of    roller-liearings.  Hoffmann 

Manufacturing  ('""ipim.v  and  lia rr**tt.  13071). 
Gasification  of  tim'  grained  or  pulverulent  tm'l.  K»'r|><»ly. 
Surface  ooiulensers.    Heiin**rs.  135G9. 
Engine  govtM'iiors.    Sar^oiit.  14047. 

Frames  of  iiitt'rnal-ooinlmst ion  engiiu's.     K  illxii  ii.     1  IS80. 

A|)|)a ratns  for  clia r^in;^  (>|)*mi  lira rtli  tm  h;"'，、、.    Mnlx-ock  iV'  Wilcox. 

Ltd.,  and  Smith.  1.VJ:>8. 
Pr(K't\ss  ami  apparatus  tor  U"'  fonilmstion  of  rofiKs*\  riuK*.  1()781 . 
SptHxl  indicators  unci  hhxhcUms.    BtM'i'maiin  iV  Halzor.  Hl*)7(). 
S(T(、、、 -cutting  stocks  ami  ditv*.    Frey.  18033. 
Bolt  and  nut  looki<.     Diotrich.  18111. 
En^iiu*  .starting  apparatus.    Justice.    18885 . 


Charging-apparatus  for  furnaces.    Gmeiiidl.  19090. 

Propeller  for  ships.    Jamieson.  19354. 

Elastic  fluid  turbines.    London.  19622. 

Fluid  pressure  aft  rated  vah  e.s     、Vaj^】">r.  19913. 

Methorl  for  .sinking  a  mine  shaft  in  a  water  bearing  soil  which  is 

weak  or  porous,    (sevens.    21 788. 
liroaches,    drifts,    and    similar   metal  cutting   tools.  ^fau<1.slay 

Motor  Conipaiiy,  Craig,  and  Grpeni ng.  22175. 
CIiitc'lH\s.     Hraniley-^roore.  22103. 
Valves.    Header. 飞 2893. 
Thrust  bearings.    Em  rick.  23o08. 
FWiid-actuated  turbines.    Boult.  23635. 
Jtotary    two-stroke  explosion-engines.    BrivoLs.  26()3o. 
Piieuniatic  sta rt<*r  for  gas  engines.    Feeiiy.  26318. 
Axle  trucks  for  laihvay  and  tramway  vehicles.    Cur\v<Mi.  27334. 

1912. 

Device's  for  lef^ulatinfj;  the  tlircadiit^   tools    of  s<TPU-ni:u'hines. 
Robert^x^n.  440. 

ELECTRICAL  1910. 

Reproduction  of  soiuul  l)y  electric  means.    Brown.  29833. 
Circuit  l»rt'akuig  .safety  (l<n'i('t'、s  for  electrical  apparatus.  Kvcrslunl 
and  Vignoles,  Ltd.,  and  Kvershed.  29980. 


Arc  lamps.    Johnson.  1527. 

Electric  lighting  of  motor  cars.  Van  Raden  &  Co.,  and  Motz. 
3549. 

Incandescent  electric  lamps.    "  Z  "  Electric  Lamp  Mamifacturing 

Company,  and  Hoge.  '506】. 
Control  of  electric  motors.    Allgemeiiio  Klektricitat.s-Ge»s.  6557. 
Means  for  automatically  controlling    heat   in    electric  heating 

apparatus.    N'ightingall.  lo898. 
Wind  jjower  electric  storage  installation.    IVrry.  17006. 
MearLS    for    controllintx    and    actuating    apparatus    by  electrr)- 

magnetic  radiations.    Wirtli,  H«'<'k，  *t  KnausK.  18879. 
Excess  cu rrent  switches.    Felteii  tV'  (iuilleaume  Carlswerk  A k t . 

Ges.  19392. 

Insulation  of  electric  conductors.    British  AVestinghouse  Electric 

and  Mamifactiiriii^  Company.  20().")9. 
Regidatable  electric  msista"('"s.    Xauinann.  20833. 
Storage  battery  electrodas.    Hiibliell.  21783. 
Electric  switches.    Bigge  A'  Butt.  22547. 

Arrangements  for  the  working  in  parallel  of  synchronous  and 
asynchronous  alternatinc^-cu rrent  nerators.  Siemens  Bros. 
Dyiianu.  Works,  Ltd.  28263. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  13th. 

Aluminuim  ingot   fi3/-  por  owt. 

"         wire,  according  to  sizes,  &c  from  102/-  ，， 

"        sheets        ，，  ，，   ，，  】20/ -  ，， 

Antimony   £27/10/-  to  £28/10/-  per  ton 

Brass,  rolled    TJiI.  per  lb. 

"     tubes  (brazed)    9Jd.  ，， 

，，       "     (solid  drawn)   8d.  " 

，,       ，，      M'iro   7J(1.  ,, 

Copper,  Standard   £»)2/10/-  per  ton. 

Iron,  Cleveland   48/ 10^ 

，， Sootoli    54/10.5  .. 

Lead,  En^lisli    £10/-/- 

,， 】',o— II  (soft)    £15/15/-  ,. 

Mioa  (in  original  cases),  small   *kl.  to  2/    i>er  Ih. 

,，  ，，  ，，       inodium   2/(1  to  4/ -  ，. 

，，  ，，  ..       lartje    4/(»  to  8/0  ,, 

Quicksilvor   £8/7/i»  per  hot t lo. 

Silver   27i<l.  jx'r  oz. 

Spelter    £2('./1：>/-  )>*  r  ton. 

Tin.  blofk   £li>ii/10/- ', 

Tin  plates    ，， 

Zinc  shoots  (Silosijui)   £29/10/-  ，， 

，，  (Stettin  ；  Vieillo  Montacne)   £30/-/-  '， 


German  Engineering  Trade.  -According  to  a  lontineiital  con- 

ten»por;uv.  ihv  posilior  ot  the  tMigiiu*<»ring  and  "lotor  iiidn^- 
li  OS  111  GiMMianv  was  ！ lot  generally  satisfactory  during  191】， 
especially  in  Saxony.  Prices  of  steam  engines  were  low, 
agricultural  niaohiiierv  derliiiod  soniowliat,  and  tho  ina<  liine 
tool  trade  was,  as  previously,  unsatisfaitory. 
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The  Coal  Trouble  and  Oil  Fuel. 

The  coutingency  of  a  national  coal  strike  and  of  tlie  incon- 
venience which  such  an  event  wou!d  inevitably  inflict  upon 
all  inanufactuiers  wlio  use  coal  for  steam-raising  purposes, 
gives  a  prominent,  even  if  it  be'  only  a  temporary,  interest 
to  the  question  of  oil  firing  in  boiler  furnaces.  The  subject 
is  one  to  which  a  good  deal  of  attention  has  been  given,  and 
oil-burning  installations  are  not  only  becomiiig^  pretty  general 
for  naval  purposes,  but  in  certain  services  where  liquid  fuel 
can  be  obtained  at  reasonable  rates  lias  been  extensively 
adopted  in  the  mercantile  marine.  The  relative  cost  of  oil 
and  coal,  however,  in  this  country  has  hitherto  prevented  any- 
thing but  the  most  limited  application  of  oil  to  steam -raising 
purposes  in  laud  power  installations.  Its  prohibitive  cost  is 
at  once  sesn  by  the  comparison  of  a  few  figures.  Coal  at  10s. 
a  ton  is,  roughly,  equivalent  to  181bs.  for  a  penny,  and  th  、 
thermal  value  of  this  quantity  in  a  boiler  furnace  is  more  than 
that  which  would  be  obtained  from  a  gallon  of  petroleum  oil  ; 
so  that  to'  compete  on  a  similar  evaporative  basis  its  cost  should 
not  exceed  one  penny  &  gallon,  ''"id  the  price  in  this  country 
is  so  much  greater  as  to  put  it  out  of  consideration  except  in 
cases  of  extreme  urgency,  notwithstanding  the  many  inci- 
dental advantages  in  the  way  of  storage  and  manipulation 
which  a  liquid  fuel  possesses.  For  naval  j)urposcs  it  is  easy 
to  understand  that  these  advantages  may  be  paramount,  and 
hence  its  extensive  adoption  by  the  Admiralty.  There  are,  of 
course,  many  power-plant  services  on  land  which  must  at  all 
costs  be  maintained,  and  where  a  shortage  of  coal  supply  may 
necessitate  a  temporary  resort  to  oil  fuel,  and  to  tliose  respon- 
sible For  their  niaiuteiiance  t'lie  principles  goveniiiig  the 
efficient  burning  of  liquid  fuel  may  be  of  interest.  In  the 
first  attempts  to  burn  crude  petroleum  oil  it  was  inixed  wit  11 
absorbent  substances  and  burnt  in  pans  or  grooved  grates,  but 
this,  though  simple  and  pennittiiig  of  a  quick  interchange 
from  coal  firing,  proved  unsatisfactory  owing  to  the  imperfect 
and  irregular  character  of  the  combustion  and  the  excessive 
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quantities  of  smoke  that  were  occasionally  produced,  thou*^li 
a  modification  of  this  method  has  been  introduced  recently  in 
the  Italian  navy,  the  liqiiid  fuel  being  fed  into  a  series  of 
grooved  bars,  on  to  wliicli  Hie  air  for  conibustioa  passing  up 
and  between  the  bars  is  deflected  downwards  by  a  series  of  T 
section  bars,  spaced  alternatively  with  i\w  troughs.  It  is  not 
so  simple  as  the  method  of  spraying,  and  is  not  likely  to  come 
into  general  adoption.  Another  method  tried  in  the  early  days 
was  the?  va])oiirisat'on  of  the  fuel  in  heated  passages  prior  to 
its  issue  from  tlio  outlet  jets,  but  su(  li  vaporising  was  fomul 
to  Ivad  to  a  deposition  of  solid  carbon,  which  choked  the  pas- 
sages, and  ill  practice  would  not  prove  successful.  Experience 
seems  to  show  that  the  best  nielhoil  of  burning  oil  is  by  atomis- 
ing the  spray  injected  into  tlio  furnaces,  and  tlio  more  effici- 
ently the  atomisatioii  is  effected  the  better  is  the  combustion. 
This  atomising  is  done  in  a  variety  of  ways.  In  some  cases 
it  is  effected  by  permitting  the  oil  alono  to  escape  under 
pressure  with  a  revolving  motion  at  the  point  of  exit.  In 
others  the  atomising  is  effeobed  by  combining  the  stream  of 
oil  with  air  or  steam  under  pressure,  so  that  the  jet  escapes  as 
a  fine  spray.  Opinions  differ  as  to  which  method  is  the  most 
effective.  For  simple  atomising  purposes  air  or  steam  is 
equally  efficient,  but  the  use  of  air  demands  a  separate  com- 
pressing plant,  which  means  expense  and  complication.  On 
the  ot'lier  hand  steam  does  not  supply  oxygen  as  air  does  for 
combustion,  while  it  absorbs  about  4  to  5  per  cent,  of  the 
total  steam  generated.  The  presence  of  steam  in  the  waste' 
gases  also  raises  their  specific  heat  and  thus  adds  to  the  heat 
lost  from  tlu'  chimn ey.  In  either  case,  of  course,  the  raising 
of  steani  in  t  he  fiivst.  instance  is  a  problem  which 
presents  difficulty,  unless  an  air-compressing  plant  can 
be  ru  n  from  an  iiidepcudent  power  sourco  pucli  as  a 
supply  of  electricity,  or  steam  raised  sufficient  to  work  the 
fuel  jets  from  a  coal  fire  or  in  a  supplementary  boiler.  For 
satisfactory  oil  burning,  whatever  the  system  of  atomising, 
xUq  air  for  combustion  should,  if  possible,  be  heated  before  its 
introduction  to  the  furnace,  and  further,  the  furnaces  them- 
selves should  be  of  ample  capacity.  In  an  ordinary  Lancashire 
or  Cornish  boiler  oil  cannot  be  burned  satisfactorily  by 
merely  covering  the  firebars  with  firebricks  and  using  the 
ordinary  limils  of  the  furnace.  If  the  furnace  is  to  be  con- 
verted for  oil  burning  the  firebars  should  be  completely 
removed  and  the  furnace  tube  lined  all  round  for  some  5ft.  or 
6ft.  with  firebricks  so  as  to  secure  a  high  trniperature 
and  roniplete  t'ombustion,  while  it  is  better  also  to  set  back 
Uhv  ordinary  bridge  wail  l^ft.  or  3ft.  so  as  to  give  a  large 
capacity  to  tlie  furnace.  It  would  be  invidious  to  institute 
comparisons  between  the  merits  of  the  various  types  of  burners, 
liut  there  are  a  uuiiiber  of  successful  ones  on  the  market  both 
for  steani  and  air  spraying.  Which  is  the  best 
method  is  a  matter  steam-users  can  only  decide  for 
themselves  by  reference  to  thoir  iiuHvid ual  circuuistauces. 
In  any  case  the  cost  of  raising  steani  in  this  way  is  so  vastly 
greater  than  from  ('oa】 fud  that  it  can  only  be  regarded,  in 
this  country,  at  all  events  in  land  practice,  as  a  lein])orary 
expedient  created  by  stress  of  circunistanrcs,  and  in  the 
interests  of  the  whole  coininunitv  it  is  to  be  trusted  that  tlie 
thiTatened  trouble  in  the  coal  iiulust rv  will  not  briim  those 
about. 


The  Appointment  of  Engineers. 
Tjie  hist  it ut ion  of  Civil  Engineers  have  taken  a  step  whirii 
should  prove  of  considerable  aiksistanoc  to  its  younger  members 
i'l  llioir  ofTorts  to  secvnv  professional  iMuploynuMit .    The  ini- 
pur lance  of  lining  every  means  to  bring  together  those  who 


require  assistance  and  those  who  are  wishful  to  render  it  is 
obvious,  and  with  a  view  to  facilitate  this  an  organisation  liab 
been  formed  outside  tlie  institution,  but  with  the  special 
approval  of  the  Council,  to  assist  engineers  and  engineering 
assistants  as  far  as  may  be  practicable  to  obtain  professional 
services  or  employment.  The  scope  of  this  organisation  is  set 
forth  ill  the  followiug  letter,  which  has  been  issued  by  the 
Board,  comprising  Sir  Alexander  Binnie,  Past -Pres. 
Inst.  C.E.,  Sir  Alexander  Kennedy,  F.R.S,,  Past-Pres. 
Inst.  C.E.,  Lord  Cowdray,  and  Dr.  J.  H.  T.  Tudsberry,  Sec. 
liisst.  C.E.，  to  the  members. 

In  view  of*  oxi.stinji;  (lifficiiltii's  in  tlic  \\  ay  <>t  many 
tMiKiiieers,  especially  of  junior  rank,  securinj^  professit^iiai 
appointiiHMit.s,  、、？  have  underta kon,  at  the  lequest  of  the 
Council  of  tht、  Institution  of  Civil  Kn^iiicei'S,  to  form  an 
organisation  to  assist  such  iikmi  to  (*Jiter  into  cominunicatioii 
with  employers  who  are  in  need  of  the  services  of  qualified 
tMigim'ering  assistants. 

The  Board  foi-ined  with  this  object  will  be  prepared  t" 
receive  applications  i'ov  engineering;  ('mplo'vmciit  ami  also 
ai)])]i('ation.s  from  employers  for  engineering  a^isistants,  and 
will  endeavour  to  furtlKT  the  interests  of  both  parties  l)y 
placiuf^  tlieiii  in  c-onuminicatioii  in  circuni.stance.s  which  may 
seem  likely  to  lead  to  satisfactory  results.  Beyond  this  action 
the  Board  cannot  undertake  any  responsibilities.  At  the 
outset  its  oporatioiivs  niust  necessarily  be  limited  in  extent. 
I)ut  it  is  hoped  that  these  may  develop  in  a  niannci  that 
may  be  serviceable  to  the  eiij^iiiei'iin;:;  profession. 

It  appears  to  be  impractical 山 》  lor  this  business  to  bo 
dealt  with  otherwise  than  by  letter.  Applications  so  made 
will  receive  prompt  atteJition  ；  and  although  correspondeiue 
on  the  subject  m ust  be  strictly  limited,  those  who  apply  may 
be  assured  that  thoir  、、  isli(、s  and  rt»(iuirenients  will  at  all  tim (-、 
have  careful  consideration  and  attention. 

To  facilitate  the  business,  those  who  seek  t- ni|)loyiiK'nt  will 
be  furnished  witli  foi'ms  in  which  to  state  the  particulars 
necessary  to  oiiable  a  judgment  to  be  formed  as  to  suitablr 
quarters  in  which  tli<\v  may  he  advised  to  make  onqnirv.  It 
is  not  intended  to  deal  with  tostinionials.  wliicli  should  not 
be  sent  to  the  Board  mik\ss  asked  for,  hut  to  leave  -such  details 
of  special  qiialificatiojis  to  be  state<l  hy  the  applicants  indi- 
vidually to  those  u  itli  whom  they  may  hr  put  into  couiiminica 
tion.  ' 

As  the  uiulertikiug  must  be  self-siippinliii;.:..  it  will  "t' 
iiecessa ry  to  charge  some  small  fees  to  tliose  w  ho  iiia ko  u>o 
of  it,  and  these  will  be  indicated  on  the  t'ormt?. 

、Ve  appeal  esi)ecially  to  iiienil)ers  of  the  J nstitutioii  ot 
Civil  F.ngineers  to  assist  our  endeavour  l>y  ooinmimiratin;: 
with  the  Board  when  they  are  in  need  of  assistants,  and  shall 
be  grateful  for  the  support  thoy  may  accord. 


A  BELGIAN  DESIGN  OF  GAS  PRODUCER. 

The  gas  producer  illustrated  herewith,  the  invention  of  A. 
Folliet-Mieiisset,  28,  Quai  des  Pecheurs,  Liege,  Belgium,  has 
been  designed  with  the  object  of  obtaining  a  uniform  and 
adjustable  distribution  of  the  primary  air  introduced  at  the 
base  of  the  prodmei'.  Such  a  distribution  is  particularly 
necessary  and  also  especially  difficult  to  obtain  in  gas  pro- 
ducers of  large  dimensions  in  which  the  air  is  introduced 
simultaneously  at  the  centre  and  at  the  jxMipherv  of  the 
zone  of  incandescent  fuel. 

The  primary  air  forced  by  a  blower  is  admitted  through 
the  conduit  A,  and  enters  the  steam  chamber  situate<l  at  the 
upper  part  of  the  water  jacket,  where  it  becomes  more  or  less 
saturated  with  steani,  and  thence  passes  through  the  two 
orifices  B  and  the  two  im-lined  conduits  K  into  the  reheating 
chaiiiber  R  at  C  The  inner  wall  of  this,  annular  rliainlnT  is 
in  direct  contact  with  exceedingly  hot  tinders,  tlu*  lower 
part  of  the  incandescent  layer  being  limited  to  the  level  of 
the  apertures  G  intended  for  tho  oxainination  of  tlic  layer  at 
the  lime  of  the  daily  cleaning.  The  (mter  wall  of  the 
vlianibor  R  is  pierced  at  its  lower  part  witli  opeiiing^" 
arranged  at  90^  from  the  apertures  C.  These  openings  give 
access  to  the  reheated  luixtu ro  of  priiuarv  air  and  steam  into 
the  central  oone  T  through  the  conduits  F.  Tlie  bottom  of 
the  annular  relieating  chamber  R  is  pierced  throughout  it* 
entire  periplierv  with  a  pert  ures  O.  which  likewise  enable 
tlu、  niixt lire  of  primary  air  and  steani  (aftor  rehoatii\g) 
to    po  not  ra  t  o    to    a    g  re  a  t《、 r    or    less    oxtoiit     into  the 
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annular  space  H  comprised  between  the  lower  bell 
with  hydraulic  seal  and  the  inner  extension  of  the 
truncated  cone  of  the  producer.  This  inner  part  of  the  cone 
ends  in  a  grating  formed  by  an  assemblage'  of  lialf-roiuul 
bars  wliicli  are  arranged  very  close  together  so  as  to  retain  tlie 
cinders,  their  flat  portion  being  directed  towards  the 
interior  D. 

The  mixture  of  air  and  steam  which  enters  tliis  aiiinilar 
space  H  passes  through  the  layer  of  cinder  over  its  entire 
periphery  and  proceeds  progressively  to  the  interior  in  rising 
and  mixes  with  a  similar  mixture  entering  at  the  successive 
steps  of  the  central  cone.  The  valves  V  arranged  in  the 
conduits  F  are  intended  for  regulating  the  proportion  of 
priiuarv  air  and  steam  passing  through  the  cone  and  the 
apertures  0，  the  partial  closing  of  these  valves:  increasing  tli© 
admission  at  the  periphery  and  reducing  the  admission  at 
the  ceiil ral  co'iie .  The  .sect i or  of  the  conduits  F  is  such  that, 
if  necessary,  they  can  supply  the  whole  of  the  primary  air 
and  steam  after  re -heating. 

The  apparatus  is  supported  by  the  cast  iron  pillars  in 
such  a  manner  that  the  conical  terminal  bell  is  immersed  iu 
the  water  of  the  lower  trough  to  an  extent  sufficient  to 


A  Belgian  Design  of  Gas  Producer. 

enable  the  hydraulic  seal  to  withstand  the  maximum  pressure 
that  can  exist  in  the  apparatus.       The  cocks  P  serve  as 
purge    rocks    for    the    steam,    which    condensesi    when  the 
apparatus  is  started  for  tlie  first  time  until  the  normal  course 
of  the  heating  is  attained.     The  fuel  is  introduced  through 
' the  charging  hopper  at  the  top,  which  comprises  a  principal 
cone  controlled  by  a  lever  with  rolling  couiiter-weiglit .  When 
j;  this  lever  is  lifted  the  cone  descends,  carrying  with  it  the 
i:  hollow   hemisphere   which   closes   its   up])er   orifice.  This 
y  hemisphere  can,  however,  be  depressed  alone  by  lifting  its 
Ij  own  lever,  the  suspension  rod  of  the  sphere  being  able  to 
！  slide  in  a  sleeve  to  which  the  principal  cone  is  fixed.  Owing 
il  to  these  two  independent  movements  the  fuel  can  be  very 
！  readily  distributed  with  great  uniformity  over  the  entire 
I  surface.   A  movable  cover  forming  a  hydraulic  joint  prevents 
I  any  loss  of  gas  when  the  fuel  is  allowed  to  fall  into  the 
,i  producer. 

I  ,    Association  of  Mining  Electrical  Engineers. ―  Examinations  for 
t  fii]st-{.'lass,  secoud-rlavSS,  and  service  certificates  in  coiniectiou 
I;  with  this  Association  are  to  be  held  from  March  1 6th  to  23rd 
i^ej^t.      These  examinations  will  be  held  simultaneously  at 
lEdmburgli,  Glasgow,  Newcastle-on-Tyiie,  Whitehaven,  Slief- 
l^ld,  Manchester,  Nottingliam,    Binuiiighani,    and  Cardiff. 
jApplication  forms  may  be  obtained  from  the  secretary,  Bank 
Chambers,  London  Road,  Derby. 


AUXILIARY  MACHINERY  FOR  INTERNAL-COMBUSTION 
ENGINED  VESSELS. 

The  adjourned  discussion  on  Mr.  W.  R.  Cummins'  paper  on 
" Auxiliary  Machinery  for  Internal -com  bust  ion  Engined 
Vessels  '，  was  held  at  the  Institute  of  Marine  Engineers,  Strat- 
ford, E.,  on  Mjoiiday,  February  5th.  Mr.  G.  W.  Newall 
(M ember)  presided. 

A  cojiuuiuiiralioii  fruin  Mr.  Cuiniiiins  in  reply  to  the 
previous  discussion  was  read  by  the  hon,  secretary.  In  the 
CO i;rse  of  his  I'^ply,  Mr.  Cummins  said  he  agreed  witli  Mr, 
TirnpKon  that  British  manufact urers  of  auxiliary  machinery 
for  the  engine-room  were  as  far  advanced  as  their  foreign 
competitors.  There  did  not  seem  to  be  much  doubt  that 
compressed  air,  as  a  transmission  system,  was  inferior  to  elec- 
tricity in  efficiency.  In  regard  to'  Mr.  Durtnairs  proposal  to 
generate  at  various  voltages,  he  asked  if  the  armature  would 
be  strong  enough  to  stand  the  strain  in  cases  of  sudden  stop- 
page of  the  winch .  Auxiliary  machinery  on  trawlers  should 
be  of  the  most  robust  description,  and  should  be  economical 
toi  run.  For  such  small  boats  the  use  of  electricity  was  not 
advisable.  In  reference  to  the  remarks  on  compressed  air, 
certain  claims  were  made  as  to  the  vastly  increased  efficiency 
of  the  closed  circuit  system  compared  with  that  in  which  the 
air  wa'Si  compressed  from  atmosplieric  pressure. 

In  opening  the  discussion  the  chairman  remarked  that  tlie 
subject  was  of  peculiar  interest,  a&  the  centenary  of  the  pas- 
senger steamer  had  just  been  completed,  and  the  comparison 
between  the  "  Comet  "  and  modern  liners  was  an  indication 
of  tho  growth  of  the  steam  engine.  It  was  now  proposed  to 
substitute  the  oil  engine  for  the  steam  engine.  There  were 
many  difficulties  to  be  overcome,  and  he  thought  it  would  be 
many  years  before  they  oould  expect  a  high-class  pas&enger 
vessel  without  steam. 

Mr.  E.  Shack  let  on  said  the  oil  engine  had  ceased  to  be  in 
the  experimental  stage .  Only  last  week  the  "  Zealandia,"  a 
10, 000 -ton  vessel,  with  three  oil  engines  of  a  total  power  of 
3,200  li.p. ,  had  passed  her  trials,  and  many  other  large  vessels 
were  in  course  of  construction.  The  wreck  of  the'  "Roniagna" 
was  not  an  instance'  of  failure  on  the  part  of  the  Diesel 
engines  ；  in  fact,  it  gave  an  example  of  how  splendidly  the 
engine  worked  under  bad  weather  conditions. 

Mr.  W.  P.  Durtnall  said  the  electric  motor  for  auxiliaries, 
when  first  introduced  on  board  ship,  was  not  a  mechanical 
engineering  appliance,  but  to-day  machines  could  be  obtained, 
in  the  form  of  polyphase  induction  motors,  that  could  stand 
comparison  with  any  class  of  mechanical  machinery.  The 
main  current  was  conveyed  from  th-e  generators  to  all  the 
stationary  units.  With  regard  to'  the*  variable  voltage  system 
and  the  possibility  of  sudden  stoppage  causing  shock  to  the 
armature,  the  conditions  could  be  met  even  on  the  constant 
voltage  system,  but  it  would  mean  that  the  engine  would  still 
be  running  on  the  full  working  current  ；  but  with  continuous 
current  and  variable  voltage  the  difficulty  could  be  overcome 
economically. 

Mr.  William  Walker  considered  it,  would  be  impracticable 
to  have  an  oil  engine  for  each  independent  unit,  and  while  oil 
might  be  used  for  driving  the  main  engine,  other  forms  of 
power  might  be  found  to  be  better  for  tlie  auxiliaries.  He 
thought  electricity,  provided  suitable  machines  could  be 
obtained,  would  be  best  for  deck  purpo&es.  He  mentioned 
that  in  seve'ral  London  central  power  stations  motor-driven 
pumps  were  being  abandoned  and  steam  was  again  being  re- 
verted to,  in  the  fonn  of  a  modification  of  the  turbine  and 
the  Gwynn  pump.  It  was  evident,  therefore,  that  there  were 
conditions  under  which  steam  was  still  proved  to  be  most 
efficient. 

Mr.  E.  H.  Evans  cited  instances  where  electrical  machinery 
had  been  in  use  for  many  years  in  the  Royal  Navy. 

The  meeting  closed  with  a  vote  of  thanks  to  the  chairman. 


The  Society  of  Engineers.— A  meeting  of  this  society  will  be 
held  oil  Mondav,  Maidi  4tli,  at  the  Institution  of  Electrical 
Engineers,  A^ictoria  Enibanknieut,  W.C.，  when  a  paper  will 
be  read  on  "The  Trolley  Vehicle  System  of  Railless  Traction  " 
by  Henry  C.  Adams,  Assoc. M. Inst. C.E. 
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THE  BALANCING  OF  LOCOMOTIVES.— I. 

BY     JAS.  DUNLOr. 

Introductory. 

A  PEUFKCTLY- BALANCED  locomotive  uiav  be  defined  as  one 
in  which  the  moving  parts,  whether  revolving  or  reciprocating, 
move  in  such  a  manner  at  all  times  as  to  maintain  the  centre 
of  gravity  of  the  whole  engine  unaltered.    The  fact  that  the 

C 


Fig.  1.— Showing  Centru-itgal  and  Inertia  Kfi-kcts  of  Equal  Revolving 
AND  Kecipuocating  Wkights.  for  6  TO  ]  Katio  of  Connkcting.Kou  to  Crank. 
AND  15  Deghee  Crank  Angles. 

great  majority  of  the  locomotives  built  have  two  cylinders 
only,  the  pistons  of  which  are  connected  to  cranks  set  at  90° 
apart,  makes  it  practically  impossible  to  have  perfect  balance 
in  these  engines. . 

So  far  as  revolving  parts  are  concerned,  per- 
fect balance  can  be  attained  in  all  cases  by  means 
of  suitably  placed  balance  weights  in  the  wheels, 
the  fact  that  the  parts  ar&  revolving  in  a  different 
plane  to  that  in  which  t  he  balance  weights  are 
revolving  having  no  significance  further  than  that 
of  necessitating  a  rigid  relation  between  tho 
weight  of  the  parts  and  the  balance  weights,  along 
with  a  correspondingly  definite  angle  between 
the  balance  weights  in  opposite  wheels,  ？丄， 
wheels  on  one  and  the  same  axle.  In  other 
words,  by  a  suitable  choice  of  balance  weights 
and  the  angles  between  the  weights,  the  revolving 
parts  of  a  locomotive  may  be  perfectly  balanced 
around  their  centre  of  revolution  and  at  the 
same  time  perfectly  balanced  in  relation  to  the 
longitudinal  centre  plane  of  the  engine. 

The  fact  that'  the  cylinders  are  placed  on 
either  sid?  of  the  longitudinal  centre  plane  of  th? 
engine  horizontally,  or  approximately  hori- 
zontally, results  in  the  rec'i]M*ocating  parts  pro- 
ducing altornatiiig  horizontal  forces  wliich  act  to 
turn  the  engine  around  a  vertical  centre  in  opposite* 
directions  alternately.  The  only  means  by  which 
a  reciprocating  part  can  b?  perfect ly  balanced  h 
by  providing  an  ei|ual  reciprofating  weight 
moving  equal  amounts  in  opposite  directions  in 
the  same  plane  at'  all  times.  As  this  provision 
is  not  practicable  in  a  2-c-ylinder  engine,  it  is 
usual  to  provide  revolving  weights  in  tl"、  whoels 
for  the  purpose  df  balancing  as  fa r  as  it  is  ])ossiblo 
to  balaiu'o  tho  m'iproratiug  parts  by  revolving 
weights.  11  is,  of  i-nursp,  wo  11  enoiigli  known  that  a  、v，、ii;l" 
revolving  around  a  oonlie  prodiuos  a  centrifugal  force  which 
acts  radially  and  tends  to  pull  the  centre  in  whichever^radial 
dim'tio"  tho  weight  happens  to  be  at  any  given  instant.  Bv 


the  well-known  parallelogram  of  forces,  the  radial  force  may 
be  resolved  into  two  hannonic  forces,  maintaining  the  weight 
ill  its  circular  path.  In  the  case  of  a  weight  in  a  locomotive 
wheel,  these  harmonic  forces  act  horizontally  and  vertically 
respectively.  As  a  reciprocating  weight  produces  its  un- 
balanced effect  only  in  the  direction  in  which  it  is  guided ― 
the  horizontal  in  this  case ― the  balance  weights  horizontal 
force  will  more  or  less  balance  the  effect  of  the  reciprocating 
weight,  but  the  vertical  force  of  the  balance  weight  will  be  an 
unbalanced  force  at  all  times.  It  is  this  latter  fa<，t  which 
constitutes  the  greater  part  of  the  problem  of  balancing  a  loco- 
motive. 

Tlie  fact  that  the  coimectiug  rods  are  of  definite  lengths 
and  have  one  end  reciprocating  with  the  piston  rod  crosshead 
while  the  other  end  revolves  with  the  crank  pin  constitutes 
another  considerable  part  of  the  problem — first,  because  of 
the  definite  lengths  making  the  unbalanced  reciprocating 
effect  unequal  at  the  ends  of,  and  throughout,  the  two  halves 
of  the  stroke,  thus  upsetting  the  balancing  effect  produced  by 
the  horizontal  harmonic  force  of  the  revolving  balance  weight, 
and,  second,  because  of  the  fact  that  these  rods  having  neither 
a  purely  reciprocating  or  revolving  motion  cannot  be  per- 
fectly balanced  except  by  similar  parts  moving  equal  amounts 
in  oppo<;ite  directions  in  the  same  plane  and,  around  the  same 
centre  of  revolution.  As  such  a  construction  is  practically  an 
impossible  one  on  a  locomotive,  it  is  usual  to  provide  revolving 
weights  in  the  wheels  for  the  purpose  of  balancing  as  far  as 
it  is  possiblo  to  balance  the  connecting  rods  by  revolving 
weights.  It  will,  of  course,  be  understood  that  owing  to  the 
vertical  pendulum  action  of  the  connecting  rods  the  balance 
thus  effected,  although  not  perfect,  is  superior  to  that  of  the 
reciprocating  parts,  as  some  considerable  proportion  of  tlio 
vertical  hannonic  force  of  the  connecting  rod  balance  wei (； ht 
will  be  counteracted  by  the  pendulum  action  of  the  rod. 
The  usual  expression  for  centrifugal  force  is 

W  v' 


C 


Where  11'  =  weight  in  pounds. 

V  =  velocity  in  feet  per  second. 
/  =  radiu.s  in  feet, 
= 32*2  =  acceleration  of  gravity  in  feet  per  second. 
= centrifugal  force  in  pounds. 
To  convert  this  into  a  form  making  use  of  dimensions  in 


r/ 

(， 


mi  rr.nFKCT  IUi.an*^ 


inches  and  speeds   in   luilos  per 
practice  iu  locomotive  calculations. 
Let   .1/  =  speed  in  miles  per  hour, 

D  =  diameter  of  wheel  in  inches. 


hour,   wliich  is  the  usual 
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then  C 


radius  in  inches  of  crank  or  of  centre  of  gravity 
of  balance  weight, 
W(2  X  3-1416  X  r'  X  336  Aiy 
V ~"        60  ) 

~\2 


X  r 


3-2  Wr" 


② 2 


From  tliivS  expression  the  centrifugal  force  of  a  iv'volvin" 
weight  can  be  touiul  for  any  given  sp(»ed,  and  it  is  to  be 


Fig.  1  illustrates  graphically  the  centrifugal  and  inertia 
effects  of  equal  revolving  and  reciprocating  weights.  If 
the  radius  of  the  circle  A  B  C  D  represents  to  any  scale 
tlie  centrifugal  (radial)  force  of  the  revolving  weight,  tl"'n 
the  polar  circles  on  the  horizontal  seini-diaiiieters  give  the 
horizontal  harmonic  forces,  and  the  polar  circles  on  the  vertical 
semi-diaiHeiers  give  the  vertical  harmonic  forces,  which,  as 
h?im'e  iioUh] ,  arc  entirely  luihalaiiccd  forces.  The  ollij)tical 
shaped  figures  plotted  on  t lit*  horizontal  ceiili-e  give  the  liori- 


FiG.  3.— Locomotive  with  Wobse-than-no-Balance. 


'5f!^!^i^)(f^'.，,;;rTW*^s<^?"^^ffi?^  T".  ，'- ，^！ i*^，'!f!"^i"i"^.?i^，〜y~-i.A'';w^;，'!ii^5'^i;^-、''，iJ(?，'，- 


FiG.  5.— Inside  "  Single  Driver  "  Locomotive. 


noted  the  unbalanced  or  inertia  effect  of  a  reciprocating  weight 
is  simply  this  expression  multiplied  by  an  expression  of  the 
connecting  rod  effect.    The  combined  expression  is 


w 


D 


r 

T 


cos  a  +  Try  cos  2a 


Where 


a  =  angle  through  which  the  crank  has  moved  for  any 
position  of  the  piston, 
=  length  of  connecting  rod  in  inches, 
=  weight  of  reciprocating  parts  in  pounds, 
Q  =  inertia  effect  of  reciprocating  parts  in  pounds, 
and  other  factors  have  the  values  already  given. 

The  (  — )  sign  is  to  be  taken  for  the  forward  stroke  and  the 
( + )  sign  for  the  backward  stroke. 

Values  of  Q  calculated  for  handy  use  are  given  in  Tables  I. 

and  11.  ，  the  value  of  3'2  W  being  equal  to  1. 


zantal  inertia  effect  of  the  reciprocating  weight.  All  the 
quantities  are  measured  radially  from  the  centre  O  to  the 
circumferences  of  the'  polar  circles  and  the  elliptical  figures. 
It  may  be  noted  when  the  crank  is  at  45°  above  or  below  the 
horizontal  centre,  or  forward  or  backward  of  the  vertical 
centre,  the  inertia  effect  of  the  reciprocating  weight  is  eyjal 
to  the  horizontal  effect  of  the  revolving  weight,  so  that  at 
these  four  positions  the  revolving  weight  perfectly  balances 
the  reciprocating  weight,  but  at  no  other  positions.  At  these 
four  positions  the  vertical  effect  of  the  revolving  weight  is,  of 
course,  equal  to  the  horizontal  effect. 

A  very  noticeable  point  is  that  the  connecting  rod  causes 
the  inertia  effect  to  be  greater  than  the  centrifugal  effect  at 
the  forward  centre  and  less  than  it  at  the  backward  centre. 
This  difference  is  dependent  on  the  ratio  of  connecting  rod 
to  crank,  and  is  shown  for  a  6  to  1  ratio.  That  is  to  say,  iu 
Fig.  1  the  inertia  effect  is  one-sixth  greater  than  the  centri- 
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Table  I. 一 Inertia  Effect  of  Beciprocatitig  Weights  at  various  Crank  Angles. 


Crank  angle. 

0° 

15° 

30° 

45° 

60° 

75。 

90° 

105" 

120° 

- 

135° 

150° 

165° 

180° 

Backward 
Stroke  ♦ 

r=4/' 

1-250 

1-1824 

•9910 

•7071 

■3750 

•0423 

-•250 

-•4753 

― • 6250 

-•7071 

-•7410 

- •  7494 

-•7500 

Z"=4r" 

11、 

1-200 

1-1391 

•9660 

•7071 

•4000 

•0858 

-•200 

-■4320 

-•6000 

-•7071 

― - 76(H) 

- • 7927 

-•8000 

r=5r" 

r=6/' 

1- 1666 

1-1102 

•  9493 

•7071 

•4167 

■1148 

-•1666 

-•4028 

-■5833 

-•7071 

― - 7827 

-•8216 

- - 8333 

r  =  6r" ' 

1 • 1428 

1-0896 

•9374 

•7071 

■4286 

•1351 

一 • 1428 

― - 3825 

in 

- -7071 

一 • 794G 

― - 8422 

― - 8572 

r=7/' 

l"=Sr" 

11250 

1-0741 

•9285 

•7071 

•4375 

•1506 

一 . 1250 

-•3670 

-•5625 

-•7071 

-•8035 

一 . 8567 

一 • 8750 

r=8r" 

Crank  angle. 

360° 

345° 

330° 

315° 

300° 

285° 

270° 

255° 

240° 

225° 

210° 

195° 

180° 

Forward 
<  stroke. 

Table  II. ― Inertia  Effect  of  Reciprocating  Weights  at  various  Piston  Positions. 


Piston 
Position. 

0 

.1 

•2 

•3 

•4 

•fi 

•7 

•8 

•9 

10 

Backward 
stroke.  ► 

r=4r" 

1  -  250 

■9382 

•3682 

•1137 

—  •1172 

--：?21() 

-  -4!)；!2 

- f)27!) 

-■7172 

- •  --.00 

〜 

11 

% 

I  •  200 

•9073 

•  6299 

•3(591 

•  1265 

一  - Of»(iO 

― -2!)(10 

一 -47"" 

- -(iltil 

一 - 7278 

- - 8 麵 

1-1()()G 

■8875 

- "220 

- 3708 

•  r.m 

- -0810 

一 • 2793 

― •  4~)ti() 

•  (i099 

- . 7308 

一 • 8333 

r  =  Cyr' 

1-1428 

■8737 

•blG9 

•  3732 

•  1438 

― . 0704 

一  -2()78 

•4472 

一  . ()0()5 

-•7441 

一 • 8072 

1"  =  —'r^ 

o 

•8637 

•  6136 

•3754 

•  1500 

-•0678 

-•2589 

-■4402 

—  •6044 

一 . 7499 

― • 8750 

r=%r" 

Piston 
Position. 

1-0 

•9 

■8 

•7 

■6 

•5 

•3 

■2 

•1 

0 

Forward 
«- ~~ stroke 

fugal  effect  at  the  forward  centre  and  on&-sixtb  less  at  the 
backward  centre.    The  perfect  balance  shown  at  the  45^  posi- 


Fio.  6.— Balajjcing  Diagram.     Inside  "  Single  Driver  " 
Locomotive. 


tions  is  not  an  accidental  effect  for  this  particular  ratio  of 
connecting  rod,  but  is  actually  a  constant  occurrence  with 
any  ratio  of  connecting  rod  as  may  be  noted  from  Table  I. 
For  that  reason  it  would  appear  that  in  all  cases  the  whole 
of  the  reciprocating  parts  of  a  loconiot ive  should  be  balanced, 
but  owing  to  the  disturbing  effect  produced  by  the  unbalanced 
vertical  harmonic  force  of  the  balance  weight  it  is  found 
nficessary  in  modern  practice  to  balance  only  about  two-thirds 
of  the  weight  of  the  reciprocating  parts.  The  alternate 
upward  and  downward  action  of  this  force  tends  to  rock  the 
locomotive  on  its  springs,  with  the  result  that  at  times  the 
rnoinentum  of  the  rocking  locomotive  assists  the  downward 
action  to  riuch  an  extent  that  a  pressure  is  imposed  on  the 
rail  considerably  in  excess  of  both  the  normal  wheel  load  and 
the  downward  centrifugal  force.  This  excess  of  pressure  has 
at  times  made  its  existence  so  manifest  as  to  have  earned  for 
itself  the  descriptive  title  of  hammer  blow."  Another 
effect  more  or  less  assisted  by  the  momentum  of  the  rocking 
locomotive  and  the  upward  centrifugal  action  is  the  tendency 
to  lifting  of  the  wheel  from  the  rail,  resulting  in  "  slipping,'* 
with  corresponding  wearing  of  "  flats  "  on  the  tyres.  By 
balancing  only  about  two-thirds  of  the  reciprocating  weights 
it  is  found  that  at  the  high  speeds  of  modern  locomotive 
operation  the  engines  ride  comparatively  easy  on  their  springs. 
The  inrM'eased  length  of  modern  locomotives  to  some  extent 
counteracts  the  deficiency  in  horizontal  balance. 

For  balancing"  purposes  tlie  reoiprcH-atiiit;  weights  consist 
of  the  piston,  the  piston  rod,  the  piston-rod  crossliead,  and 
half  the  weight  of  the  connecting  rod,  the  other  half  of  the 
connecting  rod  weight  being  taken  as  revolving  weight. 

Before  proceeding  to  demonstrate  how  these  weights  should 
be  dealt  with  in  balancing  a  locomotive  it  will  be  interesting 
to  notice  the  arrangements  made  for  balancing  the  nearest 
approach  to  a  perfectly  balanced  locomotive  ever  built  along 
witli  some  examples  of  how  balance  weights  should  not  be 
dealt  with. 

Fig.  2  illustrates  the  nearest  approach  to  perfec-t  balance 
so  far  attained  in  locomotive  construction.  The  enirine  was 
built  to  operate  a  motor  roach  service  on  the  Bavarian  Stato 
Railways.  It  is  of  the  four-wheel  coupled  typo,  with  outside 
cylinders  placed  niidwav  between  the  driving  wheels  on  either 
side.  There  are  two  pistons  in  each  t ylindor,  connected  front 
and  back  to  the  driviiiij  crank  phis,  each  by  the  usual  piston 
rod,  crosshead,  and  connecting  rod .  The  strain  arts  alter- 
nately between  and  on  the  out?r  faces  of  the  pistons,  producing 
tliG  effect  of  what  is  practu'ally  a  four-cylinder  engine.  The 
coupling  rods  aro  joi»it<*(l  to  overliuug  cranks,  the  pins  of 
which  on  the  front  and  back  wlieols  are  behind  aiul  in  advance 
of  tlie  main  oraiik  pins  respectively.  By  this  means  it  is 
ensured  that  tlio  pistons  will  move  equal  amounts  in  opposite 
directions  in  the  same  plane  at  all  times.  The  reoiprcnating 
parts,  therefore,  are  perfectly  balanced  without  the  necessity 
of  using  anv  balance  weight  whatever  in  the  wheels  for  that 
purpose.  The  overhunsr  cranks  and  tlie  coupling  roHs,  being 
purely  revolving  parts,  ar<^  completely  balanced  by  tlio  balance 
weights  shown  in  the  wheels,  the  only  point  in  which  the 
engine  falls  short  of  perfect  balance  being  the  fact  that  the 
connecting  rods  cannot  be  completely  balanced  by  revolving 
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weights.    The  difference  between  the  vertical  effect  of  the  driving  wheels  are  the  third  coupled  pair  from  the  front  of 

pendulum  action  of  the  t'onnerting  rods  and  that  of  the  tlie  engine,  and  as  the  inside  cranks  are  placed  opposite  the 

revolving  weights  provided  to  counteract  it  is  so  insignificant,  outside    cranks   in    tlie   wheels  the    balance  weights  on  the 

however,  that  "  hammer  blow  "  may  be  said  to  be  nozi-existent  driving  wheels  might  be  considered  to  have  some  pretence 
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Fifl.  7.— Scale  for  Determining  Locomotive  ConNTFii-BALANCE  Weights. 

with  this  engine.  It  may  be  pointed  out  that  even  without 
connectinii-rod  balance  weights  there  would  be  no  longitudinal 
unbalanced  forces.  It  is  not  pretended  that  this  construction 
of  locomotive  is  suitable  for  other  than  the  class  of  work  if 


to  correctness  of  position,  but  no  sane  theory  of  balancing  can 
account  for  actually  adding  to  the  unbalanced  revolving 
weights  attached  to  th&  two  leading  and  the  trailing  pairs 
of  coupled  wheels.  This,  it  will  be  noticed,  has  purposely 
been  done  by  the  slab  form  given  to  the  coupling  pin  bosses. 
The  wheels  are  of  welded  wrought  iron  construction,  and  the 
only  lightening  in  a  space  enrlosed  by  a  three-spoke  interval 
is  that  of  the  two  drilled  holes  clearly  shown  in  the  trailing 
wheels.  It  is  more  than  probable  that  "hammer  blow"  effects 
were  a  pronomiced  feature  in  tlie  running  of  this  engine  at 
any  considerable  speed.  It  is  not  at  all  probable  that  the 
inside  moving  parts  could  be  of  such  weight  as  to  require  any 
additional  outside  balance  such  as  shown,  even  with  the  whole 
of  the  reciprocating  weights  taken  into  account,  and  the  in- 
tention had  he-en  to  ensure  extreme  steadiness  longitudinally. 

Fig.  4  illustrates  a  locomotive  balanced  on  a  system  con- 
trolled by  the  Davis  Locomotive  Wheel  Company  under  the 


Fig.  8.— Outside  "  Single  Driver  "  Locomotive. 


is  applied  to,  the  whole  object  of  the  construction  being  to 
obtain  an  extremely  short  wheel  base  engine  with  no  forces 
acting  to  rotate  the  engine  around  a  vertical  centre. 

Fig.  3  illustrates  what  is  probably  the  worst  balanced  loco- 
motive ever  built.  The  engine  is  an  inside  cylinder  "  consoli- 
dation '' type,  and  in  six  out  of  its  eight  coupled  wheels  tlie 
balance  weights  are  placed  in  almost  exactly  the  opposite  side 
of  the  wheels  to  that  in  which  they  should  be  placed.  The 


patent  of  Mr.  P.  Z.  Davis,  of  Lometa,  Texas,  and  it  is 
claimed  that  by  arranging  the  balance  weights  in  the  fashion 
shown,  viz.,  in  two  separate  parts,  making  an  angle  of  120。 
between  each  part  and  the  crank,  the  revolving  and  recipro 
eating  parts  of  the  locomotive  are  perfectly  balanced  for  any 
sp38d  from  point  of  contact  witli  rail,"  whatever  that  ma 、- 
mean.  It  is  also  claimed  that  "  the  hammer  blow  on  the  n  il 
is  entirely  avoided.  "      As  regards  balancing  a  reciprocating 
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part  by  a  revolving  weight,  it  has  already  been  seen  from 
Fig.  1  what  the  possibilities  are  in  that  direct  ion,  while  as 
regards  the  separation  of  the  balance  weight  into  two  parts, 
and  the  particular  angle  at  whirli  tliey  are  placed,  it  may  be 
'M'cepted  that  for  all  practical  purposes  a  locomotive  wheel  is 
a  rigid  structure.  It  is  quite  inunaterial,  therefore,  so  far  as 
balancing  effect  is  concerned,  whether  one  or  two  weights  are 
u?ed  so  long  as  the  necessary  effect  of  weight  multiplied  by 
radius  is  obtained.     Consequently  tlie  most  that  can  be  said 


KiG.  9.— Balancing  Diagbam.  Outside 
"SiNGi-K  Drivku"  Locomotive. 

for  the  arrangement  illustrated  is  that  it  is  very 
symmetrical.  At  its  worst  it  employs  just 
twice  the  amount  of  balance  weight  that  would 
be  used  under  ordinary  circumstances  to  elTect 
the  required  balance,  and  consequently  un- 
necessarily increases  the  rail  load  to  that  extent. 

SiNGLK   DiUVKK  ENGINES. 

The  simplest  case  of  balancing  in  an 
ordinary  type  of  locomotive  is  that  of 
an  inside  cylinder  single  driver  engine,  such 
as  illustrated  in  Fig.  5.  Under  stress  of  modern  conditions 
of  railway  operation  this  typo  of  loromolive  is  rapidly  becom- 
ing obsolete,  but  the  cross  section  of  the  engine  illustrated 
ill  Fig.  6  will  demonstrate  to  locomotive  draughtsmen  a  prob- 
ably hitherto  unsuspected  virtue  in  their  45。  set  squares.  To 
find  tho  amount  and  the  position  of  the  balance  \voi;^lits  for 
this  engine  project  downwards,  from  tho  c-ross  soot  ion  drawiti*;, 
the  centre  lines  of  the  cylinders  and  of  tho  (cntrrs  of  gravity 
at  which  I  lie  balance  weights  are  intended  to  be  plared  in 
the  、vluH、l  riius.  At  right  antjles  across  I heso  linos  draw  tl"' 
line  A  B,  cutting  the  balance  weii^ht  centres  at  V  and  D.  Witli 
C  as  centre  describe  a  small  circle  to  imlicatc  the  crank  axl' 


Also  at  A  and  E  describe  small  circles  to  indicate  the  crank 
pins  at  right  angles.  Through  D  draw  D  F  at  an  angle  of 
45°,  cutting  the  cylinder  centres  at  G  and  H.  J  oin  C  G  and 
C  H.  Then  if  C  D— the  distance  between  I  lie  centres  of 
gravity  of  the  balance  weights —— represents  to  any  scale  the 
amount  of  weight  to  be  balanced  at  each  crank  pin,  the  lengths 
C  G  and  C  H  represent  to  the  same  scale  the  amounts  of  tlie 
balance  weights  required.  Also  tlie  angles  they  make  with 
each  other  and  with  the  crank  positions  indicated  are  the 
angles  at  which  they  must  be  placed  in  the  driving  wheels. 
The  construction  just  described  is  complete,  but  as  an  indica- 
tion of  its  accuracy  the  lines  J  G  and  K  IT  show  tliat  the 
weights  C  G  and  C  H  are  in  reality  each  a  conibinatioii  of  I  wo 
weights  at  right  angles  to  each  other,  and  at  the  same  time 
indicate  that  the  weights  C  G  and  C  H  ensure  transverse  as 
well  as  rotational  balance. 

It  may  be  noticed  that,  having  given  the  vertical  centres, 
anyone  familiar  with  the  construction  would  simply  draw  the 
three  lines  C  D-D  H  and  C  H,  and  from  theiu  understand  all 
that  the  complete  const  ruction  conveys.  For  this  typo  of 
engine  the  const  ruction  shows  certain  points  very  clearly. 

1.  The  angles  at  which  the  balance  weights  are  placed 
depend  entirely  on  the  cylinder  and  balance  weight  centres, 
and  have  nothing  whatever  to  do  witli  the  amount  of  tlie 
weights  to  be  balanced. 

2.  The  angle  between  the  balance  weights  is  always  less 
than  a  right  angle. 

3.  For  inside  2 -cylinder  engines  the  amount  of  balance 
weight  is  always  considerably  less  than  the  amount  of  weight 
to  be  balanced. 

Ascertaining  the  amount  of  weight  represented  by  tlie  lines 
C  G  or  C  H  (which,  of  course,  are  equal)  involves  at  the  most 
a  simplp;  proportion  sum,  but  even  this  labour  may  be  avoided 
by  mea'is  of  a  proportional  scale  such  as  illustrated  in  Fig.  7. 
If  the  draughtsman  prepared  such  a  scale  on  tracing  cloth  he 
will  be  able  to  move  it  up  or  down  on  his  drawiiig  until  the 
lines  representing  the  amount  of  weight  to  be  balanced  fall 
on  the  points  C  and  D.  Then  by  swinging  the  scale  on  the 
point  C  lie  can  read  the  value  of  C  G  or  ('  H  direct  .  Other 
uses  of  the  scale  will  be  made  evident  later. 

Fig.  8  illustrates  an  outside  cylinder  type  of  single-driver 
locomotive,  of  which  quit^-  a  nuiiiber  are  still  in  use,  but  of 
which  no  further  examples  are  now  being  built.  As  an 
example  of  balancing  it  serves  the  double  purpose  of  showing 
the  application  of  the  graphic  method  of  balance  weight  deter- 
mination to  outside  cylinder  engines,  and  in  doing  so  intro- 
duces an  extension  of  the  method  that  is  applicable  to  all 
coupled  engines.  The  cross-section  of  the  engine  is  illustrated 
in  Fig  9.  To  find  the  amount  and  the  position  of  the  balance 
weights  for  this  engin e  project  downwards,  from  the  cross- 
section  drawing,  the  centre  lines  of  tho  cylinders  and  of  tho 
centres  of  gravity  at  whicli  rhe  balance  weights  are  intended 
to  be  placed  in  the  wheel  rims.  At  right  angles  across  these 
lines  draw  the  line  A  B:  cutting  the  balaiu-e-weight  centres 
at  C  and  D.  With  C  as  centre  describe  a  small  circle  to  indicate 
the  driving  axle.  Also  at  A  and  E  describe  small  circles  to 
indicate  the  crank  pins  at  right  angles.  Through  1)  draw 
D  F  at  an  angle  of  45°,  cutting  the  cylinder  centres  at  G  and 
H.  Join  C  G  and  C  H.  Then  if  CD— the  distance  between 
the  centres  of  gravity  of  the  balance  weights ― represents  to 
any  scale  the  aniount  of  weiiihl  to  be  balanced  at  each  crank 
pin,  the  lengtlis  C  G  and  (，  11  represent  to  the  same  scale  the 
amounts  of  the  balance  weights  required.  As  outside  cylinder 
engines  have  crank  arms  formed  in  the  driving  wheels,  it  is 
iiecessarv  to  balance  these.  Opposite  t'ach  crank,  as  indk'al<*il. 
to  the  same  scale  as  C  D,  set  off  the  requisite  amounts  V  J  and 
CK.  With  CH  and  C  K，  also  with  C  G  and  V  J,  draw  tlu- 
parallelograms  C  H  M  K  and  C  G  L  J.  Join  C  L  and  C  M 
Then  C  L  and  C  M  are  tlie  actual  atnounls  of  ba】i"Ke  weijjhls 
required,  and  the  au*jles  I  hey  make  with  ciu'h  otlier  and  with 
the  crank  positions  indicated  are  the  angles  at  wliich  they 
must  be  placed  in  the  driving  wheels. 

Two  points  clearly  brouiiht  out  by  this  ronst ruction  are: 一 

(1)  The  angle  between  the  balance  weights  is  always 
greater  than  a  right  an^'le. 

(2)  For  outside  2-cvlinder  engines  the  amount  of  balanre 
woiglit  is  always  considerably  "、or，、  than  tlio  aniount  of  weight 
to  be  balanced. 

As  in  the  case  of  Fig.  6,  the  proportional  scale,  such  as 
illustrated  in  Fii:.  7,  inav  V>e  nse<1  to  ascertain  the  actual 
\  ilno^  of  tli'、  various  weight-s. 
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STEAM  PIPE  FAILURES  AND  "WATER-HAMMER." 

Failures  of  steam  pip^s  and  stop  valves  as  a  result  of 
" water-hammer  '，  have,  been  so  often  discussed  that  it  would 
seem  almost    unnecessary   to  refer  to   them  again,   but  a 


'、： 'i 

  1  ■ ― 

../o^l  ， 

Steam  tnlet 

REPom  No.  2,062.— SiccTioNAL  】':i>:vA'noN  AND  Sectional  Plan  of  Throttle 
Valvk.    The  Black  Portion  shows  the  part  that  was  Blown  Out. 


number  of  failures  recorded  in  recent 
Reports  show  that  the  lessons  of  past 
learned  by  men  in  charge  of  steam  power 
percentage  of  recent 
ones  are  directly- 
traceable  to  this 
cause.  The  first  of 
the  batch  of  failures 
under  notice,  Reporfc 
No.  2,062，  arose  be- 
cause those  in  charge 
attempted  to  drain 
water  from  a  range 
of  pipes  while  they 
were  in  open  com- 
munication with  the 
boilers.  The  risk  of 
this  proceeding, 
especially  with  cast- 
iron  pipes,  has  been 
repeatedly  illus- 
ti'ated.  If  water 
is  known  to  exist  in 
a  length  of  steam 
piping     the  stop 


Board    of  Trade 
failures  are  slowly 
plants,  for  a  large 


valve  oontrolling  steam  admission  sliould  be  shut,  or  if  the 
press  lire  in  tlio  pip&si  is  not  suflicieiit  to  drive  out  the  water 
the  valve  should  be  ea*sed  in  the  gentlest  manner  possible 
until  the  water  is  all  drained  away  and  tlie  pipes  heated  up. 
During  this  proceeding  the  risk  of  "  water-hammer  "  sliould 
be  reoogni&ed,  and  someone  should  stand  by  tlie  valve  to  &hufc 
it  instantly  if  need  be. 

In  the  case  of  Report  No.  2,081,  which  occurred  at  a 
textile  mill  at  Wigan  on  September  4th  last,  the  "  water- 
hanimer  ，，  was  brought  about  by  opening  a  stop  valve  when 
there  was  an  acx;uinulation  of  water  in  the  pipes,  resulting 
from  condensation  during  a  week-end's  stoppage,  and  which 
defective  drainage  had  failed  to'  relieve.  This  plug  of  water 
was  then  driven  forward,  and  burst  a  rectangular  and  weak 
section  of  the  pipes  just  below  the  engine  stop  valve.  The 
moral  of  this  case  is  that  attendants  should  make  sure  before 
turning  steam  into  pipes  that  the  drain  taps  are  in  working 
order,  and  that  no  accumulation  of  water  exists. 

In  the  third  case,  No.  2,063,  in  which  the  cast-iron  boiler 
stop  valve  was  fractured,  it  is  not  clear  how  the  "  water- 
hammer  ，， was  brought  about,  but  the  evidence  of  the 
attendant  as  to  what  he  did  immediately  before  the  accident, 
and  by  which  h©  was  scalded,  is  not,  according  to  tine  report, 
far  from  doubt.  The  boiler  was  fitted  with  a  superheater, 
consisting  of  a  number  of  vertical  tubes  hung  in  the  down- 
take  of  a  Lancashire  boiler,  and  it  is  suggested  that  under 
certain  conditions  the  water  may  have  be-en  driven  out  of 
these  into  the  steam  pipes  as  steam  was  being  raised,  and  so 
led  to  "  water-hammer."  It  would  seem,  therefore,  that  in 
the  working  of  superheaters  in  wliich  any  accumulated  water 
has  to  be  boiled  away  before  it  is  in  proper  operation,  care 
needs  to  be  exercised. 

Of  two  other  steam- pipe  failures  recorded,  one  (Report 
No.  2,088)  occurred  in  a  steam  ship,  as  a  result  of  excessive 
vibration  owing  to  bad  weather,  coupled  with  slackness  in 
the  riveting  of  the  engine  seat  and  the  holding-down  bolts. 
This  developed  a  circumferential  fracture  in  a  solid-drawn 
copper  steam  pipe,  close  to  the  flange  uniting  it  to  the  engine 
stop  valve.  The  failure  in  itself  was  slight,  but  it  partially 
disabled  the  vessel,  which  in  consequence  was  compelled  to 
return  to  port  for  repairs.  The  second  (No.  2,090)  occurred 
at  an  engine  works  at  Patricroft,  and  was  due  to  the  failure 
of  a  6in.  steel  pipe  where  it  was  screwed  into  a  cast-iron 
flange,  owing  to  corrosion,  which  had  eaten  away  the  thread 
until  it  was  incapable  of  withstandiug  the  working  pressure . 
It  is  of  interest  to  note  that  in  none  of  the  above  cases  was 
the  steam  piping  arrangements'  inspected  by  independent 
authorities,  though  in  several  instances  the  boilers  were 
insured  ；  it  appears  desirable,  therefore,  to  point  out  to  steam 
users  that  the  ordinary  policy  of  insurance  only  extends  to  the 
boiler  stop  valve,  and  that  if  owners  wish  periodical  super- 
vision of  their  steam  pipe  systems  it  is  necessary  to  make 
special  arrangements  with  the  insuring  company. 

Convenient  reference  may  here  be  made  to  tlie'  failure  at 
Stoke-on-Trent,  on  October  22nd,  of  a  cast-iron  branch  pipe 
couneoting  the  bottom  of  a  Lancashire  boiler  to  the  blow-off 


(O  Frjp  Or  9'"  'ej&'ng  "tto  Qpar.%*rf»a  pipe  . 

Report  No.  2,0S1.— End  and  Side  Elevatio.ns  ok  Stkam  Pipe  Kanci:. 
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valve.  The  fracture  was  due  to  an  objectionable,  but  not 
uncommon,  defect  in  blow-off  waste  pipes,  viz"  lack  of 
freedom  of  movement,  the  pipe  being  cemented  fast  in  a 
cross  wall  through  which  it  passed  on  its  way  to  the  sump, 
into  whicli  the  end  discharged.    As  a  result  of  this,  severe 


Hki'(»rt  No.  2,063.— Views  snowiNfj  Arkan (； ement  of  Steam  Piping  am)  Position 

OF  KKA*  TUUKO  STOP  VaLVE. 

stresses  were  induced  in  the  pipe,  and  it  fractured  all  the 
way  round  at  one  of  the  flanges  when  the  contents  of  tlie 
boiler  escaped  at  a  pressure  of  ISOlbs.  on  the  inch,  and 
severely  scalded  the  boiler  attendant. 


THE  JUNIOR  INSTITUTION  OF  ENGINEERS, 

Tin:  annual  dituier  of  tlie  above  Institution,  which  was  held 
o!i  Saturday  last  at  the  Hotel  Cecil,  p raved  a  great  success  ； 
the  President  of  the  Institution,  Conimendatore  G.  Marconi, 
D.Sc,  LL.D.,  being  in  the  chair,  and  amongst  the  other 
quests  may  be  mentioned  Vice-Admiral  Sir  H.  B.  Jackson 
(coMiinaiuliiig  tlie  Royal  Naval  War  College),  Engineer  Vice- 
Admiral  Sir  Henry  J.  Oram,  Sir  George  Greenhill,  Mr.  G. 
C.  llorsley  (President  of  tlie  Architectural  Association),  Prof. 
John  Perry,  Count  Albiz  (managing  director  of  tlie  Spanish 
Ma rcoiii  Conipany),  Mr.  G.  C.  Isaacs  (managing  director  of 
Marconi's  Wireless  Telegraph  Company,  Ltd.),  Major  H.  B. 
Strange,  Prof.  H.  J.  Spooner,  Mr.  W.  B.  Bryan  (Engineer 
to  the  Metropolitan  Water  Board),  and  Mr.  T.  E.  Gatehouse. 

The  toast  of  the  evening  was  Electrical  Interconnnuni- 
cation/'  submitted  by  Prof.  John  Perry,  who  in  tlie  course 
of  his  remarks  said  that  wireless  telegraphy  had,  taking  into 
consideration  the  fact  that  it  was  still  a  little  known  subject, 
made  great  progress,  and  showed  promise  of  future  rapid 
(Icvclopmeiit.  Cabk  work  had  advanced  by  leaps  and  bounds, 
aiul  lu>  would  call  attention  to  the  cable  from  the 
Azores  to  America,  whicli  could  send  2120  lett(、rs  a 
minut<\  or  each  way  440  letters  a  minute.  Across 
tlio  Atlantic,  by  means  of  its  eleven  cables,  four  newspaper 
columns  could  be  sent  in  ten  minutes.  Messages  at,  halfpenny 
a  word  had  been  talked  about  by  Sir  IltMiiiiker  Ileaton,  but 
the  difficulty  of  speeding  up  tho  cables  was  not  realised  bv 
the  general  public.  In  a  very  short  time,  he  was-  told,  lliev 
would  be  able  to  telephone  from  New  York  to  San  Francisco, 
ami  from  London  to  any  】）ai't  of  tho  British  Islos.  but 
perhaps  beforo  many  years  had  passed  tlio  inhabitants  of 
Tohoran,  Persia,  would  be  able  to  on  joy  a  Covent  Garden 
opera.  It  is  interesting  to  not^  that  in  the  Unitod  Stat<^s 
tliore  were  6,000,000  telephones  in  use. 


The  President,  in  responding  to  this  toast,  said  wireless 
telegraphy  had  travelled  a  long  way  in  distance  covered, 
practicability,  reliability,  and  efficiency  since  lie  read  his 
first  paper  before  the  Institution  of  Electrical  Engineers. 
The  introduction  of  high-speed  apparatus  enables  ladio-t^le- 
grapliy  to  successfully  compete,  as  regards  speed,  with  long 
distance  cables.  Wireless  telegraphy,  he  thought,  could 
make  use  of  the  improvement  introduced  in  cable  working, 
and  wireless  telegraphic  speed  was  more  or  less  a  mechanical 
problem.  Atmospheric  electricity  difficulties  had  been 
gradually  but  surely  overcome,  and  iiiiproveinents  in  the 
receiver,  and  the  effective  utilisation  of  a  larger  amount  of 
energy  in  the  transmitters  liad  been  made.  The  natural 
effects  did  not  have  the  same  pull  as  they  used  to  have,  owing 
to  the  impulse  at  the  receiving  stations  being  so  much 
stronger  than  formerly  at  a  given  distance,  and  in  ship  work 
interference  due  to  atmospheric  conditions  was  very  small. 
These  new  improvements  made  frequent  communication 
possible,  and  in  the  tropics,  overland  stations  for  a  distance 
of  1,000  miles  were  often  in  touch  with  one  another. 

Mutual  interference,  although  tliey  had  only  one  ether, 
he  thought  would  be  minimised,  as  had  been  done  in  ships  ； 
and  a  larger  number  of  high-power  stations  in  England  and 
Ireland  had  proved  possible  without  mutual  interference. 
The  ease  with  which  the  number  of  stations  could  be  worked 
efficiently  without  interference  will  determine  the  extent  of 
the  use  of  wireless  eoniniuiiication .  The  International  Con- 
vention had  fixed  the  wave  lengths,  and  in  his  opinion  this 
caused  some  of  the  interference  which  took  place.  This 
could  be  overcome  if  a  third  and  longer  wave  was  authorised. 

The  number  of  ships  equipped  witli  radio-telegraphy  was 
very  large  as  compared  with  three  years  ago,  and  the  receipts 
for  messages,  both  in  finance  and  commerce,  also  showed  a 
juuch  greater  increase.  This  could  not  have  been  obtained 
if  the  interference  had  increased  with  the  number  of  installa- 
tions in  use.  His  experience  taught  him  that  the  wave 
lengths  at  present  available  ranged  from  6in.  to  30,000ft., 
and  this  fact  should  be  borne  in  mind.  With  a  wave  length 
of  Gin.,  communications  for  several  miles  could  be  obtained, 
but  longer  waves  are  necessary  for  long  transatlantic  dis- 
tances. Mutual  interference  was  being  overcome,  too,  by 
the  wave-group  tuning  and  directive  systems  available.  Waves 
(lid  not  go  all  round  and  become  a  nuisance  to  people  who 
would  rather  be  without  them,  even  though  they  spread  a 
bit,  as  the  result  of  oscillation.  These  and  many  other  im- 
provements with  whicli  he  was  in  touch  com'im'ed  him  that 
the  new  method  of  t'ommunicatioii  was  destined  throughout 
the  world  to  be  of  the  greatest  importance  in  facilitating 
communication. 

Anotlier  interesting  feature  of  the  evening  was  the  pre- 
sentation to  Mr.  、Valt<M'  T.  Dunn  of  an  illuminated  address 
and  a  cheque  in  recognition  of  his  late  services  as  secretary 
for  27  years. 


UicpouT  No.  2,0Sfi.— ViF.w  siiowiNij  Wastk  Pipk  HnrNO  Fast  in  Ciioss  \V 

The    other    toasts    wero    *'  Tho    Junior    Institution  of 
Engineers,"  proposed  by  Mr.  Gerald  C.  Hoi-sley.  Mr.  Dunn 
rospondintj  ；    ami    **  Tlie   President.  '    proposed   l>y    Mr.  S 
Bylanclor. 
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ELECTRICITY  IN  COAL-MINING  OPERATIONS. 

At  a  recent  iiieetiug  of  the  West  of  Scotland  Hraiirli  of 
the  Association  of  Mining  Elecirical  Engineers,  Mr.  W.  H. 
Telfer,  of  Glasgow,  delivered  an  i  n't  e  res  ting  address  on 
" Electricity  in  Coal-niiuing  Operations,  with  Special  Refer- 
ence to  Safety  and  Reliability."  Mr.  Telfer  said  that  in 
Lanarkshire  they  had  been  able  to  work  very  thin  seams  of 
coal  ill  competition  with  the  thick  seams',  and  the'  success 
of  this  had  been  due  in  great  part  to  the  adoption  of  elec- 
tric power  for  coal-cutting  and  coal-face  conveyers.  The 
commercial  success  of  working  these  thin  seams  was  of  vital 
importance  in  view  of  the  fact  that  the  thick  and  favour- 
ably-situated seams  were  being  rapidly  exhausted.  For  the 
various  operations  underground,  it  was,  be  stated,  generally 
admitted  that  in  the'  majority  of  case's;  electricity  was  the 
most  economical  and  the  simplest  form  of  power  to  install 
and  distribute.  There  were,  however,  both  cases  and  places 
in  which  the  older  systems  of  transmission  of  power  by  com- 
pressed air,  steam,  or  wire  ropes  were  more  e<^onomical  and 
in  certain  places  safer.  It  "was  well  that  both  electrical  and 
mining  engineers  should  recognise'  this,  and  not  apply  elec- 
tricity indiscriminately; 

A  great  deal  had  been  heard  recently  about  the  use  of 
electricity  in  mines  from  the  point'  of  view  of  safety.  Elec- 
trical apparatus,  cables,  &c.,  were,  he  observed,  like  many 
other  things,  not  free  from  danger  if  improperly  installed  or 
used .  Reliability  would,  he  considered,  be-  increased  and 
danger  reduced  to  a  minimum  if  the  following  important 
points  were  observed  with  regard  to  all  electrical  apparatus 
in  use  in  mines.  They  should  bo  strongly  constructed,  of 
good  design,  with  the'  best  material  and  first- class  workman- 
ship. All  electrical  apparatus  should  be  of  ample  capacity 
for  its  work,  and  all  motors  should  work  well  under  their 
rated  power.  It  might  be'  argued  that  to  put  in  a  motor  of 
20  li.p.  where  16  h.p.  was  the  normal  load  was  bad  policy 
from  the  point  of  view  of  economy,  but  it  was  the  very  oppo- 
site in  practical  working.  Any  extra  capital  cost  or  small 
extra  consumption  of  current  would  he  easily  outbalanced  in 
more  reliable  and  safer  working  and  longer  life  of  the 
machine.  The  same  remarks  were  applicable  to  switchgear, 
which  should  be  of  ample  current-carrying  capacity. 

Mr.  Telfer  said  the'  three  principal  sources  of  danger 
from  the'  use  of  electricity  in  mines  were :  (1)  Shock  ；  (2) 
fire;  (3)  ignition  of  gas  or  coal  dust .  As  most  of  the  acci- 
dents in  connection  with  electricity  had  hitherto  been  due 
to  shor;k,  it  followed  thai  insulation  was  most  important. 
This  should  he  as  perfect  as  possible,  and  all  dangerous 
and  live  parts  should  be  well  guarded.  Cables  should  be  of 
ample  section  for  the  current,  and  material  used  for  insula- 
tion should  be  of  good  quality  and  subject  to  little  deteriora- 
tion. Dampness  and  electrical  iiiachiiiery  did  not  agree  at 
all,  A  dry  situation  was  the  best,  and  where  this  was  not 
possible  means  must  be'  taken  to  keep  at  least  the  electrical 
parts  free  from  moisture. 

One  of  the  greatest  dangers  attending  the  use  of  elec- 
tricity was,  he  continued,  the  risk  of  fire  with  its  attendant 
consequences  to  life'  and  property.  This  risk  could,  lie  said, 
be  pretty  well  eliminated  by  adopting  the  following  rules : 
All  generators,  motors,  switchgear,  and  fuse  boxes  should  be 
put  in  houses  or  places  of  wholly  fireproof  construction,  or 
at  least  so  constructed  in  the  immediate  vicinity  of  the  gene- 
rators, &c.  Portable  motors  should  have  flame-tight  casings. 
Proper  fuses  or  other  means  for  automatically  cutting  out 
the  current  should  be  inserted  in  every  circuit.  All  joints 
ill  cables,  of  of  cables  to  terminals,  should  be  mechanically 
and  electrically  sound.  Electrical  plant  and  everything  in 
connection  with  it  must  be  well  maintained.  Rough  slip- 
shod work  or  repairs  which  might  for  a  time  in  other  classes 
of  mining  machinery  do  the  turn,  were  no  use  in  electrical 
work,  if  good  results  and  safety  were  desired.  If  originally 
■well  const ructed,  of  ample  capacity  and  iiitelligentlv  used, 
j  thei'e  was  no  class'  of  machinery  more'  easily  】naintaiiie(l  in 
I  good  and  safe  condition.  One  of  the  simplest  but  one  of  the 
most  important  points  with  regard  to  its  maintenance  was 
i  perfect  cleanliness.  Dirt  aroouiited  for  a  good  many  of  the 
■j    failures  of  electrical  machines. 

The   intelligent    use    of    all    electrical    macliiiiery  and 
apparatus  was  of  the  greatest  importance.    In  every  mine  in 


which  electricity  was  used  to  any  oxteiit  there  should,  he 
said,  be  a  conipetoiit  person  in  cha I'lJ^e  of  all  <'lectncal  work. 
Tlie  efficient  and  safe  working  of  th(>  plant  greatly  (Jcpcmlcd 
on  his  skill  and  the'  interest  and  care  he  devoted  to  his  work. 
But  mor&  than  this  was  necessary.  Every  official  of  the 
mine  and  every  person  who  was  working  electrical  plant 
shoi'kl  liave  sonie  knowledge  of  electricity,  electrical 
apparatus,  and  electrical  rules.  The  knowledge  iiecessai'y 
would  vary  according  to  the  position  they  occupied,  but  it 
should  be  as  much  at  least  as  would  ensure  the  working  and 
niaintenaiu'o  of  all  ele<'trical  plant  with  safety  and  efficiency. 
This  knowledge  could  be  acquired  in  various  ways.  In  many 
cases  til 6'  colliery  electrician  could  teach  】notor  atteiidaiits 
all  that  was  necessary,  but  there  were  also  opportunities 
offered  them  in  science  and  other  classes  of  learning  more. 


FACTORY  AND  WORKSHOP  ACT,  1901. 

Particulaks  of  Work  and  Wages  in  Shipbuilding  Yards. 
The  following  is  the  draft  of  an  Order  which  tlie  Secretary 
of  State  proposevS  io  make  under  Section  116  of  the  above  Act, 
ill  substitution  for  the  provisions  relating  to  shipbuilding 
yards  in  the  Order  of  30tJi  December,  1909.  The  effect  is  to 
require  particulars  in  shipbuilding  yards  so  far  as  concerns 
the  work  of  all  persons  employed  in  the  building  or  repairing 
of  a  ship  who  are  paid  by  the  piece ;  the  corresponding  words 
in  the  Order  of  1909  being  platers,  riveters,  and  caulkers. 
Any  communication  relating  to  the  draft  ()nk、r  should  be 
addressed,  before  1st  April,  1912,  to  The  Under  Secretary  of 
State,  Home  Office,  London,  S.W. 

The  said  section  shall  be  modified  so  as  to  read  as  follows : 
(1.)  The  occupier  or  contractor  shall,  for  the  purpose*  of 
enabling  each  worker  who  is  paid  by  the  piece  to  compute 
the  total  amount  of  wages  payable  to  him  in  respect  of  his 
work,  cause  to  be  published  particulars  of  the  work  and  rate 
of  wages  applicable  thereto,  as  follows  : 

(a)  He  shall  furnish  every  worker  with  written  parti- 
culars of  the  rate  of  wages  applicable  to  the  work 
done  by  him  at  or  before  the  time  of  his  first  em- 
ployment on  the  work  and  on  every  subsequent 
occasion  when  the  rates  are  fixed  or  altered  ；  or  he 
shall  exhibit  such  particulars  on  a  placard  in  the 
factory  or  workshop.  Provided  that  if  the  rates  are 
not  ascertainable  before  the  work  is  given  out,  the 
particulars  shall  be  furnished  to  the  worker  in 
writing  when  the  work  is  completed. 

(b)  Such  particulars   of  the  work  done'  as  affect  the 

amount  of  wages  payable  to  each  worker  shall  be 
furnished  to  him  in  writing  when  the  work  is  com- 
pleted, 

(2.)  Where  the-  work  is  done  in  coiiiniou  by  a  gang  of 
workers  it  shall  be  sufficient  if  the  particulars  of  the  work 
done  by  the  gang  and  of  the  rate  of  wages  applicable  thereto 
are  furnished  to  the'  member  of  the  gang  to  whom  the  wages 
of  tlie  gang  are  paid  by  the'  employer. 

(3.)  The  particulars,  either  as  to  rate  of  wages  or  as  to 
work,  shall  not  be  expressed  by  means  of  symbols. 

(4.)  Any  placard  exhibited  in  pursuance  of  the  foregoing 
provisions  shall  contain  no  other  matter  than  particulars  of 
rate's  of  wages,  and  shall  be  affixed  in  such  a  pos'tion  as  to  be 
easily  read  by  all  persons  to  whose  work  the  particulars  relate. 

(5.)  If  the  occupier  or  contractor  fails  to  comply  with  the 
requirements  of  this  section,  he  shall  be  liable  for  each  offence 
to  a  fine  of  not  more  than  £10,  and,  in  the  case  of  a 
second  or  subsequent  conviction  within  two  years  from  the 
last  conviction  for  that  offence,  not  less  than  £1. 

(6.)  If  anyone  engaged  as  a  worker  in  the  aforesaid  class 
of  work,  having  received  such  particulars,  wlietli<^r  they  are 
furnished  directly  to  him  or  to  a  fellow  workman,  discloses  the 
particulars  for  the  purpose  of  divulging  a  trade  secret,  lie 
shall  be  liable  to  a  fine  not  exceeding  £10. 

(7.)  If  anyone  for  the  purpose  of  obtaining  knowledge  of 
or  divulging  a  trade  secret,  solicits,  or  procures  a  person  so 
engaged  to  disclose  such  particulars,  or  with  that  object  pays  or 
rewards  any  such  person,  or  causes  any  person  to  be  paid  or 
reAvarded  for  so  disclosing-  siicli  particulars,  he  shall  be  liable 
to  a  fine  not  exceding  <£10. 

(8.)  The  Order  of  the  30th  December,  1909，  relating  to 
Shipbuilding  Yards  so  far  as  concerns  the  work  of  platers, 
riveters,  and  caulkers  is  hereby  repealed. 
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SOME  GENERAL  PRINCIPLES  INVOLVED  IN  THE  ELECTRICAL 
DRIVING  OF  ROLLING  MILLS.* 

BY  C.  ANTONY  AHLETT,  】i.SC.  • 

The  power  which  is  required  to  drive  a  rolling  mill  generally 
varies  rapidly  between  wide  limits,  while  the  condition  that 
power  should  be  generated  cheaply  is  that'  the  demand  made 
for  power  on  the  generating  plant  should  be  maintained 
steadily  at  the  full  capacity  of  that  generating  plant.  To 
ensure  that  the  working  costs  of  a  rolling  mill  should  be  low, 
means  must  bo  found  for  reducing  th'e  fluctuations  in  the 
power  required  to  drive  the  mill,  care  being  taken  in  doing 
tliis  that  the  capital  cost  of  the  plant  is  not  unduly  increased 
nor  the  possible  output  reduced.  Any  reduction  of  the 
possible  output  is  equivalent  to'  an  increase  in  the  working 
cost,  as  the  capital  charges  per  ton  are  increased. 

The  variations  in  power  are  reduced  by  employing  a  fly- 
wheel in  conjunction  with  the  electric  motor  whicli  is  used  to 
drive  the  rolling  mill,  and  by  providing  some  device  for  re- 
ducing the  speed  of  the  motor  and  flywheel  to  enable  the  fly- 
wheel to  giv&  out  some  of  its  stored  energy  when  the  demand 
for  power  is  great,  60  as  to  reduce  the  power  which  lias  to  be 
furnished  by  the  motor.  When  the  demand  for  power  is 隱 all 
the  motor  will  speed  up  t.lie  flywheel,  thereby  replacing  its 
stored  energy  ；  this  increases  the  power  which  the  motor  】ias 
to  supply  when  the  demand  made  by  the  mill  is  small,  and 
therefore  reduces  the  total  variation  in  power. 
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Fig.  1.— Tvi'iCAL  Case,  Showing  Variation  in  Powlk  ok  a  Motor 
DiiiviN (；  A  Sheet  Mill. 

In  making  the  above  general  observations,  it  must  be 
borne  in  Jiiind  that  the  character  of  the  variations  in  t'lie 
power  which  is  required  to  drive  tho  rolling  mill  depends  on 
Ui(、  type  of  mill  t'o  be  driven.  Leaving  large  reversing  roll- 
ing iHillj>  out'  of  consideration,  the  largest  variations  in  power 
occur  in  tin-plate  and  sheet  mills.  With  merchant  mills 
and  bar  mills  the  vai'iatioi 化 in  power  an>  losvS,  while  in  the 
ordinary  looping  mill  for  rolling  wire  rod,  where  llie  rod  may 
be  in  six  pairs  of  rolls  at-  once,  and  where  a  freeli  rod  is 
entered  while  ilio  previous  one  is  still  in  the  rolls,  I  bo  power 
required  to  drive  tlio  mill  does  not  vary  much.  A  special  case 
is  that'  of  a  tyre  mill,  where  the  variations  in  power  are  con- 
siderable, but.  where  the  power  demand  remains  pretty  steady 
for  nearly  a  minute,  so  that  a  flywheel  would  not  prove  of 
much  benefit  in  reducing  the  fluctuations  in  power  unless  it 
were  very  heavy  indeed. 

The  remarks  about  power  generation  apply  tu  the  cage  of  a 
works  generating  its  own  power.  Where  power  is  being 
bought  from  a  power  company  the  system  of  charging  may 
considerably  modify  the  arrangement  of  the  drive  to  be 
adopted,  in  order  to  obtain  the  cheaj)ee;t  possible  working 
costs.    This  point  is  entevod  into  more  fully  later  on. 

Action  of  Motor  and  Flywheel.  — It  is  stated  above  that  in 
using  a  Hy wheel  in  conjunction  with  an  dect.ric  motor  some 
device  must  he  adopted  for  reducing  the  speed  when  the 
demand  for  power  is  p*eat..  This  ])oiut.  requires  a  little  con- 
sideration. The  ordinary  diroct-currojit.  sluint-wound  motor, 
or  3 -phase  induction  motor  running  at  light'  load,  will  fall  in 
spe^d  by,  say,  2  per  cent,  when  it  is  reqxiirod  to  give  its  full 
power.  The  stored  energy  of  tlio  flywluH'l  varicfi  tho  square 
of  tlio-  speed  at  which  it  is  running,  so  that  if  a  ily wheel 
•  rapor  read  boforo  tho  lusUtutiou  of  Electrical  Engineers. 


were  used  in  conjunction  with  this  motor  it  would  only 
give  up  4  per  cent,  of  its  stored  energy  as  the  power  increases 
from  light  load  to  the  full  power  of  the  motor.  Continuing 
this  argument  further,  suppose  that  the  rolling  mill  required 
during  a  pass  a  power  equivalent  to  four  times  the  normal 
full-load  power  of  the  motor  for  a  few  seconds.  Commercial 
motors  will  not  give  more  than  twice  the  normal  full-load 
power  for  a  few  seconds  without  being  liable  to  injury, 
and    to   prevent   this   the    circuit   breaker   is   usually  set 
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Fi(;.  2.— Typical  Cask,  Showlnc  Variation-  in  J»o\\ eu  or  a  Motor 
I>Rlvi.\r;  A  L<»(tl'i.N<i  MiM,. 

to  open  at  the  current  correti ponding  to  this  power.  The  fly- 
wheel, therefore,  has  to  furnish  the  power  which  is  in  excess 
of  that  which  the  motor  can  give. 

In  the  case  considered,  the  motor  would  fall  perhaps  5  or 
6  per  cent,  in  speed  when  the  power  increased  from  light  load 
to  double  full-load  power,  so  that  the  flywheel  would  only  give 
up  10  or  12  per  cent,  of  its  stored  energy.  The  flywheel 
would,  therefore,  have  to  be  abnormally  heavy,  or  eke  if  a 
flywheel  of  a  weight  within  the  bounds  of  commercial  possi- 
bility were  adopted,  the  combination  would  be  unable  to  cope 
with  this  demand  for  power,  and  the  motor  power  would  in- 
crease until  the  circuit  breaker  opened. 

It  is  therefore  necessary  artificially  to  increase  the  fall  in 
speed  of  the  motor  as  the  power  which  it'  has  to  ^ive  increases. 
If  the  speed  falls  by,  say,  10  per  cent,  as  the  power  increases 
from  zero  to  full  load,  and,  say,  by  22  per  cent,  as  tlie  power 
increases  to  the  double  full-load  power,  the  flywhe'el  would 
have  given  up  39  per  cent,  of  its  stored  energy  by  tho  time 
that  the  motor  was  giving  double  its  normal  full-load  power, 
instoad  of  from  10  to  12  per  cent.  A  flywheel,  tlierefore,  of 
moderate  weight  would  materially  assist  the  iiiotor  in  over- 
coming heavy  demands  for  power  which  last  for  a  short  time 
only. 

In  practice  the  maximum  j>ower  given  by  the  motor  would 
seldom  be  as  much  as  double  th-e  normal  power,  nor  would  the 
motor  power  sink  to  zero,  as  even  wlien  nothing  was  being 
rolled  the  motor  would  still  have  to  provide  tho  ]>ower  for 
overcoming  the  friction  of  the  mill .  whicli  i.^  considerable- 
There  are  two  possible  devices  for  art ificiallv  increasing  the 
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Fig.  3.— TvriCAL  Cask,  miowing  Vaiiiation  in  Powkr  of  a  Motor 

])HM  IMi  A  TVRK  MlU,. 

fall  in  tho  speod  of  tlie  motor  ius  tho  j>o\ver  doinandcd  i"- 
rroasos.    These  nre  commonly  s|>okon  of  as :    ( 1 )  The  per 
inanent-slip  regulator  :  (2)  tho  autoiiiatic-f^lij)  rogulator. 

This  last'  term  is  nii&Wading  Ixx'auso  both  devices  perform 
I h*'ir  functions  autoinalically,  tlK、  difTorenoo  iM'tAVOon  tbeni 
beiug  that  with  Ihe  Hrsi  the  aiuount  of  fall  in  speod  or  tic 
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slip  steadily  increases  as  the  power  increases,  while  with  the 
latter  the  fall  in  speed  increases  suddenly  after  a  definite 
power  is  attained.  It  would  therefore  he  better  to  call  these 
devices :  (1)  The  continuous-slip  regulator  ；  (2)  the  inter- 
mittent-slip regulator.  For  reasons  explained  later  on,  the 
continuous-slip  regulator  is  the  device  which  is  more  com- 
monly used  in  practice.  It  should  be  explained  that  in  the 
case  of  the  direct-current  motor  tlie  contiiuious-slip  regulator 
consists  of  ail  ordinary  compound  winding  provided  for  the 
field-poles,  while  the  intermittent-slip  regulator  consists  of  a 
system  of  relays  which  successively  short  circuit  resistances 
in  series  with  the  shunt  field  winding,  thus,  increasing  the 
field  and  causing  the  speed  to'  fall  when  the  power  has 
reached  a  certain  predetermined  point. 
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Fig.  4— Curves  Showing  Variation  of  Motor  Power  and  Speed  for 
50,  25,  AND  12^  Ton  Flywheels. 
Pass,  5  seconds  ；  interval,  5  seconds. 

In  the  case,  of  the  3-phase  motor,  the  continuous-slip 
regulator  consists  of  a  resistance,  liquid  or  metallic,  perma- 
nently inserted  in  the  rotor  circuit,  while  the  intermittent- 
slip  regulator  may  consist  either  of  a  liquid  resistance,  the 
moving  plates  of  which  are  controlled  by  a  motor  relay,  so 
that  the  plates  are  raised  and  the  roior  resistance  increases 
when  the  current  has  reached  a  predebermined  point,  or  a 
metallic  resistance  which  has  its  various  sections  short - 
circuited  by  a  series  of  relays,  so  arranged  that  these  relays 
cut  the  resistance  into  the  rotor  circuit  when  the  current  has 
reached  the  predetermined  limit.  As  tlie  continuous  and 
intermittent-slip  regulators  are'  essentially  different  in  their 
action ,  it  is  desirable  to  consider  the  action  of  each  in  detail . 

Continuous-slip  Regulator. ― For  the  sake'  of  simplicity,  it  is 
assumed  that  the  fall  in  speed  of  the  motor  or  slip  below  no- 
load  speed  is  proportional  to  the  power  which  the  motor  is 
giving.  This  is  not  strictly  true,  but  the  modification  of  the 
resulte  which  this  slightly  erroneous  assumption  introduces 
will  be  considered  later  on.  Within  the  limite  of  fall  in  speed 
or  slip  of  the  motor  it  can  be  assumed  that  the  stored  energy 
given  up  by  the  flywheel  is  proportional  to  the  slip,  without 
involving  any  large  error,  the  re  f  01 '&  the  power  given  by  the 
flywheel  is  proportional  to  the  rate'  of  change  of  the  slip ― that 
is,  to  the  rate  of  change  of  the  motor  power.  It  will  thus  be 
eeen  that  if  a  sudden  increase  of  load  is  imposed  on  the  motor 
and  flywheel  by  entering  a  bar  between  the  rolls,  and  a  curve 
is  constructed  showing  the  increase  of  motor  power  with  the 
time,  this  curve  will  be  a  logarithm  curve  ；  while  if  the  power 
required  by  the  mill  suddenly  decreases  owing  to  the  bar 
leaving  the-  rolls',  the  motor  power  decreases  according  to  a 
logarithm  curve.  The  curves>  showing  the  rise  and  fall  in 
speed  of  the  motor  and  flywheel  are  also  corresponding 
logarithm  curves. 

After  the  bar  leaves  the  rolls  the  power  which  the  motor 
gives  while  decreasing  to  tlio  value  corresponding  to  the 
friction  goes  to  increase  the  speed  of  the  flywheel,  and  so  re- 
places its  stored  energy.  These  curves  are'  quit's  analogous  to 
those  for  the  heating  and  cooling  of  electrical  machinery  ；  the 
power  of  the  motor,  however,  rises  to  practically  its  full  value 
in  a  few  seconds,  while  the  temperature  of  an  electrical 
machine  takes  a  number  of  hours  to  reach  approximately  its 


P 


K. 


full  value.    We  may  illiustrato  this  reasoning  by  mathematical 
symbols  a*s  follows:  —— 
Lret  「- 

power  required  to  drive  rolling  mil  I  when  bar  is 

between  rolls, 
full-load  power  of  motor, 
slip  of  motor  at  full  load, 
speed  of  motor  at  no  load. 

spe'sd  at  which  motor  is  running  at  any  particular 

tiim'. 
oorreepondiiig  slip. 
Tnoment  of  inertia  of  flywheel. 

I  "2 


V  ― 


I 


Stored  energy  of  flywheel  = 


~2 


supposing  speed  of  flywheel  is  reduced  from  v„  to  v. 
Stored  energy  given  up  =  " ) 

or ~ 

"^Oo  +  ?，） —  ： 

？，。  一  is  the  slip  ,、  and  v„  +  v  may  be  put  equal  to  2  v  without 
making  much  error. 

Stored  energy  given  up  by  the  flywheel  is ~ 

' Irs; 

that  is,  the  stored  energy  which  has  been  given  up  is  propor- 
tional to  the  slip . 

The  sum  of  the  power  given  by  the  motor  and  the  flywheel 
must  be  equal  to  the  power  required  to  drive  the  rolling  mill. 
We  can  express  this  by  the  linear  differential  equation —— 

" +  K、  =  P, 


the  solution  of  which  is ~ - 

Motor  power  K,  =  P  (^1  -  e~ 

showing  that  the'  motor  power  increases  according  to  a 
logarithm  curve. 


Fig.  5.— Curves  Showing  Variation  of  Motor  Power  and  Spefd  for  r>()，  25, 
AND  1*2^  Ton  Flywheels. 
Pass,  5  seconds  ；  interval,  %\  secomls. 

Similarly,  when  the  bar  is  out  of  the  rolls  the  motor  power 
is  equal  to  the  power  taken  to  speed  up  the  flywheel,  thereby 
restoring  its  stored  energy,  or — 

the  solution  of  this  is ― 

K  t  • 
Motor  power      =  P  e  ^ 

showing  that  when  bar  is  out  of  the  rolls  the  motor  power 
decreases  also  according  to  a  logarithm  curve. 

The  friction  of  the  mill  has  b-een  left  out  of  the&e  calcula- 
tions for  the  sake  of  simplicity,  but  it  can  be  very  easily  taken 
account  of  in  drawing  the  curves  by  shifting  ihv  zero  line. 

I  y  . 
The  expression  ―  expressing  the  relation  of  motor  power  to 
K 

flywheel  capacity  is  the  "  time  constant "  in  this  case  and  is 
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exactly  analogous  to  the  "time  constant ' '  in  the  case  of  the 
heating  or  cooling  of  electrical  machinery.  The  value  of  the 
time  constant  for  a  motor  and  flywheel,  however,  does  not 
usually  exceed  about  33  seconds.  The  value  of  the  time 
constant  to  be  selected  naturally  depends  on  the  type  of  mill. 
Ill  a  sheet  mill  where  the  duration  of  the  passes  is  very  short 
tb&  time  constant  need  not  b©  so  big  as  in  the  case  of  a  bar 
mill，  where  the  finishing  passes  may  take  a  considerable  time. 
The 'greatest  time  constants  are  found  in  the  case  of  motor 
and  flywheel  for  tbe  motor-generator  set  of  an  Tlgner 
electrically  driven  reversing  rolling  mill. 


Fig.  6.- 


Curvea  for  50  ton  flywheel  Chu5 

12^      to  25" 
Time   in  Seconds. 

-Curves  Showing  Variation  of  .Motor  Power  and  SptEr>  for  50.  25， 
ANi>  I2i  Ton  Flywheels. 
Pass,      seconds  ；  interval,  5  seconds. 


Figs.  4，  5，  6，  and  7  are  drawn  to  show  the  rise  and  fall  of 
the  power  of  a  motor  provided  with  a  continuous-slip  regu- 
lator and  used  in  conjunction  with  a  flywheel,  and  to  show 
how  this  variation  of  power  changes  as  the  respective  times  of 
the  pass  and  interval  change.  In  each  case  it  is  supposed  that 
during  each  pass  500  h.p.  is  required  to  roll  the  bar  and 
] 00  h.p.  to  overcome  the  friction  of  tlie  mill,  so  that  a  total 
of  600  h.p.  is  required  during  the  pass,  and  tbe  power  falls  to 
\  lie  friction  load,  namely  100  h.p.,  during  the  interval. 

Fig.  4  shows  Uie  case  where  the  pass  lasts  5  seconds  and 
is  succeeded  by  an  interval  lasting  5  seconds.  Fig.  5  shows 
the  case  wliore  tlie  pass  lasts  5  seconds  and  is  succeeded  by  an 
interval  lasting  2 A  seconds.  Fig.  6  shows  the  case  where  the 
pass  lasts  2^  seconds  and  is  succeeded  by  an  interval  lasting 
5  seconds.  Fig.  7  shows  the'  case  where  the  pass  last« 
15  seconds  and  is  succeeded  by  an  interval  lasting  15  seconds. 
In  each  Fig.  three  curves  are  shown,  the  first  supposing  a 
flywheel  weight  of  50  tons,  the  second  a  weiglit  of  25  tons, 
and  the  third  12  A  tons,  it  being  assumed  that  the  continuous- 
slip  regulator  remains  unaltered  in  each  case. 

Since  tlie  energy  which  is  taken  from  the  flywheel  during 
the  pass  is  replaced  again  in  the  interval  between  passes,  the 
average  pow'。r  for  any  particular  figure  remains  the  same 
whatever  weight  of  flywheel  is  used,  but  the  percentage 
variation  of  power  and  speed  is  less  with  the  heavy  wheel 
than  wit h  the  light  wheel.  When  the  relation  of  the  tiine 
01  the  pass  to  the  \\mv  of  the  interval  is  changed  the  average 
power  naturally  ('li;uig(':>,  tlie  average  being  less  where  the 
interval  is  long,  and  greater  wh^iv  the  interval  is  short.  The 
following  table  sliovws  how  the  percent aii^e  variation  in  pow^er 
changes  with  diflereiit  weights  of  flywheel  and  witli  various 
durations  of  pass  and  interval. 


Percentage  variation  of  power. 

Average 

power. 

50- ton 

2;Vt<m 

wlicel. 

wheel. 

h.p. 

TVr  cent. 

Per  cent. 

Per  cent. 

l'，ig.  4  (pass  5  seconds. 

interval  5  sccoiuls)  .... 

14.2 

2S.2 

:>4.:> 

5  { pass  5  seconds. 

•m 

Ki^.  "  ( pass  2J  Hcooiuls, 

iiitrrval  5  soi-onds)  .... 

2(17 

:?.-». 0 

V'\^.  7  ( pass  15  stH'oiuls, 

interval  lil  smmds). . . . 

；{">() 

41. S 

7(M> 

In  this  table  the  percentage  variation  is  expressed  with 
relation  to  the  average  power.  It  is  thus  possible  to  obtain 
variations  greater  than  100  per  cent.  Th-e  table  shows  that 
the  percentage  variation  of  the  power  increases  as  tbe  weight 
and  consequently  the  stored  energy  of  the  flywheel  decreases, 
but  that  this  increase  is  not  proportional  to  the  decrease  of 
stored  energy,  but  increases  at  a  slowei'  rate  than  the  stored 
energy  decreases. 

Althaugh  for  each  particular  figure  the  average  power  re- 
mains the  same  whether  a  light  or  a  heavy  flywheel  is  em- 
ployed, a  somewhat  larger  motor  would  be  required  with  the 
light  flywheel  than  with  t he  heavy  wheel,  because  the  motor 
size  is  settled  by  the  root  mean  square  current  and  not  by  the 
average  current,  and  where  the  variation  of  power  is  great  the 
root  mean  square  value  is  naturally  greater  than  where  the 
variation  is  small.  In  the  curves  shown  in  Fig.  7  the  average 
power  is  350  h.p. 

Where  a  12^ -ton  w he-el  is  used,  the  root  mean  square 
power  is  379  1i.p.，  so  that  a  motor  of  this  power  would  haw 
to  be  installed.  Where  a  25-ton  wheel  is  used  the  root  mean 
square  power  is  360  h.p.  Where  a  50-ton  wheel  is  u&ed  the 
root  mean  square  power  is  354  h.p.  If  no  flywheel  at  all  were 
used  the  root  mean  square  power  would  be  430  h.p. 

Comparing  the  case  where  no  flywheel  at  all  is  used  with 
the  case  where  a  25-ton  flywheel  is  used,  it  will  be  seen  that 
in  the  former  the  motor  would  have  to  be  20  per  cent,  larger. 
It  should  be  noticed  that  the  speed  of  the  motor  and  flywheel 
rises  and  falls  in  accordanc?  with  the  logarithm  curves  which 
vary  inversely  as  the  pow^^r. 

If  Figs.  5  and  6  are  compared,  it  will  be  seen  that  in  each 
case  the  actual  amount  by  which  the  power  varies  is  the  sam ？， 
but  in  Fig.  6  the  percentage  variation  of  power  is  much 
greater  because  the  mean  power  is  less.  It  will  also  be 
noticed  tliat  the  power  curves  in  Fig.  6  are  exactly  similar  to 
t  ho^e  in  Fig.  5，  but  they  are  turned  upsick*  down.  This  is 
merely  a  coincidence,  because  in  one  case  tlie  duration  of  tlie 
pass  is  twice  the  interval,  while  in  the  other  case  the  duration 
of  the  interval  is  twice  that  of  the  pass,  so  that  one  case  may 
b«  said  to  be  tbe  inverse  of  tbe  other.  If  the  slip  of  the 
motor  were  plotted  instead  of  the  speed  of  the  motor,  the 
curves  ior  increase  and  decrease  of  slip  would  be  exactly 
similar  to  the  power  curves. 


-Curves  Showing  Vauiation  of  Mo  nut  Pow  kr  \m»  spkei*  fok  50,  25, 
AMI  iJi  Ton  Flvu hkki.s. 
PfUis,  15  secuuds  ；  iiiterTal,  15  seconds. 


Alarm  is  raised  from  time  to  time  in  cases  where  work 
being  carried  on  very  rapidly  so  that  tlu^re  is  only  a  very  sliort 
interval  between  pai^ses,  to  the  effect  that  the  flywlwl  may 
not  liave  time  to  recowr  itfiielf  between  the  intervals  and 
passes.  Such  alarm  is  entirely  without  foundation,  and  this 
is  illustrated  by  Fig.  5.  If  the  intervals  are  short,  then 
naturally  tlie  average  power  increase?,  whilv^  the  ]>erceiitage 
variat ion  of  j)ower  is  reduced.  As  tlie  average  |)o\ver  in- 
creased the  motor  is  supplying  greater  power  to  the  flywheel 
chu'itig  the  interval,  and  altlioiii^li  this  interval  "lay  be  short 
it  is  able  to  n'vstore  tlie  stored  em'rgv  of  the  flywheel. 

Fit;.  7  shows  that  wliere  the  passes  are  long  the  flywheels 
I'm'  let^  Inflective  in  reducing  variations  of  power  than  wh^re 
t he  passes  are  short ,  because  t lu»  time  constant  of  the  motor 
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and  flywheel  become  comparable  with  the  length  of  the  pass, 
so'  that  the  motor  is  giving  nearly  the'  full  power  required  by 
the  rolling  mill  towards  tho  end  of  the  pass,  and  the  fly- 
wheel is  nob  giving  out  much  power.  In  sucli  ca&es  heavy 
flywheels  are  required  if  the  percentage  variation  in  power 
is  to  bo  kept  small. 

The'  following  general  conclusions  may  b -、'  drawn  from 
t'lie&e  curves,  uaniely  ：  (1)  If  the  time  during  which  the  pass 
laste  is  short,  and  the  interval  is  also  short,  light,  flywheels 
will  reduce  the  percentage  variation  in  power  to  a  small 
value,  while  if  the  time  of  passes  is  long,  and  the  intervals 
are  also  long,  heavy  flywheels  are  required  ；  (2)  where  the 
time  of  the  interval  is  short  compared  with  the  time  of  the 
pass  a  light'  flywheel  will  enable  th?  percentage  variation  of 
power  to  be  kept  moderate,  but  if  the  time  of  the'  interval  is 
long  compared  with  the  time  of  the  pass,  the  heavier  fly- 
wheels must  be  used. 

In  practice  the*  question  is  not  so  simple  because,  as  is 
pointed  out  later  on,  the  various  passes  in  rolling  down  a 
billet  to'  a  definite  section  require  widely  clitT^^ring  powers, 
while'  the  time  of  the  passes  and  of  the  inbervals  also  differ 
widely. 

The  effect  of  the  errors  introduoed  by  the  assumption 
made  in  the  above  theoretical  considerations  may  now  be 
considered.  To  simplify  calculations,  it  was  assumed  that 
the  stored  energy  given  up  by  the  flywheel  is ― 

1  V  Sj 

and  not ~ - 

h  I  (v(,  +  v)  s  ； 

that  is  to  say,  the  stored  energy  given  up  by  the  flywheel  has 
been  assumed  to  be'  rather  too  large,  so'  that  the  variation  of 
power  will  actually  be  somewhat  larger  than  the  calculated 
value.  An  error  introduoed  in  this  way  may  be  about- 
7  per  cent,  at  the  most. 

It  has  also  been  assumed  that  the  decrease  in  speed  of  the 
motor  is  proportional  to  the  power  which  the  motor  is 
giving ― this  also'  is  not  quite  correct .  In  the  case  of  a 
direct-current  motor  having  a  continuous-slip  regulator,  that 
is  to  say,  a  compound  wound  motor,  the  speed-power  curve 
begins  to  approach  that  of  a  series'  motor,  and  as  the  load 
increases  from  light  load  the  speed  falls  more  rapidly  at. 
first  than  it  do'es  later  on.  The  effect  of  this  is  to  flatten  the 
logarithm  power  curves  for  the  rise  and  fall  of  power,  making 
these  curves  approach  more  towards  straight  lines,  and,  in 
the  case  of  passes  of  short  duration,  actually  to  reduce  the 
variations  of  power.  This  effect  becomes  more  marked  as  the 
compounding  of  t-lie  motor  is  increased. 

With  a  3 -phase  motor  having  a  continuous-slip  regulator 
― that  is,  a  resistance  connected  permanently  in  the  rotor 
circuit "~ the  speed  falls  less  rapidly  at  first,  when  the  power 
increases  from  light  load,  than  it  does  later  on.  The  effect 
of  this  is  to  increase  tlie'  curvature'  of  the  logarithm  power 
curves  and  to  increase  the  variations  of  power  in  the  case  of 
passes  of  short  duration.  The  consequence  of  this  is  that  in 
certain  cases  a  heavier  flywheel  must  be  us'ed  in  conjunction 
with  a  3-phasei  motor  than  with  a  direct-current  motor,  in 
order  to  obtain  the'  same  results . 

Figs.  4,  5,  6,  and  7  will  serve  to  illustrate  the  conditions 
of  rise  and  fall  of  power  entailed  by  the'  use  of  a  continuous- 
slip  regulator,  but  they  do  not  in  any  way  represent  the  con- 
ditions obtaining  in  a  rolling  mill.  In  any  mill  the  bar  is 
elongated  in  each  pasp  so  that  each  successive  pass  taken  in 
the  same  pair  of  rolls  takes  a  longer  time  than  the  previous 
pass.  Frequently  less  draught  is  taken  in  each  succeeding 
pass  than  in  the  previous  pass,  so  that  the  tendency  is  for 
tho  power  diagram  to  consist  in  the  earlier  passes  of  large 
powers  lasting  for  a  short  time,  and  for  the  power  gradually 
to  diminish  and  the  time  to  become  longer  as  the  later  passes 
are  reached.  There  are  many  exceptions  to  this,  too 
numerous  to  be  discussed  here,  but  mention  may  be  made 
of  such  cases  as  those  where'  the  bar  cools  rapidly,  owing  to 
the  shape  of  its  section  being  such  as  to'  present  a  large  area 
in  proportion  to  its  weight,  so  that  considerable  powers  are 
required  for  the  later  passes,  or  where  heavy  draughts  must 
be  taken  in  certain  passes,  so  as  properly  to  form  the  section, 
as,  for  instance,  in  the  rolling  of  wagon  spokes,  or  in  the  case 
of  a  sheet  or  plate  mill  where  the  plate  is  turned  at  right 


angles  after  a  few  passes  in  order  to  broaden  it,  thus  re- 
quiring a  greater  turning  moment  and  thus  a  greater  power, 
owing  to  the  increased  width  of  plate  presented  to  the  rolls. 

Fig.  8  is  an  illustration  of  a  uract ical  case,  being  a  series 
of  curves  obtained  for  a  bar 川 ill,  and  this  serves  to  show  the 
sort  of  variation  of  power  and  speed  to  be  found  in  practice. 
It  may  be  nient ioned  tliat  the  bar  mill  for  which  these  curves 
were  drawn  had  two  stands  of  rolls,  a  roughing  stand  and  a 
finishing  stand,  and  as  bars  may  be  in  both  stands  at  the 
same  time,  account  liajs  to  be  taken  of  the  power  required 
when  two  passes  come  simultaneously. 

The  plain  rectangles  show  the  powers  required  by  the 
passes  in  th-e  roughing  mill,  the  dot-ehaded  rectangles  sliow 
the  powers  required  by  the  passes  iii  tlie  finishing  mill ,  and 
the  shaded  rectangles  show  the  amount  by  which  the  total 
power  is  increased  by  adding  the  powers  taken  by  t'he  rough- 
ing mill  passes  to  the  powers  taken  by  the  finishing  mill 
passes. 

The  curved  lines  show  the  motor  power  which  reaches 
620  h.p.  as  a  maximum,  although  in  one  case,  where  two  bars 
are  in  the  rolls  together,  the  mill  requires  1,220  h.p. ，  while 
the  minimum  value  is  295  h.p.  As  the  mean  horse-power 
is  424,  the  percentage  variation  is  76  per  cent.  If  no  fly- 
wheel were  used  the  percentage  variation  would  be  267  per 
cent.  This  practical  example  illustrates  the  benefit  of  the 
flywheel  in  a  striking  manner. 


O  5  lo         15         20         25         Z>o         55         今 o  -t5 

Time  in  Seconds 

Fic.  8.— Typical  Example  of  the  Variation  of  the  Power  and  speed  of  a 
Rolling  Mill  Motor  i  nder  Practical  Conditions. 


Speed  variations  of  22  per  cent,  between  no  load  and 
double  full  load  have  been  mentioned  above,  but  a  little 
inspection  of  the  curves  on  Figs.  4，  5，  6，  7，  and  8  will  show 
that  no  sucli  speed  variations  may  be  expected  in  practice 
where  the'  work  at  the  mill  is  being  carried  out  fairly  steadily, 
because  with  steady  working  the'  power  never  comes  down  to 
no'  load,  neither  does  it  reach  double  full  load  except  in  very 
exceptional  conditions,  so  that  if  the  speed  variation  were 
22  per  cent,  between  no  load  and  double  full  load  a  much  less 
speed  variation  would  take  place  when  working  under 
practical  conditions.  In  the  case  of  Fig.  8  the  speed  varia- 
tion of  the  motor  is  20  per  cent,  between  no  load  and  full 
load,  but  in  the  curve  the  speed  variation  does  not  exceed 
1 1'2  per  cent. 

(To  he  continued.) 


Another  Aviator  Killed.— While  flyingfrom  Brooklands  to  the  Old 
Deer  Park  at  Richmond  shortly  before  noon  on  Saturday 
morning  last,  Mr.  Graham  Gilmour,  one  of  the  youngest  of 
English  aviators,  met  with  an  accident  iu  mid-air,  and  his 
machine  crashing  to  the  earth  from  an  estimated  distance  of 
about  300ft,  resulted  in  his  instant  death.  It  appears  that 
Mr.  Gihiiour  was  steering  a  new  type  of  monoplane  of  a  French 
design,  and  had  started  from  Brooklands  with  the  idea  of 
testing  the  machine  with  a  view  to  it  being  entered  for  the 
forthcoming  War  Office  competition  in  March. 
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BRASS :  ITS  MANUFACTURE  AND  PRACTICAL  APPLICATIONS.* 

m'  J.  .1.  EDWAKDS. 

Brass,  an  alloy  of  copper  and  zinc,  was  in  use  for  casting 
purposes  centuries  before  one  of  its  constituents ~ zinc ― was 
a  recognised  article  of  comrnorce.  It  was  found  that  metal, 
having  a  golden  colour,  could  be  prepared  by  iiieltiiig  copper 
with  a  mineral  known  as  calamine,  wliich  contained  zinc  in 
the  form  of  carbonate.  Doubtless,  good  brass  castings  were 
turned  out  in  those  early  days,  but  it  must  have  been  very 
difficult  to  ensure  anything  approacliing  uniformity  of 
product.  Excellent  examples  of  early  brass  castings  can  be 
seen  in  many  collections ~~ notably  in  the  British  Museum ― 
tributes  to  the  skill  of  the  early  founders,  and  eloquent  in 
pi'orlaiming,  by  their  age  and  excellent  preservation,  the 
capacity  of  brass  for  resisting  the  conditions  in  the  earth, 
and  in  the  atmosphere,  whidi  make  for  corrosion.  Copper 
in  the  metallic  state,  and  known  as  native  copper,  is  fairly 
plentiful  in  some  parts  of  the  world  ；  and  it  is  possible  that 
the  early  brassfounders  prepared  their  metal  by  fusing  native 
copper  with  calamine  in  the  presence  of  charcoal,  the  zinc 
b'Miig  reduced  by  the  charcoal  used  as  fuel,  and,  alloying  with 
tlie  c'opper,  produced  a  metal  of  golden  colour  that  could  be 
readily  cast  into  articles  for  personal  adornment  or  for  use. 
The  direct  fusion  of  the  two  metals ~ copper  and  zinc ― for 
the  preparation  of  brass  is  said  to'  have  been  first  carried  out 
in  England  about  the  year  1781. 

Nominally,  brass  should  consist  only  of  the  two  metals 
copper  and  zinc,  but  many  varieties  contain  small  amounts 
of  iron,  tin,  arsenic,  or  lead.  Bismuth  and  antimony  are 
also  sometimes  present,  but  even  in  small  percentages  both 
of  these  elements  are  usually  considered  to  be'  very  undesir- 
able intruders,  particularly  in  brass  to  be  used  for  rolled 
sheet  or  drawn  bars.  Iron,  tin,  arsenic,  or  lead  are  not  par- 
ticularly harmful  if  present  only  in  small  amount;  in  fact, 
either  or  all  of  them  are>  sometimes  purposely  added  with  a 
view  to  imparting  some  special  property  to  brass,  such  as 
strength,  solidity  or  improved  machining  qualities.  The 
impurities  named  are  chiefly  derived  from  the  raw  materials, 
copper  and  zinc  used,  and  they  vary  in  amount  according  to 
the'  source  or  origin  of  the  ingots  and  the  care  that  has  been 
exercised  in  the  selection  of  the  ore  and  fuel  used  in  their 
production.  It  was  formerly  the  practice  to  purchase  brands 
of  copper  and  zinc  on  the  basis  of  their  reputation  or  of  their 
proved  suitability;  it  is  however  now  quite  common  practice 
to  |)urcliase  to  specifications  which  define  the  nature  and 
the  amount  of  permissible  impurities. 

Copper  and  zinc  ingot  of  excellent  quality,  comparatively 
fre<^  from  impurities,  and  admirably  suited  to  meet  general 
foumlry  requirements  can  be  readily  obtained  from  the  】netal 
market  at  recognised  current  prices,  and  less  pure  materials 
at  slightly  lower  rates  are  used  for  les?  exacting  purposes. 
In  recent  years,  the  refining  of  copper  and  zinc 
electrolytically  has  been  so  perfected  that  both  metals  can  be 
obtained  of  9*99  per  cent,  purity,  and  their  price  does  not  ex- 
ceed that  of  the  best  of  the  old  approved  brands.  Electro 
(lopoftited  copper  is  known  as  cathode  copper,  and  it  is  usually 
iu('lto<l  in  a  furnace  and  brought  to  tlio  coiulition  known  as 
tougli  pitch,  before  being  cast  into  ingots  for  use  in  the 
foundry.  These  pure  materials  are  a  boon  to  foundries  en- 
gaged in  the  preparation  of  brass  for  critical  purposes. 
Electrolytic  copper  is  much  used  by  electrical  engineers,  on 
account  of  its  higli  electrical  conductivity. 

Copper  and  zinc  may  be  alloyed  in  almost  any  proportions, 
and  a  useful  purpose  can  be  fouiul  for  most  of  the  resultant 
metal.  Zinc  being  invariably  cheaper  than  copper,  tliere  is 
a  loiiclency  to  use,  in  the  preparation  of  brass,  as  liigh  a  pi'o 
portion  of  zinc  as  is  consistent'  with  tho  purpose  for  which  the 
metal  is  inteixled.  Tho  three  most  useful  copper- zinc  alloys 
arc  those  consist inp  of  copper  70，  zinc  30  ；  copper  GO,  zinc  10  ； 
and  c'0])por  80，  zinc  20. 

70  ami  30  brass  is  extensively  used  for  sheet,  tubing,  rod 
and  wire.  It  works  well  cold,  but  cannot'  be  satisfactorily 
forged  or  manipulated  in  the  hot  state.  It  has  a  vorv  wide 
range  of  usefulness,  depending  t'hiofly  upon  tlie  facility  with 
which  it  may  be  rolled  into  sheets,  or  drawn  into  rods,  and 
afterwards  iimnipulated  or  machined  into  almost  any  form  or 
section.    It  is  very  sensitive  to  work  put  upon  it  by  rolling 

"iTiectuvo  delivoro(lU>oforo  Uio  Tjondon  nnd  District  Brancb  of  the  Britisli 
Fomulryinon's  Association. 


or  hammering,  and  also  to  heat  treatment.  Great  variation 
in  hardness,  toughness,  and  strength,  can  be  obtained  from 
it  as  the  result  of  the  judicious  application  of  work,  and  by 
careful  annealing.  " 

60  and  40  brass  is  used  extensively  for  castings  made  in 
sand  moulds,  as  it  gives  sharp  and  clean  castings,  with  the 
advantage  of  being  cheap  as  well  as  good.  It  forges  well  in 
the  hot  state,  and  lends  itself  to  the  production  of  drop  forc- 
ings, and  ifc  may  also  be  rolled  hot  or  cold.  In  a  semi-fluid 
condition  it  may  be  extruded  under  pressure,  through  dies 
having  the  section  of  the  bar  or  rod  required.  The 
extruding  process  is  carried  out  in  a  manner  analogous  to 
the  familiar  method  for  squirting  lead  tubing  and  rod.  The 
extruded  brass  is  very  strong,  and,  possessing  good 
machining  qualities,  it  is  in  demand  for  the  stock  bars  used 
on  automatic  and  capstan  lathes.  For  this  purpose  the 
metal  usually  contains  lead  up  to  about  2  per  cent,  which 
imparts  good  machining  qualities. 

80  and  20  brass  is  employed  when  a  material  softer  than 
either  of  the  foregoing  types  is  desired.  It  works  well  in  the 
cold  state,  but  cannot  be  manipulated  in  the  hot  state.  In 
quality  and  constitution  it  very  much  resembles  the  70  and 
30  alloy.  It  is  not  much  in  request,  probably  owing  to  its 
high  cost. 

All  three  types  of  brass  are  in  use  for  war  material,  and 
instances  are  known  where  similar  articles  have  been  sup- 
plied by  different  makers  from  brass  of  each  of  the  three 
types  mentioned. 

Brass  enters  largely  into  the  construction  of  scientific 
apparatus,  small  parts  of  macliinery,  steam  engines  and 
boilers,  electrical  plant  and  apparatus,  and  even  in  the  con- 
struction of  motor  cars,  where  aliuniniuin  alloys  are  so  much 
in  demand  on  account  of  their  lightness ~ the  condenser  tubes 
are  of  brass. 

Brass  is  usually  melted  in  plumbago  crucibles,  heated  in 
coke  fired  furnaces  of  the  ordinary  vertical  type,  having  a 
flue  connected  with  a  stack  sufficiently  high  to  induce  the 
draught  required  to  burn  the  hard  coke  used  as  fuel  at  a  rate 
such  as  to  generate  the  necessary  temperature.  Crucible 
furnace  melting  is  generally  preferred  for  brass,  on  account 
of  the  facilities  for  covering  the  pot  and  obviating  the 
volatilisation  of  zinc  or  the  entrance  of  foreign  matter.  The 
metal  may  also  be  readily  stirred  to  ensure  uniformity  of 
composition.  Melting  in  small  quantities  is  also  very  con- 
venient for  brass  work ,  as  it  enables  a  number  of  small 
moulds  to  be  filled  while  the  metal  is  at  a  fairly  uniform 
temperature.  Other  types  of  furnace  such  as  the  reverbera- 
tory,  and  the  cupola,  are  sometimes  used,  particularly  when 
heavy  castings  are  being  made,  or  when  melting  scrap  or 
stock  metal  for  foumlry  use. 

Tlie  art  of  founding  has  been  described  as  making  a  hole 
in  sand  and  filling  it  witli  nioltoii  metal ― this  definition  is 
certainly  graphic,  but  it  lacks  detail.  Perhaps  the  following 
will  be  more  acceptable.  "  A  mould  is  a  quantity  of  sand 
ranuiied  into  a  flask  round  a  pattern  so  as  to  leave  a  perfec  t 
imprint  of  the  pattern."  The  essentials  of  a  good  mould  are 
a  sand  that  is  fine  enough  to  take  an  imprint  of  all  the  sharp 
lines  of  the  pattern,  and  yet  open  (Mioui^li  to  allow  cases  to 
escape  freely. 

Patterns  of  required  castings  are  made  of  well-seasoned 
wood,  usually  pine  or  mahogany.  Where  necessai'v,  patterns 
have  attached  to  them  prints  which  define  the  position,  and 
provide  a  seating  for  any  cores  required  to  form  recesses  or 
perforations  in  tlie  casting.  Moulding  boxes  coniiiionly  <on- 
sist  of  two  parts,  with  a  convenient  contrivance  for  coupling. 
The  portion  of  the  pattern  that  is  int^iulod  to  be  in  the 
lower  part  of  the  box  is  ranunod  uj)  first-  and  tlie  surfare  at 
the  parting  level  is  snu)otho<l.  Tlio  other  part  of  the  box  is 
then  suj>erii]ipose<l  and  rammed.  The  upper  half  of  the 
mould  may  then  be  lifted  off,  leavincr ― thanks  to  the  virtues 
of  partiiii:  vSand ― a  jilain  surface  on  tho  fare  of  both  lialvos. 
A  slii^ht  taper  on  the  patt^oni,  assisted  perhaps  by  a  rap  from 
tho  nmulder's  trowel,  enables  the  pattern  to  be  readily  with- 
drawn. Arrangements  are  made  for  runner  and  riser,  and 
the  mould  niav  be  closed  ami  prepared  to  receive  metal  for 
a  ^reen  sand  job,  or  may  go  iuto  the  stove  to  be  fitted  for  a 
d vied  sand  casting. 

Castings  of  intricate  section,  having  bosses  or  projections 
in  more  than  one  plane,  often  neod  boxes  of  several  or  many 
parts,  and 川 av  roiuler  it  neressary  for  tlio  pat-torn  to  be  made 
in  sections,  or  with  detachable  parts.    Brass  or  ^\\\\  metal 
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pouring  metal  into  iron  moulds,  the  rate  of  poiirmg  being 
governed  by  the  section  of  mould,  the  teinjxTal  uvv  of  tlio 
metal,  and  its  composition . 

Chill  castings  ar(、  niadf  inu<  li  thicker  than  that  of  the 
required  strip.  This  allows  for  work  to  be  put  upon  it  by  a 
series  of  passings  through  a  rolling  mill,  by  wliich  it  is  much 
improved  in  (|uality,  reduced  in  thickness  and  greatly  in- 
creased ill  length.  Brass  castings  are  in  a  soft  condition 
whether  allowed  to  cool  out  gradually  o r  qucnclied  i'roiii  a  red 
heat  in  water,  lience  the  casting,  after  triiiiniin^  and  removal 
of  the  deadhead  may  be  repeatedly  passed  through  the  rolls, 
receiving  a  reduction  in  thickness  each  time,  until  it  lias  re- 
ceived such  a  reduction  in  thickness,  and  lias  acquired  such  a 
condition  of  hardness,  as  ta  suggest  the  desirability  of  an- 
nealing before  further  reduction  by  rolling  is  carried  out. 
Annealings  and  series  of  rolling  are  alternated  until  the 
desired  section  has  been  reached,  and  then  the  strip  may  be 
left  in  the  hard  condition  in  which  it  leaves  the  rolls,  or  be 
passed  to  the  annealing  furnace  to  be  annealed  to  any  extent 
desired. 

The  amount  of  reduction  that  may  be  given  in  one  passage 
through  the  rolls  is  dependent  on  the  thickness  of  the  metal, 
its  condition  as  to  relative  hardness  and  the  power  of  the 
rolling  mill.  A  strong  mill  will  take  a  casting  2in.  thick, 
and  reduce  it  to  lin.  thick  in  five  passes ^ the  metal  would 
then  receive  the  first  annealing.  The  second  series  of  rollings 
would  ihen  reduce  its  thickness  to  '5in,  in  four  passes,  when 
the  second  annealing  would  be  given.  The-  third  series  of 
rollings ― three  passes ― would  reduce  it  to  '25iu.，  when  it 
would  receive  its  third  annealing,  and  be  returned  to  the 
Jiiill  for  the  fourth  series  of  roliings  (4  passes)  and  be  finished 
at  *lin.  thickness,  and  either  be  retained  in  its  hard  rolled 
f onditioii,  or  go  into  the  furnace  again  to  receive  any  desired 
extent  of  annealing. 

Annealing  can  be  iiiost  economically  carried  out ~ taking 
time  occupied  and  fuel  consumed  into  consideration ― with  a 
furnace  temperature  of  from  600  to  700  degrees  Centigrade. 
The  higher  temperature  may  only  be  considered  quite'  safe 
when  the  passage  of  the  brass  through  the  annealing  furnace 
is  controlled  automatically  and  uniformity  assured  of  the 
time  during  which  any  part  of  the  brass  is  exposed  to  the 
furnace  temperature.  In  practice  it  is  well  to  aim  at  the 
mean  of  these  figures,  viz.,  650. 

Pyrometers  by  measuring  and  indicating  temperatures 
greatly  help  to  make  furnace  processes  more  exact ,  and  al- 
though there  is  not  yet  any  practical  instrument  that  will 
indicate  the  temperat-ure  of  molten  brass,  owing  to  the  ob- 
scuring effect  of  volatilised  zinc,  vet  pyromctry  is  of  real 
service'  in  the  important  process  of  annealing,  and  greatly 
aids  in  attaining  and  maintaining  uniformity  in  results. 

The  microscope  affords  welcome  aid  in  the  examination  of 
brass,  revealing  defects  and  irregularities,  and  is  a  most 
useful  help  in  determininer  the  fitness  of  metal  for  the  pur- 
pose to  which  it  is  proposed  to  apply  it,  and  for  ensurinp^ 
comparative  uniformity  in  articles  made  in  quantity,  and 
wliich  it  is  desired  should  as  nearly  as  possible  be  equal  in 
every  way, 

Chemif^al  aiirl  inicrosropio  analysis  should  be  welcomed  in 
the  workshops,  because  bv  their  lielr)  the  inupr  life  and  con- 
st/itution  of  metal  is  revealed,  and  liqrht  is  thrown  —on  the 
effects  produced  bv  various  combinations  of  the  constituent 
metals  in  allovs,  which  greatly  adds  to  the  value  of  the 
results  of  mechanu'al  tests  oWained  from  snecimens  of  fhe 
allovs  under  consideration,  and  afford  indications  for  modifi- 
cations in  the  composition  or  the  treatment  of  the  metal  to 
enaWe  specifications  and  reqinrements  to  be  met. 

The  intelligent  use  of  the  results  of  chemical  ami 
microscopic  analysis,  combined  with  experience  and  sound 
iudgnipnt  in  coininer  to  ritrht  conclnsions  as  to  the  intorences 
to  be  drawn  frequently  clears  ud  difficulties  that  would  other- 
wise remain  unsolved.  Analysis  detects  injurious  ittipu rities, 
locatf^s  and  】】ie'asure、s  losses,  and  detei'miiips  >vlH'th*^r  correct:' 
proportions  of  constituents  liavp  been  attained  in  allovs.  Tt 
Dr)ii"s  o，，t,  inaccnracies  3n<^  enables  mivtnv^s  of  "letals  to  h*^ 
sta ndardised,  and  reveals  the  pxact  coinDoeition  of  any  metal 
submitted  for  reproduction.  Le*"  us  gladlv  welcome  in  onr 
work  shops  all  "、e  assistance  that  science  and  scientific 
anparatus  ('an  afford,  as  aid  rather  than  as  a  substitute 
for  exnerieiK'e  and  discretion,  for  the  full  exercise  of  wliicli 
there  will  always  be  ample  scope. 


patterns  are  frequently  used  for  small  articles  required  in 
considerable  luinibers.  Metal  patterns  are  also  used  on 
moulding  machines.  Great  care  is  taken  in  the'  fitting  and 
finish  of  metal  patterns,  but  their  cost  is  justified  by  their 
durability,  and  the  superior  quality  of  the  castings.  It  is 
obvious  that  to  allow  for  shrinkage  of  the  metal  in  cooling 
from  the  liquid  to  the  solid  state,  patterns  must  be  made 
larger  than  the  casting  dimensions.  To  ensure  solidity  in 
brass  castings,  the  deadheads  should  be  on  the  generous  side. 
The  section,  rather  than  the  weight,  should  be  the  determin- 
ing factor  for  the  amount  and  position  of  deadheads.  Cores 
are  stoved.  Cores  of  large  size  are  often  built  up  on  per- 
forated tubular  spindles,  which  receive  a  thick  course  of 
hay  band  or  wood  fibre,  covered  with  a  coating  of  loaiii  or 
other  suitable  material.  This  weak  core  obviates  undue 
strain  on  the  metal  while  cooling,  and  provides  efficient 
ventilation. 

Ill  the  manufacture  and  utilisation  of  brass,  a  large 
amount  of  scrap  is  made  in  the  form  of  deadheads,  risers, 
crop  ends,  and  trimmings,  and,  as  it'  is  desirable  to  utilise 
this  metal,  it  is  exceptional  for  crucible  charges  to  consist 
wholly  of  virgin  copper  and  zinc,  this  course  being  pursued 
only  for  experimental  or  special  purposes.  The  proportion 
of  virgin  material  for  the  charge  having  been  decided  upon, 
it  is  weighed  up  ；  a  small  percentage'  of  zinc  being  allowed  to 
make  good  the  loss  occasioned  by  volatilisation.  Brass  scrap 
to  make  up  the  total  weight  completes  the  charge.  The 
copper  and  as  much  of  the  &crap  as  the'  crucible  will  hold  is 
put  in  the  crucible,  and  when  this  has  fused  and  sunk 
sufficiently  in  the  pot,  the  remainder  of  the  scrap  is  added. 
When,  from  stirring,  and  observation,  it  is  assured  that  the 
whole  charge  is  melted,  the  zinc  is  added.  When  the  fire- 
man or  person  supervising  the  melting  is  satisfied  that  the 
metal  is  in  fit  condition,  the  crucible  is  withdrawn  from  the 
furnace,  skimmed,  and  the  metal  is  poured  into  the  moulds. 
A  little  flux  is  generally  used  ；  borax,  common  salt,  sodium 
sulphate,  lime  and  ground  glass,  are  ainoiig  the  materials 
li&ed.  They  ea''li  tend  to  remove  occluded  slaggy  matter  by 
increasing  its  fluidity  and  so  causing  it'  to  rise  to  the  surface 
of  the  metal  and  facilitate  its  removal  by  skimming  before 
the  metal  is  poured. 

Mechanical   Tests  of  Brass. 

Tensile,  Yield,  and  Shearing  are  in  Tons  per  Square  Inch. 


Type.  I  Treatment. 

i 


Strip  annealed 

fiO-40 

Cast  in  chill 


80—20  I  ^1""  casting  -- 
fetrip  annealed 


Brass  that  is  intended  for  sheet  or  rod  is  poured  into  cast- 
iron  moulds  which  are  usually  in  two  parts,  cramped 
together,  so  as  to  admit  of  ready  removal  of  the  ingot  when 
solidified.  The'  ingots  are  usually  of  plain  rectangular  sec- 
tion, bub  they  may  be  of  any  form  that  will  permit  of  ready 
removal  from  tlie  mould.  Before  use,  it  is  necessary  for  cast- 
iron  moulds  to  be  heated  to  a  suitable  temperature,  and 
coated  with  some  substance  which  will  not  permit  heat  to  be 
conducted  too  quickly  away,  and  which  experience  has  proved 
will  conduce  to  the  production  of  clean  and  sound  castings 
having  a  good  surface  or  skin .  Plumbago,  tallow,  lime, 
resin,  oil,  soap,  or  a  combination  of  two  or  more  of  these  are 
used.  A  dressing  which  answers  well  with  one  alloy  is  not 
necessarily  suitable  for  another.    Great  care  is  necessary  in 


I  Hard  rolled  strip     ...  53  fi     40  2 

i  Very  soft  strip   j  2W  6'7 

70-30  I  Strip  annealed   450  C. ,  23  65    10  77 
I     ，，  ，，       ()50  C. '  20-95  8-02 

！      ，，  ，，       850  C.I  19-25  I  6-05 

i  'Draw  n  rod   28-5    |  24*  1 

I  Annealed  drawn  rod...  21  (i  6*6 
' Chill  casting   |  16-25  ― 
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Fig.       Tesla  Disc  Impeller  Pump. 

fluid  film  in  contact  with  th&  discs  is  set  in  motion,  even 
with  perfectly  smooth  discs,  on  account  of  tlie  molecular 
adhesion  between  disc  and  fluid.  The  fluid  between  discs  is 
also  dragged  along  by  the  molecular  attraction  between  par- 
tides  of  the  fluid  (viscosity).  The  motion  of  each  point  of 
the  disc  being  circular,  it  is  evident  that  the  particles  of  fluid 
receive  impelling  forces  which  are  always  tangential  to  the 
circular  paths.  The  successive  points  on  the  disc  that  impel 
given  particles  of  fluid  are  at  increasing  distances  from  the 
centre.  The  fluid  being  mechanically  unconstrained  by  walls 
or  vanes  except  in  an  axial  direction  is  free  to  travel  in 
spiral  paths  from  the  axis  to  the  periphery. 

The  fluid,  in  traversing  the  space  from  inlet  to  periphery, 
I  nay  follow  a  long  spiral  of  several  turns  or  a  short  one  of 
part  of  a  turn,  depending  on  the  quantity  of  fliu\l  that  is 
allowed  to  escape  from  the  outlet.  With  unrestricted  flow 
fi'oin  the  casing,  there  is  little  resistance  to  flow  in  a  radial 


TWO  NOVEL  DESIGNS  OF  STEAM  TURBINES. 

Two  novel  and  compact  designs  of  steam  turbines  have 
recently  been  developed  in  the  United  States.  The  one 
shown  in  Figs,  is  what  may  be  termed  a  bladeless  turbine, 
the  blades  being  replaced  by  plain  discs.  This  turbine  】ias 
been  designed  and  patented  by  Mr.  Nikola  Tesla,  and  we  are 
indebted  for  the  following  particulars  and  illustrations  show- 
ing the  principle  of  the  design  to  the  "  Engineering  News." 
Fig.  1  shows,  more  or  less  diagraiiunatically,  a  Tesla  rotary 
pump  in  which  a  series  of  smooth,  flat  discs  revolve  in  a  casing, 
with  a  volute  delivery  passage.  The-  discs  are  fastened  to  a 
(] riving  shaft ，  but  liave  central  openings  which  serve  as 
inlets  for  the  fluid.      On  rotating  the  shaft  and  discs,  the 


that  the  whole  surface  of  each  disc  is  effective  in  impelling 
the.  fluid  along  (solely  by  】iiole('ulai'  drag),  and  the  useful 
surfaces  may  be  made  very  great  in  a  machine  of  modest 
dimensions,  in  direct  contrast  with  other  analogous  apparatus 
where  only  the  relatively  small  area  of  buckets,  blades,  or 
other  projections  is  effective. 

Consideration  also  shows  that  any  buckets  or  projecting 
parts  that  a  disc-  might  carry  would  constrain  the  fluid  to 
travel  in  paths  less  natural  or  frs'e,  with  the  consequent 
development  of  impact  and  eddy  friction  which  may  be 
expected  to  decrease  the  efficiency  over  that  of  simple  disc's 
depending  for  their  hold  on  the  fluid  only  on  natural  mole- 
cular forces.  -In  the  case  of  the  Tesla  discs,  the  particles  of 
fluid  may  be  mentally  pictured  as  rolling  along  on  their 
spiral  paths  in  orderly  procession,  held  to  the  disc's  by  some 
gravitation  or  force  ；  whereas  in  the  case  of  a  disc  with  pro- 
jections, the  fluid  would  be  pushed  and  crowded  along  by 
impact,  with  consequent  disturbances. 

It  has  been  found,  as  theory  would  indicate,  that  the 
quantity  of  fluid  discharged  off  the  discs  is  proportional  to 
the  area  of  the  discs  ；  that  is,  the  capacity  of  such  machines 
increases  nearly  directly  with  their  length  along  the  shaft 
and  about  as  the  square  of  their  diameter,  the  discrepancies 
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(lirLHliou  (that  is  lioiii  {he  bafkiiig  up  aiul  develo])inont  of 
pressure),  and  the  tangential  slip  between  disc  aiul  i\n\d  is 
large.  Tlie  pressure  in  tli,、  casing  depends  on  tho  velocity 
witli  which  the  i>arlifles  of  Iluid  loave  tlio  periphery  of  tlie 
disc  ；  tlie  maxiniuni  pressure  with  I  In-  exit  throttled  is  then 
proportional  to  the  speed  of  Ui('  <lisrs,  the  velot-itv  head  being 
convcrtod  to  pressure  head  in  (lie  volute  pasiwige  of  the  rasing. 
The  power  absorbed  is  proportional  to  the  square  of  tlie  slip. 

To  one  seeing  such  a  pie (； e  of  apparatus  in  action  for  tho 
first  time,  the  capacity  of  a  small  iiiachine  is  surprisiiic;, 
especially  in  tlio  absence  of  all  vanes  and  projections  of  e\  erv 
sort.  、vhi('h  liave  heretofore  beon  deenitHl  m、t'essary  to  forre 
the  lluid  along.     A  inoinent's  consideration,  however,  shows 
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arising  naturally  from  the  rasiiig  not  having  impelling 
surface  but  adding  to  the  diameter  ami  length  of  the  machine. 

The  spacing  of  the  discs  in  sut'h  a  macliiue  would  depend 
on  the  conditions  under  which  it  ha<l  to  operatt^ 一 imivasiiig 
with  tlie  viscosity  and  dianieW r  and  (le<'re;isiiig  witli  the 
allowable  slip.  The  aim  of  tlie  (lesigner  would  be  to  deliver 
the  fluid  from  the  discs  at  not  much  below  ]>erij)heral  speed 
under  normal  load  coiiditioiis.  Wlien  limitations  of  prac- 
tical <lesigii  would  prevent  the  seouriiitj  of  desired  pressures 
Willi  one  simple  set  of  discs*,  tlie  multiplication  of  stages  is 
easily  accoinplishe^l.  Tho  fluid  then  \voul<l  pass  from  the 
exit  passages  of  one  stage  to  the  inlet  of  a  se<'oiul,  and 
so  on. 

Tho  operations  of  a  pimip,  as  abovo  desri'ibod,  are  in 
general  reversible  for  tlie  prodiution  of  power  from  a  fluid 
"loving  witli  considerable  volooit y  or  under  pressure.  If  a 
fluid  under  jjivssure,  but  of  low  velcx'ity,  eiit-ers  the  casing 
of  the  device  shown  in  Fig.  1  in  order  to  flow  along  the  volute 
of  (ItH'reasing  noss-sertioii  and  through  the  iiiter-dist'  spaces 
to  wliat  is  now  the  outlet,  it  must  ooiist^mtly  acrelorat^*.  con- 
verting its  j)ie8sure  licad  to  velocity  liead.  This  moving'  fluid 
will  oxert  a  null  on  the  discs  on  account  of  "lolooiilar  adhotsion 
aiul  visoosit.v.   If  the  shaft  were  blocked  so  thai  it  could  not 
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rotate,  the  particles  of  fluid  would  take  short  spiral  paths 
from  the  volute  to  the  outlet. 

If  the  discs  are  allowed  to  rotate,  however,  the  particles 
of  fluid  in  contact  with  the  discs  would  be  subjected  to  a  force 
preventing  travel  along  the'  shortest  spirals  to  the  outlet. 
The  resultant  of  the  centrifugal  force'  exerted  by  the  disc 
and  that  coming  from  the  velocity  of  the  steam  constrains  the 
fluid  then  to  follow  a  longer  spiral  path.  Tliis  reminds  ono 
of  the  counter  electromotive  force  developed  in  the  armature 
windings  of  an  electric  motor  opposing  tlie  impressed  voltage. 

It  is  evident  that  the  torque  developed  by  tlie  disc 
increases  with  the  difference  in  peripheral  velocity  of  the  disc 
and  of  the  fluid  iu  contact.  As  in  the  analogous  case  of  the 
pump,  the'  torque  rises  as  the  square  of  the'  slip.  When  the 
shaft  runs  free,  without  load,  the  speed  rises  and  the  centri- 


FiG.  4.—*'  Spiro  "  Engine  with  Rotors  Removed  from  Casing. 

fugal  counter  force  on  tlie'  fluid,  travelling  in  very  long  spirals 
(almost  concentric  circles),  would  cause  the  casing  pressure  to 
rise  nearly  to  the  supply  pressure,  the  difference  being  only 
that  required  to  do  the  work  of  supplying  energy  losses. 

Such  a  prime'  mover  would  give*  its  maximum  output  at 
about  50  per  cent,  average  slip,  but  the  maximum  efficiency 
would  come  with  a  comparatively  small  slip,  the  actual  figure 
depending  upon  the  fluid  employed,  on  the  working  condi- 
tions, and  on  the  nieehanical  limitations  of  design. 

The  greatest  interest  in  the-  Tesla  design,  as  outlined 
above,  probably  centres  in  its  application  to  a  heat  motor, 
such  as  the  Tesla  steam  turbine.  While'  a  device  like  Fig.  1 
would  operate  with  steam ,  it  probably  would  be  advisable 
for  obvious  reasons  to  modify  the  mechanical  features ^ for 
instance,  to  suppress  the  volute  passage  in  the  casing,  coming 
down  to  the  simple  construction  indicated  in  Fig.  2. 

If  the  steam  isi  expanded  in  a  diverging  nozzle,  it  may  be 
expanded  over  any  of  the  usual  ranges  of  pressure'  drop,  the 
heat  energy  then  being  converted  into  kinetic  energy.  The 
high  velocity  steam  escaping  from  the  nozzle  is  ('aus'efl  to 
impinge  tangentially  on  the  edges  of  the  discs.  In  order  to 
escape,  it  has  to  take  a  spiral  path  from  the'  periphery  of 
the  discs  to  the'  centre'  openings.  The  velocity  energy  of  the 
steam  is  iitilise<l  through  the  molecular  drag  on  the'  surface 
of  the  discs.  With  such  a  nozzle  it  is  seen  that  the  machine 
is  essentially  of  the'  so-called  "impulse"  type  of  turbine. 
The  arrangement  shown  in  Fig.  2  lias  a  very  simple  and  <-on- 
venient  means  of  reversing,  it  merely  being  necessary  to 
provide  a  duplicate  nozzle  discharging  against  the'  opposite 
diameter  of  the.  discs  and  in  the  opposite  direction.  When 
the  machine  is  at  rest  or  running  slowly,  as  in  s^tarting,  the 
steam  takes  a  short  path  from  the  nozzle  to  tlie  exhaust  and 
develops  a  compara^tively  large  torque,  since  this  would  be 
proportional  to  the'  square'  of  the  difference  in  velocity  of 
steam  and  disc.  As  the  rnarliine  speeds  up.  the  difference 
iu  velocity  between  steam  and  discs  decreases  ami  the  centri- 
fugal forces  ten d  to  lengthen  the  spiral  path ,  so  that  a  given 
quantity  of  steam  may  】iiake  several  revolutions  before  finally 
passing  to  the  exhaust. 

It  is  not  necessary,  however,  to  oxpaiul  the  steam  before 
it  reaches  the  discs,  and  in  place  of  the  nozzles  shown  there 
may  be  simple  ports.  The  macliin©  then  apparently  will 
operate  as  a  reaction  type  of  turbine,  the  steam  expanding 
as  it  flows  ill  its  patli  from  port  to  exhaust.  The  expanding 
steam  might  develop  a  slight  reactive  tlmist  against  the 


disc,  but  it  would  depend  probably  mom  For  its  influence  on 
the  peculiar  action  of  increasing  ilio  velocity  of  the  steam  in 
small  increments  as  it  flows  along;  and  absorbing  the  kinetic 
energy  as  fast  as  developed,  in  driving  the  disc. 

A  T(\sla  steam  t.urhine  was  tested  at  the  Watcrsido  Station 
ol"  tlie  New  York  Edison  Company.  The  rotor  of  this  turbine 
consists  of  25  discs,  18in.  diam.  The  assembled  unit  occupies 
a  floor  spa('»  some  20in.  by  35in.,  and  it  stands  some  5ft.  high. 
With  steam  at  12r)lbs.  gauge  ami  exliausting  to  atrnosplicrc, 
200  horse- power  was  developed  with  a  speed  of  9,000  revs, 
per  minute.  The  steam  consumption  under  these  conditions 
was  about  381bs.  per  horse-power  hour.  Mr.  Tesla  states 
that  with  moderate  superheat  and  the  degree  of  vacuum 
ordinarily  obtainable  in  a  turbine  plant,  tlie  consumption  can 
be  reduced  to  10  or  121bs.  per  horse-power  hour.  The  weight 
of  the  unit  is  about  4001bs.，  giving  a  unit  weight  of 
21bs.  per  horse-power.  Through  refinements  in  design,  in 
addition  to  the  increas©  of  capacity  secured  with  superheat 
and  vacuum,  Mr.  Tesla  expects  that  the  weight  may  be 
reduced  to  as  little  as  |lb.  per  horse-power  capacity  and  still 
allow  of  designs  which  will  have  rotational  speeds  low  enough 
for  direct  connecting  to  the  majority  of  services. 

One  of  the  interesting  possibilities  of  the  design  of 
turbine  shown  is  that  of  self-regulation .  It  has  already 
been  shown  how  the  counter  pressure  due  to  the  rotation  of 
the  discs  amounted  nearly  to  that  of  the  impressed  fluid 
when  running  idle.  Since  the  centrifugal  Iiead  increases  as 
the  square  of  the  number  of  revolutions,  and  as  with  avail- 
able materials  great  peripheral  velocities  of  the  discs  are 
possible,  a  turbine  may  be  designed  which  will  not  run.  away, 
the  peripheral  speed  being  limited  to  that  value  which 
corresponds  to  the  maximum  velocity  of  the  fluid  wliicli  can 
be  developed. 

The  main  principle  of  design  may  be  used  for  an  internal- 
combustion  motor.  The  small  inachine  shown  in  Fig.  3 
has  been  operated  with  gaseous  fuel  burned  iu  an  auxiliary 
chamber  and  the  products  of  combustion  cooled  by  injecting 
steam  or.  water  spray.  This  gives  a  mixture  of  superheated 
steam  and  gases  which  leave  the  combustion  chainber  under 
high  pressure,  but  reduced  in  temperature  so  that  tliey  may 
be  led  directly  to  the  discs,  serving  in  the  place  of  steam 
from  a  boiler.  The  machine  shown  doveloped  110  horse- 
power, and  it  is  stated  that  only  the  small-sized  shaft  pre- 
vented pushing  the  load  higher.  The  products  of  combus- 
tion, instead  of  being  cooled  by  the  formation  of  superheated 
steam,  may  be  expanded  in  an  insulated  nozzle,  the  tempera- 
ture falling  with  the  reduction  in  pressure  and  the  increase 
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in  velocity.  At  the  exit  of  the-  nozzle,  the  temperature  could 
be  sufficiently  reduced  so  that  the  gases  could  be  caused  to 
iiii))int^e  on  the  discs  without  injuring  them. 

In  the  design  shown  in  Figs.  4 ― 7,  which  has  been  in- 
vented by  John  H.  Van  Deventer,  Superint-cmlent.  of  the 
Buff'alo  Forglei  Company,  Buffalo,  N.Y.,  hpirringbo'iie  gear 
rotors  are  employed.  We  are  indebted  to  the  same  cont<Mn- 
poi'ary  for  tlie  lollowiiig  particulars : —— 

The  turbine  consists  simply  of  two  herringbone 
wheels  meshing  together  and  revolving  in  a  close-fitting 
casing.  A  pair  of  the  gears,  or  rotors,  and  their  casing  is 
shown  in  Figs.  4  and  5.  It'  is  notable  that  the  lierringhoiie 
rotors  are  niucli  longer  axially  in  proportion  to  their  diameter 
than   ordinary   herringbone  gears  for  power  transmission 
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would  be.  Steam  is  admitted  at  mid-length  of  the  rotors, 
at  the  point  where  the  teeth  of  opposite  spirals  meet.  Thus 
the  steam  occupies  the  space  between  two  adjacent  teeth,  and 
this  space  is  closed  at  the  tooth  points  by  the  closely-fitting 
casing.  As  the  rotor  turns,  tho  tooth-space  occupied  by  the 
steam  increases  in  length  and  the  steam  expands.  Finally 
the  steam  escapes  when  the  outer  ends  of  the  teeth  pass  the 
line  of  contact  of  the  two  rotors.  The  increase  in  length  of 
the  tooth-space  from  the  time  when  steain  is  first  admitted 
until  the  exhaust  occurs  is  shown  by  tlie  diagram,  Fig.  6. 

The  inlet-port  openings,  as  indicated  in  the  diagrammatic 
sectional  view,  are  situated  one  on  each  side  of  the  central 
rib,  sliowM  inside  the  casing  at  tho  bottom  in  Fig.  5,  which 
divides  the  casing  into  two  partly-closed  cylinders.  The  ends 
of  the&e  cylinders  are  covered  by  the  heads  which  are  shown 
removed  in  Fig.  5，  but  no  effort  is  made  to  have  a  steam-tight 
contact  between  the  heads  and  the  ends  of  the  rotors.  In 


Fig.  6.— Diagrammatic  Sketch  of  "  Spiro  ，'  TimBiNE  to  Show  Steam  Action. 

fact,  space  is  left  between  the  rotor  end  and  cylinder  head 
for  the  passage  of  the  exhaust  steam.  The  steam  passes  from 
these  end  spaces  to  the  exhaust  port  shown  at  the  top  of  the 
casing  ill  Fig.  5，  which  comnmnicates  with  the  exhaust  pipe. 

The  rotors  are  mounted  on  shafts  turning  in  long  bearings 
which  are  either  attached  directly  to  the  cylinder  heads  or 
bolted  to  the  base  casting.  On  small  units  ball  bearings 
are  used,  while  the  larger  sizJ^s  have  bearings  so  designed  that 
each  bearing  acts  as  an  individual  oil  pump  to  circulate  oil 
between  the  shaft  and  bushing  with  a  positive  pressure  - 

This  engine,  under  the  trade  name  of  the  "  Spiro  turbine," 
is  now  being  made  in  sizes  up  to  60  horse-power.  The 
185  horse-power  unit  shown  in  Fig.  7  has  been  in  use  for 
three  years  by  the  Buffalo  Forge  Company,  driving  fans,  gas 
scrubbers,  and  other  apparatus  requiring  a  running  test.  It 
has  novel'  been  taken  apart  nor  needed  a  single  adjustment 
ill  that  time.  The  following  results  of  non-condensing  tests 
with  units  developing  25  and  150  horse-power,  are  given  out 
by  the  makers  : 

Test  1.      Test  2. 

Boiler  pressure,  by  gauge,  lbs   1 20    ...  130 

Initial  pressure,  by  gauge,  lbs   101 .5  ...  115 

Horse-power   25.3...  151 

Speed,  revs,  per  minute   2450    ...  2710 

Water  per  b.  h.-p.-hr.,  lbs   53.2  ...  31.8 

In  tracing  the  analogy  between  this  so-called  "  Spiro 
turbine  ，•  and  the  reciprocating  engine,  the  tooth-space  to 
which  steam  is  admitted  takes  the  place  of  the  cylinder,  the 
tooth  ahead  becomes  the  piston,  and  the  abutment  against 
which  the  steam  pressure  reacts  is  formed  by  the  tooth  of 
the  other  rotor,  which  closes  tlie  end  of  the  tooth-space  at  the 
line  of  the  rotor  contact. 

Ill  Fig.  G,  the  tooth -space  marked  A  is  about  iii  tlit'  posi- 
tion where  steam  is  first  admitted.  A  glance  at  the  diagram 
allows  liow  this  space  increases  in  length  until  tlie  position  B 
is  reached  (after  about  half  a  revolution  of  the  rotor).  AVlion 
the  end  of  the  tooth -space  is  no  longer  closed  the  exhaust 
(KTurs. 

The  time  of  cut  oft'  depends  on  tlie  axial  longlli  of  tho 
inlet  port.  Tlie  intersections  of  oach  tootli-spaco  witli  I  he  Hue 
()f  rotor  con  I  act  move  from  the  mid-length  of  the  rotors  toward 
the  ends,  wlien  the  ongine  is  running  ；  and  as  each  toolli- 
spa(、e  passos  in  tliis  way  beyoiul  tlio  end  of  tlio  】）oi't  its  sl<^ani 
sui)i)lv  is  cut  off  hy  thV  tootli  hehiiul.  In  tlio  units  alroatlv 
l>uiU'  the  luimbor  of  expansions,  that  is,  the  ratio  of  the 
(ooth-spaoe  length  at  cutoff  to  tlie  total  loti«:th 
of  exhaust,  has  been  made  from  3A  to  6.  、 


A  cutoff  governor,  which  operates  by  varying  the  length 
of  inlet  port,  has  been  designed.  A  throttling  governor 
could  be  equally  well  applied. 

The  power  in  fcot-pounds  which  should  be  developed  by 
each  tooth-space  is  found  by  multiplying  together  the  mean 
effective  steam  pressure,  lengtli  of  tootli,  right  sectional  area 
of  tooth-space  and  revolutions  per  minute.  In  other  words, 
we  have  for  the  horse-power  the  familiar  foniiula 

'Hp.  - 

I  33,00U 

the  only  diange  being  that  L  is  now  the  length  of  tooth- 
space  instead  of  length  of  stroke.  To  get  the  total  combined 
horse-power  of  both  rotors,  we  must  multiply  by  twice  the 
number  of  teeth  on  each  one. 

A  rough  computation  in  this  way  of  the  horse-power  of 
a  unit  with  rotors  3iii.  (Ham.  by  Tin.  long  with  20  teeth,  an 
initial  steam  pressure  of  lOOlbs.  and  2,000  revs,  per  minute, 
gives  about  3  or  4  liorse-power.  This  corresponds  fairly  well 
with  the  rating  given  by  the  makers,  the  Buffalo  Forge  Com- 
pany, of  Buffalo,  N.Y.  The  engine  rated  at  1  to  3  liorse-power 
has  a  length  of  casing  of  S^in.,  and  the  width  is  8jin.  The 
total  length  over  bearings  is  IG^in.,  and  the  weight  is  lOOlbs. 

The  great  problem  of  steam  leakage  in  rotary  engines  is 
simplified  in  this  design  by  the  fact  that  the  exhaust  steam 
escapes  at  the  ends  of  the  rotors.  No  packing,  therefore,  is 
needed  there -  The  rotors  and  casing  can  be  made  with  a 
very  slight  clearance,  a  few  thousandths  of  an  inch  perhaps, 
between  them.  Moreover,  the  pressure  diflFerence  between 
adjacent  tooth-spaces  is  small,  and  this  tends  to  minimise 
tlie  leakage  over  the  tooth  points. 

The  greatest  loss  of  steain  by  leakage,  then,  will  be 
mostly  at  the  line  of  contact  of  the  pitch  cylinders  of  the 
two  rotors,  where  the  teeth  are  in  mesh.  Here  we  Lave 
pressures  in  the  several  tootli -spaces  ranging  from  the  initial 
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to  tlie  exhaust  pressure,  on  the  inlet  side  ;  and  tho  exhaust 
pressure  all  the  way  across  on  the  other.  Tlio  re  must  be 
some  flearanoe  between  the  teeUi,  at  least-  at  the  points,  and 
it  appears  that  soine  leakage  must  cxvur.  The  loaka ge  here 
】uav  be  mhu'ed.  liowever,  owing  to  the  high  speed  of  the 
meshing  teeth  in  a  direction  opposite  to  that  of  the  leaking 
steam ,  below  what  would  otlierwise  l)e  exported.  From  the 
ivonojnic  results  rlainied,  il  appears  that  tlie  leakage  is  not 
i^reat  emniijli  to  seriously  afforl  tho  ongiiie's  performance*. 

The  only  point  of  wear,  beside  the  bearings  of  the  rotor 
shafts,  is  at  the  contact  of  the  teeth.  As  already  not^  the 
rotors  arc  inucli  loiip;or  axially  tliaii  power  ! ransiiiission  ^ans 
would  bo,  and  the  larger  mniiluM*  of  teotli  in  contact  mlucos 
the  tooth  pressure.  The  tooth  pressure  in  the  engines  as 
built,  we  are  informed,  is  only  about  rilhs.  por  square  inch, 
iiKiking  the  wear  very  slight. 
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APPARATUS  FOR  CHARGING  OPEN-HEARTH  FURNACES 

The  acroiupanyiiig  illustrations  show  a  ('oust  ruction  of 
macliine  for  charging  open-hearth  or  similar  furn aces,  the 
invention  of  Messrs.  Babcock  &  Wilcox,  Ltd.,  Oriel 
House,  30,  Farriiigdon  Street,  London,  and  James  Srnitli. 
The  machine  is  of  the  kind  including  a  movable  structure  on 
which  runs  a  trolley  carrying  a  platform  lotatable  on  a 
vertical  axis  and  on  which  is  mounted  a  charging  ann'  or  bar 
adapted  to  be  tilted  on  a  transverse  horizontal  axis  and  to  be 
rotated  or  oscillated  on  a  loiigitiuUiial  axis. 

Referring  to  the  illustrations,  the  apparatus  comprises  a 
main  travelling  structure  A  made  up  of  braced  I-beatiis 
resting  on  wheels  B  adapted  to  be  rotated,  through  the 
intermediary  of  suitable  gearing,  from  an  electric  motor  C， 
whereby  the  structure  may  be  traversed  along  stationary 
rails  disposed  parallel  to  the  furnace  front.    Mounted  to  run 


】iiember  Tj  by  means  of  goaring  operated  by  an  electric  】notor 
P.  The  member  L  is  adapted  to  be  tilted  by  means  of  a 
crank  Q  secured  to  a  shaft  located  beneath  the  member-  L 
and  mounted  on  turntable  N，  and  to  which  crank  are  con- 
nected arms  R  provided  with  rollers  S  engaging  guides  T 
oil  the  rear  portion  of  the  member  L,  the  crank  shaft  being 
driven  through  gearing  from  an  electric  motor  U，  the  gearing 
being  kept  as  low  as  possible  relatively  to  the  charging  arm 
at  one  side  thereof,  so  as  to  afford  an  unin te rrupted  view 
of  the  charging  arm  and  the  load  carried  thereby,  when  the 
furnace  is  being  charged.  The  devices  for  tilting  the  charg- 
ing arm  operate  on  the  same  from  below. 


Apparatus  for  Chargin (；  Opex-heakth  Furnaces. 


Oil  the  structure  A  in  a  direction  perpendicular  to  the  line 
of  movement  of  the  structure,  I .e"  towards  or  away  from  the 
furnace  opening,  is  a  trolley  E，  to  which  are  connected  the 
ends  of  sprocket  chains  F,  led  around  sprocket  whee】s  driven 
through  the  intermediary  of  gearing  D，  from  an  electric 
motor  J，  the  gearing  and  motor  J  being  located  to  one  side  of 
and  at  the  rear  of  the  structure  A,  so  that  the  coiiipoiieiit 
parts  thereof  are  readily  accessible  and  out  of  the  dangerous 
lie  at  from  the  furnace.  The  motor  J  and  gearing  D  partici- 
pate ill  the  movement  of  the;  structure  but  do  not  participate 
in  the  movement  of  the  trolley  towards  and  from  the 
furnace  ；  the  gearing,  chain  connections,  &c.，  acting  posi- 
tive】y  to  traverse  the  trolley. 

The  charging  ami  K  is  rotatably  iiiount'ed  within  a  hollow 
member  L  adapted  to  tilt  on  a  horizontal  transverse  axis, 
member  L  having  journals  fitted  in  brackets  inou'uted 
on  a  turntable  N  wliicli  is  carried  by  the  trolley  E  and  is 
adapted  to  be  operated  by  gearing  from  an  electric  motor  O  ； 
tlie  charging  arm  being  adapted  to  be  rotated  within  tlie 


DINNER  IN  HONOUR  OF  PROF.  UNWIN.  F.R.S. 

On  Saturday,  February  lOtli,  Prof.  W.  Cawthoriio  Unwin, 
LIj.D.,  F.R.S.,  was  entertained  by  about  two  hundred  of 
his  past  students  at  the'  Criterion  Restaurant,  Piccadilly.  The 

dinner  was  organised  by  the 
Old  Students'  Association  of 
the  City  and  Guilds  Central 
Technical  College,  with  the 
intention  of  celebrating  their 
late  Professor's  year  of  office 
as  president  of  the  Institution 
of  Civil  Engineers,  a  position 
which  lias  never  before  been 
held  by  au  engineer  who  has 
devoted  practically  all  his  life 
to  the  teaching  side  of  the 
profession. 

The  chair  was  taken  by 
the  President  of  tlie  Associa- 
tion, Mr.  W.  Duddell,  F.R.S., 
who  proposed  the  toast  of  the 
evening  and  showed  the  phe- 
nomenal growth  of  the  college 
under  Professor  Unwin  by 
stating  that  in  1885，  when  the 
college'  was  opened,  there  were 
only  35  students,  wllereas  in 
1904，  the  year  in  which  Prof. 
Unwin  retired  from  actual 
teaching,  the  roll  of  students 
was  349.  The  chairman  pro- 
ceeded to  speak  about  the  Pro- 
fessor s  personal  influence  on 
liis  students,  and  evidently  ex- 
pressed the  general  feeling  of 
the  meeting  when  lie  said  that 
all  had  regarded  liini  as  a 
second  father,  and  that  he  was 
beloved  accordingly.  Mr.  H. 
A.  Hinnplirey,  one  of  Prof. 
Unwinds  original  students, 
warmly  seconded  the  chairman's 
proposa]. 

Prof.  Unwin  said  that  lie 
was  very  much  touched  by 
the  expression  of  his  old 
students'  respect  for  their  professor,  and  having  given  a  short 
but  very  interesting  autobiography,  he  gave  particulars  as 
to  the  distinguished  careers  of  several  of  his  past  students, 
now  scattered  all  over  the  globe.  Since  tlie  opening  of  the 
college 〗75  students  had  become  Associate  Members  of  iha 
Institution  of  Civil  Engineers,  while  16  had  been  elected  to 
full  nieinbership,  and  157  had  takeu  the  new  degree  iu 
engineering  of  the  Loudon  University.  Prof.  Unwin 
hoped  that  soon  liis  old  college  would  have  three  distinct 
departments  for  Civil,  Mechanical,  and  Electrical  Engineer- 
ing respectively.  The  meeting  was  a  great  success,  and  the 
association  presented  Prof.  Unwin  with  a  cigar  cabinet  as 
a  tansi'ibl?  souvenir  of  the  evening. 


Fatal  Crane  Accident. ― On  the  15th  inst.  a  j»aii  employed 
at  the  works  of  Me^^srs.  Rust  on ,  Proctor  &  Co.,  Lincoln, 
was  guiding  timber  from  an  eleitric  craue  into  a  truck,  wlien 
tlie  chain  gave  way,  and  tlio  whole  lot,  weighing  about 
2\  tans,  fell  and  struck  him  on  the  head,  killing  him  instantly. 
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A  STUDY  OF  THE  PROPERTIES  OF  ALLOYS  AT  HIGH 
TEMPERATURES.* 

BY.   G.   !_>,   BENGOUGH,  M.A. 

(Continued  from  ； page  195.) 
Preliminary  Experiments.  ―  All  the  bars  used  in  the  re- 
search could  be  broken  in  the  inachiue  at  the  ordinary  tem- 
perature, with  the  exception  of  the  ^in.  cast  bars.  Except 
where  the'  contrary  is  stated,  all  the  tests  were  carried  out 
o'l  lin.  round  bars  turned  down  parallel  to  a  ^-m.  diam.  over 
a  length  of  2jin.，  in  the  case  of  all  the  rolkd  bars,  Tlie 
cast  bars  were  lin.  diam,.  turned  down  to  Ain.  for  2iiii. 

One  of  the  difficulties  of  the  research  was  to  find  a  suit- 
able method  of  marking  the  bars  for  the  purpose  of  measur- 
ing elongation.  The  ordinary  method  of  punch  marks  was 
quite  unsuitable  for  small  bars  at  high  temperatures,  and 
localised  tlie  fracture  at  once.  In  any  case  it  would  have 
been  u&eless  owing  to  oxidation.  A  large  number  of  alterna- 
tive methods  were  tried,  and  from  them  the  following  were 
selected  as  giving  the  best  results  under  the  conditions 
stated. 

1 .  Marks  of  Graphite.  ― Th'es'e  were  suitable  for  brass 
alloys  up  to  a  temperature  of  about  600°  C.      They  were 
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mg  based  on  this  observation  consisted  m  making  two  little 
fireclay  wedges  and  tying  tli^ni  on  to  the  specimen  with  the 
tinned  wire  ；  the  wedges  pointed  towards  the  centre  of  the 
bar,  as  this  was  the  mo&t  likely  direction  of  slip  in  the  case 
of  a  drawn-out  bar.  The  friction  due  to  the  oxidation  of 
the  test-bar  kept  the  little  wedges  in  position,  and  the  dis- 
tance between  the  wire  ties  was  measured  before  and  after 
the  experiment.  This  met'hod  failed  in  the  case  of  nrotals 
which  drew  out  very  greatly,  as,  for  instance,  in  the  case  of 
certain  complex  brass  bars  which  gave  elongations  up  to  165 
per  cent. 

4.  Method  of  Shoulder  Measurement.  一  Jii  cases  in  which 
all  the  above  methods  failed,  resort  was  had  to  the  method  of 
shoulder  measurement.  This  method  is  admittedly  only 
approximate.  It  consisted  in  making  a  test-bar  of  such  a 
form  that  exactly  2in.  of  it  were  parallel  :  beyond  this  the 
diameter  was  gradually  increased  up  to  the  shoulder,  which 
was  ^in.  beyond  the  parallel  portion  on  each  side.  The  total 
elongation  between  the  two  shoulders  (whicli  \v<*re  Sin.  apart) 
was  then  measured,  and  the  total  elongation  calculated  on  to 
the  2iii.  length,  tli&  assumption  being  made  that  no  elonga- 
tion took  place  over  the  gradually  enlarged  part  of  the  bar. 
This  is  probably  true  in  iiiofet  cases,  and  the  author  believes 
that  the  errors  of  this  method  consist  in  the  fact  that  the 


200  210 


S  tv  c*  s  s  1 1 )  s 

Fig.  4.— To  :  30  Brass.  'Tempcratixre,  590。  C, 
(Wire). 
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sufficient  for  all  th-e  aluminium  bars.  In  the  case  of  copper 
and  copper-nickel  bars  they  were  only  tmit'able  for  compara- 
tively low  temperatures.  It  may  be  mentioned  that  some 
kinds  of  copying  pencil  give  remarkably  good  results  for 
luoderaie  temperatures.  In  some  causes  a  comj)lete  ring  of 
deposit  was  made  round  the  bar  and  for  some  distance  outsiclc 
tlH'  gauge  leiigtli  towards  the  ^liouldor,  wit h  the  objoci.  of 
limiting  oxidation.  The  juiiction  l>et W(hmi  tlic  oxidised  and 
protected  parts  could  t  lini  ho  cl(、；u'ly  seen . 

2.  Heavily  Gold  -  plated  Marks.  ―  The  bars  were  plat-ed 
from  r>houlfl(_、r  to  shoulder  wit h  a  tliick  deposit  of  gold.  Tlio 
middle  2 in.  of  the  parallel  portion  was  then  buffed  ，，  free 
of  gold.  The  gold  prevented  the  oxidation  of  tlu^  bar  be- 
11  e  a  til  it,  and  a  sharp  lino  of  doniarcalion  was  obtained 
between  the  plated  and  the  oxidised  surfaces.  This  method 
was  useful  for  brass  up  to  a  t-emperature  of  nearly  800°  C. 
It  wa6  not  so  satisfactory  for  llio  copjKM'-nickel  bars,  which 
scaled  so  heavily  that  the  plating  flakod  off  in  an  ii'i'egular 
manner  at-  t'he  edges.  These  bars  were  the  most  difficult  to 
mark,  as  the  scaling  was  even  worse  than  with  piiro  coj)per 
except  at  the  highest.  teinj)eratures. 

3.  Method  of  Fireclay  Wedges.  ―  Tliis.  met  liod  was  hjuscd 
on  a  rhaiice  obsvrvat  t  li;it  tine  tiiim'tl  t  o| wiiv  \isod  for 
tying  the  tlierincKrou])les  on  to  the  lost-picrc  held  vory  tightly 
to  the  fine  grained  fireclay  t  ube  by  which  tlie  wires  of  t ho 
couple  were  insulated  from  eacli  otli^r.  This  appeared  to  be 
due  to  the  formation  of  a.  trace  of  f^ilicalo  of  t in,  but  tlio 
cause  was  not  invesligatod  in  detail.    The  】m、Uio(l  of  mark- 

*  rapor  road  before  the  lusUtuto  of  McUUb,  January,  1913. 


near  noii^hhourliood  of  i]w  enlarged  shoulder  (liiiiini>lies  the 
total  I'lougatiou  of  the  2in.  length.  Errors  due  to  this  cause 
】nay  amount  to  6  per  cent,  of  the  values  given  :  thus,  where 
an  elongation  is  given  as  66  ])or  cent,  the  true  value  may  be 
as  low  as  G4  per  cent,  or  as  high  as  68  jH^r  cent.  Thus  the 
valiu's  obtained  in  this  way  are  only  approximate. 

A  very  slight  acquaint hiu-o  with  tho  t-ensile  j)rojHM'ties  at 
high  tempei-atures  was  sufficient,  lo  indicate  the  im{K)rUnce 
of  the  time  under  load.  Two  typical  curves  are  given  to 
illustrate  tlie  phenomenon.  Fig.  4  is  for  a  wire  Jin.  diani., 
and  Fig.  5  for  a  lin.  cast,  bar;  in  each  case  the  alloy  iisod 
was  70/30  brass.  These  cases  haw  beeu  selected  a&  repre- 
senting tlie  ext remc  caees  of  a  highly  stressed  thin  spcriinon 
and  a  thick  cast  bar.  Similar  phonoinena  、vort、  noticed  with 
all  t  lie  alloys  ue^d.  ami  hocanie  increasingly  important  at^  the 
temperature  was  raised.  Bo  low  about  400、、  C.  the  effect  was 
only  slight ,  even  if  it  existed  at-  all.  Precautions  wore  taken 
to  roinove  any  error  due  to  this  phenomenon,  and  it  was  not 
inwstigatod  in  an\  dolail  at  teinperaturos  bolow  500"  C. 

Tlio  molluxl  adoi、"、(i  for  avoiding  th<、M'  t、rrors  was  to  keep 
Iho  total  lime  for  which  the  specimen  was  under  iest  ap- 
proxiinak^lv  constant.  The  tost  period  Pi^lectod  was  t、v<"，ty 
iniuut<\s.  111  actual  practice  it  was  i>(>s>iblo  to  keep  within 
the  limits  of  15  ""mitvs  and  25  numit<*s,  oxoept  in  tho  ca.so 
of  i^roat  loads  at  low  temporal uros  ;  here,  liowcver,  Ibe  factor 
was  not  iMi|M)rtant. 

1 11  order  to  koop  within  tho  limits  a  rougli  idea  of  the 
l)ro|HM*tivs  of  oadi  sptH'iintMi  wai^  m|uiTvd,  so  lliat  an  approxi- 
mately correct  ral-e  of  loading  could  be  adopkd.    For  this 
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The  rate  of  loading  the  bars  was  adjusi  ed  so  that  the  total 
time  under  test  should  he  approximately  tlie  same  for  all 
bars  of  the  same  series.  Tt  was,  in  consequence,  rapid  with 
large  loads  and  slow  witli  small  loads.  Tn  tlie  case  of  the 
stronger  bars,  at  teiiijieraturow  b.»low  350  ('- ,  it  was  not  pos- 
sible to  load  rapidly  enougli  to  obtain  fracture  in  twenty 
iiiiiud  es,  ami  in  some  instances  nearly  double  tliis  p。rio(l  was 
i\'(|iiired  for  a  siiigl?  test .  No  appivciable  error  is  tliereby 
introduced,  since  at  tlit'sp  low  teinppratu res  t'':e  t iiiH'  ('flVrt  is 
small. 

Experimental  Results.  ―  These  will  now  ho  dealt  with 
separately  for  each  series,  beginning  with  t  lie  simplest  cases 
of  the  pure  metals,  and  leading  up  to  tlit*  iimn'  compk^x  rases 
of  the  2 -phase  systems.  Tlie  wliole  of  the  results  will  t hen 
ba  su mniaris>ed  and  discussed ,  and  some  g、'm'ral  suggestions 
;mk1  conclusions  proposed. 


Table  III.  (Series  I).—  Copper  {Boiled). 


Maximum  Stress. 

Tern  porat  lire 
(tf  test  ,  degrees 

KI(*n<^ation 

Contraction 

per  cent,  on 
2in. 

of  area. 

Centigrade. 

Lbs. 

Tons  per 
square  inch. 

per  ('('lit. 

17 

O.T.* 

Hi. 5 

31.5 

17 

O.T. 

17.5 

32.0 

17 

1800 

lfi.3 

17 

16.7 

32.0 

252 

】:m 

12.7 

28-0 

290 

1505 

】3.7 

29.  H 

330 

1197 

11.0 

29.  f) 

370 

115：^ 

10.5 

29. 0 

420 

1043  . 

9-5 

28-0 

480 

823 

7.5 

卜 

540 

570 

5.1 

27.0 

ti20 

287 

2.6 

27-0 

G75 

169 

1.3 

28.4 

73(i 

141 

1-2 

740 

1" 

1-2 

78-0 

775 

111 

1.0 

(>().() 

840 

105 

(».9(> 

"M) 

920 

m 

0-50 

(19. 0 

9(i0 

30 

0-30 

1010 

21 

o'l(i 

38-0 

*Tlu'  lottoi's  "  O.T."  in  the  tables  mean  that  tho  cfiiTespondini^  tests 
、、t'n'  carried  out  in  the  oidinary  testing  niaoliine. 


Series  I. 一 ('opptr, —- The'  stress- temperature  results  are 
given  in  Table  III"  and  the  corresponding  curve  is  shown 
in  Fig.  6.    Le  Chatelier's  results  are  also  given  in  Fig.  6  ；  so 


purpose  ])reliniinary  tests  were  mado  for  eacli  alloy,  but 
these'  tests  have  been  omitted  from  the  tables  and  curves  now 
presented.  To  save  expense  they  wera  made  on  thin,  straight 
bars  I'm,  diani.,  although  they  were  not  turned  down  at 
the  centre,  t hey  always  broke  within  an  inch  of  it  owing  to 
the  distribution  of  temperature  along  the  bar. 

Materials  Used  in  the  Main  Research. ― It  was  desired  to 
obtain  typical  curves  represenling  the  relations  of  stress  and 
sti"ain  to  temperature  for  the  following  classes  of  materials: 

iiuo 

mm 
■ 

KOO 


(a)  Ordinary  pi 
fiisting  of  a  single  sinmle  solid  solution,  with  no  critical  point's 
beneath  the  solid  us.  (r)  Alloys  consisting  of  two'  solid 
solutions  or  other  phases.  This  class  is  very  large,  and  many 
types  ai?  possible  in  it. 

In  each  case  both  cast  and  worked  materials  were  studied. 
Tn    class    (〃)    copper    and    aluminium    were    the  materials 
s^elected.    In  class  (/>)  a  copper-nickel  alloy  was  chosen,  the 
reason  being  that  this  series  of  alloys  consists  throughout  of 
simple  solid  solution  of  nickel  in  copper,  and  no  doubt  can  be 
entertained  as  to  their  simple'  character.    Further  to  repre- 
sent this  class  two  specimens  of  70/30  brass  have  been  used, 
though  it  is  possible  the  constitution  of  this  alloy  may  not  be 
quite  so  simple.      In  class  (r)  various  types  of 
brass  have  been  selected.     Analyses  and  descrip- 
tions of  all  tlie  materials  used  in  the  research  are 
given  in  Table  II. 

Details  of  the  Main  Series  of  Experiments. ― 
The  materials  as  received  were  cut.  up  into  12in. 
lengths,  and  screwed  at  each  end  for  'lin.  Tlie 
rolled  為 in.  round  bars  were  turned  down  to 
^in.  diam.,  parallel  for  2iin,  ；  the  cast  lin.  bars 
were  turned  down  to  ^in.  over  2iin.  They  were 
then  marked  by  one  of  the  methods  already 
described.  The  th e r mo j u n c ti o ii s  were  next  wired 
on  to  points  betwe-en  the  gau*ge  marks,  and  the 
whole  placed  in  the  furnace,  and  left  till 
equilibrium  had  been  obtained.  It  was  very 
desirable  that  this  should  be  reached  as 
quickly  as  possible,  and  that  the  time  occupied  in 
reaching  it  should  be  nearly  the  same  for  all 
the  bars  of  each  series,  since  in  this  wav  the  effects  of  anneal- 
ing could  be  to  som?  extent  eliminated.  By  never  allowing 
the  furnace  to  cool,  and  by  bringing  it  to  a  temperature  a 
little  above  that  required  before  the  introduction  of  th'3  bar, 
it  was  found  that  the  ^in.  bars  could  be  brought  to  a 
practically  constant  temperature  in  about  one  hour  for  all 
but  the  highest  temperatures.  The  total  interval  of  tim'e 
from  the  introduction  of  the  bar  to  the  instant  of  fracture 
was'  usually  about  Ih  hours.  For  the  larger  bars  this  period 
was  about  two  hours.  The  temperature  readings  were  taken 
at.  the  instant  of  fracture,  and  are  accurate  to  -f  4°  C. 
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far  as  they  go'，  the  two'  sets  agree  remarkably  well.  Un- 
fortunately both  Unwin  and  Le  Chatelier  stopped  their  work 
on  copper  before  the  most  interesting  range  of  temperature 
was  reached.  It  will  be  noticed  that  at  650°  C.  the  stress 
curve  undergoes  an  abrupt  change  of  direction.  The  upper 
part  of  the  curve,  which  extends  from  the  melting-point 
(]，065°  C.  oxidising  atmosphere)  to  650。  C,，  is  a  straight  line. 
From  650°  to  tha  ordinary  temperature  the  curve  is  convex 
upwards.  Theoretically  these  two  portions  of  the  curve  must 
merge  gradually  into  one  anotlier  so  as  to  mask  the  exact 
transition  point  from  on?  to  tlie  other,  and  whenever  a  con- 


7  6  -,o  4  3  ol  1 


240 


THE   MECHANICAL  ENGINEER. 


[February  23,  1912 


Table  II. ― Analyses  of  Materials. 


iSeries  1. 

Series  TT. 

and  1 1 1. 

Series  IV. 

Series  V. 

Series  VI. 

Series  VII. 

Series  VIII. 

Series  IX. 

Sei  ies  X. 

Copper. 

Aluminium. 

Copper- 
Nickel. 

Brass  A. 

Brass  B. 

Muntz 
Metal  A. 

Muntz 
Metal  B. 

Brass  C. 

Complex 
Brass. 

Per  cent. 

Per  cent. 

P。r  cent. 

Per  f*ent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

99.84 

Trace 

79.99 

69  •  88 

69-4 

59.52 

56.75 

00  •  1 

90.5(i 

().()7 

Nickel   

― 

19.60 

0.05 

― 

― 

0.39 

― 

0.2s 

— . 

27-49 

38-80 

39-43 

43- 20 

4  1  •  S9 

― 

0.77 

0.64 

0.00— » 

0.40 

0-74 

CIO 

<».r>2 

Trace 

0.22 

0.41 

Trace 

Arsenic  

0,05 

0-005 

0.22 

0.08 

(Oxygen) 

Physical  condition  .  • 

Rolled 

Rolled 

Cast 

Cast. 

Wiredraw  n 

Cast 

Extruded 

Constitution   

Puro  metal 

Pure  metal 

Pure  metal 

Single 
solid  solu- 
tion {a) 

Single 
solid  solu- 
tion (a) 

Single 
solid  solu- 
tion (a) 

T、v(>  solid  solutions  (c;  + 

siderable  number  of  observatictfis  have  been  made  in  similar 
ranges  the  experiments  have  confirmed  the  theory.  An 
exact  transition  point  can  be  obtained  by  exfrapolation  of  the 
two  parts  of  the  curve,  so  that  they  meet.  This  transition 
point  is  called  briefly  by  the  author  the  temperature  of 
recuperation/'  but  the  full  title  should  be  the  "  limiting 
temperature  of  complete  recuperation."  The  reason  for 
adopting  these  terms  will  be  stated  later  when  the  whole  of 
the  experimental  results  are  being  reviewed.  Every  tensile 
curve  studied  may  be  considered  to  exhibit  a  definite  tem- 
perature of  recuperation  which  can  be  deduced  from  the 
experimental  curve  by  extrapolation  ;  in  most  cases  the  curves 
have  been  drawn  so  as  to  indicate  these  temperatures. 


Attention  may  be  called  to  a  single  result  obtained  at  a 
temperature  of  295。，  for  which  the  author  is  unable  to 
account ;  also  to  another  at  740。，  which  appears  to  lie  well 
off  the  curve.  The  differences  between  these  two  results  and 
the  values  that  might  be  expected  for  them  from  the  general 
form  of  the  curves  are  far  beyond  the  possible  errors  of 
experiment. 

Series  II.— J  lutiiininnt  (  A)' 丌 /"/) .——The  stress-tempera- 
ture curve  (Fig.  8，  Table  IV.)  is  of  precisely  similar  form  to 
that  obtained  for  copper.  The  t-eniperature  of  recuperation 
is  395'  C.  The  strain-temperature  curve  (Fig.  9)  is  rather 
different,  in  that  the  elongation  increases  slowly  up  to  about 
390。，  1  .t a  little  below  the  t-em peratiu'e  of  recuperation, 
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Th-a  strain -temperature,  or  elongation-temperature,  curve 
is  filiown  in  Fig.  7.  Contrary  to  what  might  have  been 
expected,  t he  elongation  falls  off  slightly  as  the  t^mi)erature 
is  raised  till  650°  C.  is  reached.  The  elongation  then  in- 
creases at  first  slowly  and  then  very  rapidly  :  at  about  920。  C. 
it  falls  rapidly,  the  fall  boing  duo  j)robablv  to  almost  com- 
plete loss  of  cohesion,  and  reaches  zero  at  the  iiiolting-poiiil . 
It  is  uncertain  whetluM-  or  not  a  re-entrant  angle  really 
occurs  in  the  curve  at  a  temperature  of  840°,  since  the  single 
result  shown  in  that  range  is  not  sufficient  to  establish  it. 
For  this  reason  the  curve  in  the  region  of  this  temperature 
has  been  dotted  in  to  indicate  tliat  it  has  not  h^w  satisfac- 
torily detenuincd.  The  important  fact  shown  hv  the  curvt* 
as  a  whole  is  that  a  decided  change  in  dircrt ion  mvurs  at 
650°  C.，  and  t-liat  at  tcMuperatiires  ovor  700，  and  bi»lo\v 
900。  the  niotal  exhibits  ductility  of  quite  a  dilTenMit  order 
from  the  rest  of  the  teuuH'raturo  range. 


and  then  undergoes  a  rapid  aiid  largt^  inert  ase.  Above  400 
til?  increase  becomes  slowiM-  till  a  len» piMalure  of  rather  over 
(300。  is  reached,  wIumi  a  rapid  fall  takes  place,  due  probably 
to  loss  of  cohesion. 

Points  to  be  noticed  especially  in  the  curves  for  copper 
and  aluminium  are :   (1)  The  well-marked  change  in  direr 
tion    of    the    stress-temperat uro   curves  at    G50    and  395 
(2)  Tlu^    well-marked    change    of    direction    in   the  strain 
temperatinv  curvos  at  approximately  the  same,  but  rather 
lower,  temperatures. 

Series  IV. — Coppt  r-Xirh',  f  .1〃"//. ― This  alloy  consists  of 
a  single  solid  solution.  The  t^trrss-teinperature  curve  i^^- 
given  in  Fig.  10，  and  i、  plotted  from  the  results  given  in 
Table  IV.  It  is  of  the  sani^  form  as  those  of  co|)i)er  and 
aluiniuiuni,  and  the  temperature  of  recuperation  is  about 
710\  The  strain-tem|)erature  curve  (Fig.  11)  difiVrs  from 
thos、、  of  tlio  pure  metals.       The  elongation  falls  off  till 
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temperature  of  about  650°  is  readied,  and  tlien  increases 
somewliat  rapidly,  reaching  a  maxinnuii  at  about  700。  C. 
It  then  falls  oft'  again  up  to  750°  C.，  and  lastly  rises'  till  a 
temperature  of  at  least  1,010°  is  reached.  The  melting- 
point'  of  this  alloy  was  1，190。C.，  but  it  was  not  found 
practicable  to  carry  out  experiments  at  temperatures  much 
above  1,000°,  hence  no  evidence  of  a  final  turn  back  of  the 
curve  ill  the  neighbourhood  of  the  melting-point  could  he 
obtained. 

Table  IV. ― Series  II. ― Aluminium  (Boiled), 


Mcaximum  Stress, 

Temperature 

Elongation 

Contraction 

of  test,  (leojrocs 

per  cent,  on 

of  area. 

Centigrade. 

Tons  per 

2in. 

]ier  font. 

Lbs. 

square  inch. 

20 

94r) 

8.6 

11. 0 

20 

040 

8.6 

12.0 

200 

701 

6.3 

15.0 

27") 

545 

4.90 

17.2 

330 

371 

3.4 

20.3 

375 

190 

1.7 

25.0 

396 

105 

0.9(i 

56.0 

450 

520 

45 

0-40 

68.5 

505 

27 

0-24 

70.3 

"10 

33 

0.30 

75.0 

()25 

21 

0-1!) 

30.  (» 

Table  V.  (Series  IV). ― Copper -Nickel  Alloy. 


Temperature 
of  test,  degrees 
Centigrade. 

Maximum  Stress, 

Elongation 
per  cent,  on 
2in. 

Contraction 
of  area, 
por  amt. 

Lbs. 

Tons  por 
square  inch. 

17 

O.T. 

27.1 

26.0" 

— ' 

O.T. 

29.8 

28.2 

17 

29.2 

28.0 

細 

2596 

23-7 

23.5 

20ir> 

18.4 

20-3 

505 

1736 

15.8 

20.0 

580 

1323 

12-0 

15-5 

075 

735 

().7 

20.2 

r>85 

498 

4-5 

31.2 

7()0 

321 

2.9 

23-4 

7()0 

273 

2.5 

22.0 

70;-) 

287 

2.0 

26.5 

8")0 
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2.0 

27.2 

二 

!»'>() 

129 

M 

31.2 

1010 

m 

__ J   _ 

:?7.0 

Table  VI.  (Series  V.)— 

Cast  Brass, 

/：■■  ― 

Maximum  Stress. 

Temperature 

Elonfjation 

Contraction 

of  test,  degrees 

per  coiit.  on 

f)f  area, 

Centigrade. 

Tons  por 

2in. 

per  cent. 

Lbs. 

square  infh. 

As  oast 

O.T. 

12.1 

30 

As  oast 

O.T, 

12-2 

-^" 

290 

15 

325 

2229 

;■).() 

11 

：545 

2152 

4-0 

！) 

4(K) 

1281 

2.9 

'A 

432 

1101 

2.5 

2.0 

1279 

2.9 

3.2 

1057 

2.4 

4.4 

917 

2.0 

050 

2.1 

「>.() 

麵 

8.33 

1.9 

()20 

819 

1.8 

s.o 

(125 

553 

1.2 

20.0 

(>35 

085 

l.r> 

IS. 5 

r>50 

580 

1.：} 

IS." 

()8() 

40)3 

1.0 

710 

443 

1.0 

745 

301 

0.07 

] 2 , 5 

785 

180 

0.43 

11.0 

This  curve  should  be  compared  with  that  given  for  70/30 
brass  (〃  solid  solution)  by  O.  F.  Hudson  and  the  author  in 


Volume  TV.  of  Uic  Jwirn;"  of  the  In?titiite  of  Metals,  and 
now  reprinted  in  Fig.  1  '2.  The  form  of  the  two  curves  will 
be  seen  to  be  nearly  similar,  and  the  peaks  in  the  curves, 
which  cx:(,m'  in  each  case  at  about  the  temperature  of  recu- 
peration, are  particularly  to  be  noticed. 

The  niicroKtructure^  of  tliis  alloy,  and  t  lie  ('HVct  on  it  of 
annealing,  are  shown  in  Figs.  ]  3 - 1 7 . 

Series  V. ― Brass  '」.，' 一 This  alloy,  like  the  last,  consists 
of  a  single  solid  solution,  the  a  solution  of  the  coppor-zinc 
series.    The  results  obtained  witli  it  are  given  in  Tal)l('  V ] . , 
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Fig.  13.— C'upro-Nickel  (as  rolled).  Magnification  150  diameters. 
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Fro.  14.— CurKo-XicKKL  (； miieak'd  1  hour  Fig.  15.— Cupro-Nickki. (annealed  1  hour 
at  700°  C).  Magnification  SO  diameters.         at  750°  C).  Maguitication  80  diameters. 


卜、 卜'" ―' " 

一 

Fig.  If). ― CurRO-NiCKEL  (annealed  1  hour 
at  800^  C).  Magnification  80  diameters. 


Fig.  17.— Cupro-Nickel  (annealed  J  hour 
at  90CF  C.)  Magnification  80  diameters. 


and  plotted  in  Figs.  18  and  19.  The  stress-temperature 
results  appear  to  fall  on  two  curves,  which  inset  at  about 
440〜  and  are  both  appiioxiiiiately  straight  lines.  Fig.  18 
should  be  compared  with  the  stress-temperature  curve  for 
70/30  brass  wire  given  in  Vol.  IV.  of  the  Journal  of  the  Insti- 
tute of  Metals  by  O.  F.  Hudson  and  the  author. 

The  strain  temperature  curve  of  this  alloy  is  remarkable. 
The  elongation  falls  quite  rapidly  till  a  teanperatiire  of  just 
over  400°  C.  is  reached,  and  it  may  bo  mentioned  here  that 
this  pbenomeiion  occurs  in  all  alloys  which  contain  the  〃 
solution  of  til's  copper-zinc  series  in  any  considerable 
rjTiaiitity,  as  well  as  in  some  alloys  tliat  only  contain  a  trace 
of  it.  In  the  case  of  the  brass  now  being  considered,  and  of 
the  wire  used  in  the  experiments  alroady  referred  to  by 
O.    F.   Hudson   and   the  author,   the    ininimuin   values  for 
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elongation  were  obtained  in  each  case  at  a  temperature  of 
about  410°,  and  are  practically  identical  numerically, 
namely,  1*5  and  2  per  cent. 

Above  430。  C.  recovery  sets  in  with  both  these  alloys.  In 
the  case  of  the  wire  this  recovery  is  very  rapid,  and  a  new 
maximum  of  value  is  obtained  at  450°.  With  the  cast  bar 
the  recovery  is  very  much  slower,  and  the  new  maximum  is 
only  reached  at  a  temperature  of  625°  C.  In  both  cases  the 
actual  value  is  approximately  the  same,  namely,  18*5  and 
17'5.  After  tlie  juaxirniun  is  reached,  tha  elongation  falls 
ofT,  in  tilt'  cas(»  of  brass  "A，，'  quite  steadily  up  to  tlip  lut'lt  iiig- 

900  t  r  1  1 
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Maximum  stress,  tons  per  sq.  in.  Elongation,  per  cent. 

KiG.  18.— Cast  Brass  A.  Fig.  19.— Cast  Buass  A. 

point.  In  the  case  of  the  wire  the  curve  resembles  that  of 
the  copper-nickel  alloy,  and  the  fall  only  takes  place  in  the 
neighbourhood  of  the  melting-point. 

Tt  willib?'  seen  that  though  there  are  several  points  of 
reiieniblaiK-e  in  the  general  form  of  the  curves,  there  are  also 
points  of  difference.  Perhaps  a  close  ressmblanoe  could 
liardly  have  been  expected  between  material  so  different 
physically  as  a  hard-drawn  wire  ^in.  diam.  and  a  lin.  cast 
bar.  Chemically,  the  latter  differs  from  the  former  in  con- 
taining ail  additional  0*5  per  cent,  of  lead,  and  a  considerable 
part  of  the  difTer^'nce  between  them  may  probably  be  put 
down  to  this  fact . 

(To  be  continued.) 


Inventors  and  the  Patents  Act, ―  Major  W.  A.  O'Meara  (chief 
oiigiuee r  to  tlio  Gcm'ial  Post  Office)  presided  at  a  meeting 
of  the  recently-constituted  Inventors'  Institute  in  London  on 
the  15th  inst.,  when  it  was  announced  that  since  the  forma- 
tion of  t)iG  Institute  a  month  ago  86  members  had  been  elected. 
It  was  hoped  that  at  least  500  members  would  be  obtained 
within  a  year.  It  was  agreed  that  steps  should  be  taken  with 
a  view  to  acquiring  suitable  premises  for  the  Institute  in  the 
vicinity  of  the  Patent  Office.  Considerable  discussion  ensued 
with  regard  to  the  Patents  Act,  and  members  were  invited  to 
bring  forward  at  the  next  meeting  amendments  that  they 
considered  should  be  brought  before  the  notice  of  the  Board 
of  Trade. 

A  Costly  Lift  Accident. ~" -In  the  King's  Bench  Division  on 
tlie  13th  iiist.,  before  Mr,  Justice  Coleridge  and  a  special 
jury,  damages  amounling  to  £1,183  were  awarded  Dr.  Edward 
Hoare  Sweet  and  his  wife  in  respect  of  injuries  which  the 
lady  sustained  in  Harrods  Stores,  Bronipton  lload,  on  May 
ITtli  last.  Mrs.  Sweet  was  ascending  by  the  lift  lo  one  of  the 
upper  floors  of  defendants'  premises,  and  when  it  reached  the 
first  floor  the  cable  broke,  the  lift  dropping  some  30ft. 
to  the  bottom  of  the  well.  Mrs.  Sweet  was  rendered  uncon- 
scious, ami  had  to  be  removed  to  hospital.  Dofondants  ad- 
mitted liability,  but  denied  that  the  injuries  wort'  so  serious 
as  plaintiffs  represented.  His  Lordship,  in  sununin^  u]k 
remarked  that  in  this  caso  there  was  a  foiil rovt-rsy  betwooii 
inodical  geiit lemon  on  oithor  side.  Tli"  jui y  must  t t'v  to 
arrive^  at  some  safe  road  betwetMi  these  I'onllii'tinp  opinions. 
The  jury  found  a  verdict  for  the  plaintiffs,  assessing  tlie  d .lin- 
ages at.  £1,183,  and  his  lordship  entered  judgment  accordingly, 
witli  costs. 


THE  PRODUCTION  OF  SOUND  STEEL 

hY  SIR  KOBERT  A.  HADP^IELD. 

The  question  of  producing  sound  steel  is  quite  as  important 
a  factor  in  meeting  the  re<juireinents  of  the  times  a*s  ever  it 
was.  By  sound  steel  is  generally  meant  material  free  from 
(〃) segregation,  (h)  blowholes,  and  (r)  piping.  Unless  these 
requisites  are  fulfilled  trouble  and  breakdown  of  the  material 
may  occur  in  so 膨 stage  of  its  liistory.  Fortunately,  as  a 
rule,  the  remedy  which  obviates  or  overcomes  any  one  of  the 
difficulties  tends  to  iinj)rove  all.  For  example,  steel  which  is 
sound  and  free  from  hlowliol^^s  is  less  liable  to  segregation  or 
interiiiiiigled  slag,  ami  the  ingots  iiiade  t lierefroni,  if  properly 
fed,  will  have  the  defects  under  (r),  that  is,  piping,  largely 
reduced. 

Many  simple  devices,  as  well  as  complicated  arrangements 
have  been  suggested  and  tried  to  overcome  the  difficulties  in 
qi:estion,  as  for  example,  fluid  coniprefsioii ,  from  the  top,  also 
from  tTie  bottom  ；  feeding  and  settling  by  gas-generated  heat  ； 
compressing  or  squeezing  from  the  sides,  and  manv  other 
devices.  These  have  given  more  or  less  satisfactory  results. 
There  are,  however,  some  disadvantages  in  lliese  systems,  such 
as  the  expense  of  application  owing  to  the  heavy  cost  of 
apparatus,  and  so  on. 

For  some  time  I  have  been  working  at  methods  which  I 
believe  are  simple  yet  efficient.  Although  the  following 
description  refers  to  patented  methods,  yet  in  view  of  the 
great  importance  of  obtaining  sound  material  I  venture  to 
tliink  it  may  be  of  general  interest.  A  system  of  this  kind 
with  suitable  modifications  could  be  applied  to  the  manufac- 
ture of  sound  ingots  for  rails  and  other  purposes.  The 
terrible  results  of  railroad  disasters,  such  as  that  on  the 
Lehigh  Valley  Railroad,  show  the  importance  of  obtaining 
sound  material  in  tlie  ingots  from  which  the  rails  are  to  be 
rolled. 

At  the  works  of  my  company,  Hadfield's  Steel  Foundry 
Company,  Ltd.,  Sheffield,  large  quantities  of  special  st?els 
are  made,  in  which  it  is  absolutely  essential  to  have  material 
perfectly  sound  and  free  from  the  defects  mentioned 
above.  The  method  now  described  lias  enabled  the 
desired  object  to  be  fulfilled  both  cheaply  and  efficiently. 
Moreover,  it  has  the  important  advantage  of  enabling 
not  only  soundness  to  be  obtained  but  also  a  much 
larger  percentage  of  the  ingot  to  be  used,  and  this  with  per- 
fect safety.  As  will  be  seen  from  the  results  of  the  experi- 
ments described,  in  inanv  cases  no  less  than  93  per  cent -  of  the 
fluid  steel  in  the  mould  is  made  utilisable,  and  this  at  small 
expense. 

Granted,  therefore,  sound  piping  or  settling  steel  in  the 
first  instance,  which  is  easily  obtainable  by  ordinary  care  in 
manufacture,  there  seems  to  be  no  reason  why  ingots  should 
not  be  made  sound,  free  from  blowholes,  piping,  and  segrega- 
tion. This  being  so,  rails  or  other  articles  rolled  therefrom 
should  be  of  the  highest  grade.  It  is  true  that  largf 
quantities  of  rails  as  now  made  are  of  excellent  quality,  but 
it  is  just  the  ''  tenth  ''  case  which  it  is  important  to  improve 
Tt  is  the  bad  heat  here  and  there,  the  bad  ingot  now  and  then, 
which  gives  the  fatal  rail  which  in  service  fails,  involving 
catastrophe  and  all  t he  troubles  consequent  upon  sucb 
disasters. 

The  following  description  of  the  lladtield  ！ net  hod  of 
casting  steel  ingots,  castings,  &c.，  ensuring  soundness,  free- 
dom from  piping,  and  absence  of  segregation,  may  be  of 
interest.  The  mot  hod  of  carrying  out  the  process  is  shown  by 
the  accompanying  Figs.  1  and  2.  As  will  be  seen,  this  con- 
sists in  heating  llie  metal  in  the  iip|>er  part  of  an  ingot  or 
other  mould  and  iiiaiiitainiiig  it  in  a  liquid  condition  by  tii«' 
combustion  in  contact  therewith,  or  in  close  proximity 
thereto,  during  the  coolinp  and  .shrinkage  of  the  metal  in  tlx* 
lower  part  of  tlie  mould,  of  solid  hid— for  example,  char 
coal ― by  means  of  a  bla"  of  compressed  air  wliich  is  caused 
lo  impinge  on  tlie  fuel  while  the  fuel  is  directly  or  indirecUy 
supported  by  the  metal  below  :  also  the  interposition  of  a  layer 
of  fu:sil)lt、  niatorial,  such  a.s  iron  slag,  wliicli  lias  no  injurious 
action  on  the  metal,  between  the  metal  and  the  fuel. 

The  cost  of  carrying  out  the  method  is  trifling  com  parcel 
witli  the  large  saving  gained  in  reducing  loss  and  waste  of 
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Position  of  t  L'.st  piutT  below  .surface 
of  feeding  head. 

Cfubon. 

Analysis 
Sulphur, 

PhospIuuMis. 

A ―】 in.   

1-41 

0.175 

0.13.5 

1 

1.20 

0. 12 

0.10 

C 一 :Uin.  below  

0.59 

0.041 

0.041 

D — Where  ingot  itself  commences  . . 

0-50 

0.033 

0-037 

This  ingot,  with  the  sinking  head  described,  is  a  still 
further  advance  in  the  improvements  effected  in  this  matter, 
the  segregation  being  very  slight.  It  would  appear  that 
93  per  cent,  of  this  ingot  may  be  utilised  for  commercial 
purposes, . 


()      1 7        0        0  Total  w  aste  7 •  ！)  jht  rent. 

These  ingots  forged  well  in  each  case,  and  the  billets 
produced  tlicrefrani  were  sound  and  satisfactory  in  other 
respects.  * 

In  the  ^experiments  made  it  was  found  that,  with  tlie 
exception  of  8*8  and  7"9  per  cent,  waste,  respectively,  prac- 
tically the  whole  of  the  reiiiaining  portion  of  the  ingots 
represented  saleable  and  serviceable  billets.  The  same  results 
may  be  obtained  with  either  small  or  large  ingots.  From  the 
results  obtained  in  the  finished  product  it  would  appear  that 


Fig.  -2.— ENLAUiiKJ)  Vikw  of  Uppjcu  Part  of  Fig.  1. 
Ibe  mould  is  for  a  ISin.  ingot. 


there  is  great-  ini provement  over  the  methods  ordinarily 
practiced,  whether  as  regards  saving  in  waste  or  improving 
the  quality  of  the  material.  —  " '  The  Iron  Age." 


Institution  of  Engineers  and  Shipbuilders  in  Scotland. ― At  a 

meeting  of  this  Institution,  held  on  the  13th  inst.  at  Glasgow, 
Prof.  James  Miiir,  D.Sc.，  M . A . ,  delivered  a  le<'ture  on 
"Colour  :  Its  Production  and  its  Application  to  the  Dot  r- 
iiiination  of  Stress.  '  After  showing  the  production  of  colour 
by  absorption  and  reflection  of  light  with  spectrum  experi- 
ments, Prof.  Muir  referred  to  the  production  of  colour  by  the 
scattering  of  light,  whk'li  accounted  for  the  blue  of  the  sky 
and  the  sunset,  and  discussed  the  product  ion  of  colour  by 
the  interference  of  polarised  light,  mentioning  the  recent'  work 
by  Prof.  Coker,  of  Fhisbiiry  College,  investigating  the  distri- 
bution of  stress  materials  by  the  polarised  light  colours  pro- 
duced in  sperimeiis  of  celluloid.  The  lecturer  afterwards 
showed  interesting  illustrations  of  the  tbree-coloui'  theory  of 
vision. 


material.  Moreover,  the  quality  of  the  product  is  im- 
proved ； for  example,  in  making  rails  produced  from  such 
ingots,  not  only  would  there  be  less  discard,  but  l.he  maierial 
would  be  sounder.  During  the  last  few  years  many  thousand 
tons  of  ingots  have  been  made  by  this  patented  process,  which 
has  been  found  of  great  advantage. 

As  a  specific  example,  it  may  be  mentioned  that  ingots 
have  been  made  weighing  about  4,0001bs.  each,  in  which  the 
piping  and  discard  do  not  amount  to  more  than  about  7  per 
cent.  This  small  loss  is  not  the  only  advantage,  tlie  chief  one 
being  that  material  is  obtained 
wliicli  is  quite  sound  and  free 
from  hidden  pipes  or  other 
defects  on  the  whole  length  of 
the  ingot. 

It  is  estimated  that  on  a 
large  output  the  saving  by  this 
method  would  be  from  8s.  to 
12s.  per  ton.  Thus,  on  a 
large  tonnage  of  hundreds  of 
thousands  of  tons  annually 
there  would  be  a  very  consider- 
able saving  each  year,  as  well 
as  obtaining  sound  ingots,  free 
from  blowholes,  piping,  and 
segregatiou. 

In  an  experiment  carried 
out  upon  ingots  weighing 
about  2  tous  each  the  segrega- 
tion only  a  few  inches  below 
the  feeding  head  placed  at  the 
top  of  the  ingot  was  almost 
entirely  absent.  At  about  3iii. 
below  the  surface  of  the  sink- 
ing head  the  percentages  of 
sulphur  and  phosphorus  were 
practically  the  same  as  in  the 
original  steel, viz., about  0*3  per 
cent.  each.  The  sand  "  head  '，  was  14in.  square  where  it  joined 
the  ingot,  tapering  to  9iii.  square  in  a  length  of  1  Gin.  The 
steel  was  filled  up  in  the  sinking  head  to  a  depth  of  14in.， 
the  remaining  2in .  of  the  sand  head  being  filled  with  a 
layer  of  ground  slag,  having  a  thickness  of  about  1  i in .  The 
slag  was  put  on  the  molten  steel,  then  the  heating  carried  out 
by  means  of  the  charcoal  and  blast.  The  head  was  afterwards 
cut  off  the  ingot',  and  was  found  to  be  free  from  piping  or 
segregation.    Following  are  the  details  : ― 

Total  "  eight  of  ingot.  Weight  of  sand  head.  Weight  of  sound  ingot. 
Cuts.      Qrs.      Lbs.       Cwts.      Qr.s.      Lbs.       Cwts.      Qrs.  Lbs. 

38  3  0  2  2         10  :W  0  18 

(4,3401bs.)  (290lb8.)  {4.0501bs.) 

This  is  equal  to  a  waste  of  about  6'7  per  cent.  Tlie  steel 
(( fed  "  well,  practically  the  whole  of  the  molten  steel  in  the 
head  having  descended  bodily  to  feed  the  cooling  shrinkage 
of  the  ingot.  The  head  was  drilled  and  analysed  to  find  if 
there  was  segregation .  The  results  are  shown  in  the  table 
below.  It  will  be  seen  that  even  C  is  almost  normal  in  its 
composition,  and  D，  a  little  lower  down,  has  practically  the 
same  analysis  as  the  bulk  of  the  ingot.  The  original  analysis 
in  this  heat ,  as  shown  by  the  test  ingot,  was  :  Carbon,  0*50  ; 
silicon,  016:  sulphur,  0'033  ;  phosphorus,  0*037  :  man- 
ganese, 0  80. 


Fio. 


Hadfikli>  Process  of  Avoiding 

riPIN<;  AND  Si-:GUKGAT10N  IN 

Steel  Ingots. 


The  following  furtlior  experiments  with  this  patented 
iiu't  hod  were  carried  out :  Two  heats  were  made  of  1 丄 
ficld's  mild  and  ordinary  steel.  1  ii  the  first  the  carbon  wae 
()"2()，  silicon  0*40,  and  manganese  ()'60  ；  in  tlie  second  tlie 
carbon  was  0*45,  silicon  0.50，  and  manganese  0*80.  In  tli。 
preparation  of  the  ingots  sufficient  slag  was  placed  upon  the 
upper  portion  of  tho  molten  steel  in  the  ingot  mould,  t  lien 
charcoal  and  blast  applied  by  moans  of  the  special  blow- 
pipe arrangement.  Each  ingot  wat-:  provided  wit  h  a  saiid- 
top，  ])laced  at  the  toj)  of  it«  ordinary  length  of  the  cast-iron 
mould.  Tlie  exact  method  is  sliown  by  Fi"'.  1.  Tli(、  followiii"' 
were  the  results  obtained  : ― 

Mild  Steel.  ―  Seven  ingots  w<'i'(、  cast  From  lirat  X!)428- 
]<S4.3,  and  seven  cast  from  lioat  X9438-1843.  Total  weight, 
(； tons  17  cwt.  2  (ji's.  ;  forged,  25'3  08. 

Tons.  C\\  ts.  Qi's.  Lbs.  Per  (-ent. 

Head  scraj)    0 

Billet  scrap    0 

l*\  >rge  waste    0 

125  billets   6 


6      17       2       0  Total  u astc  S- 8  jkt  cent. 

Ordinary  Steel.  —  Seven  ingots  were  cast  from  heat 
X9387- 6  and  seven  cast  from  heat  X9.396-G.  Total  weight, 
6  tons  17  cwt.  ；  forged,  24'3'08. 

Tons.  Cwts.  Qrs.  JAs.  Per  cent. 

Head  scrap    0       7  3 

Bilk't  scrap    ()        1  (► 

Fortre, waste    0       2  0 

12()  billets   6       ()  J 
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CORRESPONDENCE. 
*'  Smoke-prevention  Enthusiasts." 

To  the  Editor  of  "  The  Mechanical  Engineer/' 

Sir, — Your  issue  of  February  2nd  contained  a  leading 
article  under  the  above  heading  in  which  certain  references 
were  made  to  "  the  contemplated  action  of  the  officials  of  the 
National  Smoke  Abatement  Society.''    The  Smoke  Abatement 
League  of  Great  Britain  is  the  only  "  National  Smoke  Abate- 
ment  Society/'  and  as  secretary  of  this  League  I  crave  for  a 
little  of  your  valuable  space  to  set  forth  exactly  what  is  the 
" contemplated  action  "  of  the  officials  of  the  League,  of  which 
the  writer  of  your  leading  article  has  obviously  a  very  imper- 
fect knowledge.    In  the  first  place,  then,  I  should  like  to 
point  out  that  the  smoke  prevention  enthusiast  does  not 
always  view  the  atmosphere  "with  a  purely  aesthetic  eye,  and 
with  a  profound  ignorance  of  chemistry  and  of  manufacturing 
requirements."    On  the  contrary,  the  members  of  the  Execu- 
tive Commitee  of  the  Smoke  Abatement  League  are  almost 
entirely  practical  and  business  men,  who  have  expert  first- 
hand knowledge  of  the  problems  involved,  and  who  have  the 
interests  of  manufacturers  at  heart  as  much  as  those  of  the 
many  millions  of  our  population    whose  lives  are  darke'iied 
and  prematurely  shortened  by  the  smoke-cloud  which  hangs 
like  a  pall  over  so  iriaiiy  of  our  great  cities.     There  is  not  the 
least  likeliliood  of  these  men  pressing  forward  a  Bill  which 
would  interfere  with  the  legitimate  carrying  out  of  any  industry 
in  this  country.  But  the  weight  of  expert  evidence  shows,  and  it 
is  indeed  admitted  by  Prof.  Arnold  in  the  articles  to  which  you 
refer,  that  in  the  case  of  ordinary  boiler  furnaces  almost  all 
smoke  can  now  be  prevented,  and  prevented  with  positive  finan- 
cial gain  to  the  manufacturer.    In  other  words,  far  from  being 
a  sign  of  connn ercial  prosperity  and  success,  smoke  is  in  these 
cases  a  visible  and  glaring  proof  of  a  per- 
fectly avoidable  waste  'of  fuel.    It  is  only 
in  the  case  of  metallurgical  furnaces  that 
there  is  any  real  doubt  as  to  the  practic- 
ability of  economical  smoke  prevention, 
and  even  here,  as  is  shown  by  the  letters 
of  Mr.  Kersliaw  and  others,  in  answer  to 
Prof.  Arnold's  articles  in  the  "  Sbeffield 
Daily     Telegraph/'     there    is    a  very 
considerable   body    of    expert  evidence 
which    says    that    it    can    be    so  pre- 
vented.     We   are   perfectly   well  aware 
that     probably     some     50     per  cent, 
or    60    per    cent,    of     the    smoke  in 
large  towns  is    due    to    domestic  chim- 
neys.     But  is  this  any  argument  at  all 

against  attempting  to  do  away  with  the  other  40  per  cent,  or 
50  per  cent,  caused  by  factory  smoke,  and  so  practically 
halving  the  damage  done  by  smoke?  As  a  matter  of  fact  we 
do  everything  in  our  power  to  stimulate  the  use  of  smokeless 
fuels,  and  particularly  gas  and  electricity  for  domestic  use, 
and  the  policy  of  many  Municipal  Councils  in  supplying  gas 
and  electricity  at  preferential  rates  for  cooking  and  power 
purposes,  in  fixing  f re e  and  in  loaning  and  hiring  out  gas 
and  electric  cookers,  heaters,  &c.，  is  already  having  very  bene- 
ficial results.  In  conclusion,  Sir,  may  I  just  briefly  state 
what  are  the  intentions  qf  the  League  with  regard  to  legisla- 
tion on  the  subject  of  smoke  abatement?  Though  we  can 
guarantee  not-  to  press  forv/ard  any  Bill  vvluch  will  interfere 
with  the  legitimate'  carrying  out  of  any  industry  in  the 
country,  we  are  attempting  to  obtain  a  general  tightening  up 
of  the  law  all  round  against  smoke  prodiirers,  because  we  know 
til  at  the  ignorance  of  backward  inanufactitrers,  or  their  undue 
indiK'nce  upon  kx'al  town  councils,  prev(Mits  n\any  Local 
Authorities  from  doing  their  dut v  in  the  matter  of  siiioke  piv- 
venlion.  Can  we  not  appeal  to  the  patriotism  and  public 
spirit  of  all  (-】 asses  in  the  community  to  help  xis  in  our 
ondeavours? ― I  beg  to  remain.  Sir,  yours,  &('.， 

E.  D.  Simon,  Hon.  Secretary. 
Smoke  Abatement  League  of  Great  Britain, 

20,  Moimt  Street,  Manchester,  Feb.  1L\  11)1' 丄 

I  The  above  letter  furnishes  no  reasons  for  modifvinu  our 
statements.  We  could  wigh  our  correspondent  and 
tliosc  for  whom  lie  spoaks  would  deal  more  with 
fat'Ls  and  less  willi  biMitiinent.     Tlie  '  a  1  k  about  "  millions 


of  lives  darkened  and  prematurely  shortened  ，，  is  gusb,  not 
argument.  Smoke  is  luipleiusant  ；  it  may  be  a 
nuisance  ；  and  on  grounds  of  public  cleanliness  it  may  be 
desirable  to  control  its  emission.  But  to  assert 
lliat  its  escape  from  a  boiler  chimney  is  "a 
glaring  proof  of  waste  of  fuel  "  is  not  true.  Smoke 
emission  may  be  consistent  with  a  very  high  degree 
of  furnace  efficiency.  In  1895  th<ire  was  a  campaign 
against  smoke  in  Sheffield.  An  association  was  formed, 
and  a  prize  was  offered  to  the  boiler  fireman  "  who  evapo- 
rated the  greatest  quantity  of  water  in  a  given  time  with 
the  smallest  quantity  of  fuel  and  the  least  smoke."  These 
conditions  were  somewhat  contradictory,  but  it  is  interest- 
ing to  note ― we  quote  from  the  report  of  the  test —— that 
" one  of  the  competitors  obtained  the  largest  evaporation 
of  water  with  the  smallest  consuiiiptioii  of  coal ,  but  at  the 
cost  of  a  vei'y  high  percentage  of  smoke."  He  was  the 
worst  on  the  list  as  regards  smoke  emission  (and  did  not 
get  the  prize),  but  he  evaporated  over  91  bs.  of  water  from 
and  at  2】 2"^  Fah.  per  pound  of  coal,  as  compared 
with  less  than  81bs.  on  the  part  of  the  man 
who  got  the  prize,  and,  moreover,  evaporated 
7, 829  lbs.  of  water  per  hour,  as  against  only 
6,5371bs.  by  the  succesf^ful  fireman.  We  are  not 
advocates  of  uncontrolled  smoke  emission  from  boiler  fur- 
naces, for  we  believe  it  is  possible  with  skill  to  com- 
bine high  boiler  efficiency  wit  h  very  little  smoke  emission, 
but  the  margin  of  fire  control  in  such  cases  is  narrow, 
especially  if  a  boiler  is  hard-pressed,  and  a  slight  dis- 
organisation of  the  stoking  arrangements  iiiay  then  cause 
an  emission  of  smoke  even  with  the  most  skilful 
attention.  Furt  her,  the  presence  or  absence  of 
smoke    in    no    way    alters    the  quantity  of  dekterious 
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Alarm  Dkvici:  for  Steam  Tuiibinics. 


gases  in  the  shape  of  carbonic  acid  and  f>uli>hurau^ 
acid  given  off  from  a  chimney,  and  which  arc  not  less 
objectionable  to  licaltli  because  tliev  are  invisible.— 
Ed.  J/.F.]  ' 

ALARM  DEVICE  FOR  STEAM  TURBINES. 

Thk  aci'oiiipanyintr  illiisl  rations  show  a  iU'\  uc  lor  suuiiding  a 
warning  when  the  pressure  within  a  steam  turbine  has  risvn 
above  a  ])rerletenniiied  limit .  llie  invention  of  W.  J.  A. 
London,  Windsor  Street,  】l.ar"、m(l,  Coun.,  U.S.A.  Rofer- 
I'ing  to  P，ig.  1，  A  represents  the  external  casing  of  a  turbine  ； 
B  tile  main  exhaust  pipe  ；  C  a  controlling  valve  in  the  exliaust 
pipe  ；  D  a  relief  pipe  made  up  as  desired  and  leading:  from 
the  interior  of  the  casing  A  to  the  free  side  of  the  oxhaust. 
E  represents  a  pressure-controlled  check-valve  shown  in 
section  in  Fig.  2.  A  spring  is  provided  to  hold  this  valve 
closed  against  the  outflow  of  lluid  exreptint;  as  at  such  tim,'s 
as  the  prossure  back  of  the  valvo  C  in  the  ivijion  of  I  lit* 
relief  pipe  D  may  rise  to  a  point  beyond  that  adapted  to  be 
resisted  by  the  means  for  holdiiii:  I  lie  valvo  E  riosed.  when, 
at  siK'h  period,  the  valve  ojkmis,  thereby  relieving  the  prciJsuro 
within  the  casing  A.  A  whistle  F  is  provided,  the  same 
being  in  t'onuininication  with  the  relief  pi])e  D.  and  prefer- 
ably at  a  point  belweoii  the  valve  E  ami  the  casing  A.  This 
wliistle  ojierates  onlv  wlioii  thr  prossure  rises  to  a  point 
corrospondiug  substantially  "，  the  pressure  at  which  the  valve 
E  opens,  so  that  simultaneously  with  the  opening  of  this 
valvo,  or,  if  desiivrl,  slitrlitly  in  advance  thoroof.  tlu»  whist le 
will  bo  blown  for  the  purpose  of  ra using  an  alarm  to  warn 
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the  attendant  that  the  in'edetermined  pressure  lias  been 
reached. 

In  the  modification  sliowu  in  Fig.  2，  the  whistle  F  is 
directly  connected  by  a  pipe  G  with  the  exhaust  D.  A  valvo 
11  is  arranged  in  the  whistle  pipe  G.  J  represents  a  spring- 
controlled  lever  couuected  by  a  link  K  and  arm  L  with  the 
valve  H.  When  the  lever  J  is  iu  the  position  shown  in 
Fig.  2,  the  whistle  pipe  G  is  closed.  The  lever  J  is  held  in 
this  position  against  the  tension  of  the  spring  M  by  the 
trigger  N.  In  this  iiistam'e,  the  valve  stem  P  co-acts  witli 
the  trigger  N  in  such  a  man ner  as  to  trip  the  trigger  ami 
release  the  lever  J  whenever  the  valve  E  opens.  Upon  releas- 
ing tlie  lever  J，  the  spring  M  moves  the  stem  in  a  direction 
to  open  the  valve  H,  whereby  the  whistle  warning  will  be 
sounded.  The  warning,  instead  of  being  sounded  by  a 
whistle,  as  shown,  may  be  sounded  by  means  of  a  bell  or  by 
any  other  suitable  device. 


INSTITUTE  OF  MARINE  ENGINEERS;  PRESIDENTIAL  ADDRESS. 

The  Marquis  of  Graham  delivered  his  presidential  address  at 
the  Institute  of  Marine  Engineers,  Stratford,  E.,  on  Monday, 
the  12  th  inst .  In  the  course  of  his  remarks  he  said 
the  Institute  deserved  credit  for  the  study  it  had  encouraged 
ill  the  internal-combustion  engine.  The  steam  engine  using 
coal  depended  on  several  units  of  labour,  the'  miners,  the 
railwaymen,  the  dockside  labourers,  and  the  stokers,  eacli 
adding  to  the  cost .  Where  oil  was  used  it  could  be  run  from 
the  source  of  supply  to  the  reservoir  by  a  pipeline,  and  run 
by  gravity  from  there  into  the  ship's  tanks.  It  could  then 
be  blown  into  the  furnace  or  automatically  turned  into  the 
power  (yliuder  ；  hi  fact,  with  oil  it  was  possible  to  provide 
power  without  the  fuel  being  handled  by  men,  thus  effecting 
grout  economies  in  labour.  He  was  one  of  the  few  in  embers 
of  the  Institute'  w 1 1 u  ha d  had  experience'  with  both  f>as  e'ugiiies 
and  oil  engines.  It  was  difficult  to  say  which  were  the  better, 
as  both  liad  distinctive  features.  With  a  coal-gas  engine  in 
the  gun-boat  "  Rattler  ••  they  had  made  a  nou-sti)p  run  of  220 
miles  from  Liverpool  to  Glasgow  in  very  rough  weather,  and 
no  engine  worked  more  sweetly  or  smoothly.  The  fuel  costs 
worked  out  at  about  4d.  per  nautical  mile  per  b . li . p . ,  using 
aiithvarite.  If  bituminous  coal  had  been  used  the  costs  would 
have  been  much  less.  The  difficulty  of  direri  reversing  in 
connection  with  the  gas  engine  had  been  mastered,  but  until 
a  good  bitiuiiiiious  producer  for  marine  use  was  obtained  the 
gas  engine  would  not  be  a  success.  He  had  had  experience 
with  one  of  tJie  Beard】noi'e  semi-Diesel  type  fitted  in  his  yacht. 
It  was  a  two- cycle  engine  of  130  b.li.p.,  and  he  had  run  it  on 
crude  Texas  oil,  specific  gravity  '93.  The  cylinders  were  9in. 
bore  by  13in.  stroke,  ai^d  the  revolutions  per  minute  350  at 
full  spe-^rl.  The  cost  of  the  oil  was  52s  per  l:ou  at  Glasgow, 
;uid  comparing  that  with  a  ship  of  the  same  power  using  Welsh 
t'oal  at  20s.  per  ton  the  comparative  cost  for  a  24  hours*  run 
would  be— for  oil  £8.  6s.,  and  for  steam  £12.  8s.  With  Scotch 
coal  at  14s.  per  ton  the  comparison  would  be.  £8.  6s.  for  oil, 
against  ,£S.  19s.  for  coal,  but  ni  addition  to  this  tliore  would 
be  a  in  labour,  ^ipace,  and  stand-by  losses,  all  of  wliidi 

m  favoi-r  of  the  motor. 


Prcvcnlion  of  Coal-Dust  Explosions. ― At  a  recent  lueetiiig 
of  tlie  local  section  of  the  Society  of  Chemical  Industry  at 
Liverpool  University,  Dr.  J.  Harger,  iu  the  course  of  a  paper 
oil  this  subject,  announced  that  he  had  made  experiments 
wliicli  justified  him  in  declaring  that  coal-dust  explosions 
could  to  prevented.  His  eyperimeiits  proved,  he  said,  that 
a  small  reduction  of  oxygen  and  the  addition  of  a  little  carbon 
dioxide  was  sufficient  to  render  coal-dust  ignition  impossible. 
The  reduction  iu  ovy^en  necessarily  varied  Vith  the  different 
coal  and  with  the  method  of  workir 卩'.  In  most  mines  a  reduc- 
tion of  1  per  cent,  in  the  oxygen  and  the  addition  of  h  per 
cent,  carbon  dioxide  was  sufficient.  With  others  a  reduction 
of  nearly  2  per  cent,  in  the  oxygen  and  an  addition  of  ^  per 
cent,  carbon  dioxide  was  necessary  to  render  them  safe.  If 
the  reduclioii  m  oxygen  was  】imde  to  111  per  cent.,  with  .\ 
per  cent,  to  1  per  cent,  carbon  dioxide,  absolute  safety  was 
secured,  not  only  from  ('oa〗-diist  explosions,  but  from  firedamp 
；) Iho  from  In cs  of  wood  or  i.oal  iii  1  he  loadj^,  and 
tYoiii  fires.     For  respiration  siu-h  an  atuiuspliere  wab  as 

good  as  ordinary  air. 

\ 


RESONANCE  EXPERIMENTS. 

At  a  meeting  of  the  Chisgovv  Univci-.sity  Physical  Society  Mr. 
Charles  C.  Mylles  read  a  paper  on  *'  Resonance."  Tlie 
aut  hor  first  px];laiiipd  the  meaning  of  the  term  resonance  as 
applied  in  physics.  A  structure  which  can  be  set  vibrating 
in  a  particular  way  will,  wlien  once  so  disturbed  and  left  to 
itself,  continue  to  vibrate  with  a  practically  conslHnt  period, 
known  as  the  free  period.  If  then  this  same  structure,  initially 
at  rest,  is  subject  to  a  series  of  disturbing  rliythniic  impulses 
occiUTiii^  at  intervals  which  correspond  to  the  free  period,  a 
large  amount  of  vibration  may  be  set  up.  This  phenoinenou 
is  known  as  resonance.  It  is  of  far-reaching  importance,  not 
only  in  physics,  but  also  in  engineering  probloiiis.  The  simplest 
examples,  however,  are  seen  in  sound  experiments.  Thus  the 
hollow  boxes  on  which  tuning  forks  are  mounted  act  as 
resonators  to  the  note  of  the  fork  and  increase  the  volunic  of 
the  sound.  Sensitive  flames  and  water  jets  can  also  be  con- 
structed which  are  greatly  affected  by  notes  of  certain  pitch, 
and  these  and  also  such  pieces  of  apparatus  as  Hehnholtz's 
resonators  may  be  employed  to  determine  the  pitch  of  a 
musical  note.  Mr.  Mylles  exhibited  n.any  interesting  experi- 
ments on  this  subject. 


THE  INCORPORATED  MUNICIPAL  ELECTRICAL  ASSOCIATION. 

TuK  seventeenth  animal  coiiveatiou  of  this  Association  will 
be  held  at  Harrogate  from  June  18tli  to  i^lst.  According 
to  t  he  preliminary  programme,  just  issued,  the  convention  will 
be  opened  on  the  first  day  by  the  Mayor  of  Harrogate,  and 
will  afterwards  be  addressed  by  the  President,  Mr.  George 
Wilkinson ，  chief  electrical  engineer  to  the  Corporation  of 
Harrogate.  The  remainder  of  the  morning  will  then  be  taken 
up  by  a  discussion  on  "  Means  for  Securing  Reliability  and 
Maintaining  Continuity  iu  Electricity  Supply,"  while  in  the 
afternoon  a  discussion  on  "A  Cooking  Load,  from  the  Supply 
Station  Point  of  View,"  will  be  held.  There  will  be  a  recep- 
tion by  the  Mayor  in  the  evening.  On  the  second  day  there 
will  be  a  visit  to  Leeds,  and  papers  will  be  presented  by  Mr. 
S.  L.  Pearce,  of  Manchester,  on  "  Limitations  of  Profit  from 
Municipal  Trading,'"  and  by  Mr.  R.  A.  Chatlock,  of  Birniing- 
liam,  on  "  Organisation  of  Electric  Supply  Undertakings." 
The  annual  dinner  will  be  held  at  Harrogate  in  the  evening. 
On  the  third  day  there  will  be  a  visit  to  Mirkllesbrough,  and 
a  paper  on  "Automatic  Pressure  Regulation  "  will  be  read  by 
Mr.  S.  J.  Watson,  of  Bury.  The  concluding  day  will  be  taken 
up  by  the  annual  general  meeting  and  by  excursions.  Fur- 
ther information  in  reference  to  tlie  convention  may  be 
obtained  from  Mr.  C.  McArtliur  Butler,  of  28,  Bedford 
Square,  London,  W.C. 


"NOMINAL"  HORSE  POWER. 

At  the  University  of  Manchester,  on  the  15th  iiist" 
Mr.  Dugald  Clerk  delivered  a  lecture  on  "The 
Rating  and  Power  of  Interual-Conibustion  Ent^nnes."' 
The  rating  of  an  engine's  power  by  means  of  cylinder 
dimensions  was,  he  said,  no  new  problem,  but  one 
which  arose  immediately  upon  the  perfecting  of  the  steam 
cngiii:'  by  James  Watt.  It  produced  a  series  of  iiiore  or 
less  divergent  rules,  all  intended  to  give'  the  power  of  the 
steam  engine  directly  from  the  cylinder  dinieusio'ns.  The 
power  given  by  rule  was  long  known  as  the'  nominal  power 
of  the  engine,  and  steam  engines  used  to  be  sold  as  so  many 
horse-power  nominal,  capable  of  working  up  to  some  fabu- 
lous power.  No  doubt  in  the  early  days  of  the  steam  engine 
theee  rules  gave  a  close-  approximation  to  the  actual  power 
of  the  engine,  but  the  progress  of  experience  and  invention 
so  greatly  changed  the  conditioiis  that  before  the  practically 
final  disappearance ,  about  25  years  ago,  of  the  term 
" nominal  ，'  the  power  of  the  engine  was  generally  three  times 
the  nominal,  and  sometimes  six.  This  conception  of  nominal 
liorse-power  was  a  great  annoyance  for  many  years  to  the 
engineering  world.  The  term  "  nominal  •'  was  not  used  to 
the  same  extent  in  connection  with  internal-combustion 
engines,  aiul  now  iu  such  stationary  engines  a  rated  brake- 
power  was  given  on  which  the  engines  could  run  continuously 
and  a  maximum  or  over-load  power  was  specified  capable  of 
being  obtained  for  short  periods.  No  attempt  had  been 
made  at  evolving  a  rating  rule  for  stationary  internal-t'oni- 
bustioii  engines,  but  pi'fu'tice  had  now  become  almost  standard 
in  certain  particulars.  Tlie  requirements  of  the  motor  car, 
however,  necessitated  an  attempt  to  solve  the  problem. 
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INDUSTRIAL  AND  TRADE  NOTES. 

New  Docks  and  Shipyards  for  Argentina. ― Tin-  Ar;^<'iitim、  (iovci'ii- 
iiiciit  has  pi{)inul<^ated  a  law  authorising  Messrs.  Vickons  to 
establish  near  the  port  of  La  Plata  shipyards  and  docks  costiii^i 
live  million  gold  pesos-. 

Foundry  Workers'  Wages. ― The  Homo  Secretary  has  appointed 
Sir  Ernest  1'，.  G.  Hatch,  Bart,  to  be.  a  Commissioner  to  enquii'e 
and  report  whether  the  provisions  of  Section  116  of  the  Factoj  y 
and  Workshop  Act,  1901  (particulars  of  work  or  wages  to  be 
•^ivon  to  piece  workers),  should  be  extended  to  lotiiiclries,  and,  if 
so,  witli  "li;it  UKidififations. 

Sheffield  Moulders  to  Strike. —— On  Saturday  last  the  whole  of  the 
moulders  employed  in  the  engineering  trades  of  Sheffield  handed 
in  their  notices,  to  take  effect  next  Saturday.  The  ca lusc  of  this 
action  is  dissatisfaction  at  tlie  development  of  modern  methods 
ill  foil  lull  y  practice,  avIuc-Ii  have  a  tendency  to  give  to  ooremakens 
work  which  was  fonnerly  allocated  to  moulders  at  a  higher  rate 
of  pay  than  is  given  to  coremakers. 

Big  Contract  for  Brifish  Firm, — Messrs.  Pethic-k  Brothers,  of 
Plymouth  and  Loiidmi,  have  secured  a  contract  from  the  Hudson 
Bay  and  Pacific  1^ aih\  Hy  Development  Company  for  the  construc- 
tion of  (locks,  granaries,  station  yard,  build ings,  &c.,  at  Port 
Churchill,  Hudson  Bay.  The  amount  of  the  contract  is  one  and 
ii  half  million  pounds,  and  work  is  to  be  started  within 
twelve  weeks.  The  Hudson  Bay  Company  holds  a  concession 
from  the  Dominion  (lov(M-nn)eiit. 

Rise  in  Ship  Plate  Prices. ― The  English  ami  Scottish  Steel- 
makers' Association  have  advanced  the  prices  of  ship  and  tank 
plates  for  export  by  5>s.  per  ton,  making  ship  plates  £7  per  ton 
basis  J  and  boiler  plates  £7.  15s.  Boiler  plates  for  the  home  trade 
iiavo  also  been  raised  by  5s.  per  ton,  raising  the  price  for  Lan- 
cashire and  Cornish  boiler  plates  to  £8.  7s.  (id . ,  and  5s.  extra 
for  the  marine  type.  The  prices  are  subject  to  2^  per  cent,  dis- 
count.   This  is  the  second  advance  within  a  few  months. 

" Mauritania"  Ready  for  Service  Again. ― The  Cunard  liner  "  Mauretania  " 
、、- as  undocked  on  the  13th  inst.  from  the  Canada  Graving  Dock. 
Liverpool,  after  iindei'going  repairs  through  damage  sustained 
wlieu  she  broke  adrift  from  her  moorings  on  the  Mersey  early  in 
December.  The  repair  work  was  so  extensive  as  to  occiq^y  nine 
weeks.  Hundreds  of  men  have  worked  at  the  ship  in  night  and 
day  sliifts  seven  days  a  w  eek,  and  no  less  than  500  tons  of  new 
pitting  material  has  been  worked  into  the  hull  and  decks. 

Oil  Prices  Advancing  in  Scotland.  —The  advancing  tendency  of 
pc'troieiim  products  continues,  and  the  Scottish  mineral  oil  com- 
panies ha .  e  j list  intimated  an  advance  of  7s.  6d.  to  12s.  6d. 
J) or  ton  in  the  prices  of  their  heavy  and  fuel  oils.  This  repre- 
sents ail  advance  of  £丄 ptn-  ton  within  the  last  few  months.  Tlie 
output  of  heavy  oils  aggregates  about  85,000  tons  per  aniuiiii, 
The  advance  in  fuel  oil  is  attributable  to  the  rapid  expansion  of 
the  demand,  particularly  for  naval  })ur poses.  Foreign  imports 
have  also  lai'^ely  im*r(^a.s<'(l. 

Scottish  Steelworkers  (Receive  Notices. ― At  all  tlu-  hia.stfuniacc 
woiks  in  Scotland,  which  number  17,  and  employ  a  large  iniin- 
ber  of  men,  notices  posted  on  Thursday  last  week  hy  the 

owners  intimating  that  their  contracts  Avith  their  workmen 
would  terminate  in  14  clays.  This  stop  has  been  taken  in  th" 
iK'lict.  that  a  strike  of  coal  miners  appears  to  he  inevitable,  and 
that  the  supplies  oi"  coal  for  the  furnaces  will  not  be  available. 
Should  the  striko  iiii fortunately  occur  the  furnaces  will  at  once 
be  damped  down  or  ))lown  out. 

Extensions  to  the  Sunderland  Electricity  Undertaking.  ―  At  a 
moetiiij^  of  tlio  SuikIi-iI  ukI  Town  Coiuuil  lielcl  on  the  14th  iiist., 
the  reconiiiiendation  ot"  the  Klec'tricity  and  Lighting  Coinniittec 
that  julditiona!  plant  he  obtained  tor  thv  Hylton  Road  power 
stati«)n  at  an  estimated  cost  of  £22,207,  and  tiiat  alternatin^j; 
currtMit  aiitl  continuous  cnrreiib  mains  hv  ])ro\  idctl  at  an  esti- 
nia tod  cost  of  £1:),3(K)  was  considerecl.  Tlu*  coiniiiittoe's  reroni- 
ineudatiou  was  unaiiiniou.sly  adopted,  and  the  Finance  Conunittrc 
was  instnx'tod  to  take  th"  n<H-t\s.sary  steps  to  honow  tlio  anionnt. 

Trade  Circulars. ― Sir  W.  (；.  Ann.stronp;,  AVhitwoi  th  A-  Co.,  Ltd., 
solid  tis  a  little  paini>lilot  ot  instructions  lOr  thv  lioat  tioatiiu  nt 
in  liardt'ninjj;  and  tri"i>(、ring  tlu'ir  various  clas^t^s  of  In^h-sptitl 
stcol.  M(».ssrs.  Ddiinviui  tV'  ('().,  ('(»nn、  all  Stri、《、t.  Hiriniii^liain, 
a  (U'scriptive  panipliU't  tiii^  to  their  Banvick  Motoi-  Sta vi'ivn 
and  lU^milatiiiK  (ioar.  U .  Wayjjiood  A:  (•'»..  (''aliuouth  Iload, 
liiindon,  S.  K.,  .some  desci  iplioiis  of  i  oc*Mit  installations  of  ('Wtrir 
Hits.  SionuMis  Bros.  &  Co.,  Ltd.,  Caxtmi  Ifonso.  Wo.stniinstvr. 
a  paiiiphlot  flfvsoril)iii*j;  tho  constrnctioii  and  iul\  nut ;i^«^s  of  their 
various  types  of  、、.:、""•  nu'iiM's. 

Northern   Blastfurnaces.  ^  Tl"'    rctui  n    '"'  tli'、  lilaslt  ui  narr.s  in 
o|HM  atioii  has  just  Uvn  isMU'd  for  the  i»i»st  quarlrr.    At  tli(、 
of  I  ho  period  there  w  ere  53  blasUuniiUv;:!"  at  work  in  Clovohuul. 


and  25  in  Durham,  which  are  numbers  that  show  only  a  very 
slight  redaction  on  the  numbers  for  the  previous  quarter.  In 
、V('st  Cumberland  only  13  furnaces  were  in  lila'st  at  the  end  of 
tlu'  quarter,  out  of  about  34  hiiilt,  hut  theiv  are  thiei*  others 
、、！ ik'li  are  re-buiklinjj;  or  i e-lining.  There  appears  to  be  tlu' 
large.st  proportion  of  f iiniacos  in  operation  in  Scotland,  and  next  ， 
in  Cleveland  and  Durham  in  the  larg('  .smelting  districts-  In  all 
about  318  furna<e.s  are  in  operation  in  the  United  Kingdom. 

A  Railway  •'  Mediator.'* ― Tlie  Loiulon  &  North-Western  Rai\- 
\\i\y  Company  lia\('  we  learn ,  appointed  an  official  w lio.se  cliitk's  j 
will  be  to  receive  and  attempt  to  remedy  all  grievances  betuecii 
employed  and  emi)l<)Ters  befoi'e  they  fwcome  .siibjeot*s  for  the  cun- 
r  i  1  iatio"  l)()ard.s.  J  ii  th is  way  the  com pany  ho])o  to  iiict't  the 
(•()ni])laints  ol'  tho  m^u  that  minor  officials  arc  in  tlic  hal)it  of 
M^^ira vatinti;  <j;rieva nces  instead  of  attcni ptiii;^  to  rcmefly  thrni. 
It  is  a] so  anticipated  that  the  lii^her  officials  in  all  doi)artnH'Jits 
w  ill  \v('le  )me  tho  innovation,  as  the  new  official  will  bo  given  con- 
siderable power  to  Older  changes  and  to  adjust  differences  botwot'ii 
men  of  different  departnuMits.  'I'lie  men  arc  said  to  l)o  plea.*^(»d 
with  tilt-  ari'a】igt"m'】it. 

Cement. ―  W\-  lia\  c  n'r*'i"'d  a  ('('py  oi  somt*  lectures  on 
CciiH'iit  recently  delivered  lu'l'ore  the  Institute  of  Clieini.sti y 
by  Mr.  I5rrtrani  lilouiit,  F.I.C.  AVith  these  lectures  the  Council 
of  tlie  Institute  have  inaugurated  a  scheme  under  、、  hich  Fellous 
who  have  .special  know  led and  exij^^rionce  in  various  branches 
of  \v()i-k  a  re  eii^at>ocl  to  delivci-  locturos  eliicHy  for  the  benefit  of 
■vomig  choinists  and  advanced  students,  siuli  as  those  iMvpaiing 
for  the  final  examination  for  the  Ajssociateship  of  the  Institute. 
The  object  is  to  indicate  tho  scope  and  character  of  the  wtn  k 
actually  carried  out  in  various  braiiclu'.s  of  professional  prart icr» 
a.->  distinct  from  purely  academic  training.  Tiie  lectiims  are 
I； ublisht'd  tVee  to  Ffliows,  Associates,  and  n>gist("ed  stndt'iit-s, 
but  tile  charge  to  other  persons  is  2s.  Ul. - 

State  of  the  Skilled  Labour  Market. ― Tlio  Lai>onr  Departim'nt  ot 
tlie  Board  of  Trad,',  rrpm'tm;:  on  the  state  of  the  labo'ir  market, 
.states  that  employiiK-iit  in  January  continued  ^^ood  on  the  w  liolc. 
As  compared  with  a  year  ago,  most  of  the  principal  industries 
.showed  an  improvement  which  was  considerable  in  the  iron  and 
steel,  engineering,  shipbuilding,  and  tinplate  trades.  Tliert*  、va.s 
a  decline  in  tlie  pig-iron  tiade.  In  tlie  394  trade  unions,  with  h 
net  membership  of  820.874.  making  returns,  2  '  per  cent.  、vt 、！ v 
Totnrned  as  iineiiiplo'vi'd  at  the  end  of  JanuarVj  comparted  \\  ith 
31  |>('r  o*Mit.  at  tho  end  of  December,  and  3*9  at  the  end  of 
JaiuiarVj  1911.  The  returns  from  firms  employing  436,187  work- 
people in  the  、vf('k  ended  Jauuai-y  27tli  h\st  shows  a  decrease  of 
B'o  j)er  cent,  in  the  amount  of  wages  paid,  compared  with  a 
month  a^<>,  and  of  81  compared  with  a  year  a*^o. 

Hy.  Bessemer  &  Co.,  Ltd. ―  T1k>  directors  of  this  firm  report  that 
the  net  im)tit  for  the  year  has  l>een  £23,197.  18s.  At  31-st 
December,  1911,  there  was  a  balance  available  of  £97,8o7.  17s.  od. 
The  direc'turs  rt'w)mm("i(l  the  following  allocations  :  To  write  off 
for  depreciation  of  tht*  plant  and  iiunhiiu'ry,  £7.000;  to  reserve 
fund.  £'20,000  ；  to  pay  a  divideiul  on  tho  prt^feroiu-e  sharers  for 
tho  s(H-(>iid  hall-yra r  at  o  ]wv  cent,  jwr  ajuiuiu,  £2. 500  ；  to  pay  a 
dividend  mi  tht'  ordinary  .shares  ot  o 】"'r  cent.,  making  with  the  \ 
paynu^nt  in  July  of  2}  per  cent..  7^  poi  cent,  for  the  year,  £】（',(K)(» 
― making  a  total  ot  £3S),'"HX).  and  lea viiv^  a  i)alance  of  £"'>8,3o7. 
17s.  5(1.  to  he  cai  i  iod  forwa rd  to  iwxt  year's  account*.  Th"  works 
have  been  well  employed  (luring  the  ye^r.  except  that  oiH'rati"ns 
were  interrupted  to  a  more  than  ordinary  exUMit  J>y  holidays  ami 
by  the  railway  strike  in  August.  Prices  also  contimuKl  to  fall 
tiiitil  the  later  niontlis  of  the  year,  wheresus  raw  materials  and 
1  uel  ad  V a  need.  For  the  previous  y*»a  r  profits  wero  £;U*.00n  and 
tho  cli\icleiifl  5  per  rer.t. 

Suspension  of  Bonus  System  in  Government  Dockyards.  ―  At 
tho  Admiralty,  on  tlu-  Itith  mM..  .Mr.  C  hurchili  loorivod  a 
dopulatioii  From  the  Par'iaimMitary  Committor  of  tlie  Tradc-s 
I'nion  C'on^ires.s  oi  tlie  (|Ursti(»n  ot"  ('(»mlit"、ns  im'vaiiinj^  in  tia* 
(ioveriimoHt  (l<)cky:i  ids.  lU'lerrin^  to  tho  premium  l» ：»  .us  system . 
Mr.  Churcliill  said  lliat  tho  system  now  only  oxisttnl  at  Cliathain 
and  Shcvrness  dockya  ids.  and.  aith<)U;ih  the  A  tl  mi  rally  must 
always  ro4;iM-vo  to  theuuselve.s  po、v，"s  of  (h^alinj^  with  the  (l，'f'"K*es 
oT  tlu、  count ry.  thry  jnopostul  tho  ri，t"i、  siisponsioii  ，"'  ihr  Ixnnus 
systtMH  tor  tho  present.  Continnin;^,  hr  said  tli»\v  、、（、r，，  ""rkiii;: 
(>iM;lit  liour.s  a  (lay  in  tlir  (:"、i、nnm、nt  d<Kkyanls,  and  tlioy  、vo"，'l 
(MUitiuuo  to  olisiTVo  that  principle  l>\  prtHvpl  and  ,'>iam|、，".  TUv 
Admiralty  hi\(l  doiK*  nothing  that  could  be  oonsideivd  injurinns 
to  t\w  mainttMiaiKV  of  an  i^i^^ht  hour  (l«y  in  dotkyards,  Inil  1"' 
could  not  ^ivo  i» ny  prtnnise  u  itli  ro^ard  "»  tW  riulit-hour  '，",、' 
in  private  yards ― cortainly  not  ""til  Parliii uuul  liad  bad  a" 
oiHi(»»tnnit\  of  fully  disciissiTi^  it. 

Foreign  Trade  and  Commerce.— Tlio  Coiiiinercial  Department  ot 
tl"'  Hoai  (1  ot  Ti  lulc  li:i、  i、Mi，'d  tlu*  usiKil  nuHitlUy  statenienl 
ot  tiaik'  ot"  tvrtaiii,  foreign  <.ouiitritv>   and    Britis-h  I'osi&e&s"'"^^ 
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including  figures  received  up  to  January  31*it  last.  A  compai'isoii 
of  tho  total  figures  for  tbo  twelve  months  ended  December  .'Hst 
is  possible  for  the  following  countries : ― 

Imports 

19] 1,  1910. 

Unik^d  Kingdom    £577,838,000  £574,490,000 

Germany    469,285,000  439,057,000 

United  States    319,361,000  32o,G0.^,0(K) 

France    326,427,000  286,933,000 

Belgium    165,639,000  157,051,000 

Exports. 

1911.  1910.  . 

United  Kingdom   £454,282,000  £430,385,000 

Germany    398,339,000  367,504,000 

United  States    428,804,000  381，04(;，000 

France    24(),883,000  二 M9，352，00() 

Belgium    135,387,000  128,814,000 

British  Coal  Supplies.  ―  The  following  question  relating  to 
the  duration  and  conservation  of  our  coal  supplies  will 
shortly  be  put  to  the  Home  Secretary  in  the  House 
of  Commons :  Whether,  in  view  of  the  increase  in  coal 
consumption  during  the  last  40  years,  and  of  the  cir- 
cumstance that,  in  any  event,  the  duration  of  the  known  and 
workable  fields  is  limited,  and  their  exhaustion  at  the  present  rate 
of  consumption  can  be  approximately  determined,  the  Govern- 
ment are  satisfied  to  rest  on  the  opinion  of  the  Royal  Commission 
that  the  rate  of  increase  in  output  would  become  slower,  to  be 
follawod  by  a  .stationary  period,  ami  then  a  decline,  as  affording 
sufficient  ground  for  assuming  that  mo  stejjs  are  necessary  for  the 
conservation  of  this  source  of  energy,  instead  of  regarding  it  as 
an  indication  of  increasing  difficulty  in  maintaining  the  supply  ； 
or，  having  regard  to  the  vital  national  importance  of  industrial 
energy  supply,  will  tho  Government  consider  the  suggestion  of 
Sir  William  Kanisay  (President  of  the  British  Association)  that 
a  'sniall  Commission  should  be  appointed,  sitting  permanently,  to 
enquire  and  keep  the  Government  advised  as  to  the  rate  ot 
exhaustion  and  probable  further  duration  from  time  to  time,  and 
as  to  what,  if  any,  steps  should  be  taken,  in  the  light  of  further 
knowledge  to  conserve  and  utilise  the  remaining  supplies  to  tho 
beh;t  advantage  of  the  nation  ？" 

Railwaymen's  Wages.—  A  report  has  just  beeii  issued  by  the 
Board  of  Trade  regarding  the  earnings  and  hours  of  labour  of 
railway  servants.  The  figures  given  relate  to  tho  year  1907. 
and  refer  to  401,437  employees,  of  whom  305,901  were 
adult  workmou.  It  is  pointed  out  that  since  the  period  covered 
by  the  report  many  changes  in  the  direction  of  increases  of 
wages  and  ri-'ductions  of  hours  have  taken  place.  The  average 
rates  of  wages  for  a  full  week  were :  Adults  24s.  4d.，  and  lads 
lis.  3d  The  actual  average  earnings  w  ere  ：  Adults 
26s.  8 丄， and  lads  lis.  lid.  The  average  actual  earn- 
ings per  week  of  several  of  the  principal  gracloiS  were  as  follows  : 
Engine  drivers,  45s.  lid.  ；  goods  guards  and  bi  ake 編 en，  31s.  2d. ； 
passenger  guards,  21)s.  3d.  ；  signalmen,  27s.  (3d.;  firemen,  27s.  5d. ； 
iihiuiterej  25s.  7d.  ；  goods  guards  and  porters,  21s.  lOd.  ；  per- 
manent-way labourers^  2Ls.  8d.  ；  platelayers  and  packers,  21s.  2d. ； 
coaching  and  traffio  porters,  21s.  9d.  The  value  of  allowances 
has  not  been  includod  in  the  figures  given.  The  hours  of 
labour  for  tho  United  Kingdom  as  a  whole  averaged  58  per  week 
for  adults  ami  58*9  for  lads.  Of  adult  workiueu  50  per 
cent,  worked  60  hours  or  over  and  10  per  cent,  worked  under  54 
hours.  In  the  case  of  electric  railways  the  average  actual  earn- 
ings are  returned  as  30s.  Id.  per  week  for  adulte  and  13s.  for 
lads.  The  average  how rs  were :  For  adults  54  per  week  of  six 
days  and  GO  2  per  \\ oek  of  seven  days. 

American  Pig  Iron  Output  in  1911- ― According  to  i>lie  report  of 
the  Anu'i-iean  Iron  and  Steel  Association,  the  total  prod  action  of 
all  kinds  of  pig  iron  in  the  United  States  in  11)11  、、- as  23,649,344 
tons,  against  2 7, 303, oO 7  tons  in  1910,  a  det-ruase  of  3,G54/2'23 
tons,  or  over  13.3  per  ceiit.  The  production  of  Bessemer  and 
low-phosphorus  pig  iron  in  1911  wa.s  9,409,107  tons,  against 
ll/245jG42  tons  in  1910.  The  production  of  low-pliosphorus  pig 
iruii  alone  in  1911  amounted  to  282,460  tons.  Tlie  production  of 
basic  pig  iron  in  1911,  not  including  charcoal  ot"  basic  quality, 
was  8,o2(),()29  tons,  against  9,084, (i()8  tons  in  1910.  The  pro- 
diK'tion  of  cha rcoal  pig  iron  iu  1911  aniomitod  to  278,070  tons, 
against  396,507  tons  in  1910.  A  small  quantity  oi"  pig  iron  made 
with  charcoal  and  electricity  is  inchidcd  iu  the  fio;iiros  for  both 
years.  No  pig  iron,  was  made  in  1910  or  1911  with  mixed  char- 
coal and  coke.  The  production  o'f  spiegeleiseii  and  ferro- 
nianganese  in  1911  was  184,717  tons,  against  224,431  tons  in  1910, 
a  decrease  of  39,714  tons.  The  production  of  feno-mangancsc 
alone  in  1911  was  74,482  tons.  The  mimber  of  furnaces  in  blast 
on  December  31st,  1911,  was  231，  against  212  on  June  30th,  191]. 
The  number  of  f  urn  aces  idle  ou  December  31st,  1911,  includin<i; 
furnaces  being  rebuilt,  was  235,  a^:ainst  261  on  June  30th,  1911. 
During  the  last  six  iuoiitli«  of  11)11  tho    number    of  furnaces 


actually  in  bln.st  (luring  n  ])nvi  or  tlio  wlioks  of  the.  period  was 
275,  aj^aiiKst  297  in  tlu;  fir.st  half  of  the  year.  In  tho  】a、st  half 
of  tlu>  p reviou.s  yoar  33*2  wore  active,  against  37 1  in  tho  first 
half  of  tho  yoar. 

British  Shipping  in  I9II.— Tho  Statistical  Tables  "  for  191] 
issued  by 丄 jlo.yd's  K«— 'gi-ster  of  British  and  F()rei|j;n  Shipping  sliows 
that  the  total  addition  to  tbo  steam  .sliippiii^  of  tlio  United  King- 
dom (liiriiiK  the  yea r  wa-s  1,334,387  toiis  gross;  and  that  to  .sailing 
toiiiiaK''  21,804  tons  gross ― a  total  of  1,356^251  ton's  grass.  Of 
tho  tonnage  added  to  the  register  about  92 1  per 
cent.  consisted  of  new  vessels.  The  gross  deduction 
of  steam  tonnage  i'l  oni  tho  register  amounted  to 
854,483  tons  ami  of  .saiiinj^  tonnage  to  163,551  tons  ；  or,  in  all, 
to  1 ,018.034  tons.  The  niinihor  of  steamor.s  on  the  official  rogister 
of  the  United  Kingdom  incroa.sod  by  244,  and  tho  toniiagii  by 
479,904  tons,  while  tho  mimber  of  sailing  vassels  decreased  by 
254,  and  the  tonnage  by  141,687  tons.  The  total  number  of 
vessels  on  the  register,  therefore,  decreasod  during  the  year  by 
]0，  and  the  total  tonnage  increased  by  338,217  Urns.  Of  new 
vessels  670  of  1,373,399  ton's  wore  classed  by  Lloyd'.s  ]{ogistcr 
durin^j;  tlie  year.  Corresponding  with  the  general  improvcnuMit  in 
tho  shipbuilding  industry,  the  figures  show  an  increase  of  about 
316,000  tons  on  those  for  1910.  A  large  number  of  vt^ssels  of 
special  design  were  classed  during  the  year.  These  included  24 
steamers  of  ] 09,113  tons  (three  for  ttio  American  Lakes)  Imilt  on 
the  longitudinal  systom  of  coiLstruftion  and  one  on  t-lie  topside 
tanks  .syvsteni ,  six  vessels  fitted  for  hiiniiiig  liquid  fuel,  five 
steamers  of  tlie  cantilever  framing  and  topside  taiiLs  type  ；  one 
steamer,  the  "  Shinyo  Maru,"  fitted  with  steam  turbines  ；  two 
steamers,  the  "  Or  am  a  ，，  and  the  "  Demosthenes,"  with  a  coin- 
filiation  of  turbines  and  reciprocating  engines;  and  the  "  Hol- 
zapfel  I.，，，  fitted  with  migiiies  worked  from  a  suction  gas  plant 
and  with  screw  shaft  connected  by  an  hydraulic  transformer, 
together  witli  other  steamers  intended  im'  channel  and  coa.stin<^ 
purpose*s  Of  the  tonnage  classed,  1,132,969  tons,  or  about  82 i 
per  cent"  was  built  in  the  United  Kingdom.  The  average  size 
of  the  new  steamers  classed  was  in  1891  just  2,100  tons  It  rose 
to  2,600  tons  in  1898  ；  and  to  2,906  tons  in  1901.  In  1902  it 
passed  3,200  tons ；  in  1907  it  was  3,883  tons;  in  1910  the  aver- 
age was  3，341  tons  ；  and  for  the  past  year  it  \va.s  3j7'23  tons ― 
tlie  highest  average  yet  attained. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  20th. 

Aluminium  ingot   (i-5/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/-  ，， 

,，         sheets         ，，  ，，    ，，  120/-  ，， 

Antimony   £27/10/-  to  £28/-/-  per  ton 

Brass,  rolled    7Jd.  pel* 】b. 

，，     tubes  (brazed)    9|d.  " 

，,       ，，      (solid  drawn)   8d.  " 

，，       ，，      wire   7fd.  ，， 

Copper,  Standard   £08/-/-  per  ton. 

Iron,  Cleveland   49/4^  ，， 

，， Scotch    55/4^  ，， 

Lead,  English    £l"/2/"  ，， 

，， Foreign  (soft)    £15/17/lj  " 

Mica  (in  original  cases),  small   6d.  to  2/~  per  lb. 

，，  ，，  "       medium   2/0  to  4/-  " 

，，  ，，  ，，       large   4/(i  to  8/G  ，， 

Quicksilvor   £8/7/6  per  bottle. 

Silver    27^d.  per  oz. 

Spelter    £2()/1,")/-  per  ton. 

Tin,  block   £194/10/- ，， 

Tin  plates    13/G  ，， 

Zinc  sheets  (Silesian)    £29/10/-  ，， 

，，  (Stettin  ；  Vifille  Montague)   £30/-/-  ,， 


Exhaust  Gases  from  Motor-cars.  ―  Tlie  Local  Government 
Board  have  issued  an  order  under  the  Motor  Car  Acts,  pro- 
viding that  from  and  after  the  31st  March  next  every  person 
driving  or  in  charge  of  a  motor-car  on  the  highways  shall 
not-  use  any  cut-out  fitting  or  other  apparatus  or  device  which 
will  allow  exhaust  gases  from  the  engine  of  the  motor-car  to 
escape  into  the  atmosphere  without  first  passing  through  a 
silencer  expansion  chamber.,  or  other  contrivance  suitable  and 
sufficient  for  reducing,  as  far  as  may  reasonably  be  practicable, 
the  noise  which  would  otherwise  be  caused  by  tlie  escape  of 
such  gases.    The  order  does  not  apply  to  motor-cycles. 
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NEW  PATENTS. 

Specifications  of  the  folloiving  ore  now  jpublished,  and  we  shall 
he  jAeased  to  forward  copies  post  free  on  receipt  of  10(1.  Address 
Mechanical  Engineer, 53,  New  Bailey  Street,  Manchester. 


Method  of  and 
AVeintra  ub. 


MECHANICAL,  1910. 

apparatus  for  producing  boron  and  zirconium. 
2rM3. 

1911. 

Cutting  helical  gear-whcek.    Sykos.  1759. 
Gas  meters.    Kennedy-McGregor.  1869. 

Machines  for  forging  and  sharpening  rock-tlrilLs.    Leviior.  ]\)23. 
Spray  producers  or  apparatus  for  atomising  liquids.  Dronsfield. 
1932. 

Hub-contaiiiod  variable-speed  gear  and  driving  t'hitc'h  for  niotor- 
cyclcvs.    Stiirmoy-Archer  Gears,  Lixl"  ami  Cohen.  2013. 

丄 rr(n'(、nsil)le  .steering  o-oar  for  motor-road  vehicles.  Tuckfield  and 
Garland.  2090； 

Valve  for  use  on  iiiteriiai-foiiibn.stiou  engines.    Stuart  Turner, 

Ltd.,  and  Mastens.  2214. 
Steam  (generators.    Aitkon.  2324. 

Cooling  arraiio-enient  for  internal-combustion  engines.  Daimler 

Motaren  Ges.  2340. 
Mechanism  for  regulating  and  controlling  the  action  of  governors 

for  onf^i  n  es .    M o rley  -    2352 . 
Joint-making  packing.    Bingham  &  Wilson.  2353. 
Means  and   apparatus  for   use    in    enamelling    iron  castings. 

McConrt  ^  Wilson.  2448. 
Apparatus  for  the  propulsion  of  vessels  by  the  direct  action  of 

explosions  upon  the  water.    Cznprykowski.  2471. 
Chain  belts.    Yoxall  &  Thorneycroft.  2538. 
Sand- moulding  niachintvs,    Phillips.  2544. 

Valve  gear  for  intern al-coiiil>iLstion  engines.    WoLselcy  Tool  aiul 

Motor  Car  Company,  and  Row  ledge.  2566. 
Furnaces  for  hardening  steel  cutters,    lirayshaw.  2579. 
(Juarcls  for  saws.    Collins  &  Mawson.  2022. 
Two-cycle  interual-C'ombiustion  engines.    Sears.  2672. 
Pulley  blocks.    Welin.  2715. 
.Turret  lathes.    Austin.    3054  and  7678. 

(ia-s  purifying  apparatus.  Les.siii<i,  and  (iil)hons  Bros.,  Ltd.  3109. 
Valve  gear  for  pumps.    Nimmo  ct  McLuckic.  3390. 
Hotary  valve  mechanism  for  iiitenial-comlnistioii  motors.  Baverey. 
4i64. 

Regulating  and  equalising  the  driving  power  required  by  machines 

having  \'ai'ial)k、  loacLs.    Feuillette.  4' 广) 16. 
Means  for  automatically  controlling^  winding  engines.  Grimmitt. 

4755.  ― 
Nut-tapping  machines.    Schiementz.  5691. 

Lubrication  of  shaft  bearings.      Unbreakable  】）idley  and  Mill 

Gearing  Company,  and  Stroud  ley,  o792. 
Extraction  of  iiioials.    Perret.    58(37 . 

Treating  iron  pipes  for  the  prevention  of  rust.      Skinner,  and 

Patent  Corporation.  (3438. 
Variable-speed  gears.    Collier  &  CoUici'.  6857. 
Thermostatic  fuel  controlling  valve.    ])avis  &  Twigj^.  7210. 
Apparatus  employed  in  the  manufacture  of  fuel.    Smith.  7273. 
Lathers.    Klehc  A'  Midler.  7607. 

KegLstering  nicchani&iii  of    gas    meters.       Berry,    (Hover,  and 

Meters,  Ltd.  7727. 
Valve  mechanism  of  internal-combustion  engines.    Matthew  and 

― Argylls,  Ltd.    7942.  . 
Flue  covers  for  the  setting  of  steam  b()ik、rs.    Stuart.  80:29. 
Automatic  coupling  ami  lockinjj;  gear  for  railway  rolling  stock. 

lU'ikley.  9437. 
Rotary  engines.    Oswald.  99G7. 
Steam  superheaters.    English  &  Mills.  10130. 
Lead  a iid  .salt  bath  furnaces  employed  tor  hardening  or  molting 

nu'tal.    FleU-luT,  Russell,  A:  Co.  and  Fletcher.  1(1884. 
Sockets  tor  twist  drill's.    Lyon.    10911).  一 
Appliances  fur  dryiiiy;  luoiild.s.    .I!<)\biir<ili  i\:  .Dobosoii.  11685. 
】U)lling  beams  and  girckrs  of  I，  H,  and  like  sections.    Soll^o  and 

Doutsc'h  Luxonibur^ischo  13org-\vork    uiid    Huttcii  Akt.-Cies. 

121G7.  .  M  - 

lntoi'nal-(*<)inl)iKsti()n  。i;iim、s.    'riiomson.  〗'丄337. 
CriU'iltle  fiirnac'o.s.    C'otliias.    13, "78. 
Locknut^.    Mooro  A:  ()akU\v.  I:i71l. 
Engines  and  puiiip^i.    Ihi rl)i\v.  1 

Apparatus  and  process  for  i>ni  niii^  (■'>;"  :uul  ； j.;is  pnuliufd  tliore- 

f  roiii.    Knnze.  lo()30. 
Aulomatic  tHJuplinjis  for  railunv  vcliiclos.     Tr(»，'iU'"i.     1 1  - < . 
Khiid  p'vssim、   tran.smi.ssi<m   goar.    Xt»! man.  一 
Two  stam'  piiston  coiuprtviyor  with  。m)liiijj;  ;ma"gcim"it.  Kostor. 
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Ga,s  producers,    Il-oyston.  16512. 
Fluid-pressure  engines  or  pumps.    lU'drup.  17155, 
Cocks  or  valves.    Spiridoiiofe.  17297. 
1) i p o  CO uj)ling.s.    lU ch a rdson.  17432. 

Manufacture  of  chilled  rolls  for  rolliiif^  metal.    Trafford,  17532. 
Turbine  engines.    I'islier  <Sr  PtK'k.  17895. 

Apparatus  for  dolivorin^  liquids  in  measured  quantities.  Satter- 
strom.  18030. 

Valve    gear    for    multi-cvlinder    i  a  t-e  r  1 1  a  1  -co  m  b  ustion  engines. 

Guerot.  18238, 
AVimling  gear  for  lioi.stiii;^  ami  lowering.    Burrell.  19240. 
Screw-threading  tools.    Cow  ell.  1930G. 

Kegulating  and   reversing  apparatus  for  regenerative  j^as  fur- 
naces.   Koppor.  19372. 
Drill  sockets.  Maier. 
Gas-heated  boiler.    Fenlon.  7. 
Automatic  lubricator.    Kof'ot'd.  2K)f)9. 
Belting  for  niacliiiiery.    Hay.  '23362, 

Track   or   point  switch    oporatiiiy;   inecliauisin   for  tram 
Sciierf.    2399G.  ― 

Aut/omatic  lubricator.    Rath  &  Behnke.  24618. 

Bearings  for  shafts  ami  shafting.  Benson,  AVillisoiij  and  Head, 
Wrighteon,  &  Co.  24984. 

Apparatus  for  actiiatiii;;'  and  lock  in  ^j;  jxjiiits  or  -switches  on  rail- 
ways. 0' Domiell,  and  British  Pneumatic  Railway.  Signal 
Company.  25343. 

Starting  device  for  internal-combustion  on;j:iiie.s.    Allison.  2(3492. 

Diesel  motors.    Marks.  26518. 

Elastic  liuid  coiiipre.ssors.      Soc.  Anoa.  pour  1' Exploitation  ck' & 

rroctdes  Westinghovise-Leblanc.  2(}(i30. 
Means  of  operating  a  crass-slide  of  a  iiiacliiue  of  the  turix't  tvpe. 

Austin.    28313.  ^ 

ELECTRICAL  1911. 

Autoniatic  time  .switch.    ThonipM.)ii  tV:  Jiowden.  2283. 
Secondary  batteries.    De  Kaiavodine.  2493. 

Device  for  elwtricallv  ignitiii;;"  iiiim'rs'  safetv-lauips.    Prestw ich.  ( 
2552.  '  ^  } 

Wireless  signalling.    Fessouden.  2617. 

Electrical  systems  and  apparatus  for  railway  signalling.  O'Duiiiiell 

and  British  Pneumatic  Railway  Signal  Company.    2887.  f 
Switch  (Systems  for  electric  lighting.    Ward       AValmii^ley.  2911. 
Electric  heaters.    Kuliii.  2968. 

Fu.sible  electric  cutouts.       British  Thoinson-Hou^tou  Co.,  and 

Wcdmore.  3764. 
Electrical  fuse  boxes.    Austin.  3779. 

Electrical  heating  and  cooking  device^s.    Prentice.  3883. 
Electric  conductors.    Evans,  and  St.    Helens    Cable  and  Rubber 

Company.    39VG . 
Electric  switch  for  controlling  a  coniMiuitiou  of  electric  circuits. 

Peto  ct  Kadfoid,  Ltd.,  and  Geiieso.  4o21. 
Process  and  apparatus  for  transmission  to  a  distance,  by  t'loc- 

ti'icity,  of  pictures,  writing,  «fec.    Do  Beriiochi.  8017. 
Electrical  switches.    Rawlings.  10318. 

Electric  heating  devices.  British  Thomson-Houston  Co.  10549. 
Electrodes  for  secoiidarv  galvanic  cells.     Porscko  &  Acheiibach. 

10859.  ' 
Vapour  electric  devices.    BrititOi  Thoimson-H (川. stou  Co.  11140. 
Electrically -controlled  valves.    Nicholson  tV  Brooking.  12118. 
Conduits  for  cables.    Heitmoyer.  12o4o. 

Supporting  devices  for  electric  illiiininating  bodies.  Friedreich. 

130-26.  . 
Apparatus  for  tlie  control  of  gas  vaIvo§  aud    electric  switches. 

Boult.  14427. 

Rogistoring  circuits  for  automatic  telephone  exchanges.  Siemens 

Bros.  A-  Co.  lol29. 
Cleans  for  fooling  encloMul  electrical  machines.    Hutbcr.  17110. 
Vapour  lanii).s.     Kauliuan.  17(U3. 
AViriiiLi;  ol  elfttric  installations.    Handcock.  18131. 
Electric  oscillation  circuits  ami  their  coiineftions.  Thouii»sou. 

18231.  ' 
Electrodes  for  electrical  furnaces.      Plaiiiaucrke  Akt.-Gk^s.  fiir 

Kohlcn-tahrikatioii  i^atihor.  】8733. 
Automatic  sect ioiiin^i   nwii ns   for   limitiiijj:  accidental  iiiterriip- 

tion-s  of  eI<K-tric  cunoiit  supply  in  ceiitraJ  stations.  Hrandcn- 

bnig.  21UU1. 

Elortric  circuit  controlling  dov icos.    Hewlett.  23734. 
INilo  chancer  f(»r  eWtiic  niotms.    O'Donnoll  aiul  Brit"、h  Viwu 

mat  if  Uailway  Signal  Company.    *JVU  1. 
Soli'  ivmilatiiiij;      arc      lamps.        IM，v.、ikaliM  l"'s  LalMiratoriiini 

MtM  liaiiiscli  Tr(  liiust  lH'  、V，'rk、t;»t"'  H a n>  Tlioiiia  (;t's.    "J78h  . 

1912. 

Sta 1 1  iiiii:  moans  for  vapour  electric  (levicos-    Conrad.  37. 
Adjubtablc  iiuluctau.o  coils.    Fcssondeii.  34G. 
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The  man  stood  on  the  boiler  top,  wlieuco  all  but  be  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
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Municipal  Trading, 

The  question  of  municipal  trading  lias  formed  the  subject  of 
considerable  discussion  during  recent  years,  and  opinions 
differ  widely  as  to  its  benefits.  The  extent  to  which  it  is  per- 
missible is  determined  by  the  powers  conferred  upon  corpora- 
tions by  Act  of  Parliament,  and  the  measure  of  advantage 
or  disadvantage  of  such  trading  to  the  community  opens  up 
wide  questions  on  whicli  arguments  can  be  advanced 
from  opposite  directions.  This  has  been  strikingly 
shown  during  the  past  week  in  a  case  before  Mr. 
Justice  Eve,  in  the  Chaucery  Division,  in  which  an 
action  was  brought  by  a  Sheffield  tradesman,  supported  by 
the  Contractors'  Association,  against  the  Sheffield  Corpora- 
tion, claiming  a  declaration  that  the  Corporation  have  uo 
power  to  carry  on  the  trade  or  business  of  erecting  and 
installing  electric  light  and  bell  fittings,  or  of  selling  electric 
motors  outside  the  city  of  Sheffield.  Ifc  appears  that  the 
Corporation  had  opened  a  showroom,  to  which  any- 
body, whether  a  Sheffield  citizen  or  not,  could  go  and  buy 
almost  any  electrical  fitting  from  a  cigai'-lightei-  to  a  motor, 
and  the  grievance  of  the  plaintiff  was  that  in  so  doing  the 
Corporation  traded  both  inside  and  outside  their  area  and 
thereby  exceeded  the  powers  under  their  Act  of  1903，  whicli 
enabled  them  to  supply  motors  in  coEnectioa  with  the  supply- 
ing of  electric,  power.  The  question  her©  involved  was  simply 
a  legal  oue,  and  it  is  not  necessary  therefore  to  discuss  the 
arguments  whicli  were  advanced  ou  either  side  and  which 
occupied  the  attention  of  the  court  for  some  five  or  six  days. 
The  judgment-,  however,  which  was  against  the  Corporation, 
is  important,  though  it  is  not  final,  inasmuch  as  it  is  their 
intention  to  appeal  to  the  House  of  Lords  during  the  present 
law  sitting  unless  in  the  meantime  parliamentary  assent  is 
secured  to  a  Bill  now  being  promoted  which  will  speci- 
fically oonfer  the  powers  in  question.  The  facts  put  for- 
ward by  the  plaintiff  were  not  seriously  disputed,  but 
the  Corporation  urged  i"  cleJence  that,  being  incor- 
porated   by    Charter,    tlicy    had    power    to    do  anything 
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not    expressly    prohibited,     and    that    as    the  plaintiff 
had  not  established  affirmatively  any  cortravention  of  the 
Municipal  Corporation  Act  of  1882,  his  plea  could  not  be 
upheld.   To  the  lay  mind  this  defence  seems  peculiarly  weak, 
ami  was  dismissed  by  the  judge  as  devoid  of  substance.  Another 
point  urged  involved  the  construction  of  the  Sheffield  Cor- 
poration Act  of  1903，  which  specifically  empowered  them  to 
supply  electric  motors  in  connection  with  the  current  within 
tlie  area  of  supply,  and  which  also,  it  was  contended,  enabled 
them  to  supply  the  detail  fittings  to  which  exception  was  taken. 
Tnio  the  details  of  tbe  argument  it  is  not  necessary  to  enter ; 
^,ufRce  it  that  the  judge  ruled  them  to  be  inadmissible,  and 
guided  by  a  previous  decision  of  Mr.  Justice  Neville  in  a  case 
in  which  the  Leicester  Corporation  were  concerned, he  held  that 
the  powers  of  the  Sheffield  Corporation  were  strictly  limited 
to  the  sale  of  motors,  which  were  the  source  of  power,  and  did 
not  ir  elude  anything  beyond,  and  under  these  circumstances 
made  the  declaration  claimed  by  the  plaintiff,  and,  further, 
ordered  the  defendants  to  pay  the  costs  of  the  action,  though 
for  a  limited  period  he  declined  to  grant  an  injunction  in 
view  of  the  contemplated  appeal.    The  judgment  of  course 
oi  ,ly  touches  upon  the  legal  aspects  of  the  case.    The  ethics 
of  municipal  trading  opens  up  wider  and  more  complex 
questions.      The  advantages  of  inunicipalisation  in  certain 
directions   is    generally    admitted,    on   grounds    of  public 
health  and    convenience,    which    impose    or.    every  citizen 
a    sacrifice    to    some    extent    of    private    rights    for  the 
general  weal.      In  such  services  as  the  supply  of  water, 
gas,  and  electricity,  and  the  disposal  of  sewage  or  refu&e, 
individual  rights  are  seldom  invaded,  or  if  they  are,  the  com- 
pensations leave  little  ground  for  complaint.    It  might  be 
true  that  private  enterprise  could  even  in  such  services,  as  in 
most  other  affairs  of  life,  perform  them  more  cheaply  and 
efficiently  than  governing  bodies,   but  such  services  must 
from  their  nature  partake  of  the  nature  of  monopolies,  which 
in  private  hands  are  r.early  always  open  to  abuse,  and  the 
knowledge  of  this  and  the  obvious  inconveuience  to  traffic  and 
transport  which  would  result  from  the  distribution  of  such  ser- 
vices amongst  independent  bodies,  with  possibly  rival  and 
conflicting  interests,  has  dictated  the  lines  of  modern  town 
development  and  municipal  control .    The  cost  of  distribution 
of  a  commodity  depends  upon  the  nature  and  the  character 
of  the  service.    In  such  matters  as  drainage  and  water  supply 
this  is  fairly  uniform  and  to  some  extent  proportional  to  the 
size  of  the  area,  though  it  is  easy  to  see  that  in  these  cases 
the  economical  service  requires  to  be  of  a  certain  magnitude 
to  justify  expenditure  in  any  particular  inidertakiiig,  and 
similar  reasoning  applies  also  to  gas  and  electric  current, 
though  the  more  fluctuating  demand  for  these  coniinodities 
and  the  conditions  of  supply  bring  the  manufacturing  autho- 
rities into  contact  with  further  and  more  difficult  questions. 
These  fluctuations  are  not  so  easily  predicted  and  provided  for 
as  in  the  case  of  water  supply  or  drainage,  while  tbe  services 
are  not  free  from  danger  unless  adequately  safeguarded.  Ii: 
the  case  of  gas,  irregularities  of  demand  may  arise  at  short 
notice  owing  to  weather  conditions,  but  the  coiitinuitv  of 
service  is  nevertheless  essential  and  hence  the  necessity  for 
huge  storage  tanks  and  large  capital  expenditure,  and  the 
fact  that  the  establishment  charges  remain  fairly  coustaut 
even  within  a  wide  range  of  production  gives  rise  to  strong 
inducements  to  push  sales,  which  is  enipliasized  in  the  case  of 
large  cities  by  a  desire  to  promote  a  cleaner  atmosphere  by 
substituting  gas  instead  of  coal  for  power  and  domestic  pur- 
poses.   It  is  easy  to  iir.derstaud  therefore  why  municipalities 
under  these  influcuces  liavc  been  led  to  enter  upon  sphoros 


of  action  which  were  not  originally  contemplated,  such  as  the 
provision  of  cooking  and  heating  stoves  on  terms  wliicli  users 
could  not  obtain  individually.      The  convenience  of  this  is 
generally  admitted,  and  it  must  be  equally  admitted  that  it 
compels  the   authority   to   indulge   in    a    certain  measure 
of    trading    aud    supervision    of    details,    inasmuch    as  it 
has   to   uiidei'take   complete   responsibility  for    the  equip- 
)nent .      In  the  case  of  electricity  the  temptation  to  enter 
upon  the  sale  or  hire  of  equipment  and  details  is  eveu 
stronger  than  in  the  case  of  gas,  because  electricity,  unlike 
gas  or  water,  cannot  be  stored  in  bulk,  or  at  all  events  for 
town  purposes  is  not  practicable,  and  variations  have  there- 
fore to  be  provided  for  by  costly  ouHay  on  power  plant,  with 
its  correspondingly  high  fixed  charges.    Economic  considera- 
tions make  it  doubly  desirable  to  reduce  as  far  as  possible  the 
peaks  in  the  load,  which  largely  result  from  lighting  service, 
and  this  can  only  be  done  by  securing  as  wide  adoption  as 
possible  in  other  directions  to  secure  a  steady  use  of  current. 
Heie  again  reliability  and  safety  of  service  demands  more  than 
ewer  supervision  over  the  fittings  and  equipment  us^d,  as  well 
as  ability  to  supply  them  on  terms  that  will  lead  to  their 
adaption,    and    therefore    little    can    logically    be  urged 
iu   the   abstract    against   the   policy  of    supplying  fittings 
and     equipment      by;     municipalities.       The     justice  or 
injustice     of     it     depends     on     circumstances     and  the 
methods  by  which  it  is  pursued,  and  it  can  not  be  denied 
that  in  many  instances  these  have  i;ot  been  satisfactory  to  the 
community  or  fair  to  individuals.      It  is  not  satisfactory  to 
the  community  if,  apart  from  considerations  of  public  health 
or  of  the  initial  looses  accompanying  any  enterprise,  the 
municipal    departments    are    run     at    a    loss,  inasmuch 
as    this    may    confer    a    benefit    on    one    section    of  the 
community     at    the     expense     of     tlie     rest,     which  is 
unfair,    and    further,    may    inflict    special    hardships  on 
individuals.    This,  we  take  it，  was  the  gravameu  of  the  plain- 
tiff's contention  in  the  Sheffield  action  and  appeared  to  be 
supported  by  the  facts  set  forth  in  the  judgment^  for  although 
the  revenue  of  the  fittings  department  had  nomiually  exceeded 
the  expenditure,  the  judge  pointed  out  that  in  arriving  at  this 
result  no  charge  had  ever  been  made  for  interest  on  capital 
or  for  rent  of  Corporation  premises,  nor  had,  any  allowance 
been  made  for  depreciated  aud  obsolete  stock .    Muck  of  the 
opposition  to  municipal  trading  springs,  we  believe,    out  of 
the  misleading  preseutation  of  accounts,  for  it  is  obvious  that 
a  department  which  can  trade  with  the  ratepayers'  inonej 
and  enter  iuto    comj>etitiou    against  a    private  tradesniau 
without    incurring    the    charges    whioli    fall    upon  hiiu 
】mist  place  him  at  a  disadvantage.    Conducted  ui)on  proper 
lines  and  within  the  same  strict  limits  as  those  imposed  upon 
the  individual,  i】o  objection  cau  be  urged  against  the  nmni- 
cipalisation  of  enterprise  wherever  iu  the  interests  of  the 
coimniinit y  it  can  be  proved  economical,  but  we  are  far  from 
believing  that  all  and  every  kind  of  work  can  be  so  under- 
taken.   The  ext-er.t  to  wlutli  the  policy  lias  }xhmi  pursued  has 
been  determined  by  prolonged  trial  and  not  a  few  terrors,  and 
it  is  along  these  lines  alone  that  fulurc  scIumikv.^  ran  siKr«>s- 
f ally  ])ro<.'oed. 
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Personal. —Prof.  Arnold,  D.Met.,  of  tlie  Shetiield  Univer- 
sity, ha>  been  elected  a  Fellow  of  the  l\oyal  Society.  Prof. 
Arnold  has  been  idcntitied  with  Sheftield  steel  since  1879.  He 
has  been  Professor  of  Metallurgy  at  tbe  Sheffield  University 
since  1S89，  and  is  regarded  as  one  of  tlic  most  eminent 
metallurgists  iu  the  worKl. 
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SIR  OLIVER  LODGE  ON  WIRELESS  TELEGRAPHY. 

Sib  Olivek  Lodge,  the  Principal  of  the  Birmingham  University, 
delivered  a  lecture  on  "  Wireless  Telegraphy/'  on  the  22nd  ult, 
before  the  members  of  the  Engineering  Society,  at  the  Univer- 
sity. He  began  by  briefly  summarising  the  early  history  of  the 
subject  of  wireless  telegraphy  from  the  time  of  Clerk  Maxwell  to 
the  year  1896,  and  showed  that  electrical  signalling  across  space 
without  wires  could  be  accomplished  by  simple  means  in  the 
laboratory,  and  over  distances  of  a  few  hundred  yards,  and 
through  walls,  as  was  fully  demonstrated  in  1894.  Two  years 
later,  in  1896，  the  energy,  enterprise,  and  perseverance  of  Mr. 
Marconi  began  to  take  these  laboratory  experiments  into  the 
tield  of  practice.  He  made  use  of  all  that  had  been  done 
before,  and  added  thereto  the  erection  of  vertical  aerials  of 
considerable  height,  with  an  earth  connection.  Signor  Marconi 
also  interested  Government  officials  and  financiers  in  the 
project,  set  up  stations  on  a  large  scale,  and  gradually  deve- 
loped the  application  of  the  waves  of  Clerk  Maxwell  and  Hertz 
into  a  practical  commercial  system  of  ocean  telegraphy.  The 
initiation  of  tuned  or  syntonic  wireless  telegraphy  was  then 
explained  by  the  lecturer,  who  described  the  fundamental 
method  started  by  himself  in  1897，  together  with  improvements 
by  Marconi  in  1900,  and  this  part  of  the  address  was  illustrated 
by  the  apparatus  in  work.  The  similar  work  of  Prof. 
Braun  and  the  Telefunken  Company  in  Germany  was  also 
mentioned,  and  Sir  Oliver  said  that  by  that  means  it  was 
demonstrated  that  great  precision  of  timing  could  be  obtained, 
and  the  interference  of  other  stations  eliminated,  though  unfor- 
tunately at  present  the  existence  of  an  International  Convention 
hampered  the  free  use  of  different  wave-lengths  for  purposes 
of  conversation,  and  restricted  the  advantages  which,  by 
electrical  means,  could  readily  be  obtained  from  the  several 
tuned  systems  of  wireless  telegraphy  now  known.  The  result 
was  a  difficult  time  for  operators  on  ships,  through  the  frequent 
"jamming"  or  interference  with  free  speech  by  the  crowd  of 
messages  which  were  liable  to  be  overheard  when  nearing  a 
port.  Those  were  difficulties  not  of  a  scientific,  but  of  an 
administrative  kind,  and  presumably  would  be  overcome  by 
mutual  arrangement  and  a  better  understanding  of  the  position. 


OIL  VERSUS  GAS  ENGINE. 

Prof.  Burstall,  addressing  a  meeting  of  the  Midland 
Association  of  Gas  Managers,  hekl  at  Birmingham 
University  on  the  15th.  ult.,  dealt  with  the'  condi- 
tions under  which  a  particular  type  of  gas-engiue  may 
be  installed.  Briefly  speaking,  he  said,  th^r©  were  two 
methods  of  working ― one  to  take  gas  from  the  tow'u  main, 
and  the  other  to  generate  gas  by  means  of  suction  gas  pro- 
ducers. As  to  which  was  preferable  depended  upon  the  rela- 
tive prices  of  coal  and  gas,  but  it  might  be  generally  stated 
that  in  a  city  like  Birmingham,  with  an  eughie  of  moderate 
power  it  was  advantageous,  taking  everything  into  account, 
to  obtain  the  gas  from  tlio  city  main.  No  doubt  as  gas 
became  cheaper  its  usefulness  would  increase  rather  than 
diminish.  Larger  engines  were  almost  invariably  put  down 
in  places  a  fair  distance  from  the  centre  of  the  town,  or  should 
be,  and  in  that  case  a  producer  was  probably  the  best  way 
if  the  price  of  coal  were  reasonable.  There  was  another  point 
worth  considering.  That  was  the  question  where  heavy  oils 
could  be  obtained  cheaply.  If  these  were  used  in  Diesel 
motors,  which  were  now  extensively  employed  for  marine  pro- 
pulsion , they  got  the-  cheapesL  possible  power  that  could  be 
generated  by  any  means.  There  was  little  doubt  that  a  revolu- 
tion in  the  production  of  power  was  iininiuent,  ami  the  pro- 
bability was  til  at  it  would  be  produced  from  oil  if  the  oil 
supplies  of  blie  world  were  in  any  way  adequat-e  to  the  demand. 
This  could  only  be  expected  when  further  oil  fields  were 
opeined  out,  but  there  was  no  doubt  the  production  of  power 
from  oil  would  be  a  serious  factor  to  be  taken  into  con- 
sideration. 


The  Jun^frau  Railway. ― The  tunnel  continuing  the  Jungfrau 
•1  Railway  from  Eismeer  Station  to  the  Jungfrau  Joch  Saddle, 
I  which  is  lljiOOft.  above  sea  level,  was  pierced  a  few  days  ago. 
' The  tunnel  is  now  only  some  2,000ft.  below  the  summit  of  the 
mountain.  The  railway  was  begun  16  years  ago,  and  it  is 
,1  expected  that  the  summit  of  the  Jungfrau  will  be  reached  about 
I  three  years  hence. 


ASSOCIATION  OF  TECHNICAL  INSTITUTIONS. 

The  nineteenth  annual  general  meeting  of  the  Association  of 
Technical  Institutions  was  held  on  the  20th  ult.  at  the  Gold- 
smiths' Hall,  London.  Sir  Henry  F.  Hibbert  (the  retiring 
president)  presided  at  the  opening  of  proceedings,  and,  in  res- 
ponding to  a  vote  of  thanks  for  bis  services  during  the  year,  he 
reviewed  the  work  of  the  technical  institutions  throughout  the 
country.  Contrasting  the  work  in  this  country  with  that  accom- 
plished in  Germany,  he  expressed  disappointment  at  the  fact 
that  England  compared  unfavourably  with  that  country.  Sir 
George  H.  Kcnrick  was  unanimously  elected  president  of  the 
association  for  the  ensuing  year.  In  his  presidential  address 
on  "Shall  We  Teach  Trades  ？ "  Sir  George  Kenrick  said  it 
might  be  objected  that  this  was  a  foolish  question,  because  it 
was  well  known  they  did  teach  trades.  That  was  correct  in 
part,  but  they  also  taught  many  things  that  could  not  be 
described  as  trades,  and  the  amount  of  trade  actually  taught  at 

the  present  time  was  very  small  compared  with  the  total  in- 
struction given,  and  his  question  really  covered  that  very  much 
larger  question.  Referring  to  the  textile,  iron  and  metal, 
chemical,  engineering,  building,  and  other  industries,  he  asked 
if  anyone  could  say  that  for  the  young  people  entering  the  in- 
dustries there  was  anything  provided  in  the  nature  of  adequate 
training.  In  no  industry  did  there  appear  to  be  any  conception 
of  the  duty  of  the  trade  to  make  proper  provision  for  filling  its 
ranks  with  well-trained  and  capable  workmen.  The  only  way 
in  which  progress  could  be  made  was  by  such  training.  It 
was  useless  to  expect  the  late  discoveries  in  science  to  be 
applied  to  industries  unless  they  had  teachers  who  would  make 
it  their  business  to  master  these  discoveries  and  explain  them 
to  the  young  people  who  were  learning  the  trade. 

He  next  referred  to  the  practical  work  accomplished  in 
Continental  countries,  especially  Germany,  and  asked  if  it 
could  be  seriously  asserted  that  we  in  England  were  so  different 
in  faculties  and  abilities  from  the  Germans,  that,  while  such  a 
thing  might  be  necessary  for  them,  it  was  totally  unnecessary 
for  us.  Great  as  was  his  faith  in  the  ability  of  jSnglishmen  to 
tackle  all  kinds  of  trades  and  business,  he  was  confident  they 
would  succeed  still  better  were  they  backed  by  the  efforts 
of  instructed  and  trained  workpeople.  As  to  how  it  should  be 
accomplished,  he  would  say  "  slowly."  He  felt  it  would  take 
a  great  deal  of  instruction  and  persuasion  before  the  British 
manufacturer  would  be  thoroughly  convinced  of  the  necessity 
of  what  he  was  advocating.  Progress  must  be  made  by  the 
combination  of  the  elementary  and  technical  school.  The 
technical  schools  had  really  been  solving  the  problem  for 
a  number  of  years  by  finding  the  teachers  the  right  kind 
of  work  for  the  students,  and  the  workshops,  and  they  were 
mostly  waiting  for  tenants  in  the  daytime.  But  the  elementary 
school  had  much  of  the  character  that  a  technical  day  school 
would  have,  and  the  student  would  on  the  whole  more  closely 
resemble  the  elementary  scholar  than  the  evening  scholar. 
Moreover,  the  elementary  school  would  have  charge  of  his 
training  up  to  the  period  of  entry  into  the  technical  school  and 
should  have  prepared  him  to  some  extent  for  the  particular 
occupation  in  which  he  might  be  engaged.  It  was  therefore 
desirable  that  the  two  should  combine  and  use  their  experience 
to  solve  the  greatest  of  the  large  educational  problems  of 
the  present  day. 

On  the  occasion  of  his  retirement  and  in  appreciation  of  his 
services  to  technical  education,  Mr.  J.  H.  Reynolds,  director  of 
higher  education  to  the  City  of  Manchester  and  Principal  of 
the  Municipal  School  of  Technology,  ftlanchester,  was  pre- 
sented with  an  illuminated  address  from  the  members  of  the 
association,  the  presentation  being  made  by  Sir  Henry  Hibbert, 

Mr.  W.  Calderwood  (Woolwich  Polytechnic)  and CouncillorA. 
Trimble  (Belfast)  were  elected  governors,  and  Mr.  T.  T.  Rankin 
(Wigan)  and  Mr.  F.  W.  Shurlock  (Derby)  as  officials.  Mr.  C.  B. 
Bragg  (Birmingham)  was  appointed  chairmaa  of  the  council. 
Principal  F.  W.  Shurlock,  Technical  College,  Derby,  after- 
wards spoke  on  science  examinations  and  grouped  course 
certificates,  while  Principal  W.  M.  Gardner,  Technical  College, 
Bradford,  dealt  with  the  function  of  the  practical  workshop  in 
technical  colleges. 
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THE   BALANCING  OF  LOCOMOTIVES.— II. 

liY  JAS.  DUNLOP. 

To  those  interesied  in  the  modern  4-cylinder  so-called 
" balanced  locomotives,"  the  outside  2-cylinder  single-driver 
engine,  illustrated  in  Fig.  10,  should  form  a  useful  reference, 
especially  when  it  is  understood  that  the  system  of  balancing 
embodied  in  the  design  was  patented  by  J.  G.  Bodmer  in 


design  of  these  engines  was  the  overliUDg  crosshead  pins,  with 
the  resultant  cornering  action  on  the  crossheads  and  the 
bending  action  on  the  piston  rods. 

In  Fig.  11，  which  illustrates  an  outside  4 -cylinder  single- 
driver  engine,  built  by  Haswell,  of  Vienna,  for  the  Austrian 
State  Railways  in  1861,  the  weak  feature  of  the  previous 
engine-s  is  entirely  eliminated,  but  it  has  no  feature  of 
superiority  so  far  as  balancing  is  concerned.  The  two 
cylinders   on   either   side    were  served   by   a   single  valve 


Fig.  10.— Outside  2-Cylinder  Single  Dbivek  Engink. 

the  year  1834,  and  that  a  number  of  inside  cylinder  engines 
on  this  system  were  in  use  on  the  Sheffield  and  Manchester, 
the  London  and  Brighton,  and  the  London  and  Soutli-Eastem 
Railways  in  181:5.  Each  cylinder  had  two  pistons  connected 
to  cranks  set  at  180°  apart,  the  piston  rod  of  the  front  piston 
being  solid  and  sliding  inside  the  piston  rod  of  the  back 
piston,  whicli  was  tubular  and  carried  a  stuffing-box  at  its 
junction  with  its  crosshead.  The  slide  bars  were  of  V-shaped 
trough  form,  and  the  connecting  rods  were  jointed  to  over- 
hung pins  formed  on  the  crossheads,  on  opposite  sides,  to 
suit  the  length  of  the  crank-pin  bearings  and  the  thickness 
of  the  overhung  cranks.  The  steam  was  admitted  alternately 
between  and  on  the  outer  faces  of  the  pistons,  giving  prac- 
tically the  effect  of  a  4 -cylinder  engine,  and  the  intention  of 
the  whole  construction  was  to  make  one  set  of  moving  parts 
balance  the  other  set  moving  in  the  opposite  direction  without 
the  necessity  of  using  balance  weights  in  the  wheels. 

From  the  fact  that  the  pis- 
tons, piston  rods,  and  cross - 
heads  move  in  opposite  direc- 
tions and  in  the  same  plane,  il 
might  appear  to  a  casual  ob- 
server that  the  object  intended 
had  been  achieved,  but  such 
is  not  the  case.  In  the  first 
place,  the  connecting  rods  do 
not  move  in  the  same  plane, 
consequently  the  inertia  effects 
acting  at  different  distances 
from  the  centre  of  the  engine 
have  a  tendency  to  turn  the 
engine  around  a  vertical  centre 
in  opposite  directions  alter- 
nately. In  the  second  place, 
the  connecting  rods  are  both  on 

the  forward  side  of  the  driving  axle,  so  that  while  one  rod  is 
making  a  forward  stroke  the  other  rod  is  】naking  a  back- 
ward stroke,  and  a  reference  to  Fig.  1  or  to  Tables  I .  or  IT. 
will  si  low  that  even  were  the  connecting  rods  moving  in  ono 
plane  there  could  nob  possibly  be  a  mutual  balance  owing  to 
tlio  (lifToroiicG  bct'、ve<Mi  the  inertia  efToct-s  on  for\vai*d  ami 
backward  strokes  respectively.      The  weak  feature  of  the 


admitting  steam  on  the  for- 
ward face  of  the  top  piston 
and  the  backward  face  of  the 
bottom  piston  simultane- 
ously, and  the  opposite  alter- 
nately. The  duplicate 
crosshead,  slide-bar,  and 
connecting-rod  construction 
ensured  there  would  be  no 
unusual  cornering  or  bending 
action  such  as  took  place  in 
the  previous  engines,  and  to 
that  extent  the  design  may 
be  considered  superior,  but 
considering  the  imperfection 
of  the  balance  attained  it 
does  not  appear  that  *i-cylin- 
der  single-driver  engines 
were  ever  likely  to  justify 
their  continm'd  use. 

Fig.    12    illustrates  an 
outside  -i-cylinder  engine  of 
no  great  interest  from  a  bal- 
ancing  point  of  view,  but 
rather  from  the  fact  that  it 
is  neither  a  single-driver,  an 
independent   driver,    nor  a 
coupled  engine,  although  it 
has  two  driving  axles.  The 
peculiarity  arises  from  the  fact  that  it  is  a  rack  rail  engine. 
The  two  cylinders  on  either  side  are  served  by  oue  valve 
admitting  steam  simultaneously  to  the  front  or  back  faces  of 
the  pistons,  and  so  causing  the  pistons  to  move  in  unison. 
The  pistons  are  con nect-ed  to  independent  driving  axles  in 
the  usual  manner,  the  driving  axles  having  pinions  gearing 
with  the  rack  rail.    Through  the  rack  rail  the  engine  is  to  all 
intents  and  purposes  a  coupled  engine,  but  at  unequally  worn 
portions  of  the  rack  rail  each  pinion  continues  to  do  an 
equal  share  of  the  work,  from  the  fart  that  the  independent 
pistons  need  not  move  absolutely  in  unison  so  long  as  Ihey 
(•ominence  and  end  their  strokes  at  approximat-ely  the  same 
times.   Rack  rail  engines  as  a  rule  call  for  some  clever  design- 
ing, and  this  engine  is  certainly  one  of  the  cleverest.      It.  was 
constructed  by  Messrs.  Beyer,  Peacock,  k  Co.,  Manchester, 
under  the  Lange  and  Livesey  patent. 

Fig.    13   illustrates  an   outside   2-cylinder  single-driver 


KiG    U，     OL  TSIi>t;  -i-CVLINDllU  SlNGI.t:  Dill  \  I. it  KSt.IM.. 

engine  with  vertical  cylinders,  built,  by  Messrs.  Carniichael, 
of  Dundoo,  for  the  Duiuleo  and  Newt  vie  Railway  in  1833. 
As  a  "latter  of  liistorioal  inh'm^t'  I  lie  first  locomotive  built 
by  the  famous  MaiuliosUn*  iinii,  Sharp.  Roberts,  &  Co.,  was 
of  almost  similar  construction,  except  that  the  driving  axle 
、va、s  in  front  of  the  firebox,  and  a  pair  of  carrying  wlioels 
were  placed  where  the  driving  wheels  are  iu  the  eugiue  illus- 
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t rated.  The  placing  of  tlio  cylinders  vertically  made  it 
possible  to  have  a  fairly  steady  longitudinal  nioveraont,  but 
the  vertical  inertia  forces  accentuated  tlie  rocking  movements, 
to  such  an  extent  that  very  few  engines  of  this  design  were 
built.    It  may  be  noticed  that,   unlike  ordinary  types  of 


wheels  would  have  met  tlio  casa  of  higli-spe-ed  better  in  every 
respect.  As  may  be  noticed  from  the  illustration,  the  fric- 
tion wheels  are  held  in  contact  by  a  heavy  spring,  and  that 
by  a  system  of  multiplying  levers  small  steam  cylinders  can 
be  used  to  increase  tlie  adhesion  weight  for  starting  purposes 


Fig.  12.— Outside  4-Ctlindeb  Rack  Rail  Engine. 


engine,  this  engine  transmitted  its  "  hammer  blow  "  to  the 
rails  through  its  springs.  Also,  any  weight  placed  in  the 
wheels  to  counteract'  the  inertia  forces  would  require  to  have 
been  placed  at  right  angles  to  the  crank,  and,  consequently, 
would  have  at  once  upset  the  longitudinal  balance.  Further, 
it  would  have  been  effective  in  one  direction  only ― the 
upward ― and  that  through  the  springs,  while  in  the  down- 
ward direction  it  would  have  had  its  maximum  effect  on  the 
rail  direct.  Had  there  been  special  reasons  for  the  continued 
use  of  this  type  of  engine  the  bell  crank  would  have  become 
a  tee  bob,  and  a  weight  placed  on  it  to  balance  the  vertical 
reciprocating  parts. 

Fig.  14  illustrates  a  type  of  inside  2-cylinder  single-driver 
engine  in  which  the  balancing  is  almost  identical  with  that 
of  a  coupled  engine.    The  cylinders  are  plao^d  under  the 
smok'ebox,  and  drive  on  bo  an  intermediat/e  crank-shaft  placed 
in  front  of  the  firebox.    Coupling  rods  from  cranks  on  the 
ends  of  this  crank-shaft  operate  the  driving  wheels  placed 
behind  the  firebox.    The  coupling  rod  is  not  seen  in  the 
illustration,  being  hidden  by  the  outside  framing.  This 
system  of  locomotive  construction  is  known,  as  the  Crampton 
system,  and  was  used  to  accommodate  a  longer  boiler  than  was 
usual  on  locomotives  at  the  period  at  which  these  engines  were 
built.      The  longer  wheel  base  thus  made  necessary  resulted 
in     these     engines     being    comparatively    stable    in  the 
longitudinal      direction.        Other     constructions     of  the 
Crampton     engines     had     the      cylinders     placed  out- 
side, in  the  position  shown  in  the-  sketch  Fig.  15.      It  was 
claimed  for  these  outside  cylinder  engines  that  the'  particular 
position  of  the  cylinders  ensured  a  more  stable  engine  than 
if  they  had  been  in  the  usual  position  outside  the  smokebox. 
That,  of  course,  is  not  the  case.      In  either  position  the 
centres  of  the  cylinders  would  be  the  same  distance:  from  the 
longitudinal  centre  line  of  the  engine,  and  give  rise  to  the 
same  turning  moments  around  a  vertical  centre.    The  only 
difference  between  the  outside-cylinder  Crampton  engine  and 
an  ordinary  outside-cylinder  single-driver  engine,  with  its 
driving  axle  behind  the  firebox,  was  in  the  length  of  the  wheel 
base,  and  as  a  result  the  Crampton  engine,  with  its  longer 
wheel  base,  could  not  be  otherwise  thau  the  steadier  engine. 

The  extraordinary  single-driver  engine  illustrated  in 
Fig.  16  is  interesting  chiefly  from  the  facts  of  the  abnormal 
upward  inclination  of  its  cylinders,  that  no  provision  what- 
ever seems  to  have  been  made  for  balance,  and  that  it  drives 
through  friction  gear  wheels.  With  regard  to  the  latter,  it 
is  rather  difficult  to  conceive  any  valid  reason  for  their  use 
at  all,  when  a  simple  enlargement  of  the  ordinary  driving 


or  for  incline  working.  The  cylinders  being  inclined  upward 
at  an  angle  of  about  30。  must  have  caused  serious  rocking 
movements,  due  to  direct  steam  pressure  reactions,  in  addition 
to  all  the  effects  of  centrifugal  force  and  inertia  from  the 
moving  parts  of  a  totally  unbalanced  engine. 

Fig.  17  illustrates  an  extraordinary  single  driver  engine  that 
ran  on  the  Great  Western  Eailway  in  1838.  Its  interest  from 
a  balancing  point  of  view  lies  chiefly  in  the  fact  that  the  wheel 
base  was  extremely  short,  and  unbalanced  forces  must  have 
caused  excessive  movement  of  the  flexible  steam  and  exhaust 
pipe  connections.  The  driving  wheels  were  10  feet  in  diameter. 
In  addition  to  being  short  of  adhesion  weight,  and  consequently 
unable  to  haul  the  trains  it  was  intended  to,  the  pipe  connec- 
tions proved  troublesome  from  the  fact  that  the  coupling 
between  the  engine  and  boiler  carriages  being  of  the  simple 
link  form  could  not  control  their  relative  movements  as  in 
modern  articulated  engines.  For  these  reasons  the  engine  was 
laid  aside  after  an  accident  to  its  large  driving  wheels. 


Fig.  13.— Outside  2-Cylinder  Single  Driver  Engine. 

Independent  Driver  Engines. 

To  obtain  the  results  of  a  coupled  engine  without  the  losses 
due  to  large  cylinders  producing  heavy  stresses  on  bearings 
and  the  frictional  losses  of  the  coupling  rods,  engines  have 
been  built  at  different  times  with  independent  drivers,  each 
provided  with  their  own  smaller-sized  cylinders.      Fig.  18 
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illustrates  an  outside-cylinder  independent-driver  tank  engine 
built  for  the  Northern  Railway  of  France  in  1862.  For 
balancing  purposes  eacli  pair  of  cylinders  and  driving  wheels 
would  be  treated  as  an  ordinary  single-driver  engine,  but  the 


Fig,  14.— Ckampton  Inside  ^-Cylinder  Singi^e  DitiVKii  Engine. I 

running  of  these  engines  gives  rise  to  certain  peculiar  results. 
In  the  illustration  it  will  be  noticed  both  cranks  are  in  their 
bottom  positions.  In  moving  from  these  positions  in  either 
direction  the  two  pistons  will  move  together  towards  either 
the  front  or  back  end  of  the  engine,  thus  combining  their 
inertia  effects  and  so  producing  a  certain  longitudinal  dis- 


FiG.  15.— Crampton  Outside  2-Cylinder  Single  Driver  Engink. 

turbance.  If  on  the  other  hand  one  of  the  cranks  had  been 
in  its  top  position  while  the  other  was  in  its  bottom  position, 
then  the  pistons  would  move  in  exactly  opposite  directions  to 
each  other  whichever  direction  the  engine  moved  in,  and  as 
a  result  the  inertia  effects  would  mutually  balance  each  other, 
thus,  under  the  circumstances,  rendering  the  balance  weights 


engines  of  this  type,  either  from  "slipping"  or  "creeping 
into  or  out  of  phase/'  this  peculiar  passing  from  one  extreme 
of  balance  to  the  other  takes  place.  The  action  is  entirely 
spasmodic,  and  is  only  controllable  by  coupling  rods. 

An  outside-cylinder  inde- 
pendent - driver  engine,  in 
which  the  cylinders  are  all 
placed  in  the  usual  position  out- 
side the  smokebox,  is  illus- 
trated in  Fig.  19.  In  this  case 
the  independent  driving  wheels 
are  much  different  in  size,  the 
object  being  to  obtain  a 
powerful  starting  effort  from 
the  sm all  d rivers .  In  fact, 
at  starting  and  during  in- 
cline working  are  the  only 
times  the  small  drivers 
are  in  operation.  At  all 
other  times  they  are  lifted 
clear  of  the  rails  by  steam 
cylinders.  These  steam  cylin- 
ders also  serve  to  force  the  small 
drivers  on  to  the  rails  to  give  the  necessary  adhesion  when 
required  and  at  the  same  time  t-eiiiporarily  increase  the  adhe- 
sion of  the  】arg(j  drivers.  For  both  drivers  the  balancing 
is  the  same  as  for  an  ordinary  single-driver  engine.  The 
difference  in  the  diameters  of  the  drivers,  as  well  as  the 
intermittent  use  of  the  small  drivers,  makes  the  peculiar 
effect  not^d  in  the  previous  engine  of  comparatively  less 
account. 

The  independent  inside  and  outside  driver  engine  illus- 
trated in  Figs.  20  and  21  is  a  3 -cylinder  compound  engine  on 
the  Webb  system,  iiitrcxhu'ed  on  tlie  London  and  Noi-th- 
Western  Railway  in  1882.  Two  outside  high -pressure 
cylinders  operate  the  trailing  drivers,  and  exhaust  to  a  central 
inside  low-pressure  cylinder  wliicli  operates  the  leading 
drivers.  Although  in  many  quarters  adversely  criticised, 
both  as  regards  its  arrangements  and  details,  it  was  this 
engine  that  in  reality  pioneered  the  modern  developments  in 
3  and  4-cylinder  locomotives  in  both  hemispheres.  Previous 
to  the  introduction  of  this  engine,  tlie  engine  illustrated  in 
Fig.  18  was  probably  the  only  iiulepeudciit -driver  t*iigin(»  that 
had  ever  be^ii  built,  and  it  was  not  repeated  in  any  numbers. 

The  balancing  of  tlie  hind  drivers  was  the  same  as  for  an 


Fio.  16. — Single  Drivkr  Enainf.  with  Fhhtion  (iKAU  Whkki.s. 


for  the  reciprocating  parts  entirely  superfluous.  For  the 
time  being  there  would  exist  the  contradictor}'  ccmdition  of 
practically  perfect  balance  of  the  reciprocating  parts  alon^  with 
" lianiiner  blow  "  from  the  balance  weights  for  these  parts. 
Throughout  the  whole  riiimiiig  time  of  independent-driver 


ordinary  outside  single-driver  engine,  while  for  the  front 
drivers  all  that  was  necessary  was  a  halanoe  weight  in  each 
、vhee】  dim'tlv  opposiU*  t  he  ('rank  equal  to  half  the  amount  of 
weight  to  be  balanced. 

As  ill  the  case  of  tlie  French  engine,  this  engine  suflVred 
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from  a  spasmodic  disturbance  in  the  longitudinal  direction, 
but  in  this  case  the  disturbance,  instead  of  waxing  and 
waning  on  both  sides  of  the  engine  simultaneously,  zigzagged 
from  side  to  side  according  to  the  particular  outside  crank 


of  France  4-cyHmlf'r  com pouiul  locomotives  as  an  independent- 
driver  engitie,  as  illustrated  in  Fig.  22.  This  engine  was 
subjected  to  exhaustive  tests,  with  tlie  result  that  all  succeed- 
ing engines  were  provided  with  coupling  rods  between  the 


Fig.  17.— SiNdLK  DuiVKit  Kngini'; 


that  happened  to  ('phase  or  not  phase  "  with  the  inside 
crank .  This  action  was  so  pronounced  as  to  excite  widespread 
comment  by  engineers  who  travelled  in  the  trains  hauled  by 
these  engines,  but  strange  to  say  it  was  always  attributed 


drivers  in  addition  to  tlie  other  modifications  in  the  steam 
system  experience  had  dictated.  One  important  modification 
was  the  placing  of  the  low-pressure  cylinders  inside  the 
frames.      The  significance  of  this  from  a  balancing  point 


Fig.  18.— Outside  Cylinder  Independent  Driver  Tank  Engine. 


to  the  steam  action  in  the  single  low-pressure  cylinder,  the 
inertia  effects  never  apparently  having  been  thought  of. 

In  any  case,  four  years  later ― in  1886 ― M.  Alfred  de  Glehn 
designed  the  forerunner  of  the  famous  Northern  Railway 


of  view  will  be  appreciated  from  later  demonstrations 
of  balancing  problems.  Ifc  may  be  said  that  so  far 
as  the  Continent  is  concerned,  this  engine  was  the  means  of 
initiating   that   careful   attention   to  balancing  so  plainly 


Fifi.  19.— Outside  Cylinder  Independent  Driver  Engine 
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evident  on   all  modern  continental  locomotives.      British  these    independent-driver   4-cylinder  engines  the  left-hand 

practice  relatively  is  where  it  always  lias  been.  crank  on  one  of  the  axles  had  been  made  to  lead  the  "in  and 

In    1898   Mr    Dugald   Dnimniond   introduced    on   the  out  of  phase  "  effects  noted  would  have  been  considerably 

Liondon     and     boutn-Wesbern     Railway     the     powerful  minimised. 


Fig.  20.— Independent  Inside  and  Outside  Driver  Engin'e 


Fig.  21.— Independent  Inside 
4-cylinder  independent,  insfide  and  outside  driver  engine 
illustrated  in  Fig.  23.  The  engine  is  a  single-stage  expan- 
sion engine  using  high  steam  pressure,  Mr.  Drummond  being 
the  pioneer  in  this  country  of  high  steam  pressures  in  loco- 
motive practice.  To  what  extent  the  "  in  an<l  out,  of  phase  " 
effect  was  noticeable  in  this  engine  the  writer  lias  not  heard, 
but  the  later  4-cylinder  engines' on  this  railway  have  rouplii"; 
rods.  - 

It  may  be  of  interest  to  note  here  the  usual  practice  is  to 
make  the  right-hand  cranks  lead  in  forward  ruuuing.      If  in 


A.ND  Outside  Driver  Engine. 

WORM  AND  SPIRAL  GEARING.* 

With  SrEciAi.  Kkterknce  to  Machine  Tool  Design. 

HY  W.  HAUGHTON. 

1、  spur  gearing  the  formulio  have  become  so  simple  and 
familiar  that  they  present  very  few  difficulties  to  any  who  will 
give  the  most  rudimentary  attention  to  them.  Worm  and  spiral 
gearing  cannot  by  their  very  nature  he  made  to  appear  (juite 

•  Abslrftct  of  paper  road  before  the  Biruiiimham  Association  of  Mechanical 
Engineers  February  3rd，  】912. 
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so  easy  and  plain,  so  many  factors  come  into  the  problem.  In 
the  case  of  spur  gearing  it  is  quite  easy  to  say  that  a  certain 
wheel  of  a  given  pitch  will  be  such  and  such  a  diameter,  the 
diametral  pitch  method  having  made  that  simple  mental 
arithmetic.  Although  spiral  wheels  cannot  be  so  easily  dealt 
with, 工 think  that  much  may  be  done  to  render  the  calculation 
easier  and  with  less  liability  to  error.  The  difliculty  most 
people  Had  is  that  the  mind  is  apt  to  get  the  various  factors  of 
angle  tangent,  cosine,  normal  pitch,  real  pitch,  pitch  or  lead  of 
spiral,  and  diameter  rather  mixed  up,  and  so  get  out  of  patience 
with  the  whole  matter  and  turn  to  some  other  form  of  gear  less 
bothering  to  work  out.  I  know  that  this  tendency  exists  among 
many  draughtsmen,  and  it  is  very  likely  the  reason  why  worm 
drives  are  not  more  extensively  used. 

There  are  various  types  of  worm  wheels,  and  for  a  long 
time  their  construction  was  exceedingly  simple.  The  most 
common  practice  was  to  cut  the  teeth  in  a  straight  line 
diagonally  across  the  periphery  of  the  wheel  at  an  angle  corre- 
sponding to  that  of  the  worm  in  which  it  has  to  mesh.  This 


Under  the  impression  that  it  is  necessary  to  increase  the 
wearing  surface  upon  the  teeth  of  worm  wheels,  it  has  become 
increasingly  the  practice  to  make  the  face  of  the  teeth  hollow 
with  a  radius  corresponding  to  that  of  the  bottom  of  the  worm 
thread  and  to  hob  the  teeth.  This  form  of  tooth  has  no  doubt 
a  very  attractive  appearance,  as  it  looks  somewhat  like  a  true 
section  of  a  nut  thread,  and  without  doubt  it  has  a  greater 
wearing  surface  than  either  of  the  foregoing  types,  but 
whether  this  increased  surface  is  nob  obtained  at  the  expense 
of  efficiency  may  be  open  to  question.  One  effect  of  the  hollow 
shape  is  for  the  teeth  to  become  thin  upon  the  highest  points, 
lb  is  well  to  turn  these  edges  off  and  leave  a  considerable  flat 
upon  either  side  of  the  hollow.  Some  designers  prefer  to 
dispense  with  the  hollow  altogether  at  the  top  of  the  teeth 
and  simply  to  sink  the  hoi)  into  a  Hat  surface  to  the  depth  of 
the  teeth  at  the  centre  ；  it  is  claimed  for  this  that  it  is  cheaper 
to  turn,  easier  to  hob,  and  is  in  every  way  satisfactory, 
besides  reducing  unnecessary  friction  upon  the  teeth.  In  the 
bobbed  type  of  worm  wheel,  it  is  of  the  utmost  importance 


Fi".  22.— 4-Ctlindeb  Compound  Independent-dkiver  Engine  (see  page  255). 


form  of  wheel  was  and  is  perfectly  satisfactory  for  many  pur- 
poses, especially  in  cases  where  the  angle  is  but  small  and  the 
power  transmitted  not  great.  It  is  the  cheapest  and  easiest 
way  for  those  who  have  few  machines  at  their  disposal. 
Theoretically,  of  course,  it  is  wrong,  as  it  is  a  straight  surface 
working  upon  a  spiral,  but  nevertheless  it  is  a  perfectly  satis- 
factory method  for  many  purposes  and  should  not  be  too  lightly 
set  aside  as  out  of  date.  I  have  no  doubt  many  of  you  can 
recall  cases  in  which  such  wheels  have  been  in  operation  for 
10，  20，  or  30  years,  and  are  still  performing  their  functions 
quite  satisfactorily  and  are  by  no  means  worn  out. 

A  very  much  better  worm  wheel  of  a  similar  design  to  the 
above  would  be  obtained  by  cutting  the  teeth  a  true  spiral  angle 
corresponding  to  the  worm  angle.  This  type  of  wheel  would 
be  inexpensive  to  cut  upon  a  properly  equipped  machine,  as 
DO  holes  are  required.  Holes  are  a  very  expensive  item  in 
worm-wheel  cutting,  and  it  is  well  to  avoid  using  them  unless 
the  conditions  make  it  absolutely  necessary.  There  is  little 
doubt  that  this  form  of  worm  wheel  would  bo  very  efticient. 
The  loss  from  friction  would  be  small  and  the  worm  would 
work  very  smoothly. 


that  it  should  be  mounted  centrally  with  the  worm  ；  a  very 
little  out  of  centre  at  either  side  will  cause  a  very  consider- 
able loss  of  efficiency  and  may  speedily  wear  out  the  teeth.  In 
bobbing  these  wheels  it  is  well  to  have  the  hob  somewhat 
larger  in  diameter  than  the  worm ,  in  order  to  ensure  that  the 
bearing  of  the  worm  thread  shall  be  hardest  in  centre  of  the 
teeth.  It  is  obvious  that  a  worm  that  is  rubbing  hardest  upon 
the  wheel  is  setting  up  a  wedging  action  and  is  causing  an 
undue  amount  of  side  thrust  upon  the  wheel. 

Another  form  of  worm  drive  is  that  in  which  a  worm  or 
spiral  toothed  wheel  is  engaged  in  the  teeth  of  a  rack.  A 
notable  example  of  the  successful  application  of  this  principle 
is  known  as  the  Sellers  worm  drive  for  planing  machine  tables. 
In  this  case  the  rack  of  the  table  is  propelled  by  a  spiral  pinion, 
and  it  is  said  to  work  most  smoothly,  seldom  to  wear  out,  and 
to  be  vastly  more  efficient  than  a  screw  or  nut  drive.  Some 
years  ago  I  met  with  a  case  in  which  the  saddle  of  a  radial 
drilling  machine  was  moved  along  the  arm  by  means  of  a  spiral 
rack  pinion  with  the  teeth  at  i6 '  angle.  It  was  very  notice- 
able that  for  smoothness  of  motion  and  absence  of  backlash 
this  was  distinctly  better  than  straight  teeth,  aud  this  in 
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spite  of  the  fact  that  the  rack's  teeth  were  cast  and  not  machine 
cut.  These  instances  seem  to  point  to  the  inference  that  the 
hollowed  face  in  worm  wheels,  whatever  advantages  they  may 
have  on  account  of  increased  wearing  surface,  are  certainly  less 
efficient  transmitters  of  power  than  where  the  teeth  are  simply 
cut  spirally  across  the  face  of  the  wheel.  At  the  present  time 
there  is  a  sort  of  fashion  to  hob  teeth,  bobbing  being  pointed  to 
as  a  panacea  for  all  the  ills  worm  wheels  are  subject  to.  There 
is  no  doubt  a  great  deal  to  be  said  in  favour  of  bobbing  the 
teeth,  one  important  advantage  being  the  generation  of  the 
proper  curves  to  the  teeth,  but  in  view  of  the  recognised  waste 
of  power  which  can  take  place  in  screw  section,  it  might  be 
well  to  see  whether  after,  all  a  spirally-cut  tooth  minus  hohbing 
would  not  wear  all  right  if  made  of  suitable  materials.  It 
would  certainly  waste  far  less  power  and  can  be  produced  more 
cheaply. 

Still  another  form  of  worm  drive  is  that  known  as  spiral 
or  skew  gear.  The  question  is  often  asked,  '(  when  does  a 
worm  wheel  cease  to  be  a  simple  worm  wheel  and  become  a 
spiral  wheel  ？  "  Strictly  speaking,  of  course,  all  worm  wheels 
are  spiral  wheels,  and  all  spiral  wheels  worm  wheels.  The 
same  principles  govern  the  construction  of  both  types,  but  in 
what  are  comuionly  understood  as  worm  wheels  the  worm  is 
usually  considerably  smaller  in  diameter  than  the  wheel, 
though  it  may,  in  fact,  be  any  diameter,  as  the  principal  factor 
in  the  calculation  is  the  number  of  threads  per  inch  of  the 


the  wheel  in  each  case.  Spiral  wheels  are  very  efficient  as 
power  transmitters,  as  they  lose  comparatively  little  in 
friction. 

The  foregoing  types  are  all  for  cases  in  which  the  axis 
of  the  worm  is  at  right  angles  with  that  of  the  wheel.  There 
is  another  type  in  which  the  axes  are  parallel  with  each  other. 
These  are  known  as  helical  or  herringbone  wheels,  the  object 
of  the  spiral  form  of  tooth  being  to  secure  silence  and  smooth 
running,  and  in  this  particular  they  are  very  successful.  The 
teeth  being  spiral,  the  backlash  is  very  quietly  taken  up  and  a 
kind  of  gliding  motion  is  got  which  secures  an  absence 
of  shocks,  another  advantage  being  that  a  pinion  of  a  smaller 
number  of  teeth  than  is  practicable  with  spur  gearing  can 
be  used.  Of  late  it  has  become  practicable  to  cut  the  teeth  of 
helical  wheels,  even  the  double  wheels  now  being  made  with 
machine-cut  teeth. 

The  purposes  for  which  worm  and  spiral  wheels  are  adapt- 
able are  very  numerous,  and  this  is  particularly  so  in  the  case 
of  machine  tools.  They  are  the  most  convenient  form  of  right 
angle  drive  where  a  large  purchase  is  required  that  can  be 
found,  being  simple  and  direct  and  having  the  capacity  for  a 
great  range  of  either  speed  or  power  ratio.  A  use  to  which  spiral 
wheels  might  be  put  to  with  advantage  very  much  more  than 
they  are  is  for  speed  increase,  especially  for  cases  where  the 
principal  need  is  for  speed  rather  than  power.  It  takes  quite 
a  number  of  pulleys  and  belts  to  get  much  increase  of  speed, 


Fjg.  23.— 4-Cylinder  Independent  Inside 

worm.  The  diameter  will,  of  course,  affect  the  angle  of  the 
teeth  across  the  wheel  face.  It  may  be  single,  double,  triple, 
or  even  quadruple  tlireaded  and  still  retain  its  characteristics 
as  a  worm,  though  as  the  number  of  starts  increase  it  may 
be  said  to  become  transformed  into  a  spiral  wheel  and  will 
necessitate  similar  methods  of  calculation  to  those  essential 
in  spiral  wheels.  In  spiral  gears  the  basis  of  the  calculation 
is  the  spiral  angle  of  the  teeth.  A  pair  of  spiral  wheels  may 
be  equal  in  diameter,  and  yet  one  may  have  double,  treble,  or 
more  times  as  many  teeth  as  the  other,  but  as  the  ratio  of 
the  number  of  teeth  increases,  the  first  motion  spiral  merges 
into  a  simple  worm  and  the  gear  may  be  considered  as  nothing 
more  than  a  worm  and  wheel,  the  only  difference  bein"'  that 
the  worm  is  unusually  large  in  diameter.  ！ Spiral  wheels  of 
equal  diameter  are  very  commonly  used,  a  familiar  case  being 
tlie  two  to  one  drive  for  gas-engine  valve  motions.  It  is  also 
common  to  have  a  pair  of  spiral  wheels  of  equal  diameter  and 
an  equal  number  of  teeth  ；  these,  of  course,  have  an  angle  of 
spiral  of  45"^  in  both  wheels,  and  the  lead  of  the  spiral  is  equal 
to  the  circumference  of  the  wheels  upon  the  pitch  line.  Cases 
occur  in  which  the  two  to  one  ratio  is  preserved,  but  the  tirst 
motion  wheel  is  larger  in  diameter  than  the  second,  perhaps  to 
ineet  the  exigencies  of  au  extra-large  shaft.  This  simply 
involves  an  alteration  of  the  angle  of  the  spiral  pitch.  In  the 
case  of  the  two  to  one  wheels  of  cqiul  diameter  tl'c  necessary 
angles  arc  G3  '  26'  for  tho  iirst  motion  wheel  and  2G  31  for  tho 
second  motion  wheel,  these  angles  being  taken  from  tho  axis  of 


D  Outside  Driver  Engine.   (See  i>aj,'e  256  ) 

but  in  one  pair  of  spiral  wheels  is  contained  tho  possibility  of  a 
very  considerable  ratio  of  speed  increase  withiu  a  very  small 
compass.  In  machines  such  as  a  boring  machine,  where  the 
drive  is  at  right  anodes,  spiral  gearing  seems  to  be  the  n  it u nil 
drive,  also  in  cases  such  as  a  planer  type  milling  machine  ；  hut 
for  some  reason  not  very  apparent  their  use  is  avoided  and  a 
superfluous  pair  of  bench  or  mitre  wheels  are  put  in,  which  in 
turn  drive  a  spur  pinion  and  wheel ― a  rather  roundabout  way 
of  transmittin*;  power,  which  the  use  of  a  simple  spiral  pinion 
and  wheel  would  avoid. 

A  comparatively  recent  use  for  worm  gearing  is  in  speed- 
reducing  attachments  for  electric  motor  drives.  The  manufac- 
turers of  these  are  evidently  not  afraid  of  the  bogey  of 
inelliciency  so  often  held  up  as  a  warning  against  worm  gear- 
ing. This  matter  of  eliicicncy  has  been  perhaps  the  most  potent 
of  the  objections  to  the  more  general  use  of  worm  gearin"'.  No 
doubt  with  worm  "'earing  the  loss  of  power  in  friction  is  a  \  cry 
considerahle  factor,  but  experience  and  experiment  has  proved 
this  fault  to  be  easy  to  remedy.  Modern  well-designed  worm 
gearing  is  now  at  least  as  efficient  as  the  best  spur  gearing. 
Some  years  ago  au  investigation  wus  made  into  the  (luestion  of 
efficiency.  A  number  of  different  cases  of  worm  drives  were 
investigated,  and  one  most  important  fact  was  brought  out. 
This  was  that  great  loss  of  eflicioncy  was  in  every  case  a  charac- 
teristic of  the  worm  wheel  which  had  a  small  spiral  angle,  say, 
l)clo\v  8""  or  10  .  This  was  ； i  surprise  to  most  people  interested 
in  the  subject,  so  the  coutrary  bad  hitherto  been  thoujjht  to 
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be  the  case,  probably  because  it  was  natural  to  suppose  that 
the  condition  which  gave  the  greatest  mechanical  advantage 
would  also  give  the  best  efficiency.  However,  the  mechanical 
text-books  now  tell  us  that  the  efficiency  of  worm  gearing 
increases  with  the  increase  of  angle  of  spiral  up  to  45".  In 
the  "American  Machinist "  of  June  18th,  1910，  an  article 
appeared  written  by  Mr.  S.  H,  Libby  concerning  some  tests 
made  upon  electric  hoists.  In  this  case  the  drive  was  l)y 
means  of  a  pair  of  spur  wheels  behind  a  worm  and  wheel. 
To  make  a  comparison  the  gear  was  first  tried  in  combination, 
and  then  the  spur  gearing  and  worm  gearing  each  separately, 
and  it  was  found  that  the  loss  of  efficiency  was  actually 
greater  in  the  spur  gear  than  in  the  worm  gearing.  Another 
important  fact  which  he  mentioned  was  that  when  they  sub- 
stituted a  double  thread  worm  for  a  single  thread  that  it 
increased  the  angle  of  spiral  from  8〕  to  16'  ；  the  net  efiiciency 
of  the  worm  and  wheel  was  increased  from  82  to  92  per  cent. 
He  also  said  in  concluding  his  article  that  they  had  found  that 
the  worm  drive  of  their  hoist  became  more  efficient  after  a  few 
months'  wear.  The  worm  drive  became  more  efficient,  but 
the  spur  gear  did  not. 

Now  with  regard  to  the  special  characteristics  of  worm- 
drives ― the  advantages  and  disadvantages.  In  the  mechanical 
world  one  great  desideratum  is  to  perform  work  with  a  mini- 
mum of  noise  or  vibration.  Among  the  silent  transmitters  of 
power  may  be  prominently  placed  the  belt-drive  with  an 
absence  of  gear  wheels,  and  then  if  the  belt-pull  is  insufficient 
the  next  thing  is  a  combination  of  belt-drive  with  worm  or 
spiral  gear,  or  an  electric  motor  connected  to  worm  or  spiral 
gearing.  I  think  I  am  safe  in  saying  that  worm-gearing  is  at 
once  the  most  powerful  and  the  quietest  mechanical  agent 
known  to  machinists.  It  is  most  convenient  in  application, 
and  has  the  great  advantage  of  yielding  a  large  variety  of  ratios 
of  purchase  or  mechanical  advantage  within  a  small  space.  In 
one  pair  of  wheels,  ratios  of  1  to  1  or  1  to  100  may  be  ob- 
tained without  excessive  diameters.  To  obtain  similar  ratios 
from  spur-gearing,  double,  triple,  or  quadruple  gears  would  be 
required.  Consider  for  a  moment  what  even  a  20  to  1  ratio 
means  with  spur-gearing.  To  get  it  with  one  pair  of  wheels 
the  size  becomes  prohibitive,  and  the  multiplication  of  wheels 
means  increase  of  friction  and  consequent  loss  of  efficiency, 
and  moreover  an  increase  of  the  noise  in  the  running  ；  but 
worm-gearing  is  said  to  he  inferior  to  spur-gearing  in  the  fact 
that  the  contact  of  the  teeth  is  a  sliding  motion,  whereas  the 
teeth  of  spur  wheels  are  supposed  to  roll  upon  each  other. 
That  is  the  theory,  but  there  is  a  doubt  about  this  rolling  motion, 
and  it  is  open  to  question  whether  after  all  the  motion  is  not  a 
sliding  one.  Brown  and  Sharpe  in  their  "  Treatise  on  Gearing  " 
say  :  "There  is  no  such  thing  as  pure  rolling  contact  in  the 
teeth  of  wheels,  as  they  always  rub,  and  in  time  will  wear 
themselves  out  of  shape." 

Among  the  disadvantages  of  worm  wheels  is  said  to  be  the 
considerable  loss  of  efficiency  due  to  the  excessive  friction  upon 
the  teeth,  and  to  the  end  thrust  upon  the  shaft  or  bearing. 
Worm  wheels  are  said  to  wear  out  very  quickly,  and  conse- 
quently to  add  to  the  expense  of  upkeep.  With  regard  to  the 
question  of  loss  of  efficiency,  I  think  experience  has  disposed 
of  that  objection,  as  in  practice  efficiencies  of  from  90  to  95 
per  cent,  are  obtained  with  properly  designed  wheels  and  when 
suitable  arrangements  are  made  for  taking  the  end  thrust.  In 
making  comparisons  the  fact  is  generally  overlooked  that  loss 
of  efficiency  is  not  peculiar  to  worm  wheels,  but  may  apply  in 
an  equal  degree  to  spur  wheels  ；  indeed,  so  much  is  this  the 
case  that  of  late  an  attempt  is  being  made  to  improve  the 
efficiency  of  spur  wheels  by  shortening  the  teeth,  thus  reduc- 
ing the  rubbing  surface  upon  the  teeth.  Wheels  are  now 
being  made  in  which  the  depth  of  the  teeth  is  taken  from  the 
pitch  below  that  which  is  being  cut  ；  for  example,  a  4-pitch 
wheel  would  have  teeth  of  only  5-pitch  depth.  This  is  said 
greatly  to  assist  in  making  the  wheels  run  silently. 

fTo  be  continued.) 


Visit  of  Royal  Agricultural  Show  to  Manchester  in  1916  — At  the 

meeting  of  the  Manchester  City  Council  held  last  week,  the 
Lord  Mayor  announced  there  was  every  probability  the  Royal 
Agricultural  Show  may  be  held  in  Manchester  in  1916. 
Correspondence  which  had  taken  place  between  the  municipal 
authorities  and  the  Society  respecting  pecuniary  guarantees 
was  read  and  a  resolution  of  approval  、vas  passed. 


CAST-IRON  STEAMING  AND  BOILING  VESSELS. 

Although  cast  iron  is  'not  used  now  as  extensively  as  it  for- 
merly was  in  the  ('obstruction  of  vessels  containing 
lluids  aiul  subject  to  intern  al  pressure,  many  are, 
owing  to  tlieir  peculiar  shape,  still  made,  in  whole 
or  in  part,  of  this  material.  Owing  to  the  com- 
paratively low  pressures  at  which  such  apparatus  are 
usually  worked,  inadequate  attention  is  often  paid  to 
tlieir  design,  ami  hence  failures  of  them  provide  subject 
matter  for  many  of  the  Board  of  Trade  reports  issued  under 
tilt'  Boiler  Explosions  Art,  vSome  of  these  are  instructive, 
and  for  the  benefit  of  makers  and  users  we  reproduce  the  lead- 
ing particulars  of  several  that  have  been  recontly  published. 

The  first  case'  (Report  No.  2,077)  deals  with  the  blowing 
off  of  the  lid  of  a  digester  at  a  chemical  works  at  Moss  Park, 
Dumfries,  on  August  16th  last.  The  apparatus  consisted  of 
a  cylindrical  cast-iron  vessel  about  4ft.  9in.  diam"  and  3ft.  9in. 
in  length,  surrounded  with  a  steam  jacket.  It  was  fitted  with 
a  cast-iron  door  at  the  bottom,  2ft.  lOiin,  diam.,  by  l^in. 
thick  in  the  body.  There  was  a  boss  4in.  diam.  in  the  centre, 
from  which  radiated  eight  stiffening  ribs,  Jin.  thick,  and  the 
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Report  No.  2,077.— Vertical  Section  and  Plan  of  Bottom  of  Digester 

SHO-VVING  FKACTUKED  DoOH. 

door  was  held  in  position  by  four  hinged  bolts,  1  j|in.  diam. 
Steam  to  the  digester  was  supplied  from  a  locomotive  type  of 
boiler,  working  at  TOlbs.  on  the  inch  ；  and  the  digester  was 
supposed  to  work  at  about  401bs.,  but  the  vessel  had  no  safety 
valve,  pressure  gauge,  or  reducing  valve,  and  if  the  pressure 
rose  in  the  steam  supply  boiler  over  401bs.，  the  engineman 
merely  regulated  "  the  steam  inlet  to  what  lie  thought  would 
give  not  more  than  401bs.  in  the  digester.  '  This  obviously 
was  pure  guess  work,  and  as  the  door  was  unable  to  bear  the 
pressure  in  the  supply  boiler,  its  failure  only  awaited  the 
chance  arrival  of  a  time  when  the  engineman  was  wrong 
in  liis  estimate.  It  came  at  length,  with  the  result  that  the 
digester  was  torn  from  its  fastenings,  and  hurled  to  a  distance 
of  over  40ft.,  damaging  part  of  the  roof  of  the  works  in  its 
flight,  and  severely  injuring  a  workman  who  was  near.  In 
c'oninienting  on  the  case,  the  report  states  that  the  digest-er 
was  not  insured,  and  also  that  "  great  blame  attaches  to  the 
owners  for  allowing  it  to  be  worked  in  such  a  highly  dangerous 
condition." 
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Report  No.  2,083  refers  to  the  bursting  of  a  steam-heated 
calender  at  a  laundry  at  Cambuslaug  on  September  1st  last. 
The  calender  consisted  of  a  cast-iron  frame  about  9ft.  long, 
16in.  wide,  and  from  6in.  to  lOin.  deep,  stiffened  at  intervals 
with  vertical  webs,  and  the  thickness  varied  from  ^in.  to  ^in., 
as  shown  in  the  accompanying  sketch  showing  lines  of  frac- 
ture. The  working  pressure  was  80Ibs.,  and  the  makers  are 
stated  to  have  tested  the  vessel  by  hydraulic  pressure  to  double 
this  amount.      Owing  to  a  mistake,  the  steam  and  exhaust 


heating  was  supplied  from  boilers  working  at  501bs,  on  the 
inch,  but  was  reduced  to  81bs.  at  the  steam  table  by  means 
of  a  reducing  valve.  There  was  a  pressure  gauge  to  indicate 
the  reduced  pressure,  and  also  a  safety  valve  on  the  supply 
pipe  between  the  reducing  valve  and  the  table,  but  this  was 
found  afterwards  to  be  loaded  to  201bs.，  while  the  pressure 
gauge  was  out  of  order,  and  only  indicated  lOlbs.  when  the 
pressure  was  actually  201bs.  After  the  failure  it  was  found 
that  the  reducing  valve  had  stuck  fast,  and  allowed  a  higher 
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tions,  and  judging  from  the  number  of  failures  that  occur, 
it  is  to  be  feared  that  】mmy  of  those  using  such  apparatus  do 
not  realise  there  is  risk  in  working  them  unless  they  are 
properly  equipped  with  safety  valves,  pressure  gauges,  drain 
taps,  &c.，  especially  when  steam  is  supplied  from  boilers  work- 
ing at  higher  pressures  than  the  apparatus  can  stand. 
A  typical  failure  of  this  kind,  at  a  workhouse  at  Driffield, 
Yorkshire,  ou  October  3rd  last,  is  recorded  in  Report  No. 
2,089,  from  tlie  bursting  of  a  st'Cani-bcaicd  carving  table,  a 
flat,  rect  angular  tray  moasurint;  about  J  ft.  3iii.  in  length  by 
2ft.  in  width,  by  about  ^in.  in  thickness,  with  three  depressions 
in  its  upper  surface  and  a  steam  space  beneath.      Steam  for 
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put  ill  at  the  mill,  workiug  at  1201bs.  pressure,  and  this  50  per 
cent,  higher  pressure  was  applied ― as  is  often  the  case  when 
new  boilers  are  installed  at  mills ― without  a  thought  as  to  the 
suitability  of  the  subsidiary  steaming  vessel,  and  probably 
accounted  for  some  old  fractures  which  were  found  in  tl"'  door, 
thoui:h  tlie  immediate  cause  of  the  failure  was  the  worn  con- 
dition of  the  threads  ou  one  of  tlie  four  bolts  holding  it  in 
position.      "  Very   ordinary  attention,'    the  report  states, 
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Keport  No.  2,083.— Views  of  Steam-heated  Calender  showing  Fractubes. 


Intended  SteAm  Inlet 


pipes  were  wrongly  connected,  in  consequence  of  which  the 
chest  could  not  be  properly  drained,  and  the  report  expresses 
the  opinion  that  "  water-hammer  "  was  the  primary  cause  of 
the  explosion,  though  the  uneven  thickness  of  the  casting  due 
to  the  shifting  of  the  core  in  the  mould  contributed  to  its 
weakness.  It  is  pointed  out  that  there  was  no  relief  valve 
on  any  part  of  the  apparatus,  and  the  operators  working  the 
machine  had  to  judge  the  pressure  and  temperature  by  results, 
and,  as  in  the  last  case,  regulate  the  inlet  valve  by  guess  work, 
instead  of  being  guided  as  they  so  easily  might  have  been  by 
a  therniometer  and  pressure  gauge. 

Steam  uuder  pressure  is  often  used  to  heat  flat  surfaces  in 
connection  with  cooking  apparatus  in  hotels  and  public  institu- 


pressure  thau  the  vessel  could  stand  to  get  access  to  the  steam 
space,  with  the  result  that  the  flat  bottom  was  blown  out. 

Report  No.  2,084  deals  with  the  fracture  of  the  flat  cast- 
iron  door  of  a  "  press  plate  heating  oven/'"  at  a  textile  mill  at 
Morley,  on  July  10th  last.  The  door  was  about  3ft.  square 
by  l^in.  thick,  strengthened  by  two  cross  ribs,  and  held  in 
position  by  four  wrought-iron  bolts,  1 丄 in.  diaiii.  The  failure 
was  the  result  of  carelessness  and  neglect  .  The  vessel  had 
been  in  use  about  20  years,  and  until  1905  had  been  supplied 
with  steam  at  801b&.  pressure.    At  that  date  new  boilers  were 
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"would  have  revealed  the  condition  of  the  bolt'."  Unfortu- 
nately, this  is  seldom  paid  when  the  supervision  is  left  to 
attendants,  familiarity  breeding  indifference  bo  safety  until 
an  accident  occurs. 


WESTINGHOUSE-LEBLANC  AIR  COMPRESSOR. 

We  illustrate  in  Fig.  1  a  design  of  air  compressor  of  the 
rotary  type,  particularly  applicable  to  small  powers,  tho 
invention  of  Soci^t^  Westinghouse  -  Leblanc,  45,  Rue  de 
r Arcade,  Paris.  The  construction  of  the  compressor  is 
such  that  its  rotors  can  attain  peripheral  speed  of  several 
hundred  metres  per  second  whatever  may  be  their  angular 
speed,  which  is  necessary  if  the  compressor  is  to  be  used  not 
only  for  compressing  air  taken  in  at  the  atmospheric  pressure 
but  also  for  producing  and  maintaining  a  high  vacuum  in  an 
enclosed  space.  The  novel  feature  of  the  design  consists  in  the 
construction  of  the  rotors  and  in  particular  the  constitution  of 
their  blades.  Fig.  2  is  a  transverse  section  and  Fig.  3  a 
longitudinal  section  through  one  of  the  rotors.  Fig.  4  is  a 
diagrammatic  representation  of  one  of  the  blades  drawn  to  an 
enlarged  scale  and  seen  in  end  view,  showing  that  its  profile  is 
such  that  the  blade  has  uniform  resistance.  Fig.  5  is  an  end 
elevation  of  one  of  the  blades  which  is  rectangular,  in  side 
elevation.  It  may  have  any  suitable  profile  provided  that  the 
width  of  the  blade  diminishes  with  the  distance  from  the  base 
and  that  its  thickness  decreases.  Fig.  6  is  a  part  side  elevation 
of  the  blade  shown  in  Fig.  5. 

The  blade  suddenly  expands  at  its  base  so  as  to  constitute 
a  heel  of  dove-tail  shape.  The  nave  of  the  rotor  is  carried  by 
a  shaft  with  which  it  is  cast  or  forged,  as  shown  in  Figs.  2  and 
3.  Alternatively  it  may  be  shrunk  hot  on  to  the  shaft. 
Trapezoidal  notches  A  (Fig.  2)  are  made  in  the  periphery  of 
the  nave  for  the  purpose  of  receiving  the  heels  of  the  blades  B. 
To  maintain  the  blades  in  place  laterally,  annular  flanged  rings 
C  (Fig.  3)  are  provided  at  the  ends  of  the  nave  on  each  side  of 
the  notch  receiving  the  heel.  Into  these  cells  are  introduced 
segments  D  which  expand,  owing  to  their  elasticity,  and  are 
held  in  place  during  working  against  the  flanges  of  the  rings  C 
by  centrifugal  force.    The  blades  are  of  vegetable  fibres,  such 


Fig.  1,— Westinghouse-LebIjANC  Air  Compressob. 


as  hemp,  cotton,  flax,  or  preferably  ramie,  united  together  by  a 
suitable  agglutinant,  such  as  caoutchouc. 

The  blades  are  made  in  the  following  manner :  A  cylinder 
is  covered  with  a  helix  of  very  close  turns,  consisting  of  a  very 
homogeneously  manufactured  thread  of  the  selected  vegetable 
fibres,  the  winding  being  under  tension.  The  whole  is  then 
painted  over  with  a  solution  of  caoutchouc  containing  sulphur 
and  the  cylinder  is  introduced  into  a  stove  for  drying  the  solu- 
tion and  causing  the  threads  to  adhere  to  each  other.  This 
covering  is  then  cut  along  a  generatrix  of  the  cylinder 
and  unrolled.  In  this  mamier  there  is  obtained  a  very  thin 
rectangular  band  composed  of  rectilinear  threads  stretched 
parallel  to  each  other  and  contiguous  with  each  other  (Fig.  6). 
A  number  of  these  bands  of  different  length  are  now  folded  over 
an  ebonite  wedge,  such  as  that  shown  at  E  in  Fig.  5，  the 


arrangement  being  such  that  the  superposition  of  the  bands 
foruis  a  body  huvirig  subsfcaiitially  a  prolile  of  uniform  resist- 
ance. The  assemblage  of  bands  is  now  introduced  into  a  two- 
part  mould,  tlu!  internal  surface  of  which  is  stepped  so  as  to 
follow  the  form  of  the  blade,  and  this  forcibly  pressed  therein. 
The  mould  is  then  introduced  into  the  vulcanising  stove.  When 
vulcanisation  is  complete  it  only  remains  to  remove  the  blade 
from  the  mould.  Theie  are  thus  obtained  ebonite  blades 
strengthened  by  vegetable  fibres  in  the  direction  of  their  length 
but  not  in  the  direction  of  thoir  width.  Every  precaution 
should  be  taken  that  in  the  course  of  the  manufacture  the  mass 


FIG.  5：  FIG  6.  FIG,  4, 


Westinghouse-Lieblanc  Air  Compressor, 

of  agglutinant  used  shall  be  as  small  as  possible  compared  with 
that  of  the  vegetable  fibres. 

For  these  blades  the  following  advantages  are  claimed. 
(1)  Their  density  is  close  to  that  of  water.  The  tenacity  of  the 
vegetable  fibres  is  sufficiently  great  to  enable  them  to  resist 
centrifugal  force  better  than  the  fibres  of  steel  which  are  seven 
to  eight  times  as  dense.  (2)  These  blades  do  not  suffer 
appreciably  more  elongation  under  the  influence  of  centrifugal 
force  than  metallic  blades  of  the  same  profile  do.  Moreover, 
they  do  nob  become  deformed.  (3)  The  blades  have  to  turn 
between  two  metallic  plates  against  which  they  may  rub  without 
injuring  them.  The  blades  wear  at  their  edges,  being  ground  to 
powder,  which  is  immediately  thrown  outwardly  until  the 
friction  ceases.  If  the  blades  were  of  metal  each  rotor  would 
act  as  a  cutter  on  the  plates,  and  would  soon  put  them  out  of 
use.  Thus  the  blades  may  be  a  little  too  wide  in  the  first 
instance,  and  may  be  turned  between  the  plates  at  a  reduced 
speed  for  the  purpose  of  wearing  them.  The  most  simple 
arrangement  is  to  have  only  extremely  small  play,  this  being 
allowable  only  in  compressors  of  low  power,  (i)  The  blades 
keep  themselves  straight,  all  their  fibres  remaining  perpendicular 
to  the  true  axis  of  rotation  under  the  influence  of  centrifugal 
force,  the  elasticity  of  the  agglutinant  permitting  them  to  move 
slightly  relatively  to  each  other.  The  action  of  the  blades 
cannot  develop  any  appreciable  couple  on  the  nave  or  on  the 
shaft  which  carries  it,  as  would  happen  if  the  blades  were 
metallic.  The  flexibility  of  the  blades  dispenses  with  the  use 
of  a  flexible  shaft. 


Fatal  Locomotive  Boiler  Explosion. ― A  locomotive  boiler  ex- 
ploded while  pulling  New  York  Central  and  Hudson  River 
R.R.  train  No.  49  on  January  26th  near  the  western  limit  of 
Oneida,  N.Y.  The  engineer  was  killed  and  the  fireman 
seriously  injured.  Only  one  car  left  the  rails.  Reports  state 
that  the  temperature  at  the  time  of  the  accident  was  between 
15°  and  20°  below  zero,  and  the  explosion  is  ascribed  to  the 
freezing  of  the  feed-water  Hue  between  the  locomotive  and 
the  tender. 
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Table  VII. ― Brass  Wircf 


Mark 

Tested  at 
Deg.  C. 

MftXimuni 
Stress,  Tons 
per  Sq,  In. 

Klongntion, 
per  Cent,  on 
2iD. 

Contraction  of 
Area  per  Ceut. 

\V29   

310 

181 

2-5 

11 

\V31   

310 

190 

2  0 

10 

\V30   

313 

It)  ：$ 

2  0 

2 

\V32   

415 

1(1  8 

10 

、V33   

415 

10  ：( 

1  .-> 

9 

W.iH   

440 

(； 0 

15 

\V:{it   

453 

1  "o 

30 

、V:"  

4(；') 

48 

Jti.r' 

29 

\\：)5   

472 

4  4 

l('.-2-. 

29 

\\'：{ (；  

472 

4  (i 

iti-2r. 

29 

\V40   

->0() 

:t  4 

28 

\V4l   

-.00 

：? .-) 

1:1.0 

22 

\\42   

->!)0 

1  ：{ 

Hi  0 

22 

W43   

590 

12 

14  0 

18 

*  Paper  read  before  the  lustitute  of  Metals.  January,  1912. 

t  "  The  Hent-troatment  of  Brass,  "  HeiiyouKli  nnd  Hiulson,  "Journal  of  tlie 
Institute  of  Metals,  ■  No.  •>.  1910.  Vol.  IV. 

t  It  must  be  clearly  borne  in  iniiul  tlml  the  iiu'chunu'iil  propf  i  tios  of  l>otli  tho 
a  and  ji  solutions  alter  with  tlioir  coiniiosition.  In  all  Miiutz  inolals  the  a  solulimi 
is  always  satiiratod,  and  so  will  luivo  defluite  mechauical  properties  vrbicli  only 
Vlirj-  with  ilie  teu)ucratur«. 


Maxiimini  stress,  tons  per  sq.  m.  fcioiiganon  per  ceiii. 

Fig.  23.-MUNTZ  Metal  rs.  Fig.  24.-Mi  vrz  Metal  B. 

very  difticult  to  determine,  and  has  been  examined  experi- 
mentally with  great  care.  At  first  the  recovery  seems  to  be 
due  mainly  to  tbe  increasing  importance  of  (3.  Above  about 
400。，  however,  it  will  be  assisted  l)y  the  recovery  of  ductilitj 
of  the  a  also. 

These  two  factors  help  one  iinother  throughout  the  tem- 
perature rangers  400'  to  730  ,  and  the  increase  in  ductility 
is  therefore  quite  rapid.  This  branch  of  the  curve  ends  at 
a  temperature  of  730  C,  and  01  per  cent,  elongation.  ^The 
stress  curve  undergoes  a  slight  change  of  direction  at  720  , 
and  with  this  is  associated  the  sudden  increase  of  eloiigatioti 
at  about  the  same  temperature.  Several  similar  cases  of  rapid 
increase  in  elongation  at  a  critical  point  in  the  stress  curve 
may  be  seen  in  the  curves  already  described  ；  the  pbenomenon 
is  a  usual  one,  though  perhaps  not  quite  universal. 

At  730  the  constitution  of  this  alloy  undergoes  an  entire 
change.  Quenched  specimens  show  that  a  hove  this  tempera- 
ture it  consists  of  pure  fi.  In  Sheplierd's  diagram,  Fig.  -iO,  the 
temperature  of  this  change  for  an  alloy  of  similar  composition 
is  given  as  745  ,  Init  there  is  leiison  to  suppose  that  the  precise 
slope  of  the  curve  between  the  and  a  +  areas  in  this 
neighbourhood  has  not  been  determined  with  an  accuracy 
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0        5        10       15       20      25       30       35       40  43 
Maximum  stress,  tons  per  sq.  iu. 
Fig.  21.— Muntz  Metal  A. 


A  STUDY  OF  THE  PROPERTIES  OF  ALLOYS  AT  HIGH 
TEMPERATURES.* 

BY  G.   I),   ItENGOUGH,  M.A. 

{Conchided  from  page  242.) 
Two-phase  Systems. 一 The  mechanical  properties  of  a  number  of 
2-phase  systems  may  now  be  considered.  It  must  be  said  at 
once  that  the  complete  interpretation  of  the  curves  obtained 
experimentally  for  these  systems  is  by  no  means  easy,  and  the 
remarks  made  by  the  author  in  dealing  with  each  of  these 
systems  are  intended  to  be  suggestive  rather  than  authoritative. 
Much  further  study  is  required  in  this  branch  of  the  subject. 

Series  \l.—Muntz  Metal  "丄" 一This  alloy  is  the  first  of 
the  2-phase  systems.  Its  miciostructure  is  illustrated  in  Fig. 
20.    It  consists  of  the  a  and  B  solid  solutions,  and  it  should  be 

noticed  that  the  a  constituent 
(shown  light  in  the  photograph) 
forms  the  matrix  in  which  the 
/3  solution  is  embedded.  From 
this  it  would  be  expected  that 
the  characteristics  of  the  "  solu- 
tion would  predominate  in  the 
alloy,  especially  at  low  tempera- 
tures. At  high  temperatures, 
at  which  the  /3  constituent 
increases  in  quantity  at  the 
expense  of  the  ('，  it  would  be 
expected  that  the  characteristics 
of  the  a  solution  would  be  much 
modified.  I  The  experimental 
results  are  given  in  Table  VIII., 
1 1'   二''   （  ' ' '  K  "、  and  Figs.  21  and  22.  The  stress 

Magrufica 讓 80  diameters.  curve     shoVVS     tWO     branches  ： 

one  is  slightly  concave  upwards.  The  first  branch  extends 
from  0  "  to  430",  the  second  from  430'  to  the  melting  point 
890。.  The  strain  curve  is  rather  more  complex,  and  will  now 
be  considered  in  detail. 


900 


Between  CT  and  the  300。  the  elongation  falls  off  rapidly, 
and  reaches  a  minimum  value  at  about  350。.  It  then 
increases  again  rather  rapidly  up  to  a  temperature  of  395,. 
The  general  shape  of  the  curve  in  this  region  resembles  that 
of  the  (I  solid  solution  (Figs.  19  and  38).  It  differs  in  that 
the  minimum  value  is  7  6  per  cent,  instead  of  1*5  per  cent., 
and  that  recovery  sets  in  at  a  lower  temperature.    Both  these 
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deviations  would  be  expected  as  results  of  the  presence  of 
the  8  phase,  which  will  be  shown  later  to  be  a  phase  of 
low  strength  but  considerable  ductility  at  moderate  tempera- 
tures whenever  its  strength  can  be  improved. 

The  presence  of  /8,  then,  when  associated  with  "，  masks  the 
entire  loss  of  ductility  by  the  o  solid  solution,  and  enables 
recovery  to  begin  at  a  lower  temperature,  namely,  350:  instead 
of  410  '.    The  slope  of  the  curve  between  340^  and  390  was 
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greater  than  10'，  or  15^  C.  Above  730^  the  curves  represent 
the  properties  of  the  partially  saturated  ！' i  solution. 

A  question  arises  as  to  the  effect;  on  the  mechanical 
properties  of  the  inversion  at  475"  discovered  by  Carpenter 
and  Edwards.  The  author  now  believes  that,  thoui^li  this 
change  is  a  very  real  one,  it  does  not  appreciably  inHuence 
the  shape  of  the  curves  here  published.  The  reason  for  this 
is  that  the  change  is  too  slow  to  make  any  serious  headway 
in  the  short  time  for  which  the  bars  were  heated  in  the  furnace. 

Series  VII. ― Muntz  Metal  "  K" ― This  alloy,  like  the  last, 
consists  of  two  solutions.  It  contains  just  1  per  cent,  more 
zinc.  A  microphotograph  of  the  alloy  is  shown  in  Fig.  13. 
It  will  be  seen  that  the  structure  differs  from  that  of  Muntz 
metal  "A"  in  the  important  fact  that  the  8  now  forms  the 
matrix,  in  which  the  "  is  distributed,  instead  of  the  reverse 
arrangement.  It  is  to  be  expected,  therefore,  that  the  charac- 
teristics of  the  a  curves  would  be  largely  or  entirely  masked, 
since  the  stress  and  strain  must  now  fall  principally  on  the 
matrix  solution. 

The  curves  obtained  experimentally  from  this  alloy  fulfil 
these  predictions.  They  are  shown  in  Figs.  23  and  24,  and 
are  plotted  from  the  values  given  in  Table  IX.  Instead  of 
a  rapid  falling  off  in  the  elongation  so  characteristic  of  the 
a  solution,  the  curve  is  nearly  vertical  up  to  a  temperature  of 
500°.  At  this  temperature  the  a  solution  has  lost  practically 
all  its  ductility,  but  the  B  has  acquired  a  moderate  amount. 
It  was  found  in  the  experiments  that  this  alloy  gave  very 
variable  results  in  the  range  of  temperature  between  400 '  and 
500  ),  and  it  has  been  found  impossible  to  plot  a  characteristic 
curve  in  this  neighbourhood.  The  cause  of  this  is  probably  to 
be  found  in  the  fact  that  the  "  and  /3  solutions  are  present  in 
this  range  of  temperature  in  very  nearly  equal  amounts,  and 
are  also  of  approximately  equal  strength,  though  at  the  lower 
temperatures  the  /3  is  slightly  stronger.  Consequently  the 
strain  may  fall  on  either  of  them,  according  to  the  detail  of 
their  relative  arrangement  in  the  actual  bar  examined.  It  the 
strain  fall  mainly  on  the  "  the  ductility  will  be  very  small  ；  if 
it  fall  on  the  /3  it  may  be  fairly  high.  Hence  in  this  region  no 
two  bars  behave  exactly  alike.  At  temperatures  above  500 
the  f3  solution  increases  in  amount  at  the  expense  of  the  〃， 
and  consequently  impresses  upon  the  bar  its  properties  of  great 
ductility  and  low  strength ,  with  the  result  that  the  curve 
passes  off  rapidly  to  the  right. 

It  is  interesting  to  compare  the  curves  for  the  two  samples 
of  Muntz  metal.  It  will  be  seen  that  they  are  of  quite  different 
types  at  all  temperatures  below  700 ' 一  in  fact,  they  are  as 
different  as  if  they  represented  the  properties  of  two  entirely 
different  alloys.  The  sensitiveness  of  these  alloys  to  very 
small  differences  of  composition  in  this  range  must  be  a  fact  of 
great  industrial  interest  and  importance.  The  difference  in 
inclination  between  the  two  curves  at  temperatures  above 
500。  must  be  due  to  the  fact  that  a  slightly  increased  proportion 
of  the  8  phase  confers  on  the  alloy  greater  ductility  at  high 
temperature. 


Table  VIII.— Series  YI.— Muntz  Metal  "A. 


Teii.perature 
of  Test,  Deg. 
("eutigrade. 

Maximum  Stress. 

T  i                  Tons  per 
")s.             Square  Inch. 

Elongation 
per  Cent,  on 
2in. 

Contraction 
of  Area 
per  Cent 

17 

O.T. 

27.1 

32-2 

17 

O.T. 

28-9 

34-0 

17 

27-7 

36*5 

28.1 

34  (i 

292 

1666 

15.1 

13*0 

13.0 

7(i 

:uo 

】401 

12.7 

9-4 

1397 

12.7 

100 

:m 

1005 

9.1 

Ul 

805 

7.3 

19-0  1 

寫 

511 

4-6 

9-3 

405 

777 

7-0 

141 

41  (i 

600 

5-5 

18-7 

432 

735 

6.7 

171 

475 

329 

3.0 

21-8 

r>20 

175 

1.6 

250 

500 

1-2 

27-0 

02") 

50 

0.5 

29-6 

*i85 

o.:u 

730 

】r> 

0-14 

r>io 

780 

11 

().09 

440 

830 

0-57 

5H-4 

Scries  VIII. ― Cast  Brass  "  C'.，， 一  It  was  thought  that  it  would 
be  interesting  to  cast  a  few  bars  of  such  composition  that  they 
would  consist  entirely  of  pure  8-  Unfortunately  the  resources 
of  the  author's  laboratory  did  not  at  the  tinie  allow  of  the  metal 
being  melted  in  sutticient  quantities  to  make  the  bars  required. 
The  matter  lias  since  been  remedied,  hut  too  late  for  the  bars 
to  be  cast  and  tested  in  time  for  the  present  paper.  Con- 
sequently the  bars  had  to  be  cast  outside  the  University,  and 
were  found  to  be  rather  higher  in  copper  than  corresponds  to 
pure  /5— that  is,  they  contained  5G*7  per  cent,  of  copper  instead 
of  54.  Nevertheless,  the  tests  of  these  bars  are  interesting. 
They  consist  very  largely  of  ft  crystals,  with  quite  small  a 


Fig.  25.— Cast  Rrass.  A. 
Broken  at  785° O.  near  fracture. 
Magnificaticm  80  cUameters. 


M 滅 


m 


Fig.  26.— Muntz  Metal.  A  (as  rolled).    Fig.  -27.— Wuntz  Metal,  B  las  rolled). 
Magnification  80  diameters.  MagnificaUcm  80  fliameters. 


、〜乂 


Fig.  -J.S. 一 IVluNTz  Mktal,  li. 

Broken  at  6'25。. 
Magniticatiou  80  diameters. 


Fig.  -iy.— Brasti,  C  tas  casl). 
Jlagnification  80  diameters. 


crystals  scattered  about  amongst  the  matrix  (Fig.  29).  It  is 
evident  that  the  mechanical  properties  of  the  bar  will  represent 
very  closely  the  properties  of  the  nearly  pure  8  solution.  The 
experimental  results  are  given  in  Table  X.，  and  are  plotted  in 
Figs.  30  and  31.  It  will  be  seen  that  at  the  ordinary  tempera- 
ture the  8  solution  has  considerable  strength.  On  the  other 
hand,  it  has  practically  no  ductility.  The  elongation,  however, 
increases  steadily  with  the  rise  in  temperature  up  to  610。, 
when  it  reaches  a  value  of  over  30  per  cent.  It  seems 
almost  certain  that  the  slight  check  in  the  rise  of  the 
curve  at  400。  is  due  to  the  presence  of  the  trace  of  "  which 
happened  to  be  arranged  in  the  particular  bar  tested  at  this 
temperature,  so  that  it  could  exert  its  influence.  At  60Cr  C. 
the  curve  turns  back,  showing  a  loss  of  ductility.  At  this 
temperature,  however,  the  alloy  consists  of  pure  8,  and  this 
turn  back  in  the  curve  must  mean  that  the  sti'engtli  of  the 
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IS  phase,  of  the  composition  of  this  alloy,  has  ncnv  become  so 
low  that  its  great  ductility  is  not  available  ；  in  fact,  it  rather 
resembles  lead  in  its  mechanical  properties. 

Fig.  34  shows  the  microstructure  of  the  bar  broken  at  700。， 
in  the  neighbourhood  of  the  fracture.  After  fracture  the  bar 
was  withdrawn  from  the  furnace  and  cooled  naturally  in  air. 
The  large  crystals  are  /5,  and  round  the  edges  of  them  a  thin 

800  I  ：  1  1  1  900 
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•200 
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5  10 
Maximum  stress,  tons  per  sq.  in. 
Fig.  30.— Cast  Brass  C. 


10      20       30  40 
Elongation  per  cent. 
Fig.  31.— Cast  Brass  C, 


50 


film  of  a  has  crystallised  out.  At  the  temperature  of  fracture  no 
a  was  present,  as  was  shown  by  quenching  small  specimens. 
With  regard  to  this  microphotograph  it  may  be  mentioned  in 
passing  that  the  S  solution,  rather  high  in  zinc  and  approxi- 
mately pure,  is  without  exception  the  most  difficult  alloy  known 
to  the  author  to  obtain  free  fiom  scratches  for  photography  ； 
hence  the  appearance  of  the  microphotograph  in  question. 

Table  IX.— Series  Yll.—Muntz  Metal  "  B." 


Maximum  Stress. 

Temperature  of 
Tests,  Deg. 

Elongation, 

per  Cent,  on 

Centigrade. 

2in. 

Lbs. 

Tons  per 

Square  Inch. 

17 

O.T. 

27-2 

17 

22-7 

O.T. 

25-8 

225 

29 -G 

25(59 

23 -2 

350 

20 -5 

1120 

10-0 

395 

24-2 

742 

G-5 

428 

25-0 

502 

4-6 

430 

34-3 

651 

5-9 

440 

32-0 

364 

3-2 

450 

16-1 

441 

4-0 

490 

31-2 

231 

2-2 

496 

18-5 

189 

1-7 

510 

18-7 

225 

2-0 

510 

217 

1-9 

530 

22 -6 

189 

1-7 

550 

240 

119 

1-08 

025 

44-5 

<]05 

<0-06 

(i75 

51-5 

24 

0-10 

780 

(ir"(i 

11 

0-08 

Table  X.— Series  Ylll.— Brass  "  C." 


Maximnm  Stress . 

Temperature  of 

Elongation, 

Contraction 

Tests, 

per  Cent 

of  Area 

Deg.  Centigrade. 

Lbs. 

Tons  per 

on  2in. 

per  Cent. 

Square  Inch. 

18 

O.T. 

15-1 

31 

330 

2998 

6-8 

12-5 

400 

】512 

：}-4 

110 

460 

1202 

2() 

14  0 

480 

847 

1!) 

210 

r,30 

245 

OMi 

281 

(HO 

08 

0  20 

31  0 

"40 

35 

007 

20  0 

().S5  ■ 

33 

0  00 

22  0 

740 

：{() 

00() 

Fig.  32  is  a  photograph  of  another  bar  of  the  same 
alloy,  as  cast  ；  the  only  mechanical  work  that  had  been  put 
on  the  bar  was  due  to  screwing  the  ends.  The  network  sccu 
in  the  photograph  only  became  apparent  after  etching.  The 
author  believes  it  to  be  a  very  tine  cubical  cleavage  which 


had  been  developed  in  the  brittle  material  by  the  mechanical 
stress  caused  by  the  screwing.  The  cleavage  has  been  opened 
out  and  made  visible  by  the  etching  agent  gradually  finding  its 
way  along  cleavage  planes. 

At  high  temperatures  the  ductility  of  bars  of  this  alloy 
cannot  be  satisfactorily  measured,  owing  to  the  fact  that 
numerous  wide  cracks  open  up  in  the  bar  at  considerable  dis- 
tances from  the  point  of  fracture.  This  phenomenon  was 
also  observed  at  all  temperatures  above  400'',  and  at  700^ 
rendered  elongation  measurements  meaningless.  These  bars 
also  showed  a  tendency  to  break  outside  the  gauge  marks  and 
at  the  shoulder,  and  many  tests  were  spoilt  in  this  way.  Only 
the  results  of  satisfactory  tests  have  been  recorded  in  the  tables 
and  curves. 

Series  X. ― Complex  Brass. -- The  elongation  curve  of  this 
alloy  is  very  remarkable  and  is  shown  in  Fig.  37，  which  is 
drawn  from  the  results  in  Table  XI.  This  alloy  has  two  small 
thermal  critical  points  in  the  solid,  at  720:  C.  and  560  ^  There 
does  not  appear  to  be  any  abrupt  change  in  mechanical  proper- 
ties corresponding  with  the  latter.  The  analysis  of  this  alloy 
shows  it  to  be  a  very  complex  material,  and  the  object  of 
introducing  the  subsidiary  constituents  appears  to  be  to 
improve  and  strengthen  the  mechanical  properties  of  the  ^ 
phase. 

General  Discussion  of  Experimental  Results. —— It  will  be  noticed 
that  the  stress  and  strain  curves  of  the  pure  metals  show 
changes  of  direction  which  are  most  abrupt  at  a  temperature 
of  650。  C.  in  the  case  of  copper,  and  at  395。  C.  in  the  case  of 
aluminium.  These  points  may  be  referred  to  as  "  mechanical 
critical  points/'  to  distinguish  them  from  the  \vell-kno、vn 
thermal  critical  points  of  metals  and  alloys.  Now  the  pure 
metals,  copper  and  aluminium,  exhibit  no  thermal  critical  points 
at  temperatures  corresponding  to  the  mechanical  critical  points, 
and  we  must  come  to  the  conclusion  that  there  is  no  necessary 


Fig  32.— Brass  a  (as  Cast). 
Magnification  150  diam.  (deeply  etched.) 


Fig.  33.— Brass  C.    Broken  at  530: 
Magaification  80  diameters. 


Fig.  34.— Brass  C.   Broken  at  700。 
Magnification  80  diameters. 


Fig.  35.— Complkx  Brass  (a£  rolled). 
Magnification  80  diameters. 


relation  between  the  two  sets  of  phenomena.  Further,  the  only 
changes  that  take  place  in  the  microstructure  of  these  pure 
metals  as  the  temperature  rises  are  the  increasing  crystal  size, 
and  the  removal  of  the  amorphous  material  formed  in 
and  around  the  crystals  as  the  result  of  cold  work,  con- 
traction strains,  &c.,  on  the  metal.  The  conclusion,  therefore, 
nppears  to  be  inevitable  that  there  are  certain  powerful  factors, 
hitherto  unrecognised,  which  profoundly  affect  the  mechanical 
properties  of  pure  metals  and  alloys,  and  which  have  no  rela- 
tion that  has  yet  been  traced  to  their  phase  relationships. 
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An  examination  of  the  whole  series  of  tensile  curves  now 
published  will  show  an  interesting  difference  between  those 
representing  materials  rolled  or  worked  at  a  comparatively  low 
temperature,  such  as  aluminium,  copper,  70/30  brass,  copper- 
nickel,  and  those  representing  cast  materials,  or  materials  only 
worked  at  high  temperatures,  sucli  as  "extruded  metal."  In 
Fig.  38  the  curve  XYZ  is  a  typical  stress-curve  of  the  former 
class  of  material  ；  the  curve  XYV  of  the  latter  type.  The 
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curves  indicate  that  at  any  temperature  below  Y  rolled  metal 
is  stronger  than  similar  cast  material,  but  that  at  temperatures 
above  Y  both  materials  have  identical  properties.  This  tem- 
perature Y  at  which  the  curve  XY  meets  the  curves  YV  and 
YZ  has  been  determined  both  for  cast  and  rolled  metal  in  the 
case  of  aluminium,  and  has  been  found  to  be  395 )  C.  for  both 
classes  of  material.  A  discussion  of  the  position  of  Y  hori- 
zontally will  be  taken  up  later.  The  horizontal  distance,  BC, 
shows  the  difference  in  strength,  at  a  temperature  of  250"， 
between  the  cast  and  rolled  materials.  As  the  temperature  is 
raised  this  difference  in  strength  becomes  smaller  and  smaller, 
till  it  vanishes  at  Y. 

Table  XI. ― Series  X. ― Complex  Brass. 


Temperatui'e  of 

Test, 
Deg.  Centigrade. 


Maximum  Stress. 


Lbs, 


Tons  per 
S(iuare  Inch. 


Elongation, 
per  Cent, 
on  2in. 


Contraction 
of  Area 


This  remark  naturally  leads  to  the  consideration  of  the 
question  why  other  metals  do  not  '(cry  "when  stressed  at 
ordinary  temperafcurcs.  The  answer  may  roasonahly  be  given 
that  tin  is  above  the  tempeniture  Y，  its  "  temperature  of  recu- 
peration/' at  the  ordinary  temperature,  whereas  most  other 
mentals  and  alloys  are  not,  and  that  it  is  only  at  temperatures 
above  Y  that  the  crystals  can  come  in  actual  contact  with  one 
another. 

It  has  always  appeared  a  remarkable  fact  to  the  author 
that  the  fracture  of  metals  and  alloys  tends  to  pass  through 
the  body  of  the  metallic  crystals  rather  than  between  the 
crystalline  junctions,  especially  in  the  case  of  pure  metals 
and  solid  solutions.  (Cases  of  fracture  passing  through  weak 
inter-crystalline  eutectics  do  not  affect  the  present  argument.) 
It  would  seem  that  at  the  ordinary  temperature  the  cohesion 
between  the  faces  of  separate  crystals  is  greater  than  that 
between  different  parts  of  the  same  crystal ― a  really  remark- 
able phenomenon  which  has  not  perhaps  received  the  attention 
it  deserves. 

Another  fact  of  some  significance  in  this  connection  is  the 
peculiar  action  of  etching  agents  upon  pure  metals  and 
homogeneous  solid  solutions.  The  iirst  action  of  a  dilute 
reagent  is  to  eat  into  the  crystalline  boundaries  and  so  bring 
out  the  polygonal  structure  characteristic  of  these  substances. 

The  deduction  may  reasonably  be  drawn  that  the  individual 
crystals  in  a  pure  metal  are  normally  bound  to  one  another 
by  some  substance  stronger  than  the  crystals  themselves,  but 
more  easily  attacked  by  etching  agents.  This  substance  must 
surely  be  no  other  than  Beilby's  amorphous  material,  ;:  arranged 
in  a  thin,  more  or  less  continuous  layer  round  the  crystals. 
Its  presence  has  hitherto  only  been  clearly  recognised  in 
highly  worked  or  strained  metal  ；  from  the  experiments  now 
described  it  would  seem  to  the  author  to  exist  in  all  metals  and 
alloys  below  a  certain  temperature,  characteristic  of  each 
material ― the  temperature  of  recuperation. 

Its  presence  may  be  accounted  for  in  the  following  ways  : 
Firstly,  it  may  result  from  the  counter-attractions  of  the 
crystals  on  either  side  of  it,  none  of  which  is  sufficiently 
strong  to  overcome  the  crystalline  attraction  of  all  the  neigh- 
bouring crystals,  and  so  to  incorporate  the  last  minute  trace  of 
still  liquid  material  into  its  crystalline  system.  Secondly,  it 
may  result,  or  at  any  rate  be  increased  in  quantity,  by  the 
effect;  of  contraction  strains  in  the  metal.  That  these  may  be 
very  considerable  is  evidenced  by  the  fact  that  they  sometimes 
give  out  audible  sound  waves  during  the  process  of  relief. 


It  now  remains  to  discuss  the  physical  meaning  of  this 
remarkable  series  of  phenomena,  and  to  supply  a  rational  ex- 
planation of  it.  Before  doing  so,  the  physical  properties  of 
metals  and  alloys  above  the  temperature  Y  and  below  the  melt- 
ing point  must  be  described.  In  this  range  their  behaviour 
resembles  that  of  a  viscous  fluid  ；  their  strength  is  very  small, 
they  exhibit  great  ductility  and  plasticity,  and  the  influence  of 
time  on  the  tensile  strength  becomes  important.  Moreover,  in 
nearly  all  cases,  they  give  out  a  "  cry"  like  that  of  tin  when 
stressed  by  loads  much  less  than  that  required  for  fracture. 
This  "cry"  is  particularly  noticeable  in  the  case  of  the  brass 
alloys  and  copper.  The  "cry  ',  of  tin  is  usually  explained  as 
due  to  the  rubbing  of  the  crystal  surfaces  against  one  another, 
and  in  its  most  literal  sense  the  author  believes  that  to  be 
the  explanation  in  the  present  case. 
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Thirdly,  ifc  may  result  from  an  increase  in  viscosity  of  the  still 
molten  metal,  which  in  turn  may  result  from  the  concentration 
in  the  last  liquid  portions  of  an  impurity.  Great  viscosity  is 
known  to  hinder  crystallisation,  and  so  to  help  in  the  formation 
of  amorphous  material. 十 

Now,  at  temperatures  above  Y，  it  may  be  supposed  that 
the  amorphous  material  which  cements  the  crystalline  faces 
together  is  no  longer  able  to  exist  even  momentarily.  Hence 
fracture  will  take  place  between  the  crystalline  junctions,  and 
the  fractured  surface  of  specimens  broken  at  high  temperatures 
serves  to  supporb  this  view.    Further,  when  slip  takes  place  in 

*  In  i^eueral.  this  amoriihous  material  exhibits  greater  sti'eugth  but  less  ductility 
than  the  crystalline  substance  from  which  it  is  formed. 

t  The  inrtuence  of  traces  of  inipuritv  lu  destroying?  the  dvictility  of  masses  may 
possibly  hi-  explained  in  this  way,  since  amorphous  metallic  materials  have 
litUe  ductility. 
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the  crystals  themselves,  the  resulting  mobile  material  instantly 
recrystallises,  owing  to  the  great  activity  of  crystalline  growtfi 
at  these  temperatures.  Consequently  "work"  will  no  longer 
strengthen  and  harden  the  metal,  and  a  precise  definition  of 
" hot-work  '*  can  be  readily  formulated.  This  definition  is  as 
follows  ： 一 

Hot-work  is  work  performed  on  a  metal  or  alloy  at  such  a 
temperature  that  the  amorphous  or  mobile  material  formed  at 
the  expense  of  the  crystals  recrystallises  instantaneously, 
leaving  the  material  in  a  perfectly  soft  condition.  The  lowest 
temperature  at  which  this  is  possible  is  called  the  temperature 
of  recuperation. 

Cold  work  will  be  work  carried  out  partly  or  wholly  below 
the  temperature  of  recuperation,  and  will  resalt  in  the  forma- 
tion of  the  amorphous  material  in  considerable  quantity. 


Fig.  38.  . 

The  meaning  of  the  term  "the  limiting  temperature  of 
complete  recuperation "  is  now  apparent.  It  means  that, 
under  the  conditions  of  the  experiment,  the  amorphous  substance 
has  no  appreciable  period  of  existence.  It  is  also  intended  to 
cover  the  fact  that  the  rapid  falling  off  in  tensile  strength  is 
abruptly  checked. 

It  will  be  well  to  consider  for  a  moment  the  phenomena 
which  take  place  iu  a  bar  under  test  at  temperatures  above 
the  temperature  of  recuperation.  A  load  is  applied  ；  plastic 
deformation  takes  place  ；  mobile  molecules  are  formed  along 
the  planes  of  slip  ；  these  molecules  have  an  infinitely  short 
period  of  existence  and  at  once  recrystallise,  and  this  may 
happen  before  any  further  load  is  applied.  If,  however,  the 
rate  of  loading  is  very  rapid,  it  is  jusfc  possible  that  complete 
recrystallisation  may  not  have  had  time  to  take  place  and  a 
residue  of  amorphous  material  is  left.  Therefore,  unless  the 
rate  of  recrystallisation  is  rapid  as  compared  with  the  rate  of 
loading,  the  actual  temperature  of  recuperation  determined 
experimentally  will  be  dependent  to  some  extent  on  the  latter 
factor.  Hence  the  use  of  the  words  "  under  the  conditions  of 
the  experiment  ，，  in  the  last  paragraph. 

Turning  now  to  Pig.  38，  the  difference  in  strength  indicated 
by  the  line  BC  between  a  rolled  and  a  cast  material  will  be  due 
to  the  amount  of  work  put  on  it  by  forging,  rolling,  &c.  If 
the  curve  XY  be  extrapolated  down  to  the  ordinary  temperature, 
as  shown  in  YW，  we  shall  obtain  the  area  YAWV.  The  curve 
YW  obviously  shows  the  properties  which  a  metal  would  have 
at  any  temperature  if  it  could  be  prepared  and  tested  at  that 
temperature  in  a  perfectly  crystalline  state,  without  any 
amorphous  material  being  formed  in  it.  This  is,  of  course, 
impossible,  since  the  mere  act  of  testing  at  any  temperature 
below  Y  results  in  the  formation  of  the  hard  amorphous  sub- 
stance. The  curve  XYW  may  therefore  be  regarded  as  repre- 
senting the  properties  of  an  ideally  soft  metal,  or  of  a  metal 
whose  temperature  of  recuperaturation  is  below  the  ordinary 
temperature.  The  line  AB,  then,  represents  the  strengthening 
effect  of  the  mechanical  work  necessarily  put  upon  the  metal 
by  the  act  of  testing,  and  also  any  small  effect  which  results 
from  contraction  strains  resulting  from  cooling. 

If  the  foregoing  views  be  accepted,  it  will  be  seen  that  the 
unstable,  vitreous  amorphous  material  of  Beilhy  plays  a  far 
more  fundamental  part  in  determining  the  mechanical  pro- 
perties of  metals  or  alloys  than  has  hitherto  been  suspected. 
The  industrial  alloys  of  copper,  and  even  copper  itself,  depend 


for  their  commercially  useful  properties  entirely  upon  this 
material.  Without  it  all  metals  would  l)e  weak,  plastic, 
viscous  bodies,  rather  resembling  pitch,  or  perhaps  tin. 

An  apparent  discrepancy  between  Beilby's  results  and  those 
of  the  author  may  now  be  referred  to.  In  his  May  lecture 
before  this  Institute,  Beilby  republished  a  number  of  his  results 
which  showed  that  the  amorphous  material  in  his  copper 
wires  recrystallised  completely  at  220  C.  This  might  be 
supposed  to  correspond  with  the  author's  temperature  of  re- 
cuperation for  copper,  namely,  650。  C.  A  careful  considera- 
tion of  the  two  sets  of  tests  will  show  clearly,  however,  that 
there  is  no  direct  relationship  between  them ― salient  points  of 
difference  being  that  Beilby's  wires  were  comparatively  slightly 
stressed  so  as  to  give  a  1  per  cent,  elongation,  whereas  the 
author's  were  stressed  to  fracture,  and  that  in  the  author's 
experiments  the  amorphous  material  was  being  continually 
reformed  in  quantity  by  the  test  itself. 

Returning  to  the  consideration  of  the  experimental  results 
now  presented,  and  leaving  on  one  side  any  further  considera- 
tion of  the  theoretical  suggestions  outlined  above,  the  author 
would  direct  attention  to  one  or  two  matters  that  have  not  yet 
been  considered  in  suflicient  detail. 

In  the  first  place,  it  would  appear  from  the  curves  that  the 
elongation  of  an  alloy  is  far  more  easily  upset  by  variation  in 
temperature,  size  of  specimen,  and  possibly  other  factors,  than 
is  the  maximum  stress.  The  "  mechanical  critical  points  "  in 
the  elongation  curves  are  decidedly  more  well-marked  than 
in  the  stress  curves,  especially  in  the  case  of  pure  metals. 
The  exact  interpretation  of  some  of  the  curves  determined 
experimentally  is  difficult,  especially  in  the  case  of  two-phase 
systems.  This  arises  from  the  fact  that  the  properties  of  the  a 
solution  are  very  remarkable,  and  the  elongation  curve  bends 
in  a  manner  that  is  obviously  dependent  on  a  number  of 
factors  which  are  not  yet  clearly  known,  but  some  of  which 
may  be  associated  with  slight  differences  of  chemical  composi- 
tion and  of  size  of  bar.  In  the  author's  experiments  the  thick 
cast  bars  were  tested  at  approximately  the  same  rate  as  the 
smaller  bars  and  wire.  The  resemblances  and  differences 
between  cast  bar  A  and  the  70  30  brass  wire  have  already  been 
alluded  to.  It  the  respective  times  under  test  had  been  pro- 
portioned to  the  relative  thicknesses,  a  closer  resemblance 
might  have  been  attained,  and  the  shapes  of  the  curves  seem 
to  suggest  this. 

The  general  type  of  elongation  curve  for  pure  metals  is  clear 
from  Figs.  7  and  9.    From  these  it  may  be  seen  that  elongation 


Fig.  39. 

may  cither  increase  or  fall  off  as  the  temperature  is  raised,  and 
it  may  be  inferred  that  it  may  remain  practically  constant  up 
to  the  temperature  of  recuperation.  At  about  this  temperature 
it  will  undergo  a  large  increase,  and  remain  at  a  high  value  till 
the  neighbourhood  of  the  melting-point  is  readied. 

The  geneml  type  of  curve  for  a  solid  solution  is  not  quite  so 
clear,  but  the  author  believes  it  to  be  of  the  form  shown  in 
Fig.  39.  The  dotted  curve  shows  a  possible  variation  where 
the  elongation  increases  regularly  from  0  . 

The  curves  of  several  two-phase  systems  have  been  dis- 
cussed in  some  detail  already.    It  is,  however,  doubtful  if  we 
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are  yet  in  a  position  to  give  a  complebe  explanation  of  all  the 
types  of  curves  obtained  for  these  more  complex  cases.  These 
types  have  not  yet  been  sufficiently  clearly  fixed  experi- 
mentally, and  much  more  work  will  have  to  be  done  before 
they  can  be  regarded  as  settled.  The  author  only  regards  hiy 
results  as  affording  a  preliminary  exploration  of  the  field. 

In  conclusion,  the  author  would  like  to  draw  attention 
again  to  the  remarkable  fact  that  the  most  abrupt  changes  in 
mechanical  properties  which  have  been  found  in  the  alloys 
examined  do  not  occur  at  temperatures  corresponding  to  phase 
changes,  either  in  the  case  of  pure  metals  or  in  the  case 
of  complex  two-phase  systems.  It  would  appear  that  the 
presence  of  unstable  and  non-crystalline  substances  is  the 
noo 
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Fig.  40.— Shepherd's  Diagham. 
most  important  factor  in  determining  the  mechanical  pro- 
perties of  metals  and  alloys  at  ordinary  and  moderate  tempera- 
tures. If  this  reasoning  be  not  accepted,  then  some  cause 
other  than  phase  changes  must  be  sought  in  explanation  of  the 
remarkable  experimental  facts  that  have  been  now  described. 
In  the  last  May  lecture  delivered  before  this  Institute,  Beilby 
drew  attention  to  the  importance  of  amorphous,  vitreous,  and 
unstable  substances  in  commerce,  and  instanced  glass  as  a 
case  in  point.  Is  it  not  possible  that  such  substances  are  of 
equal  importance  in  the  case  of  all  metals  handled,  used,  or 
worked  at  any  temperature  removed  by  more  than  a  com- 
paratively short  range  from  their  melting  points  ？  If  this  be 
so,  then  the  attention  of  metallurgists  musb  in  the  future  be 
concentrated  much  less  exclusively  on  the  study  of  stable 
systems  than  it  has  been  in  the  past. 

The  author  desires  here  to  express  his  cordial  thanks  to  the 
following  gentlemen  for  their  help  in  various  ways  :  Mr,  E.  F. 
Law,  A.E.O.S.,  Mr.  H.  Jelf-Eeveley,  and  Mr.  H.  Purser. 


APPLICATION  OF  THE  GYROSTAT  TO  VEHICLES. 

At  a  re€eut  meeting  of  the  Royal  Philosophical  Society  of 
Glasgow  Dr.  J.  G.  Gray,  F.R.S.E.,  delivered  an  interesting 
lecture  on  "  The  Application  of  tke  Gyrostat  to  the  Stability 
of  Vehicles."  After  experimentally  demonstrating  the  prin- 
cipal properties  of  the  gyroscope,  the  lecturer  considered  the 
gyrostatic  action  of  the  paddle  wheels  of  a  steamer,  of  the 
flywlieel  of  a  motor-car,  and  of  the  rotors  of  a  turbine  steamer. 
The  paddles  of  a  steamer  rendex'ed  her  steadier  than  a  screw 
steamer  in  a  cross-sea,  for  when  a  wave  struck  lier  in  such  a 
way  as  to  tend  to  lieel  her  over  to  starboard  her  bows  in  conse- 
quence of  the  gyrostatic  action  turned  to  starboard,  and  the 
amount  of  the  roll  was  diniiiiislied,  though,  at  the  expense  of 
the  directness  of  the  course.  When  a  motor-car  was  turning 
a  corner  the  gyrostatic  action  of  th©  flywheel  was  such  as  to 
alter  the  proportions  of  th©  weight  of  the  car  carried  by  the 
front  and  rear  wheels  respectively.  For  one  direction  of 
turning  weight  was  withdrawn  from  the  back  wheels  and 
thrown  on  the  front  wheels  ；  for  the  opposite  direction  of 
turning  th©  weight  on  the  front  wheels  was  diminished,  and  if 
turning-  was  sufficiently  rapid  the  steering  of  the  car  might 
be  seriously  interfered  with.  The  gyroscopic  action  of  the 
propeller  and  rotating  parts  of  the  engine  of  an  aeroplaue  was 


also  shown  experijiieiitally.  A  small  gyroscope  was  mounted 
on  a  model  aeroplane  with  the  axis  of  the  flywlieel  in  the  fore 
and  aft  line  of  tlie  aeroplane,  and  it  thus  represented  the 
rotating  j)arts  of  the  machinery.  If,  then,  the  aeroplane  were 
turned  horizoiiially  it  showed  a  tendency  to  dive  or  to  ascend 
according  to  tho  direction  of  turning,  while  a  change  made  in 
the  inclination  of  the  aeroplane's  course-  caused  it  to  swerve 
to  the  side.  Sucli  actions  were,  the  lecturer  considered,  apt 
to  have  dangerous  consequences  when  aeroplanes  were 
manoeuvred  in  restricted  space  in  competitions.  Dr.  Gray 
then  described  and  experimentally  illustrated  the  practical 
application  of  the  gyrostat  in  the  dirigible  torpedo,  in  the 
Schlick  method  of  steadying  vessels  at  sea,  and  in  th©  Brennan 
monorail  car.  Some  novel  gyroscopic  apparatus  due  to  the 
lecturer  was  thereafter  exhibited  in  action.  A  motor-driven 
gyrostat  provided  with  suitable  arms  and  legs  was  made  to 
walk  on  the  floor,  to  project  itself  arm-over-arm  along  two 
horizontally  stretched  wires,  and  to  climb  up  vertical  wires. 
Another  gyrostat  was  shown  riding  a  model  bicycle.  In  the 
case  of  an  ordinary  bicycls  stability  was  obtained  by  turning 
the  front  wheel  to  the  side  towards  which  the  machine  was 
tilted,  when  the  forward  momentum  of  the  machine  and  the 
rider  resulted  in  the  re- erection  of  the  bicycle.  A  gyroscope 
suitably  mounted  on  the  soat  of  a  bicycle  and  connected  by 
arms  to  the  handle-bars  was  made  to  imitate  this  action,  and 
successfully  kept  tho  bicycle  in  equilibrium. 


FURNACE  FOR  HARDENING  OR  MELTING  METAL. 

A  DESIGN  of  lead  and  salt  bath  furnace  for  hardening  or  melt- 
ing metal  of  the  class  in  which  a  crucible  is  placed  in  a  fire- 
brick casing  and  heated  by  gas 
is  shown  in  vertical  section 
and  plan  in  the  accompanying 
illustrations.  The  furnace, 
which  is  the  invention  of 
Messrs.  Fletcher,  Russell, 
and  Co.,  Ltd.,  Palatine 
Works,  Warrington,  is  so 
arranged  that  a  regular  tem- 
perature is  obtained,  and  the 
burning  or  overheating 
locally  of  the  contents  of 
the  crucible  is  prevented. 
Referring  to  the  illustrations, 
a  fireclay  jacket  C  is  placed 
between  the  crucible  and 
the  interior  of  the  fireclay 
casing  A  with  a  space  D 
between  the  casing  and 
jacket,  and  a  space  E  be- 
tween the  jacket  and  the 
crucible,  and  burners  G  are 
arranged  so  that  the  heat 
will  pass  up  the  space  D 
over  the  top  of  the  jacket  C 
and  descend  into  the  space 
E，  thereby  circulating  round  the  crucible  which  rests  on 
the  support  B,  and  pass  to  the  Hue  J  at  the  bottom  of  the 
furnace. 


Furnace  for  Habdeninu  ob  Melting 
Metal. 


The  Trackless  Trolley  System  ot  Traction. ― A  comparison  of 
trackless  trolley  traction  with  the  three  systems  of  electric 
tramways  was  made  recently  by  Mr.  H.  Jackson  at  a  meeting 
at  the  BirrQingham  University  in  connection  with  the  local 
branch  of  the  Institution  of  Civil  Engineers.  Having  explained 
in  detail  the  overhead  conduit  and  contact  systems,  Mr. 
Jackson,  in  the  course  of  his  lecture,  declared  that  the  track- 
less trolley  was  the  system  of  the  future.  It  would  be  most 
suitable  for  the  development  of  Birmingham  suburbs.  He  had 
sketched  a  route  along  which  this  system  might  with  advantage 
be  worked.  This  route  was  27  miles  long,  and  the  cost  for  30 
cars  with  a  15  minutes'  service  would  be  £76,000,  as  against 
£331,000  for  tramways.  This  would  mean  a  great  saving.  If 
they  could  give  this  means  of  conveyance  to  people  in  Birming- 
ham it  would  greatly  facilitate  the  development  of  the  suburbs. 
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PROF.  OSBORNE  REYNOLDS. 

EvEKY  original  thiuker  in  the  world  of  physics  and  engineering 
will  share  the  deep  regret  we  feel  in  recording  the  deiitli  at 
Watchet,  Somerset,  on  Wednesday,  the  21st  ult.  ，  of  Dr. 
Osborne  Reynolds,  the  late  Professor  of  Engineering  at  Man- 
chester University.  For  some  years  the  professor's  health  had 
been  failing,  and  his  retirement  from  active  work  some  years 
ago  was  noted  with  a  pained  and  reverent  sympathy  akin  to 
personal  sorrow  by  many  old  students  who  now  rank  high  in 
the  engineering  world,  and  to  whom  his  personality  and 
inspiration  will  always  be  a  treasured  memory.  It  was  to 
Prof.  Reynolds  that  the  organisation  and  development  of  the 
department  of  engineering  at  Owens  College  and  the  world- 
wide reputation  it  earned  was  due,  while  the  lustre  of  his 
scientific  and  philosophical  investigations  was  conspicuous  in 
a  generation  that  included  some  of  the  most  brilliant  of  thinkers 
and  witnessed  the  profoundest  scientific  discoveries. 

Prof.  Eeynolds  was  born  at  Belfast  in  1942,  and  his  father 
was  the  Eev.  Osborne  Eeynolds,  of  Debach  and  Boulge,  Suffolk, 
where  he  spent  his  boyhood  and  where  he  attended  the  Dead- 
ham  Grammar  School.  He  afterwards  spent  a  short  time  in 
an  engineering  works  at  Stony  Stratford,  prior  to  entering 
Queen's  College,  Cambridge,  where  he  graduated  in  1867  as 
Fifth  Wrangler,  and  was  elected  a  Fellow  of  his  college.  Sub- 
sequently he  became  a  pupil  with  Messrs.  Lavvson  and 
Mansergh,  engineers,  of  London,  and  on  March  26th,  1868，  was 
appointed  to  the  Chair  of  Engineering  in  Owens  College,  now 
merged  into  the  Manchester  University  and  with  which  he 
maintained  an  unbroken  connection  until  the  sad  breakdown  in 
his  health  caused  him  to  resign  some  six  years  ago.  In 
1878  he  was  elected  Honorary  Fellow  of  Queen's  College, 
Cambridge,  and  Member  of  the  Instikite  of  Civil  Engineers. 
In  the  previous  year  he  had  become  a  Fellow  of  the  Royal 
Society.  In  1884  he  was  awarded  the  honorary  degree  of 
LL.D.  by  the  University  of  Glasgow,  and  at  the  same  time 
was  appointed  a  member  of  the  Council  of  the  Eoyal  Society. 

Prof.  Eeynolds  was  the  contributor  of  numerous  papers  to 
the  Royal  and  other  scientific  societies.  These,  with  his 
contributions  to  various  periodicals,  were  afterwards  collected 
and,  by  the  aid  of  the  Cambridge  University  Press,  pub- 
lished in  separate  form.  These  volumes  afford  striking 
evidence  of  his  versatility  and  originality.  They  comprise 
no  fewer  than  67  original  contributions  on  the  most  diverse  of 
subjects,  from  the  most  purely  scientific  to  the  most  strictly 
practical.  Many  of  these  did  not  receive  the  attention  they 
deserved  at  the  time,  and  it  has  remained  to  later  workers  to 
point  out  the  important  practical  bearing  and  foresight  they 
displayed  on  numerous  engineering  problems  which  at  the 
time  were  but  imperfectly  understood,  and  which  as  they 
have  become  known  to  a  later  generation  have  been  regarded 
almost  as  new  discoveries.  To  the  mathematical  and 
experimental  treatment  of  hydraulics  he  devoted  particular 
study,  and  to  his  investigations  must  be  largely  ascribed  our 
existing  knowledge  of  the  intricate  forces  which  determine 
the  fori  lis  of  channels  and  estuaries  ；  while  the  development 
of  the  high-pressure  centrifugal  pump  as  we  know  it  to-day 
was  indicated  by  him  over  a  quarter  of  a  century  ago.  He 
it  was  also  who  first  indicated  the  relationship  between  rate  of 
heat  transmission  through  boiler  plates  and  velocity  of  liow  of 
furnace  gases,  interest  in  which  during  the  last  few  years  has 
been  revived  by  the  further  experiments  and  researches  of 
Prof.  Nicolson,  of  the  Manchester  School  of  Technology. 
It  is  impossible  within  the  limits  of  our  space  to  epitomise 
even  briefly  the  subjects  which  came  within  the  masterly  sur- 
vey of  his  intellect,  which  was  equally  at  home  whether 
discussing  the  phenomena  of  comets  and  solar  corona,  or  such 
practical  engineering  problems  as  friction  and  lubrication, 
or  the  transmission  of  power  by  shafts  and  belts.  Whether  the 
subject  under  review  was  the  fonnation  of  raindrops  and 
snowtiakes  ；  the  effect  of  oil  in  destroying  waves  ；  the 
slipperiness  of  ice  ；  the  problems  of  the  screw  propeller  or  of  the 
steam  engine,  he  never  failed  to  illumine  the  principles  that 
underlay  them,  and  to  reduce  to  reasoned  law  what  had  pre- 
viously been  vague  guess  work.  The  most  monumental 
scientific  work  of  his  life  was  his  memoir  on  "  The  Sub- 
Mechanics  of  the  Universe,"  communicated  to  the  J\oyal 
Society  ou  February  3rd, 丄 (J0S2，  ami  presented  to  the  public  iu 


a  popular  form  in  a  Reed  Lecture.  The  conceptions  under- 
lying this  stupendous  speculation  had  been  slowly  evolved  as 
the  result  of  long  years  of  previous  work  on  "The  Dimensional 
Properties  of  Gaseous  Matter ' '  and  "The  Dilatancy  of  Media 
Composed  of  Eigid  Particles  in  Contact."  The  profound 
investigations  involved  placed  it  beyond  the  mental  reach  of  all 
but  a  solitary  few  of  the  most  advanced  mathematicians,  but  the 
l  oot  conception  of  his  theory  is  that  all  forms  of  matter  as  we  know 
it  are  but  interspaces  in  an  all-pervading  uniform  medium  of 
spherical  grains  of  chaugeless  shape  and  size,  and  so 
close  that  the  grains  cannot  change  their  neigh- 
bours, although  continually  in  relative  motion  with  each 
other,  and  that  such  a  purely  mechanical  system  was  capable 
of  accounting  for  all  the  physical  evidence  as  we  know  it  in 
the  universe.  To  the  layman,  the  conception  that  what  we 
term  "matter"  is  only  a  void,  a  negation,  is  a  staggering 
inversion  of  all  ordinary  ideas,  but  not  more  astonishing  than 
lieynolds'  rigid  mathematical  deductions  from  his  premises, 
which  include  all  the  known  phenomena  of  heat,  light,  electri- 
city, Hertzian  waves,  and  even  embrace  an  explanation  of  the 
action  of  gravity  itself,  while  it  may  be  added  that  the  more  recent 
researches  into  molecular  physics  tend  to  confirm  the  truth 
of  his  theory.  We  should  feel  our  brief  reference  to 
Osborne  Reynolds'  life  and  work  incomplete  without  a  tribute 
to  his  charming  personality  as  a  teacher.  'As  a  lecturer, 
measured  by  cramming  standards,  he  would  be  considered 
deficient.  His  very  wealth  of  ideas  made  it  dililicult  for  him 
to  marshal  them  in  ordered  verbal  array,  but  his  explanations 
in  the  tutorial  class  were  treats  to  all  who  sought  them,  and  to 
none  more  generously  vouchsafed  than  they  who  displayed 
a  hungry  inquisitiveness  to  know  the  '(  how  ，，  and  "  why  "  of 
things.  He  had  a  happy  knack  of  putting  questions  that  led 
on  to  tracks  reaching  down  to  root  principles,  and  therein  lay 
the  charm  of  his  merit.  He  could  not  pour  out  standard 
measures  of  cut-and-dried  knowledge  so  freely  as  many  less 
able  men,  but  he  could  and  did  do  what  is  far  rarer  and  of 
infinitely  more  value  to  the  student  who  wishes  to  get  below 
the  surface  of  physical  phenomena,  viz.,  him  to  think.  To  us 
who  knew  him  in  his  prime  his  imprint  in  our  memory  is  the 
beau  ideal  of  physical  and  intellectual  manhood,  and  fuller 
acquaintance  with  his  genius  only  graves  the  image  deeper 
and  enshrines  it  with  reverence. 


The  Manchester  School  of  Technology  Principalship. ― Mr.  J. 

C.  M.  Garnett  has  been  appointed  to  be  Principal  of  tho  Man- 
chester School  of  Technology  in  succession  to  Mr.  J .  II. 
Reynolds,  who  recently  resigned.  Mr.  Garnett,  who  is  not 
much  over  30,  was  educated  at  St,  Paul's  Schools  and  at 
Trinity  College,  Cambridge,  of  which  latter  he  、vas  elected  a 
Fellow.  He  gained  a  high  place  among  Wranglers  of  his 
year,  and  also  gained  a  tirst  class  in  the  second  part  of  the 
Mathematical  Tripos.  On  leaving  Cambridge  he  entered  the 
Board  of  Education,  where  he  is  now  one  of  the  examiners. 

Smoke  Abatement. ― Considerable  modification  has,  wo  under- 
stand, been  made  in  the  Smoke  Abatinneat  Bill  as  originally 
drafted.  The  amended  Bill  will  be  submitted  for  the  considera- 
tion of  a  conference  to  be  held  in  connection  with  the  forth- 
coming Smoke  Prevention  Mxhihition  at  the  Agi'icultunil  Hall. 
The  conference  will  be  presided  over  by  Lord  Justice  Moulton, 
and  to  the  proceedings  contributions  will  be  made  by  Mr. 
Joseph  Ilurst,  the  well-known  expert  on  the  law  of  smoke 
nuisance,  Mr.  Julian  Corbett,  who  will  treat  of  smoke  ahale- 
nient  as  dealt  with  in  foreign  countries,  and  by  Dr.  De  Voex, 
hon.  treasurer  of  the  Coal  Smoke  Abatement  Society,  who  will 
make  a  pier,  for  a  Itoyal  Commission. 

Electrification  of  the  Gothard  Railway. ― The  work  of  electrifica- 
tion of  the  Gothard  Eailway  is,  we  learn,  to  beyin  shortly,  and 
the  tirst  piece  of  line  to  be  electrilicd  will  be  that  I't'twx't'n 
Erstfelcl  and  Airolo.  The  cost  of  electritication  of  the  (iotliard 
line  is  put  at  £'2, 700,000.  The  three  new  power  station^  to  be 
built  will  cost  £8j4,800  ;  the  necessary  electric  installations  in 
the  machinery  houses,  Arc"  another  i3b5,200.  It  is  auticipatetl 
that  the  introduction  of  electric  traction  on  the  Gothard  line 
would  result  in  a  reduction  of  working  expenses  l>y  nhout  2'， 
per  cent.  ；  indeed,  judj^inj^  by  the  experiments  m;idc  with  tlie 
recently  electrilicd  liuc  l)ct\VL'en  Spiez  and  Frutigen,  it  is 
thought  that  possibly  the  saving  might  "ill  be  greater. 
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SOME  CONSIDERATIONS  ON  THE  CHOICE  OF  AUXILIARY 
PLANT  FOR  POWER  STATIONS. 

BY  A.   H.  FINCH,  M.A. 

In  this  paper  it  is  proposed  to  notice  some  of  the  points  that 
should  bear  on  the  design  of  that  part  of  a  power  installation 
which  is  referred  to  in  general  terms  as  the  auxiliary  system. 
It  may  be  asked  why  such  a  system  should  be  necessary  at  all  ； 
why,  that  is,  a  self-contained  power  installation  cannot  be 
devised,  comparable  in  simplicity  to  a  small  gas  engine.  The 
answer  to  this  (luestion  is  that  auxiliary  appliances  become 
necessary  for  two  principul  reasons :  (1)  That  they  enable 
advantage  to  be  taken  of  some  thermodynamic  principle  ；  (2) 
that  they  take  the  place  of  an  otherwise  prohibitive  amount  of 
hand  labour. 

The  work  of  the  designer  consists  partly  in  balancing  the 
advantages  to  be  gained  by  the  adoption  of  this  or  that  device 
whose  ultimate  object  is  to  reduce  the  quantity  of  fuel  con- 
sumed per  unit  of  energy,  against  the  disadvantages,  the  cost, 
the  complication,  the  increased  risk  of  breakdown,  or  increased 
upkeep  necessarily  associated  with  additional  apparatus.  The 
most  obvious  illustration  is  the  question  of  condensing  versus 
non-condensing  ；  others  that  suggest  themselves  are  the  adop- 
tion of  economisers,  or  such  a  device  as  the  augmenter 
condenser.  These  are  (questions  where  a  definite  reduction  of 
the  quantity  of  steam  or  fuel  required  per  unit  of  energy  must 
be  weighed  against  the  cost  of  obtaining  it. 

The  two  fields  where  there  is  probably  the  greatest  scope 
for  successful  design  in  the  matter  of  auxiliary  plant  are  marine 
engineering  and  electrical  power  installations.  The  factors 
which  govern  marine  practice  are,  however,  materially  different 
from  those  applicable  on  land.  The  standard  of  reliability 
exacted  is  higher,  because  the  results  of  breakdown  are  more 
serious  than  on  land.  Or  again,  in  a  ship  of  war,  many  con- 
siderations must  be  subservient  to  speed,  to  weight,  or 
uniformity  with  other  vessels. 

These  and  similar  differences,  coupled  with  the  magnitude 
of  the  subject,  make  it  impossible  to  give  adequate  considera- 
tion to  l)oth  branches  in  a  single  paper,  and  it  is  now  proposed 
to  discuss  that  aspect  of  the  question  which  bears  on  electrical 
work  ；  and  though  many  of  the  observations  will  be  found 
applicable  to  any  type  of  power  station,  it  will  be  convenient 
and  will  give  fixity  to  the  ideas  to  limit  the  enquiry  to  the 
system  of  three-phase  generation  by  means  of  steam,  under 
which  conditions  practically  all  important  modern  installations 
work. 

To  facilitate  discussion  it  is  desirable  to  have  some  sort  of 
definition  of  what  is  covered  by  the  term  auxiliary.  In  its 
widest  sense  it  might  be  taken  to  include  everything  except  the 
principal  agents  involved  in  the  cycle,  which  would  mean 
practically  everything  except  main  engines,  feed  pumps,  and 
boilers.  More  commonly  the  feed  pumps  are  included  as 
auxiliaries,  which  term  will  be  taken  to  include  also  :  (a)  Ther- 
modynamic appliances  not  essentially  involving  moving  parts 
or  power  (fi.y.,  economisers).  (b)  Apparatus  requiring  motive 
power  independent  of  the  main  engines. 

Such  a  definition  excludes  transformers  and  certain  small 
elements  such  as  oil  pumps,  which  are  often  driven  by  the  main 
engines.  The  importance  of  this  section  of  any  large  power 
plant  is  to  be  gauged  by  the  proportion  which  it  bears  to  the 
whole,  whether  in  capital  or  running  costs  ；  figures  are  given 
subsequently  which  exhibit  the  ratio  of  auxiliary  to  main  power 
in  the  case  of  some  typical  stations  ；  but  it  presents  a  sufficiently 
accurate  picture  at  tbi^  stage  to  say  that  in  a  modern  power 
station  of  30,000  Kw.  capacity  the  auxiliaries  would  account  for 
2,000h.p.  and  probably  £12,000.  By  way  of  parallel  illustration, 
though  it  is  outside  the  scope  of  the  present  paper,  it  may  be 
added  that  in  a  battleship  of  30,000h.p.  the  auxiliaries  amount 
to  4,500  h.p.  and  consume  one-sixth  of  the  whole  steam 
generated.  In  a  tramp  steamer  these  figures  are  naturally 
reduced,  bub  taking  the  estimates  given  in  a  recent  paper  read 
before  this  Society  by  Mr.  M orison,  the  auxiliaries  account  for 
between  8  and  10  per  cent,  of  the  total  steam.  It  is  therefore 
worth  while  bestowing  considerable  attention  on  a  subject 
which  offei's  such  a  scope  for  saving,  and  careful  design  will  in 
many  cases  result  in  material  diminution  of  the  initial  outlay 
and  subsequent  upkeep. 

To  illustrate  the  divergence  that  can  exist  in  the  auxiliary 
equipment  of  a  power  station  according  to  size  and  circum- 
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stances,  it  is  only  necessary  to  enumerate  the  apparatus 
employed.  Thus  it  is  possible  to  conceive  of  a  station  wherein 
the  simplicity  of  the  early  marine  engine  is  copied  ；  where  the 
boiler  feed  pump,  air  pump,  and  circulating  pump  are  driven 
by  levers  from  one  of  the  main  engine  crossheads  ；  a  chimney 
produces  all  the  requisite  draught  ；  ashes  and  coal  are  handled 
in  all  their  stages  by  hand  labour  ；  and  the  exciter,  if  required 
at  all,  is  directly  coupled  to  the  generator  shaft.  Such  a  system, 
with  the  addition  of  a  donkey  feed  pump  or  in  jector,  is  perfectly 
possible,  and  is  approached,  if  not  exeniplitied,  in  many  small 
stations.  In  fact,  in  non-condensing  stations,  a  feed  pump  is 
the  only  really  needful  auxiliary. 

In  the  opposite  direction  it  is  not  unusual  to  find  the 
following  independently  driven  pieces  of  apparatus  :  Exciters, 
feed  pumps,  air  pumps,  circulating  pumps,  exhaust  (or  other 
large)  valves,  cranes,  ash  hoists,  coal  hoists  ov  conveyers,  bilge 
pumps,  boiler  cleaning  pumps,  mechanical  stokers,  fans  for 
induced  draught,  fans  for  generator  ventilation,  fans  or  puinps 
for  cooling  transformers,  motor-operated  switches,  air  ex- 
hausters for  syphon  circulating  mains,  air  compressors  for 
cleaning  electrical  apparatus,  circulating  water  straining 
appliances,  economiser  scrapers,  oil  pumps,  and  barring  or 
engine-turning  gear.  Where  what  is  known  as  a  complete 
unit  system  is  adopted,  some  of  the  above  items  are  multiplied 
by  the  number  of  generators,  resulting  in  an  enormous  aggre- 
gate installation. 

Two  main  aspects  of  the  auxiliary  question  will  be  con- 
sidered in  this  paper :  (a)  The  arguments  hearing  on  the 
adoption  or  rejection  of  certain  services,  (b)  The  most  suitable 
method  of  driving  them. 

Choice  of  Auxiliary  Services. ― In  dealing  with  this  section  the 
classitication  suggested  at  the  outset  may  be  adopted,  that  is  to 
say  :  {a)  Auxiliaries  which  render  possible  some  thermodynamic 
advantage,    (b)  Those  which  replace  labour. 

(a)  Of  the  former,  the  most  prominent  are  naturally  those 
concerned  with  condensing  plant.  It  is  taken  for  granted  that 
condensing  is  an  advantage  worth  securing.  This  will  not  be 
questioned  except  in  cases  of  small  installations  remote  from 
any  sufficient  sources  of  water.  Neither  is  it  proposed  to 
discuss  whether  one  form  of  condensing  is  preferable  to 
another,  that  being  rather  a  question  of  the  location  of  plant  in 
relation  to  the  source  of  water  and  the  quality  of  the  water, 
which  in  many  cases  would  altogether  preclude  jet  condensa- 
tion. But  assuming  that  for  any  condensing  plant  air  and 
circulating  pumps  are  required,  it  is  of  interest  to  consider  the 
opportunity  for  simplification  offered  by  the  development 
during  the  last  two  or  three  years  of  rotary  forms  of  air  pumps. 
Whatever  their  merits  or  demerits  as  regards  capacity  for 
subduing'  air  leakage  on  a  system  when  contrasted  with  recipro- 
cating pumps,  they  possess  two  attractive  attributes  from  the 
point  of  view  of  simplification  in  that  (1)  they  occupy  a  very- 
small  space,  and  (2)  they  can  be  directly  driven  by  any  high- 
speed motive  agent,  whether  electric  motor  or  steam  turbine. 
If  it  can  be  shown  that  they  require  no  more  maintenance  than 
reciprocating  pumps,  which  is  reasonable  to  suppose  from  their 
exceedingly  simple  construction,  a  strong  case  for  their 
adoption  exists  on  these  considerations  alone.  But  where  a 
complete  use  can  be  made  of  the  exhaust  steam  there  is  a 
further  advantage  in  adopting  a  steam  turbine  drive  as  is 
shown  in  the  following  argument. 

Although  such  small  turbines  cannot  be  constructed  to  make 
any  expansive  use  of  steam  below  atmospheric  pressm'e,  by 
using  the  exhaust  steam  for  feed  heating,  advantage  is  at  once 
secured  even  over  a  drive  by  electric  motor.  Let  it  be  assumed 
that  a  small  turbine  is  employed  to  drive  on  the  same  shaft  the 
air  pump,  circulating  pump,  and  water  extraction  or  lift  pump 
attached  to  a  main  generating  set.  And  for  the  sake  of  illus- 
tration let  a  plant  of  3,000  kw.  be  considered.  Then  the  power 
may  be  arrived  at  thus  : ― 

Steam  consumption,  -±2,0001138.  per  hour. 
Circulating  water,  65  times  feed  — 273,000  galls,  per  hour. 
Head  across  circulating  pump  (for  cooling  tower  conditions) 
45ft. 

Power  for  circulating  pump,  at  60  per  cent,  etiicieucy, 
100  h.p. 

Power  for  lift  pump,  dealing  with  condensed  steam  and 

raising  it  30ft.,  with  50  per  cent,  efficiency,  is  h.p. 
Power  for  air  pump,  30  h.p. 

Hence  the  power  required  for  the  combination  is  about 
135  h.p. 
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At  351bs.  per  b.h.p.  hour,  the  steam  consumption  of  this 
unifc,  exhausting  at  atmospheric  pressure,  is  therefore 
4,7251bs.  per  hour  Such  a  quantity  of  steam  would  heat  the 
feed-water  from  90°  Fah.  to  200"  Fah.  Thus  the  equivalent  of 
'^^  Y*  or  7271b8.  of  coal  per  hour  drives  the  circulating  auxili- 
aries, and  heats  the  feed  110」  Pah. 

The  alternative,  if  electric  drive  be  substituted  for  the  small 
turbine,  is  135  h.p.  or  112  kw.  at  Slbs.  ~3361bs.  coal  for 
power,  plus  〜5.<』（>  = 6921bs.  coal  for  feed  heating.  Total, 
l,0281bs.  coal  as  against  7271bs. 

Eeciprocating  air  pumps  are  made  with  a  high  degree  of 
efficiency,  and  may  even  take  less  power  than  the  rotary  type. 
But  the  power,  small  as  it  is  in  comparison  with  that  of  the 
main  engine  or  turbine,  is  almost  wholly  dissipated  in  friction 
in  reciprocating  pumps,  whereas  it  can  be  conserved  in  the 
form  of  heat  in  some  forms  of  rotary  pump  ；  and  where,  as  is 
the  usual  practice,  separate  motors  or  engines  are  used  to  drive 
the  air  and  circulating  pumps  the  actual  size  of  motor  installed 
for  a  reciprocating  air  pump  is  settled  by  the  consideration 
that  a  reserve  of  power  must  be  provided  in  the  motor,  unless 
dangerously  heavy  fuses  are  used,  to  deal  with  the  case  of 
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Fig.  1.— Closed  Cycle  System  of  Boiler  Feeding.  Arrangement  Proposed  by  Mb 
E,  extraction  pump  ；  F,  faed  pump :    T，  auxiliary  turbine;     s，  steam  to  auxiliary  turbine  ； 

auxiliary  turbine. 

flooded  pumps,  such  as  occurs  after  a  stoppage  (from  any 
cause)  while  the  prime  mover  is  running.  This  means  addi- 
tional cost,  and  (in  the  case  of  induction  motors)  ； i  bad  power 
factor. 

No  such  reserve  of  power  is  necessary  with  a  rotary  pump. 
Consequently  the  method  of  independent  motors  with  recipro- 
cating air  pumps  involves  not  only  two  motors  instead  of  one,  but 
that  one  of  those  motors  should  be  larger  than  necessary.  This 
arrangement,  too,  is  likely  to  consume  more  energy  than  a 
single  motor  for  the  combination,  and  a  fortiori  more  than  the 
steam  turbine  drive,  if  feed  heating  is  placed  to  the  credit  of 
the  latter. 

It  will  be  noticed  that  in  the  example  given  above  cooling 
tower  conditions  were  assumed  in  calculating  the  power  of  the 
circulating  pump.  Their  absence  would  have  reduced  the 
power  for  the  pump  from  100  h.p.  to  perhaps  60  h.p.,  depend- 
ing on  the  location  of  the  source  of  water.  Natural  draught 
towers  are  responsible  therefore  for  an  appreciable  increase  in 
the  motive  power  installation,  and  fan-draught  towers  for  a 
considerable  increase. 

So  many  factors  bear  on  condensing  propositions  that  it  is 
difficult  to  generalise.  It  might  be  supposed  that  foi*  a  plant 
with  cooling  towers  it  would  pay  to  pump  the  least  quantity 
of  water  and  to  spend  on  abundant  cooling  surface  the  money 
saved  on  pump  and  tower.  Thus,  though  capital  charges 
would  be  the  same,  running  costs  would  be  saved.  But  the 
assumptions  ui.ide  lead  to  a  high  temperature  of  outgoing 
water,  and  if  any  hardness  is  present  (often  the  case  in  colliery 
districts  where  pit  water  is  used)  a  deposit  is  formeil  in  the 
tubes  which  quickly  reduces  their  efficiency.  In  such  a  case  a 
lower  temperature  of  circulating  water  would  have  been  accom- 
panied by  higher  tube  efiiciency. 

The  question  of  econouiisers  is  almost  entirely  one  of  ther- 
mal elliciency.  It  is  interesting  tlicrcfore  to  note  that  they 
have  been  excluded  from  much  important  American  practice. 


They  are,  on  the  other  hand,  used  extensively  in  English  and 
continental  work,  though  to  very  dirterent  degrees.  Heating 
surface  may  be  arranged  for  either  in  a  boiler  or  outside  it; 
with  these  qualifications,  that  if  in  a  boiler  it  must  be  made  of 
steel,  but  if  outside  it  can  be  made  of  cast  iron  ；  and,  further, 
that  gases  cannot,  in  a  boiler,  be  cooled  below  the  temperature 
of  saturated  steam  at  working  pressure  or  in  some  cases  super- 
heated steam.  In  most  designs  of  boiler  these  limitations 
result  in  a  standard  form,  and  a  temperature  of  outgoing  gases 
between  450^  and  60O  Fah.  Such  a  standard  form  is  accepted ― 
and  properly  so ― as  being  the  outcome  of  the  boilermaker's 
experience  ；  and  the  additional  heating  surface  is  arranged  for 
apart  from  the  limitation  due  to  the  presence  of  saturated  or 
superheated  steam.  But  while  a  certain  uniformity  is  to  be 
found  in  boiler  surface  provided  for  a  given  output,  the 
number  of  economiser  pipes  may  vary  from  nothing  up  to 
12  per  l，00011)s.  evaporated.  This  variation  in  practice  may  be 
accounted  for  by  the  space  available  ；  but  it  is  often  influenced 
by  consideration  of  the  draught  necessary. 

Draught  may  be  created  either  by  a  fan  or  by  a  chimney. 
Where  there  are  peculiar  conditions,  such  as  the  existence  of 

long  and  tortuous  flues,  or  the 
absolute  necessity  for  draughts 
upwards  of  l^in.,  the  question 
is  settled  automatically  in  favour 
of  the  mechanical  method,  prac- 
tical considerations  making  it 
impossible  to  create  a  high  draught 
by  chimney  alone.  With  a 
chimney  the  gases  cannot  be  cooled 
below  a  certain  temperature  ； 
otherwise  insufficient  draught  will 
result.  On  the  other  band,  with 
a  fan,  gases  may  be  cooled  to 
any  degree  desired.  Practical 
limitations  are  soon  set  in  this 
direction  by  the  space  occupied 
by  the  economiser  ；  and  the  result 
is  that,  though  at  rirst  it  might 
be  expected  that  natural  draught 
would  necessarily  be  associated 
with  smaller  economisers  than 
mechanical  draught,  in  practice 
examples  can  be  found  of  natural  draught  stations  employing 
as  large  au  ecoaomiser  surface  as  even  modern  fan  draught 
installations.  The  mechanical  arrangement  has,  however, 
one  advantage  in  facility  of  regulation  independently  of  the 
weather,  and  in  rendering  a  short  chimney  practicable. 

The  value  of  control  over  the  draught  cannot  be  assessed 
except  in  general  terms  by  those  who  have  had  extended  ex- 
perience with  both  methods.  Apart  from  this,  the  cost  of 
power  absorbed  by  the  fans  much  outweighs  the  difference  in 
capital  charges  due  to  a  high  natural  draught  stack,  as  the 
following  illustration,  applicable  to  iustallatious  of  about 
10,000  kw.,  shows  ••— 


Sargent. 
3,  exhaust  from 


For  natural  dm uglit ― 

Co-st  of  chimnev  250  feet  high,  with  fouudations 

For  iiu't-lianiral  draii^zlit ― 

Cost  (  f  cliiinncv  ICO  fvct  hi^h.  w  ith  foundations 
Cost  of  fans  and  motors  and  extra  Hues...  ... 


£:U>00 


l.4(M» 
£2,()00 


system 


f  iwi}>it;il  cxjJciulituK"  in  f:i 


L'haiiical 


£4fH> 


nut 


£7SU 


】《ej，n'h!t'iiti»,u  the  nnniial  cliai-jLTc,  at  1 5  prr  cent . ,  of  -,. 
Ajrainst  t h is  is  to  be  set  ninniiii;  cost  of  motors,  caloii- 
latt'd  on  200  h.p.  for  5,000  Imurs  at  '25(1.  per  unit  ... 

The  circumstances  of  load  may,  however,  demand  great 
elasticity  in  the  steam  raising  plant,  in  which  case  mechanical 
draught  takes  the  place  of  additional  boilers,  and  so  may  justify 
itself.  Moreovt r,  under  normal  conditions  coml)ustion  is 
effected  more  ecouomically  with  a  high  draught,  if  boiler  and 
economiser  surfaces  arc  ample,  less  air  of  dilution  being  re- 
tjuircd  per  lb.  of  coal. 

The  foregoing  discussion  is  applicable  only  in  cases  where 
very  moderate  drauglits  arc  sullicient  ；  and  little  variation  is 
called  for.    The  more  usual  case  with  an  installation  supplying 
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power  for  general  uses  is  that  a  certain  latitude  of  draught  is 
necessary  for  the  purposes  of  the  load,  but  the  obstruction  due 
to  large  economisers  coupled  with  the  reduction  at  the  chimney 
caused  by  lowering  the  temperature  of  the  gases  would  result 
in  insufficient  difference  of  air  pressure  at  the  grate.  In  such 
cases  the  choice  must  lie  between  natural  draught  with  small 
economiser,  or  mechanical  draught  with  large  economiser; 
and  the  following  treatment  is  put  forward  as  being  applicable. 
The  Conditions  assumed  are  as  follows  : ― 

Gases  issued  from  boilers  at     …        ...  …  …  550°  Fall. 

Air  per  Ih.  of  (oal,  on  average...        ...  …  …  231bs. 

Tempeniturt'  of  atmosphere     ...        ...  ...  ...  GO""  Fa h . 

SptH-ific  heat  of  prodiifts  of  combustion  ...  …  "25. 

In  the  case  of  fan  draught,  it  is  further  assumed  : ― 
Oases  leave  economiser  and  enter  fan  at      ...        ...    32(1。  Fall. 

Maximum  water  gauge  ivquiied  at  fa n       ...        ...  Sin. 

Usual  \\ater  £jauge  lequired  at  fan     ...        ...        ...  2in. 

Efficiency  of  fan  .">0  per  cent,  on  average. 

In  the  case  of  chimney  draught : ― 

Gases  leave  oconomiser  at       ...        ...        ...        …    450°  Fa \\ . 

Height  of  chimney       ...    220ft. 

Then  heat  rejected  from  boiler  per  ton  of  coal  fired  is 
(2,240  X  24  X -25)  X  490,  or  6,585.600  B.T.U.  In  the  case  of 
chimney  draught  the  econoniiserabsorbs  (2,240  x  24  x  25)  x  100, 
or  1,344,000  B.T.U. ,  and  of  this  amount  about  70  per  cent., 
ix.、  940,800  B.T.U.,  is  conveyed  to  the  feed  water,  the  balance 
being  dissipated  in  flues,  radiation  and  influx  of  cold  air 
through  economiser  chain  holes.  In  the  case  of  fan  draught, 
the  power  of  the  fan  to  create  3in.  water  column,  with  an 
assumed  efficiency  of  50  per  cent.,  may  be  found  to  be  16.(3 
h.p.  per  ton  of  coal  burned  per  hour.* 

The  usual  horse-power  required  is  therefore  16'6  x  f ,  or  11 
h.p.  per  ton  of  coal  per  hour.  The  number  of  B.T.U.  required 
to  produce  this  energy,  by  way  of  boiler,  turbine,  alternator, 
transformer,  and  motor,  with  a  combined  assumed  efficiency 

of  10  per  cent.,  is  2，545  ><11      280,000  B.T.U.    The  quantity 

of  heat  usefully  absorbed  by  economiser  is  (2,240  x  24-  x  '25)  x 
230  X  -7,  or  2,170,000  B.T.U. 

Consequeutly,  of  the  total  heat  rejected  from  the  boilers 
per  ton  of  coal  burned  per  hour,  viz.,  6,585,600  B.T.U.,  the 
natural  draught  method  ，  with  small  economiser,  realises 
940,800  B.T.U.,  while  the  fan  method,  with  large  economiser, 
realises  2,170,000;  less  power  to  fan  280,000,  1,890,000  B.T.U., 
or  about  double.  Thermodynamically,  therefore,  under  the 
assumed  conditions,  there  is  a  gain  of  over  3^  per  cent.,  really 
due  to  the  use  of  the  large  economiser  which  is  made  possible 
by  mechanical  draught. 

Next,  as  to  the  relative  cost  of  the  arrangements.  This 
will  vary  in  every  case,  and  no  two  opinions  on  the  matter  will 
be  the  same.  On  the  basis  of  an  evaporation  of  60,0001  bs 
steam  per  hour,  or  a  combustion  rate  of  3-84  tons  coal  per 
hour,  the  capital  cost  of  a  fan  installation  with  economiser  of 
9  6  pipes  per  I'OOOlbs.  evaporated  per  hour,  and  short  chimney 
will  be  found  to  be  roughly  the  same  as  for  a  natural  draught 
installation  with  220ft.  chimney  and  economiser  of  four  pipes 
per  l,0001bs.，  viz.，  £1,800.  Capital  charges  can  therefore  be 
left  out  of  a  comparison,  which  might  take  the  following  form  : 


Per  eO.OOOlbs.  Steam  per  Hour 

Mechanical 
Draught. 

Natural 
Draught. 

Saving  of  heat  expressed  as  coal  at  8s.  per 
ton,  12,000  B.T.U.  per  lb.,  and  80  per 
cent,  efficiency  of  evaporation      ...  ... 

Maintenance   

Power  reckoned  for  5,000  hours  at  '25(1.  ... 

£ 
774 

£ 

336 

o 

108 
10 

435 

124 

339 

212 

showing  an  advantage,  in  the  case  of  mechanical  draught,  of 
£127  per  annum.     To  this  saving,  which  will  obviously  be 


*  Height  of 
water  column: 
per  cent. 


i  column  of  heated  products  of  combiistion  equivalent  to  3  inches 
306  feet.    Maxiniuiii  horse-power  required,  with  efficiency  of  5o 


306  x  24  x  2/240 


or  16  6  h.p.  per  tou  per  hour. 


greater  still  with  greater  load  factors  and  in  districts  where  coal 
is  dear,  must  be  added,  for  whatever  it  is  worth,  the  conveni- 
ence of  being  able  to  control  draught  independently  of  atmo- 
spheric conditions,  and  to  force  it  to  a  degree  unattainable  with 
any  chimney. 

It  may  be  argued  that  this  proposition  depends  entirely 
upon  the  manner  in  which  the  capital  expenditure  is  made  up. 
In  the  example  cited  above  a  variation  of  25  per  cent,  in  cal- 
culating the  capital  cost  made  so  as  to  swell  tlie  mechanical 
cost  and  reduce  the  other,  would  just  about  make  the  final 
results  equal.  But  even  in  that  case  there  would  remain  the 
practical  advantages  indicated. 

Of  more  importance  is  the  objection  tliat  an  increase  of  the 
cost  of  power  from  -25(1.  to  -SHd.  would  extinguish  the  saving 
altogether.  And  this  leads  us  to  enquire  what  is  the  cost  of 
power  for  auxiliary  purposes.  For  most  calculations  it  may  be 
taken  as  the  cost  at  generator  terminals,  plus  some  addition  for 
transformation  if  necessary  ；  less  wages,  as  these  are  practically 
unaffected  by  the  small  proportion  of  output  used  on  the  sta- 
tion. The  cost  thus  revolves  itself  into  coal,  repairs  and  capital 
charges  on  generating  and  transforming  plant.  Many  stations 
can  now  produce  energy  at  31bs.  coal  per  unit ― some,  of 
course,  for  much  less ― but  at  that  figure  and  Hs.  per  ton  the 
coal  cost  is  '13d.  Capital  charges,  at  lo  per  cent,  on  £15  per 
kw.  with  load  factor  40  per  cent.,  amount  to  -154(1.,  repairs 
to  '02d.,  making  a  total  charge  for  auxiliary  power  of  *304d. 
The  figures  adopted  here  are  liberal  with  respect  to  good 
modern  practice,  and  the  price  of  •25d.  assumed  in  former 
calculations,  if  】ow，  is  not  by  any  means  unattainable. 

On  the  whole,  it  would  seem  that  the  deciding  factor  in 
settling  the  matter  of  draught  is  the  nature  of  the  load.  In 
isolated  cases  such  a  question  as  ability  of  the  ground  to  carry 
a  high  chimney  might  be  important ― or  again,  the  quality  of 
ease  in  removal  might  recommend  a  short  chimney  and  fan. 

It  is  only  by  elasticity  of  definition  that  feed  pumps  can  be 
regarded  as  apparatus  to  render  a  thermodynamic  principle 
advantageous.  Yet  they  do  not  fall  naturally  into  any  other 
subdivision,  being  rather  one  of  the  main  organs  for  carrying 
out  the  cycle.  The  power  station  designer  has  here  a  wide 
choice  between  steam  and  electrical  drive,  and  between  recipro- 
cating and  rotating  pumps.  The  latter  possess  many  of  the 
advantages  of  rotary  air  pumps  already  discussed,  and  practi- 
cable forms  have  been  evolved,  though  it  is  to  be  regretted  that 
the  manufacture  of  them  has  not  been  developed  on  the  North- 
Easfc  Coast.  Such  pumps,  in  respect  of  minimum  wear, 
absence  of  valves,  elimination  of  shocks  to  feed  pipes  and 
check  valves  inseparable  from  reciprocating  pumps,  are  almost 
ideal  for  power  station  work. 

If  a  rotary  feed  pump  can  be  combined  with  the  circulating 
auxiliaries  already  described,  and  the  whole  be  driven  by  a 
turbine  on  one  shaft,  a  peculiarly  compact  and  economical  piece 
of  apparatus  results.  There  are  naturally  drawbacks  in  giving 
effect  to  this  idea  :  one  that  will  at  once  occur  to  designers  and 
station  engineers  is  that  it  may  be  difficult  to  find  one  speed 
suited  to  lour  different  rotating  objects  ；  to  a  circulating  pump 
which  may  possibly  have  to  deal  with  70  times  as  much  water 
(as  the  feed  pump  ；  or  to  an  impeller  drawing  against  29in. 
vacuum  and  one  delivering  against  2501bs.  pressure. 

Though  not  necessarily  dependent  upon  rotary  feed  pumps, 
the  closed  cycle  system,  whereby  the  feed  water  is  at  no  stage 
exposed  to  the  atmosphere,  is  rendered  so  much  more  attractive 
by  their  use  that  it  may  be  noticed  here.  The  idea  underlying 
its  application  is  that  by  reducing  or  altogether  eliminating  the 
aeration  of  the  feed  much  trouble  with  economisers,  feed  pipes, 
and  boiler  shells  may  be  prevented.  Since  the  feed  is  at  no 
Stage  exposed  to  view  as  a  current,  it  cannot  be  measured  by 
the  ordinary  methods,  and  where  anything  more  accurate  than 
a  Venturi  tube  test  is  required  an  alternative  arrangement  of 
pipes  must  be  installed  for  diverting  the  feed  to  the  test  tanks 
or  recorders.  For  the  same  reason  it  cannot  be  heated  at  atmo- 
spheric pressure,  and  surface  heaters  are  therefore  necessary. 
Then  some  elasticity  is  required  between  the  discharge  of  the 
extraction  pump  and  the  suction  of  the  feed  pump,  to  meet  the 
case  of  boilers  not  requiring,  minute  by  minute,  exactly  the 
same  quantity  as  the  steam  condensed.  And,  again,  make-up 
feed  for  wastage  has  to  be  provided  for. 

There  are  two  or  three  methods  of  meeting  these  points. 
The  simplest,  but  also  the  crudest,  is  to  provide  a  relief  valve  on 
the  feed  discharge,  and  regulate  the  admission  of  make-up  feed 
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to  the  condenser  by  hand.  A  more  elegant  suggestion,  due  to 
Mr.  Sargent,  and  shown  in  Fig.  1，  is  to  provide  a  tank  into 
which  the  extraction  pump  delivers,  and  from  which  the  feed 
pump  dniws.  The  tank  is  furnished  with  an  overflow  to  a 
main  reserve  tank  below,  and  a  float  mechanism  controlling  a 
make-up  feed  valve  from  reserve  tank  to  condenser.  When 
there  is  a  surplus  of  water  discharged  from  the  condenser  it 
overflows  to  the  reserve  tank,  and  when  there  is  a  shortage  the 
float  valve  opens  the  connection  from  reserve  tank  to  condenser. 
In  this  manner  the  system  is  rendered  absolutely  automatic, 
while  the  external  make  up  for  wastage  can  be  introduced  by  a 
float  controlled  valve  in  the  reserve  tank  fixed  at  a  suitable 
level.  13y  introducing  the  external  make  up  at  this  stage  it 
becomes  completely  de-aerated  before  reaching  the  feed  pump. 
Some  stand-by  pumping  plaut  might  be  required  for  the  case 
of  hanked  fires.  This  system  is  noticed  here  as  being  one 
which  makes  for  simplicity  without  the  introduction  of  any- 
thing more  difficult  to  arrange  for  than  a  stand-by  pump  and 
some  alteration  to  the  pipe  system .  It  is  true  that  it  multiplies 
the  total  number  of  pumps  in  a  station,  but  not  the  number  of 
motors  or  engines  necessary  for  driving  them. 

(To  be  continued.) 


FUEL  VALVE  OPERATING  MECHANISM  FOR  DIESEL  MOTORS. 

In  Diesel  motors  which  are  started  with  compressed  air,  the 
fuel  valve  must  be  kept  closed  during  the  starting  operation  in 
order  that  the  compressed  air  used  for  starting  shall  not  enter 
the  fuel  supply  pipe.  For  this  purpose  the  mechanism  for 
operating  the  fuel  valve  must  be  placed  out  of  action  during 
the  starting  operation.  This  is  effected  in  existing  motors  by 
shifting  the  fulcrum  or  pivot  of  the  fuel  valve-operating  lever 
by  means  of  eccentrics  so  as  to  interrupt  the  transmission  of 
motion  from  the  cam  or  tappet  disc  to  the  fuel  valve. 

In  the  arrangement  illustrated,  the  invention  of  Maschinen- 
fabrik  Augsburg- N iirnberg  A.-G.,  of  No.  100，  Katzwanger- 
strasse,  Niirnberg,  Germany,  any  shifting  of  the  fuel-valve 
operating  mechanism  is  obviated.  The  fuel  valve  needle 
or  spindle  is  provided  with  a  piston,  upon  which  the  injected 
compressed  air  for  combustion  can  act  with  a  tendency  to 
open  the  valve  while  the  valve-operating  mechanism  is  so 
arranged  that  the  latter  does  not  lift  the  valve  directly  but  only 
relieves  the  valve  from  the  pressure  of  a  spring  which  has  a 
tendency  to  close  the  valve.  The  area  of  the  piston  and  the 
power  of  the  spring  are  made  such  that  the  spring  will  over- 
come the  pressure  of  the  injected  compressed  air  for  combus- 
tion upon  the  piston  and  thus  keep  the  valve  closed  against  the 
pressure  of  the  starting  air  in  the  cylinder  so  long  as  the  spring 
is  allowed  to  act.  During  the  injection  of  the  air  for  combus- 
tion the  valve  is  relieved  of  the  pressure  of  the  spring  by  the 
valve-operating  mechanism,  and  the  injected  air  is  then  able  by 
its  pressure  upon  the  piston  to  push  open  the  fuel  valve  and 
thus  allow  the  fuel  to  pass  out.  The  supply  of  air  for  injection 
is  shut  oft  during  the  starting  operation,  so  that  this  air  can  no 
longer  act  upon  the  piston,  and  therefore  the  fuel  valve  will 
remain  closed  also  when  it  is  relieved  of  the  pressure  of  its 
closing  spring  by  the  valve-operating  mechanism.  For  this 
reason  it  is  not  necessary  to  place  the  valve-operating  mecha- 
nism out  of  action  during  the  starting  operation. 

Referring  to  the  illustration,  which  shows  a  longitudinal 
section  of  the  fuel  supply  valve,  A  is  the  valve  spindle,  having  a 
conical  end  13  for  closing  the  valve  outlet.  Behind 
the  cone  B  a  shoulder  C  is  formed  on  the  spintlle.  The 
annular  surface  formed  by  this  shoulder  is  exposed  to  the  pres- 
sure of  the  air  for  combustion  entering  through  the  pipe  F. 
So  long  as  this  air  is  admitted  into  the  valve  it  has  a  tendency 
to  open  the  latter.  A  stutling-box  prevents  this  air  from 
escaping  to  the  outside.  H  is  a  bell-crank  lever  for  operating 
the  fuel  valve ;  it  is  fulcrumed  on  a  pivot  J  and  carries  at  one 
end  an  anti-friction  roller  Iv  bearing  against  a  cam  disc  L. 
The  other  end  of  the  lever  H  is  forked  so  as  to  embrace  by 
means  of  its  two  slotted  prongs,  two  studs  M，  one  on  each 
side  of  a  sleeve  N.  This  sleeve  is  slidable  along  the  valve 
spindle  A，  and  is  formed  at  one  entl  with  :i  spring  cup  1)  ；  at  its 
other  end  it  bears  against  the  collar  O  on  the  valve  spindle. 
Q  is  a  spiral  spring  bearing  at  one  end  against  the  cup  P  and 


at  its  other  end  against  the  cup  II.  The  valve  spindle  is 
further  provided  with  a  collar  S  against  which  bears  a  weaker 
spring  T. 

The  operation  is  as  follows  :  So  long  as  the  motor  is  run- 
ning normally,  air  for  combustion  is  injected  through  the  pipe 
F  into  the  valve  casing,  where  it  presses  against  the  annular 
surface  of  the  shoulder  C  with  a  tendency  to  open  the  valve. 
The  pressure  of  the  injected  air  is  however  overcome  by  the 
powerful  spring  Q,  which  acts  to  close  the  valve  through  the 
medium  of  the  sleeve  N  and  the  collar  O.  When,  however,  the 
sleeve  N  is  lifted  by  the  cam  disc  L  oft  the  shoulder  0，  and  the 
valve  is  thereby  relieved  of  the  pressure  of  the  spring  Q,  then 


Fuel  Valtk  OPERAXiNr,  Mechanism  for  Diesel  Motors. 

the  pressure  which  is  exerted  upon  the  annular  surface  C  by 
the  injected  air  is  sufficient  to  overcome  the  weak  spring  T,  and 
open  the  fuel  valve.  During  the  starting  of  the  motor,  how- 
ever, the  injected  air  admitted  through  the  pipe  F  is  shut  off. 
Now,  when  the  sleeve  N  is  lifted  off  the  collar  O  by  the  valve- 
operating  mechanism,  only  that  pressure  acts  upon  the  valve 
spindle  which  is  exerted  upon  the  end  surface  of  the  cone  B  by 
the  starting  air  in  the  motor  cylinder.  Since  this  end  surface 
is  very  small  and  the  pressure  of  the  starting  air  is  generally 
considerably  lower  than  that  of  the  air  injected  for  combustion, 
the  pressure  of  the  starting  air  is  not  able  to  overcome  the 
pressure  of  the  spring  T.  The  valve  therefore  remains  closed 
during  the  starting  operation. 


The  Acidity  and  Alkalinity  of  Natural  Waters. — At  a  meeting 
of  the  Scottish  Section  of  the  Society  of  Chemical  Industry 
recently  held  at  Glasgow,  a  paper  on  this  subject  by  Prof. 
James  Walker,  I.L.D.,  F.R.S.,  and  Dr.  S.  A.  Kay,  of 
rMin burgh  University,  was  read  by  the  former.  Natural 
waters,  Professor  Walker  said,  might  be  neutral,  alkaline,  or 
acid.  The  acidity  or  alkalinity  was  commonly  determined  by 
means  of  indicators,  and  it  frequently  happened  that  one  and 
the  same  water  was  reported  as  acid  by  one  analyst  and 
alkaline  by  another.  This  depended  on  the  indicator  used. 
Acidity  depended  on  the  concentration  of  hydrogen  ions  and 
alkalinity  on  the  concentration  of  hydroxyl  ions  contained  in 
the  water.  Absolutely  pure  wator  was  neutral,  anil  contained 
these  ions  in  exactly  equivalent  proportions.  A  water 
containing  excess  of  hydrogen  ions  was  acid,  and  au  alkaline 
water  contained  excess  of  hydroxyl  ions.  In  the  course  of  the 
paper  a  method  was  described  for  deterinining  the  concentra- 
tions of  the  liydrogen  and  hydroxyl  ions  in  the  water,  and 
hence  the  acidity  or  alkalinity.  The  method  was  acolorimetric 
one  and  was  based  on  the  use  of  standard  solutions  of  known 
acidity  and  alkalinity,  wbicli  gave  definite  colours  with  the 
indicator  azolitniire.  A  convenient  method  of  expressing  the 
neutrality,  acidity,  or  alkalinity  of  a  natural  Nvater  in  terms  of 
pure  water  as  standard  Nvas  described, 
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Grikrson  s  Gauge  (Class 】、>  for  Tramway  Rails. 


I  down,  until  it  touches  the  head  of  tlie  rail  ；  it  is  then  clamped 
by  means  of  a  milled 'head,  removed,  and  the  reading,  which 

i,  indicates  the  number  of  pounds  per  yard  weight  of  the  rail, 
taken .      This  occupies  less  than  a  minute.      The  advantages 

参  claimed  for  the  gauge  are  ：  (1)  The  rate  of  wear  and  the  result- 
ing weight  of  the  rails  per  yard  can  be  ascertained  in  a  moment, 

]     without  removing  them  from  the  permane'nt  way  ；  (2)  rails 

i  f^an  be  weighed  or  measured  at  any  time  without  stopping  the 
traific  or  working  single  line  as  at  present  ；  (3)  the  life  of  the 


Method  op  Applying  Grierson"r  Kail  Gaugk. 

for  the  purpose  of  weighing  the  rails,  as  at  present.  The 
sole  manufacturers  of  the  instrument  are  Messrs.  W.  F. 
Stanley  k  Co.  Ltd..  Gt.  Turnstile,  Holborn,  W.C. 


Engineer  Electrocuted. ― An  electrical  engineer  was  electro- 
cuted at  the  Dublin  Corporation  ； Electrical  Supply  Works, 
Pigeon  House  Fort,  Eingsend,  on  Friday  last.  He  was  in  the 
employment  of  Messrs.  Ferranti,  Limited,  Hollinwood, 
Lancashire,  electrical  contractors,  and  was  engaged  in 
connection  with  some  extensions  at  the  Pigeon  House  Works 
when  he  accidentally  put  his  hand  on  a  live  terminal  and  was 
instantly  electrocuted,  a  current  of  5,000  volts  passing  through 
bis  body. 


Mr. 


A  NEW   RAIL  GAUGE. 

T.  B.  Grierson,  M.Inst.C.E.,   has  recently  patented 


a  gauge  for  obtaining  the  weight  of  rails  in  the  permanent 
way.  The  gauge  consists  of  two  arms  firmly  pivoted, 
and    made    to    embrace    exactly    tbe    head    of   the   rail . 


rails  may  be  lengthened  without  any  risk,  by  leaving  them  in 
tho  road  until  they  are  worn  down  to  the.  line  of  maximum 
w('ar  shown  on  the  rail  gauge  ;  (4)  the  gauges  can  he  applied 
to  any  section  of  rail  and  to  all  kinds  of  poniiancni  way, 
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Grtkrson': 


Gauge  (Class  ('),  with  sliding;  indicator,  fur  rails  sul>iect  to  ii'i'egnlar 
wear  such  as  on  curves  aurl  those  of  electric 


Grierson's  Gauge  (Class  A),  for  Ordinauy  Ratt^s. 

It  carries  a  slide  and  sliding  rod,  the  sliding  rod  being  divided 
on  one  side'  to  indicate  pounds  weight  per  yaid,  and  on  tho 
other  side  to  parts  of  an  inch  to  show  the  rat©  of  wear.  Tlie 
gauge  is  used  in  the  following  manner  ：  The  place  to  be  gauged 
is  brushed  clean  with  a  steel  brush,  the  gauge  is  applied  to 
the  rail  head,  and  held  firm  while  the  slide  rod  is  pushed 


including  tramways  ；  (5)  in  addition  to  the  saving  which  may 
be  effected  by  this  method,  in  the  maintenance  of  tbe 
permanent  way,  an  increase  in  tbe  traffic  receipts  is  promoted 
by  dispensing  with  the  stopping  of  goods  and  passenger  trains 
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BOOK  REVIEWS. 

The  Portable  Steam  Engine  ：    Its  Construction  and  Management. 

A  Practical  Manual  for  Owners  and  Users.  By  \V.  I>. 
Wansbrough.  London ;  Crosby  Lockwood  &  Soa 
9in.  by  5iin.     165  pages.    Price  4s.  6d.  net. 

This  little  book  is  like  the  curaWs  egg,  "  parts  of  it  are 
excellent/'  but  a  good  deal  might  he  omitted  without  serious 
loss,  notably  the  middle  chapters,  consisting  of  about  one- 
third  of  the  book,  and  which  is  little  more  than  a  glorified 
catalogue  with  numerous  inconvenient  folding  illustrations 
obviously  reproduced  from  makers'  blocks,  and  interspersed 
with  trade  puffs  or  remarks  in  which  the  average  reader  has 
no  interest.  Against  this  kind  of  book-making  we  wish  to 
enter  a  strong  protest.  There  is  far  too  iiiucli  of  it  at  the 
present  day.  Who,  for  instance,  cares  a  fig  to  know  that 
Messrs.  So-and-so  claim  to  have  been  the  first  to  use  steel  in 
their  fireboxes,  or  that  Messrs.  So-and-so  do  not  now  make 
sucli  and  such  a  type  of  engine  and  invite  you  to  compare 
what  they  now  make  with  what  they  used  to  make.  It  is 
mere  salesman's  chatter  and  does  not  interest  one  reader  in  a 
hundred.  The  author  does  more  justice  to  himself  and  gives 
much  more  information  in  the  last  60  pages  of  the  book, 
dealing  with  the  use  and  management  of  portable  engines,  the 
action  of  slide  valves,  &c.，  than  in  all  that  precedes  them, 
if  we  except  the'  first  two  chapters  dealing  with  the  evolution 
of  the  portable  engine,  and  which,  with  the  end  portion  named, 
constitute  all  that  entitle  the  book  to  any  permanent  value. 
The  rest  gives  little  or  nothing  that  could  not  be  gathered  by 
a  cursory  visit  to  almost  any  agricultural  show. 

*  *  * 

Boiler  Draught,  By  Keay  Pratt,  M.I.Mech.E,  London : 
Constable  &  Co.    7|in.  by  5in.     138  pp.    Price  4s.  net. 

The  draught  of  a  boiler  is  but  one  of  so  many  features 
associated  with  its  working  that  a  book  specially  devoted  to 
its  discussion  is,  we  fear,  scarcely  likely  to  appeal  to  a  wide 
circle,  especially  as  the  ground  here  covered  contains  nothing 
that  can  bo  described  as  new  or  specially  important,  and 
which  is  not  equally  as  well  dealt  with  in  existing  and  more 
comprehensive  treatises  on  boiler  working.  However,  within 
the  limits  he  has  set  himself,  the  author  deals  with  the  sub- 
ject in  a  clear  and  simple  manner,  and  to  such  as  seek 
information  only  on  questions  concerning  air  supply  and 
draught  of  steam  boilers  the  book  may  prove  of  service. 

*  *  * 

Diesel  Engines  for  Land  and  Marine  Work.  By  A.  P.  Chalkley, 
B.So..  Assoc. M. Inst. C.E.,  with  an  introductory  chapter  by 
Dr.  Rudolph  Diesel.  London  :  Constable  &  Co  ，  Ltd. 
8fin.  by  Gin.    226  pp.    Price  8s.  6d.  net. 

Although  the  Diesel  engine  is  but  a  particular  type  of  oil 
engine  in  essentials  its  fuel  economy  is  so  superior  to  the  ordi- 
nary oil  engine,  and  the  difficulties  attending  its  first  introduc- 
tion have  been  so  successfully  surmounted  in  the  process  of 
constructional  development  that  it  promises,  in  one  or  other  of 
its  modifications,  to  he  the  only  acceptable  type  of  oil  engine 
where  large  powers  are  concerned.  It  has  already  secured  a 
wide  adoption  in  land  practice,  and  its  use  for  the  propulsion  of 
steamships  is  making  steady  and  rapid  progress.  Indeed  it 
is  in  this  direction  that  its  future  commercial 
triumphs  promise  the  greatest  success.  The  con- 
spicuous feature  of  the  Diesel  engine  is  that  the  oil  is 
vaporised  not  by  the  application  of  external  heat  but  that 
developed  by  the  sudden  compression  of  the  air  within  the 
cylinder  while  the  combustion  of  the  charge  of  fuel  is  to  some 
extent  under  control  and  can  be  distributed  over  the  combus- 
tion stroke  and  so  give  less  fluctuation  of  pressure  in  the 
cylinder.  It  may  in  fact  l)c  regarded  as  a  true  internal-com- 
bustion engine  in  which  the  heat  of  fuel  is  transformed  directly 
into  useful  work  in  a  cylinder  without  any  previous  process  of 
transformation.  The  satisfactory  working  of  the  Diesel  cycle 
necessitates  much  higher  pressures  for  compression  and  for 
pulverising  the  oil  supply  than  have  been  attempted  or  are 
necessary  in  other  internal-combustion  motors,  and  it  is  this 
feature  which  has  called  forth  the  distinctive  mechanical 
details  in  its  construction.  Those  are  all  iulmirably  clescnl)ed 
and  discussed  in  the  work  before  us,  which  in  view  of  the  rapid 
and  growing  interest  in  this  type  of  motor  will,  we  doubt  not, 


prove  interesting  to  a  wide  circle  of  readers.  The  book  is  well 
written,  all  the  details  are  fully  dealt  with,  and  the  illustrations 
are  both  numerous  and  excellent.  The  introduction  by  Dr. 
Rudolph  Diesel  is  interesting  reading  .as  a  summary  of  past 
attainments  and  future  possibilities,  and  also  as  a  warning 
against  rash  attempts,  of  which  many  will  doubtless  be  made,  to 
build  this  type  of  motor  without  the  adequate  care  required  in 
manufacture.  As  this  warning  is  important  we  take  the  liberty 
of  quoting  it.  "  The  Diesel  motor,"  he  remarks,  "  must  be  con- 
structed with  extreme  care  and  the  best  materials  employed  in 
order  that  it  may  properly  fulfil  all  its  capabilities  ；  only  the 
best  and  most  completely  equipped  works  can  build  it."  These 
fundamental  conditions  regarding  construction  he  truthfully 
observes  are  no  disadvantage,  but  on  the  contrary  tend  to  raise 
the  excellence  of  workmanship.  The  warning,  however,  should 
be  taken  to  heart  by  both  makers  and  users. 


^       BOOKS  RECEIVED. 

Four  Place  Tables  of  Logarithms  and  Trigonometric  Functions. 

Compiled  by  E，  V.  Huntingdou,  Assistant  Professor  of  Mathe- 
matics in  Harvard  University.  London  :  E.  and  F.  X.  Spon, 
Ltd.    Price  3s.  net. 

Transactions  of  the  Liverpool  Engineering  Society.  Vol.  XXXIl. 
Edited  by  T.  E.  Wolton,  M.A.,  Assoc.M.Inst.C.E.  Published 
by  the  Society,  Royal  Institution,  Colquitt  Street,  Liverpool. 

Brook's  Mechanical  Engineers*  Price  Book.  London  ：  Messrs. 
E.  and  F.  N.  Spon,  Ltd.    Price  4s.  net. 


PROBLEMS  OF  DEEP  MINING. 

Lecturing  at  the  Birmingham  University  on  "  The  Problems 
of  Deep  Mining,"  Professor  John  Cadman  declared  that  the 
problems  which  were  connected  with  the  threatened  national 
stoppage  in  the  coal  trade  were  small  as  compared  with  some 
of  the  great  problems  relating  to  deep  mining.    During  the 
last  financial  year,  the  lecturer  mentioned  that  264  million 
tons  of  coal  was  mined,  of  which  84  million  tons  were  ex- 
ported, the  quantity  consumed  in  this  country  amounting  to 
four  tons  per  head  of  the  population.      Professor  Cadinan 
stated  that  one  of  the  most-  difficult  problems  that  remained 
to  be  solved  in  connection  with  deep  mining  was  the  keeping 
of  the  mine  atmosphere  at  a  livable  temperature.     Air  that 
was  pumped  into  the  mine,  he  said,  was  responsible  for  the 
oxidation  of  the  coal,  and  that  produced  heat  that  was  greater 
than  the  rock  temperature  iteelf .    This  difficulty  was  met  by 
a  method  of  cooling.    If  deep  mining  was  to  be  carried  on, 
lees  duet  must  be  manufactured  and  prevented  from  being 
distributed  in  the  mine.    There  were  many  ways  of  doing 
this,  including  tlie  construction  of  roadways  lined  with  noii- 
oxi  disable  】na£erials，  the  conveyance  of  the  coal  iu  dust -tight 
trains,  and  the  complete  filling  of  the  place  left  after  'the 
extraction  of  the  coal.    The  lecturer  referred  to  the  work 
done  in  experimental  mines,  and  said  that  a  good  deal  of 
knowledge  had  been  obtained  in  connection  with  work  in  hot 
temperatures.    He  alluded  to  the  establishment,  which  had 
just  been  announced,  of  a  lectureship  endowed  by  the  coal- 
owners  to  di^al  with  iiune  resciio  appliances  in  the  Midland 
Counties.,    He  did  not  intend  expressing  any  opinion  at  this 
stage  on  the  matter,  but  he  might  say  that  the  lecturer  would 
have  to  deal  with  a  very  scientific  problem  in  ininiug.  He 
would  be  the  instructor  of  the  instructors  in  the  various  dis- 
tricts, and  would  inspect  the  various  rescue  stations  witli  the 
view  of  keeping  tliem  in  an  efficient  stat^. 


Interesting  Locomotive  Boiler  Tcits.  ―  The  Jacobs-Shupert 
U.  S.  Firebox  C(>mp;mv,  Coatt'svillo.  l)a.,  has  arrani ；，、 d  for  a 
series  of  tests  to  he  coiiduft<^d  undor  the  direi-tion  of  Dr.  \V. 
F.  M.  Goss  regarding  tlie  efficiency  as  well  as  the  sti-entrth  and 
resist  a  nee  of  tlie  Jacobs-Sluiport  seoticmal  firebox  in  ronipari- 
son  wiHi  a  similar  firebox  of  tho  st-andard  staybolt  ty]>e.  A 
special  t-estiui^  plant  has  Ihhmi  erect for  the  purpose  of  the 
tests.  On  the  ronclusion  of  the  effioienoy  tests  tho  boilers  are 
to  be  subjected  to  low-wat^r  tests.  Provision  will  be  made  for 
sport  at  ors  to  o])servo  tli«'st、  t-ests  without  <lan^er  or  injun*  ni 
taso  of  explosion.  The  boilers  are  to  be  identical  iu  const  rut - 
tion  except  for  the  fireboxes.  The  t<*sts  will  he  complete 
oil  or  about  April  1. 
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NOTES  ON  TWO-CYCLE  OIL  ENGINES.* 

BY  FRANK  DUNCANSON,  B.SC. 

If  the  internal -combustion  engine  is  to  displace  the  steam 
engine  for  marine  propulsion,  it  must  answer  to  the  follow- 
ing requirements  ：  it  must  have  a  large  shaft  horse-power  at 
a  reasonably  low  speed  (in  order  to  get  propeller  efficiency), 
its  weight  per  brake  horse -power  must  be  low,  tlx©  space 
taken  up  must  be.  small,  and,  most  important  of  all,  the  fuel 
consumption  must  be  low.  In  comparing  the  advantages  of 
2-cycle  internal-combustion  engines  with  those  of  4 -cycle 
engines,  we  have  these  important  factors  to'  consider. 

A  2-cycle  engine  theoretically  should  give  twice  as  much 
power  at  a  given  speed  as  a  4 -cycle  engine  having  tli&  same 
piston  displacement.  Hence  for  a  given  power  and  speed 
w©  should  need  only  half  the  piston  displaoenient  in  a 
2 - cycle  engine  and  consequently  should  get  a  lighter  and 
more  compact  machine.  In  ordei"  to  get'  these  ideals  realised 
the  mean  effective  pressure  in  the  cylinders  must  be-  the  same 
in  a  2-cycle  as  in  a  4-cycle'  engine,  and  the  mechanical 
efficiency  must  be  the  same  in  both  cases. 

The  difficulties  which  must  be  overcome  in  the  design  of  a 
successful  2 -cycle  engine  are  :  (1)  Due  to  imperfect  scaveng- 
ing, the  fresh  charge  is  diluted  with  inert  exhaust  gases, 
and  heuce  combustion  is  imperfect,  consequently  the  mean 
effective^  pressure  is  low  ；  (2)  due  to  the  same  cause,  weak 
mixtures,  which  would  otherwise'  effect  an  economy  in  fuel, 
will  not  ignite  at  all,  and  therefore  cannot  be  used  ；  (3)  if  the 
exhaust  valve  or  port  is  still  open  when  the  fresh  charge  is 
pumped  in,  some  of  the  fuel  will  inevitably  e&cape  with  the 
exhaust,  and  thus  the  fuel  consumption  will  be  high.  This 
applies  also  to  engine's  which  have  a  ((  buffer  '  of  scavenging 
air  blown  in  between  the  exhaust  and  the  mixture,  because 
it  is  impossible  to  avoid  diffusion,  and  mixing  of  the  gases 
due  to  eddies  ；  (4)  the  mechanical  efficiency  of  the  2-cycle 
engine  will  be  less  than  that  of  the  4 -cycle  engine  on  account 
of  the  auxiliary  machinery  which  must  be  used  in  scavenging 
the  cylind?r  and  pumping  in  the  fmd】  charge. 

All  these  disadvantages  will  naturally  combine  in  giving 
an  engine  which  compares  unfavourably  with  the  4-cycle  in 
fuel  consumption,  weight  and  bulk.  Tlie  conditions  to  be 
aimed  at  in  the  design  of  a  2-cycle  engine  are  :  At  the-  end  of 
the  power  stroke  we  must  get'  rid  of  the  exhaust  gases,  then 
the  cylinder  must  be  scavenged,  i.f the  residual  gas  now 
at'  about  atmospheric  pressure  niusi  be  swept  out  of  the 
cylinder,  and  the  cylinder  left  full  of  fresh  air  at  or  above 
atmospheric  pressure.  While  this  air  is  being  compressed 
on  the'  return  stroke  of  the  piston  and  the  exhaust  ports  are 
closed,  a  small  quantity  of  fuel  must  be  sprayed  into  or 
otherwise  intimately  mixed  with  the  air  to  form  an  explosive 
mixture  which  may  be  ignited  towards  the  end  of  the  com- 
pression stroke  or  at  the'  commencement  of  the  power  stroke. 
It  would  be  an  advantage  if  the  fuel  were  not  injected  until 
the  compression  stroke  is  completed,  thus  the  danger  of  pre- 
ignition  would  he  entirely  avoided,  the  extra  work  in  pump- 
ing in  the  small  quantity  of  fuel  at  compression  pressure 
instead  of  at  slightly  above  atmospheric  pressure  being  quite 
negligible.  Another  advantage  of  pumping  in  the  fuel  at 
the  end  of  the  compression  stroke  is  that  the  space'  is  much 
smaller,  and  therefore'  the  mixing  can  be  more  easily  effected. 

The  advantages  which  we  have  given  to  us  straight  away 
on  the  adoption  of  the'  2-cycle'  principle  are  ：  (1)  The  absence 
of  valve  pockets  and  big  valves  in  the  cylinder  head  renders 
the  design  of  this  very  simple,  moreover  the  combustion 
chamber  or  clearance  space  is  much  more  compact,  thus 
giving  ideal  conditions  for  the  ignition  of  the  charge, 
because,  as  is  well  known,  the  flame  originating  at  the  igni- 
tion plug  takes  an  appreciable  time  to  travel  to  the  more 
remote  parts  of  the  combustion  chainber,  and  the  more 
compact  the  combustion  chamber  can  be  made  the  ninr') 
rapid  the  ignition,  and  hence  the  better  the  t hernial  efficiencv 
of  the  engine.  (2)  If  scavenging  is  perfect,  then  the  tot?il 
volume  of  the  cylinder,  ？丄， the  piston  displacement,  together 
with  the  clearance  volume,  is  filled  with  fresh  air  which  can 
be  usefully  employed  in  the  power  stroke,  whereas  in  the 
ordinary  4-cycle  engine  the  combustion  chamber  is  always 
left  full  of  exhaust  gases,  at  about  atmospheric  pressure, 

*  Paper  read  before  the  Institute  of  Mariue  Engiueurs. 


which  mix  up  with  the  fresh  charge  and  dilute  it,  thus 
lowering  both  the  capacity  and  the  thermal  efficiency  of  the 
engine.  (3)  Much  weaker  mixtures  could  be  used  in  well- 
scavenged  2-cycle  engines,  thus  increasing  the  thermal 
efficiency  to  even  more  than  that  of  a  4-cycle  engine.  (4)  A 
more  uniform  torque  can  be  obtained  with  a  2-cycle  engine 
because  work  is  done  on  every  downward  stroke  of  the  piston. 
This  uniformity  of  torque,  besides  enabling  a  fly-wheel  to  be 
dispensed  with,  also  conduces  to  better  propeller  efficiency. 
(5)  The  dimensions  of  the  engine  would  be  much  less  than 
those  of  a  4-('y('le  engine  of  the  same  power,  and  this  would 
compensate  for  the  space  taken  up  by  the  auxiliaries. 

By  careful  design  and  understanding  of  the  conditions 
to  be  aimed  at,  there'  is  no  reason  why  the  all-round  efficiency 
of  the  2-cycle  engine  should  not  be  as  good  as,  or  even  better 
than,  that  of  the-  4-cycle  engine. 

Considering  now  the  pumping  operations,  the  suction 
stroke  of  the  2 -cycle  engine  differs  from  that  of  the  4-cycle 
only  in  that  it  is  carried  out  in  a  separate  pump  wliicli  is 
designed  for  this  purpose  only.  The  pump  cylinder  is  not 
heated  up,  and  the  cylinder  walls  and  valves,  since  tbey  are 
subject  to  small  pressures  only,  can  be  made  of  proper  pro- 
portions, and  heiice  they  will  be  light  in  weight.  All  these 
things  combine  to  raise  the  efficiency  of  the  pumping  actions; 
the  volumetric  efficiency ― i .e.,  the  capacity  of  the  engine — 
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increases,  due  to  the  fact'  that  for  the  same  piston  displace- 
ment the  power  cylinder  receives  a  greater  quantity  of  cold 
air  than  if  the  suction  stroke  has  been  carried  out  in  the 
cylinder  itself.  The  frictional  losses  and  voir,  metric 
efficiency  of  the  pump-cylinder  should  not  be  far  dijTerent 
from  those  attainable  in  all  good  air  pumps,  say  a  suction 
pressure  of  14*1  to  144  lbs.  absolute,  and  a  volumetric 
efficiency  of  from  '95  to  '97.  Since  the  most  favourable 
pressure  of  the  scavenging  air  is  from  lib.  to  31bs.  by  gauge, 
the  rise  of  temperature  due  to  compression  is  negligible,  and 
ill  any  case  it  disappears  during  the  transfer  of  the  air  to 
the  reservoir  or  the  power  cylinder. 

It  is,  of  course,  as^sumed  that  the  scavenging  air  and 
charge  is  furnished  by  a  separate  pump  independent  of  the 
power  cylinder.  The  conditions  are  much  worse,  when,  as 
is  sometimes  done,  the  front  end  of  the  cylinder  is  used  as 
a  pu]np，  in  which  case  the  efficiency  is  lowered  by  the  strong 
heat  transfer  from  the  power  cylinder  to  the  puinp  cylinder. 
The-  conditions  are  still  more  unfavourable  when  the  enclosed 
crank  case  is  made  to  serve  as  a  pump,  but  this  design  is 
used  only  in  very  small  powers  and  need  not  concern  the 
question  of  the  marine  engine  at  all.  The  conclusion  to  be 
arrived  at  is,  that  to  utilise  to  the  fullest  extent  the  advau- 
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tages  of  the  2 -stroke  cycle,  only  independent  pumps,  which 
may  be  designed  as  such  without  restriction,  should  be  used. 

Turning  now  to  the  question  of  scavenging,  it  is  of  the 
utmost)  importance  that  all  the  burned  gases  should  be  driven 
out  of  the  cylinder,  for  on  this  depends  the  efficiency,  relia- 
bility, and  capacity  of  the  engine.  Assuming  that  the 
cylinder  volume  is  to  be  cleared  out  with  air,  the  introduction 
of  some  air  in  excess  is  indispensable,  hence  there  must  be 
available  a  volume  of  scavenging  air  greater  than  the  cylinder 
volume,  because  during  the  scavenging  period  some  air  is 
certain  to  be  lost  through  the  exhaust  ports,  and  unless  some 
excess  air  is  at  hand,  -some  of  the  burned  gases  are  certain 
to  remain.  If  independent  pumps  are  used,  the  supply  of 
ai 、-  may  be  made  as  much  as  is  desired,  but  when  the  front  end 
of  the  cylinder  or  crank  case  is  used  to  compress  the  air, 
an  excess  is  not  obtainable. 

It  is  found  that  as  long  as  the  scavenging  air  is  led  from 
the  pump  dir-ectly  to  the  main  cylinder,  its  proper  action  is 
seriously  hampered.  With  the  pump  and  main  cylinder 
cranks  at  180。  apart,  it  is  possible  to  scavenge  only  at  the 


Fig.  4. 


dead  centre  ；  where  the  pump  crank  leads  the  main  crank, 
the  scavenging  air  must  have  comparatively  liigh  pressure 
on  account  of  the  short  time  available  for  transfer.  It 
seems  necessary,  therefore,  to  interpose  between  pump  and 
power  cylinder  a  receiver  of  such  size  that,  during  the  entire 
scavenging  period,  the  air  pressure  can  be  maintained  with- 
out much  drop.  This  pressure  should  be  as  low  as  is  con- 
sistent with  sweeping  out  the  exhaust  gases.  An  abnormally 
high  scavenging  pressure  nob  only  increases  the  lost  pump 
work,  but,  what  is  worse  still,  interferes  with  a  thorougli 
driving  out  of  the  burned  gases.  If  the  air  is  highly  com- 
pressed it  enters  the  cylinder  with  great  velocity,  and 
rebounding  from  the  inner  walls,  causes  eddy  currents  of 
such  magnitude  that,  from  the  outset  of  the  scavenging 
period,  burned  gases  mix  with  the  incoming  air,  and  thus  a 
part  of  thorn  is  retained  in  the  remaining  air  of  the  new 
charge.  The  perfect  scavenging  action  on  the  other  hand 
shows  very  different  characteristics.  The  air  should  enter 
the  cylinder  slowly,  avoiding  all  counter  or  eddy  currents, 
and  should,  if  possible,  in  th&  form  of  a  solid  column  drive 
the  exhaust  gases  ahead  of  it&elf  out  through  the  ports.  This 
action,  however,  can  only  be  obtained  with  low  pressures  and 
sufficiently  large  ports. 

By  carefully  timing  the  introduction  of  the  scavenging  air, 
a  great  saving  in  the  pumping  work  might  be  effected,  for 
the  following  reason .  During  the  oxliaust  tlu'  velocity  of  the 
outflowing  gases  is  very  high,  in  the  neighbourhood  of  2,600 
to  3,000ft.  per  second,  and  is  independent  of  port  area,  so 
that  if  the  exhaust  line  is  made  as  straight  and  as  】cmg  as 
possible  the  kinetic  caeigy  of  the  exhaust  gas  oohunii  】iiay 
be  sufficient  to  overcome  all  frictioiial  resistances  in  the  line, 
so  that  the  pressure  in  the  cylinder,  owing  to  the  over- 
expansion  of  the  gas,  may  drop  to  less  than  atmospheric. 
This  plieiioiiuMion  can  easily  seen  by  taking  a  weak  spriii<; 
indicator  diagram  from  an  engine.  Figs.  1  and  2  show  this 
for  a  4-cycle  engine,  ami  Fig.  3  shows  it  for  a  2 -cycle  engine. 
It  will  be  seen  that  at  a  certain  point  A  in  the  exhaust,  thr 
pressure  falls  well  below  atmospheric.  Now  if  tlie  iiitrudiu  - 
tio!i  of  the  scavenging  air  is  so  timed  that  it  occurs  just  at 
tlu:'  point  when  the  pressure  in  the  cylinder  is  below  atiiio- 
splieric,  then  there  will  be  less  exhaust  gas  bo  be  swept  out. 
and  tho  scavenging  will  be  iiuich  more  perfect.  Tlio  attain- 
ment of  these  ideal  conditions  depends  a  great  doal  upon  the 
size  and  form  of  the  inlet  and  exhaust  passages,  and  a  con- 
sideration of  ilic  points  slimiUl  liavo  a  mark od  ofTorl  on  1  lirir 
design.    The  allowable  miuiuiiuu  pressure  of  the  scaveugiug 


air  depends  mainly  upon  the  size  and  frictional  resistance 
of  the  ports  and  passages  and  upon  the  time  available  for 
scavenging. 

If  (3  lb.  per  square  inch  is  the  pressure  in  the  receiver 
or  pump,  and  T  is  its  temperature,  and  if  (3"  is  the  pressure 
in  the  cylinder,  then  the  velocity  of  the  air  will,  in  general, 
be 


58  C  V  "】 - %)  ft.  per  sec, 


where  C  represents  a  velocity  coefficient. 


V 


If  the  time  allowed  for  scavenging  is  ^  =  *    of  the  time 

taken  for  one  complete  stroke,  then  the  volume  of  air 
delivered  into  the  cylinder  will  be 

Y  =  a  V  t  f  cubic  feet; 
where  /*  =  area  of  ports 

a=: the  coefficient  of  contraction. 

In  practice  it  is  found  that  C  varies  from  85  to  95  and 
a  is  approximately  equal  to  from  *6  to  '65,  but  varies  with 
the  shape  of  the  ports. 

From  the  above  relations  it  would  be  quite  easy  to  arrive 
at  the  pressure  of  the  scavenging  air  which  would  give  the 
best  results.  When  the  piston  controls  the  exhaust  ports 
the  time  taken  for  exhausting  and  scavenging  should  be  from 
10  to  12  per  cent,  of  the  time  taken  for  one  stroke,  and  if 
the  ports  are  made  in  a  ring  round  the  cylinder  a  large  area 
is  available  for  the  exhaust  to  get  away.  The  idle  part  of 
the  stroke,  as  it  were,  when  the  piston  is  uncovering  these 
ports,  A  to  B，  Fig.  4，  is  not>  detrimental,  since,  as  compared 
with.  4-cycIe  engines,  the  beginning  of  the  compression  occurs 
with  full,  or  above  atmospheric,  pressure  instead  of  the 
suction  pressure  as  at  B,  Fig.  1. 

It  is  desirable  to  have  the  pressure  drop  in  the  air  receiver 
as  small  as  possible  in  order  that  the  scavenging  may  con- 
tinue with  undiminished  force  to  the  end  of  the  period.  To 
attain  this  end  the  receiver  should  be  made  as  large  as 
possible.  The  two  diagrams,  Figs.  5  and  6,  make  this  point' 
clear.  The  first  is  taken  from  a  receiver  of  too  small  a 
volume.  The  pump  delivers  air  from  a  to  h.  From  h  to  c 
the  pressure  remains  constant  at  about  *3  a  tin.  (4'21bb.  per 
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square  inch)  above  atmosphere.  Scavenging  roniuieiues  at 
C,  but  at  the  outer  dead  centre  (f ，  the  pressure  lias  already 
dropped  to  1  atm.  (r41b.  per  squai'e  inch),  and  beyond  this 
point  tlio  d rop  is  very  slow.  It  is  evident  tlial  tlu'  transfer 
of  air  had  already  ceased  before  the  inlet  valve  closed  at  a  ; 
tliat  is,  part  of  the  time  available  for  scavenging  had  not 
been  usod.  Aftm*  an  increaM>  in  the  size  of  the  receiver, 
diagram  Fig.  CI  icsulk'd.  The  inaxiinuiii  scavenging  jiretisure 
is  now  a  little  less  than  before,  the  transfer  coiuineiues  a 
】itt-le  laUM*,  liiit  cuiitiiiues  at  about  the  same  rate  until  the 
closure  of  Uu'  inlet  valve,  since  in  this  case  the  receiver 
presMire  doet?  not  drop  below  -  aim.  (2"81bs.  per  stjuaro  inch) 
above  atmosphere.  The  pressure  at-  the  beginning  of  coin- 
]iression  in  the  power  cylinder  is  correspondingly  higher, 
and  since  on  account  of  somewhat  latoi*  introduction  of  the 
air  it  is  loss  highly  pr (、- li('at<、d,  t hero  will  In*  a  gn'at<M-  cliarpo 
、 "1mm'  in  t lio  rvlimlt'r,  、、  li it'll  linallv  means  greatiM'  engine 
rapacit  V. 

By  a  careful  cuusideratiou  of  the  facts  upon  which  these 
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notes  are  based  and  with  greater  improvements  in  the 
design  of  2-c'yc'le  engines,  there  can  bo  no  doubt  that  a 
2-cycle  engine  can  be  made  just  as  efficient  as  a  4-cycle  engine, 
and  there  are  even  grounds  for  hop&  that  in  the  future, 
instead  of  saying  "  a  2-cycle  engine  can  never  be  made  as 
efficient  as  a  4-cycle  engine,"  the  tables  will  be  turned  and 
we  will  say,  "  a  4-cycle  engine  can  never  be  made  as  efficient 
as  a  2-cycle  engine/' 


INDUSTRIAL  AND  TRADE  NOTES. 

Order  for  Locomotives. ― The  North  British  Lofoinotivc  Com- 
pany, (";"sgo、、'，  lias  received  an  order  to  I)uild  2()  passongcr 
engines  tor  the  North  Jiriti.sli  Railway  Company.  The  contract 
has  come  very  opportunely,  as  ylackiiess  has  prevailed  iit  .several 
of  the  Locomotive  Company's  worlts  for  a  considerable  time. 

Brown,  Baylcy's  Steel  Works,  Ltd. —— The  di rectors  of  Brown, 
Bay  ley's  ha  \  c  decided  to  rtH-oniniond  to  the  .sliarelioldens  the  pay- 
ment of  a  final  dividend  of  7h  per  cent.,  making  with  the  interim 
dividend  of  5  per  cent.,  already  paid  in  July  last,  12;;  per  cent, 
for  the  year.  The  dividend  is  the  same  as  for  the  previous  two 
years. 

New  Light  Railway. ― The  Light  Railway  Commissioners  met  at 
York  on  the  20th  ult.  to  consider  an  application  for  the  con- 
struction of  a  light  railway,  nine  miles  in  length,  from  Haxby 
Station,  four  mill's  from  York,  on  the  Scarborough  line,  to 
Brandsby,  in  the  North  Riding.  The  Conmiissioncrs  granted  the 
application. 

Further  Rise  in  Scotch  Oil  Prices. 一  The  Scotch  mineral  oil  ooiu- 
inuiios  aiiiiounce  ii  further  advance  in  their  fuel  and  heavy  oils. 
Prices  for  Glasgow  delivery  have  been  raised  10s.  per  ton,  and  for 
the  rest  of  Scotland  5s.  per  ton .  Within  a  year  these  kinds  of 
oil  have  advanced  about  30s.  per  ton  for  Glasgow  delivery  and 
20s,  for  delivery  outside  of  the  Glasgow  area. 

Water  Meters. ― Messrs.  Siemens  Bros"  Ltd.,  of  Woolwich,  have 
issued  a  new  edition  of  their  water-meter  catalogue.  The  firm 
luajiufacture  a  number  of  types  suitable  for  all  kinds  of  service. 
The  construction  and  relative  advantages  are  all  clearly  illus- 
trated and  described,  and  for  those  interested  in  this  kind  of 
appliance  the  pamphlet  contains  a  quantity  of  collateral  informa- 
tion which  should  make  it  useful  at  times  for  reference. 

British  Bicycle  Factory  in  Japan. ― A  British  cycle  manufactur- 
ing tirni  have  established  at  Kobe  a  branch  factory  equipped  with 
the  most  modern  machinery.  This  factory  began  、vork  in 
January.  It  will  be  able  to  turn  out  complete  bicycles,  im- 
porting only  the  steel  tubing  and  the  chains  and  certain  acces- 
sories. The  factory  has  a  capacity  of  from  1,000  to  1 ,500  bicycles 
a  month  with  its  present  plant,  which  can  be  enlarged  it' 
necessary. 

Shipbuilders  to  Move  from  the  Thames.—  Messrs.  Rennie  &  Co., 
shipbuilders,  of  Greenwich,  announce  that  on  the  completion  of 
jthe  work  they  have  in  hand  they  intend  closing  the  works  and 
[transferring  their  business  to  Wivenhoe,  Essex,  on  the  Colne. 
iMessrs.  Reiinie  have  huWt  and  engiuod  all  classes  and  .sizes  of 
一 hips  and  floatiiij^  docks  (luring  their  long  lussociation  with  the 
Erhames,  and  are  now  moving  into  larger  and  more  modern 
roreniises. 

'  Boilermakers  at  Crewe  Works. ― Last  week  the  boilerniakers 
ill  the  ('n>、v('  "oi'ks  of  the  L.  A:  ？ s^.W.  Kaihvay  were  put  on  full 
tiiuo.  Til  is  will  affect  bet\veeii  700  a  iid  800  liaiuU  who  for  several 
years  have  been  on  short  time.  The  men  recently  asked  the  rail- 
way company  to  put  them  on  full  time,  but  were  informed  that 
such  a  step  n  ould  necessitate  a  reduction  of  the  staff,  which  lias 
since  taken  place.  To  those  who  were  discharged  the  company 
grajited  facilities  for  ol)taining  other  employment  by  giving  tbein 
and  their  families  free  passes  on  the  railway. 

Aluminium  Jigs.  ―  In  a  pamphlet  recently  issued  by  the 
British  Aliiniinium  Company  tliey  claim  that  the  ii.se  of 
aluniiniiiiii  for  the  construction  of  (hilling  jigs  ha、s  many  ad- 
vaiitagt、ti  over  cast  iron.  Among  tlit'se  is  tlic  saving  in  the  Aveiglit 
which  it  bi  iic?ceii»sary  to  move  in  order  to  bring  compa ratively 
small  pieces  of  work  under  the  various  drill- press  spindles,  and 
the  absence  of  variations  in  different  lots  of  Avork  carried  out  at 
intervals,  such  variations,  owing  to  change  of  temperature,  being 
frequent  with  cayt-iroii  jigs. 

Mather  &  Piatt,  Ltd. 一  Th(i  roport  of  this  oonipany  for  the  pa.st 
yt^ar  statt^s  that,  including  £37,600  brought  forward,  the  net 
profits  amouiitod  to  £164,756.  The  directors  transfer  £40,000  to 
、vorks  reniovaJ  reserve  account,  and  reoonimeiul  a  final  dividend, 
making  10  por  cent,  for  the  year,  to  (pother  with  a  bonus  of  2  por 
('(、ut.，  in  lM)tli  ca^cs  i'rce  of  tax,  leaving  £32,7.")(5  to  carry  forward. 
The  transt'or  to  work«  account  \s  in  view  of  depreciation  and 
cxpoiiyo  incidental  to  tlie  remo\  al  to  New  l)iu'k  Works.    For  the 


previous  year  tho  net  profit  was  £109,721,  and  the  dividend  was 
tlio  .saiiio  a,s  now. 

Big  Electrical  Machinery  Contracts.  ―  One  of  the  most  important 
electrical  power  tl(n ylopiiicji L  scluunos  now  in  liand  in  any  part 
of  tli(>  North  American  Continent  is  that  of  tJio  British  Columbia 
Mloctric  Railway  Company,  which  proposes  a  gcnoratiiig  station 
having  a  normal  output  exceeding  100，000h.p.  In  this  con- 
nection negotiations  have  just  been  concluded  with  the  Cale- 
donian h'omvork's  Company,  Ltd.,  for  threo  large  water  wheels, 
eax'h  (levrlopiiiti;  14,000  li.p.,  whilst  to  Messrs.  Dick,  Kerr  <fe  Co., 
Lt(l.，  lia.s  been  awarclcid  a  contract  iur  electrical  generators^  each 
ol"  9,000  kilowatt  capacity. 

Ship  repairing  Works  for  Liverpool.  ―  The  Mersey  Docks  ami 
Harljuur  BoMid  on  tli(，  22nd  iilt.  approved  a  rccoimuondation  of 
the  Work's  Coimnitteo  to  let  on  lease  for  a  term  of  GO  yeans  Ironi 
the  1st  April  next,  to  Me^ssrs.  Harland  and  Wolff,  certain 
pmnises  in  Bo()tle，  known  as  the  North  Dockyard.  The  premises 
with  the  land  attached  are  of  a  very  extensive  nature.  This 
resolution  confirnus  the  announcement  wc  made  recently  that  tlio 
Belfast  firm  wore  in  negotiation  with  tli<''  Dock  Board  tor  tho 
acquisition  of  land  in  the  district  naniedj  and  that  the  purpose  】•；； 
to  coruitruct  a  large  .ship-repairing  establishment. 

Swan,  Hunter,  &  Wigham  Richardson. ― The  better  times  enjoyed 
by  engineers  ami  .shiplmilders  (huiiig  the  past  year  are  reflected 
ill  tho  aiuiual  report  of  this  well- known  Wallseiid  firm.  Tho 
conipaiiy'.s  profits  w  ere  at  a  rather  low  ebb  during  1908  and  】(J09， 
and  only  '1\  per  cent,  each  year  was  paid  on  the  ordinary  shares. 
For  1910  the  profits  rose  to  £67,656，  the  ordinary  dividend  being 
increased  to  5  por  cent.  The  company  now  records  a  neb  profit 
for  1911  of  £117,000,  and  the  dividend  is  1\  per  cent.,  this  being 
the  bcist  showing  made  since  the  present  company  was  formed 
ill  1903.  The  company  puts  £35,000  to  the  reserve  fund,  in- 
creasing it  to  £55,000. 

Heavy  Losses  of  a  Colliery  Company. ― It  is  evident  from  the  re- 
port of  tlie  year's  working  of  the  Duffryn  Hhondda  Colliery  Com- 
pany that  all  oollieries  do  not  make  the  large  profits  whicli  many 
persons  are  apt  to  imagine.  In  the  case  of  this  colliery  the  re- 
sult of  last  year's  working  is  a  loss  of  about  £18，000，  the  direct  loss 
on  working  being  £8,500,  and  the  interest,  taxes,  Coalowners'  Asso- 
ciation calls,  &c.，  making  up  the  balance.  For  the  year  1907  the 
company  paid  10  per  cent,  dividend  ；  for  1909  it  was  5  per  cent. ； 
for  1910  there  was  no  dividend,  a  loss  of  £12，900  being  carried 
forward,  so  that  with  tlie  lovss  for  the  past  year  the  debit  balance 
is  now  over  £31， 000. 

The  Waste  Heat  and  Gas  Electrical  Generating  Stations,  Ltd. ― 
The  report  of  this  company  states  that  the  profits  iiiiiount  to 
£2o,071,  against  £21 ,914  a  year  ago.  The  directors  propo.se  a 
divideiul  at  the  rate  of  8  per  cent,  for  the.  year  (same  a.s  last), 
leaving  a  balance  to  be  carried  forward  of  £7,955.  The  negotia- 
tions for  erecting  further  waste  heat  generating  stations,  which 
were  reported  to  be  proceeding  at  the  date  of  the  last  annual 
report,  had  so  far  advanced  early  in  the  year  as  to  require  the 
issue  of  further  capital  to  meet  the  cost  of  foiistruction.  The 
capital  offered  was  largely  over  subscribed,  and  the  whole  of  the 
issue  has  now  been  called  up. 

Metal  and  Shipbuilding  Industries  in  Japan.  ―  Tlie  metal  in- 
dustries in  Japan  are  not  supposed  to  have  any  gieat  future 
owing  to  the  lack  of  ore  sources.  The  principal  foundry,  the 
Wakaniatsii  Imperial  FWmlr'y,  is  dependent  on  Chinese  mixed 
、、 ith  Swedish  ore,  and  the  output  is  limited.  Unless  new  deposits 
are  discovered  in  any  of  the  Colonial  possessions  no  dangers  need 
be  anticipated  by  foreign  exporters.  In  shipbuilding  Japan  has 
made  enormous  .strides,  Init  it  must  be  miiemhered  that  in  in  any 
cases  the  machinery  and  partes  aro  imported  and  only  put  together 
in  Japan.  Even  so，  foreigii-ljiiilt  ships  average  28  per  cent. 
clieaper  than  Japanese  ones,  a  difference  which  ha*s，  however, 
been  considerably  reduced  l、y  the  shipbuilding  subsidies. 

South  Staffordshire  Mond  Gas  Company.  ―  A  meeting  of  the 
； shareholders  of  this  company  was  held  at  Dud  ley  Port,  Tipton, 
o!i  tile  19th  ult.  The  c'iiairmju"  in  moving  the  adoption  at  the 
report,  said  the  profit  on  revenue  account  had  more  than  doubled. 
They  sold  over  30  per  cent  more  gas,  which  realised  over  26  per 
cent,  more  than  the  previous  year,  and  the  revenue  from  residuals 
Avas  nearly  27  per  cent.  more.  On  December  31  la.st  they  were 
supplyiiiti  123  works,  compared  with  102  on  the  corresponding 
dat(、  ill  IDlOj  and  there  were  coupled  up  to  the  supply  153  gas- 
engines  and  over  500  furnaces  or  heating  appliaiicoi^.  To  meet 
the  increased  demand,  which  was  sure  to  come,  they  had  ordered 
the  plant  at  tlic  worlds  to  be  extended  at  once. 

Oil  Tank  Steamers. 一 During  the  past  week  contracts  were  entered 
into  for  tho  huildini;  of  no  loss  than  21  oil  tiuikers  of  lav^c  dimen- 
sions, adapted  for  tlio  c()n.siini[)tioii  of  coal  or  oil.  S(、v()r;d  aro  for 
Ainrricun  owners.  All  contracts  liavo  hccn  placed  on  tlio  Nortli- 
Kiust  Coast,  and  li)  of  them  have  boon  apportioiierlj  we  holieve,  as 
follows :   Sir  W.  G.  Arnistroug,  Wbitworth  &  Co.，  Ltd.,  two  of 
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15,000  tons  capacity,  one  of  9,000  tons  ；  Swan,  Hunter,  &  AVigham 
Ilichardson,  Ltd.,  two  of  1 0,000  tons,  four  of  9,000  tons  ；  Palmer's 
Shipbuilding  and  Iron  Company,  two  of  15,000  tons,  four  of 
9,000  tons  ；  AVm.  Doxford  &  Sons,  two  of  13,000  tons,  two  of 
9,000  tons.  At  the  present  there  are  no  fewer  than  44  such 
stcaniors,  of  a  total  carrying  capacity  of  about  370,000  toius,  being 
''con.structod. 

Dunderland  Iron  Ore. ― We  understand  that  Messrs.  Knipp,  of 
Esscu,  are  negotiating  for  the  acquisition  of  a  controlling  in- 
terest ill  the  DunderlaiHl  Iron  Ore  Company.  The  Duiulorland 
inulortakin^  h' 仆 up  t(、  the  present  been  a  disappointing  oik\ 
The  company  was  formed  ju.st  over  ten  years  ago  to  ac(iuiro  ex- 
tensive iron  ore  properties  in  Dunderland,  Norway,  and  an 
exclusive  license  free  of  royalty  to  use  Mr.  Edison's  patented 
processes  for  the  extraction  of  iron  ore.  Aims  and  expectations 
went  l\ske^v  from  the  first,  and  debenture  interest  fell  into  arrear 
in  March,  1908'  while  in  September,  1911,  it  was  officially  stated 
that  "the  】）limt  lia.s  been  shut  down  awaiting  the  raising  of  the 
nocessary  capital  to  instal  new  plant/ '  The  new  capital  will  l>e 
raised  in  the  form  of  debentures. 

Amalgamation  of  English  Tubcmakcrs. ― The  recent  amalgamation 
of  Scottish  tube  iiitcrost.s  lias,  we  lea  rn,  lK、(、n  fol- 
lowod  by  an  amalgaination  of  English  firms  for  co- operative 
working  for  the  regulation  of  selling  prices,  in  order  to  stop  the 
ruinous  "  cutting  "  which  has  been  prevalent  for  three  years. 
BetAvoen  thirty  and  forty  firms  between  Birmingham  and  War- 
rington, Avhicli  is  practically  the  whole  of  the  tube-producing 
area  of  Enghi  'id,  have  come  into  the  combine,  and  first  fruits  are 
seen  in  the  withdrawal  of  former  price  lists  and  the  .substitution 
of  dLscounts  on  a  basis  involving  an  inuiiediate  advar.ee  of  from 
2 金 to  5  per  cent.  The  increased  prices  are  held  not  to  be  more 
til  an  is  consistent  with  the  higher  cost  of  production.  Satisfac- 
tion is  felt  at  thp  termination  of  tho  price  war. 

Employers'  Parliamentary  Association.  ―  The  newly-ostablislK^l 
Employers'  Parliamentary  AsuSociation  was  formally  con.stituted 
oil  the  21st  ult.  at  a  meeting  in  Manchester.  Sir  Charles  Macara, 
wlio  was  elected  the  first  president,  mentioned  that  900  firms, 
among  them  some  of  the  most  important  in  the  country,  had 
jointnl.  Similar  organisations  had  been  commenced  in  London, 
Scotland,  and  Jroland,  all  of  which  would  co-operate.  They  were 
also  in  communication  with  federations  of  employers  with  a  view 
to  their  becoming  affiliated.  As  to  the  constitution  of  the  Em- 
ployers' Parliamentary  Association,  the  policy  of  the  association 
would  be  governed  by  the  General  Council,  consisting  of  rep  re- 
sign tat  ives  of  proniinont  r(、ntms，  and  tlie  Execntivo  Council  would 
he  tho  ('(、nti'a,l  body  which  would  work  out  that  policy. 

Canadian  Iron  Bounties. 一 'The  "Montreal  Gazette  "  states  that 
the  Governniont  lia.s  docided  in  favour  of  granting;  substantial 
bonuses  for  tlio  oncounif^ement  of  ironmaking  in  Canada.  Tli(、 
great  sim、lting  industries  at  Sydney  and  Saiilt  Ste  Mario  were 
estahlKslied  larjj;oly  by  moans  of  bonius  aids.  The  last  of  those 
expired  in  Juno  la^t.  Those  were  the  bounties  on  steol  rods. 
There  had  provioiusly  ixvii  bounties  on  billets  and  othei  forms  of 
iron  and  stoel  wliicli  lia  d  expired,  and  which  the  la  to  Minister  of 
Finance  failed  to  icnow.  The  Government  has  decided  that  th<、 
.state  of  the  iiuhustries  and  the  prosperity  of  the  country  warrant 
a,  restoration  of  this  hoiinty  aid.  Tliorrforc  it  lias  boon  prac- 
tically decided  to  give  a  bounty  of  a  dollar  a  ton  on  pig  iron 
produced  from  toreigii  ore  and  a  dollar  and  a  half  a  ton  on  pig 
iron  produced  i'rum  domestic  ore. 

New  Turbine  Steamers.  ― Messrs.  AVilliam  Denny  &  Bros.,  Duni 
barton,  launched  on  tho  22ml  ult.  the  tnri)ine  .stoanior  "  l)i*im'(、*^ 
Victoria,"  which  tlioy  have  built  for  the  Lai'lie  and  Stranraer 
Joint  Railways.  Her  principal  dimensions  are :  Length,  300ft. ； 
breadth,  顏 ul(l(、(l，  4()ft.  ；  and  depth  to  promeiiado  dock, 
2 1  ft.  "in.  Th(，  propelling  niafliinory  consists  of  throo  sots  of 
Parsons  tiirl)inos.  supplit^d  with  stoani  from  wator- tul)(、  l)oil("'s. 
Th(、  turl)in(、s  、v(、n'  coiiti  uc-t<Hl  by  M^ssr.s.  I)<Miny  tt  Co.,  and  tlio 
boilers  partly  l)y  Messrs.  Babcook  cV:  Wilcox  and  partly  by  Messrs. 
】）(、im.v  &  Co.  Th<*  tml""(、  passenger  stoaiiicr  '  Grcenoro"  was 
l:ui，K'i"'(l  on  tho  2ntli  ult.  hy  Mossrs.  Cainmell,  Laird,  &  Co., 
Hirkonlioad,  for  the  Luiulon  and  Nortli-、V(、storn  Railway  Com- 
pany's sei'vi(、(、  b(、t\v (屮" Holylu^ul  and  (iiviMiore.  The  v<、sw'l  is 
3()r)lt.  in  longtli  and  UHt.  in  ln'cadtli,  aiid  shv  will  have  a  sp<'0(l 
ot"  21  knots. 

Engineers  and  the  Demarcation  of  Work.  At  Carlisli'  ou  ihr  lM>t 
ult.  a  conroroiico  ua.s  hold  Ix'twoon  n^pmsoiitati vi\s  of  tli(、  ship 
buildinj;  and  (、ngim、(、i'iiig  oinployons  aiul  ivprn^ontati vi's  oi'  (、(、i'- 
tain  trades  in  。"、  two  industries,  rolativc  to  tlio  (juostion  of 
diMuarcation.  hi  March  of  last  voar  ropivsoiitativos  of  3(>  trado 
unions  coiiiuvtod  w  illi  山 uihling  and  t、ngi"ooi  i"g  bad  a  con- 
foroiico  A\  ith  llio  (Miiployor.s  ropr<\s(Mitiii»!:  tlu\so  iiulnstrios  rospcct 
inn;  a  proposal  to  rstalilivsh  ;v  Doina real  ion  Board  to  deal  witli  anv 
dispute  which   may    ariae  regarding  tiie  dviiia ication  of  work 


as  between  one  trade  and  another.  In  the  engine  shops  the 
trades  chiefly  interested  in  the  subject  at  issue  are  the  engineers 
and  tho  brass  workers,  and  in  the  shipyards,  boilormakers  and 
shipwrights,  while  other  societies  are  affected  in  a  lewsser  degree. 
Suggested  agreements  have  been  coiisideied,  but  very  little  pro- 
gress has  ]yeen  made.  The  meeting  just  held  was  preparatory  to 
another  conference  with  the  employers,  to  be  held  at  an  early 
date. 

Accidents  on  British  Railways.  ―  A  .sununary  of  accidents  re- 
ported to  the  Board  of  Trade  as  having  occur rt-d  on  railways  in 
the  United  Kingdom  during  the  quarter  ended  September  30th 
last  has  just  been  issued.  According  to  this,  there  were  in  the 
period  under  review  290  killed  and  2,291  injured,  as  rompar(、(l 
with  268  killed  and  2,407  injurod  in  the  correspomling  period  of 
1910,  being  an  increase  ot"  22  killed  and  a  decrease  of  1 16  iiijurod. 
In  axldition  to  the  above  t  lie  re  were  lOo  servants  of  companies 
or  contractors  reported  as  having  been  killed,  and  1 ,32o  injured, 
whilst  the  following  accidentvS  were  reported  by  railway  companies 
as  having  occurred  during  the  three  months  upon  tlioir  prtMiiisos, 
but  in  which  the  movement  of  vehicles  used  exclusively  upon 
railways  was  not  concerned :  17  servants  of  companies  or  con- 
tractors and  seven  other  persons  killed,  and  179  passen^ons, 
5,492  servants,  and  ] 71  other  persons  injured,  making  a  total  in 
this  class  of  accident  of  24  persons  killed  and  5,842  injured,  as 
against  18  killed  and  5,268  injured  in  the  correspond ing  period 
of  1910. 

Novel  Power  Installation  for  Steamers. ―  The  Hamburg- American 
Company  lui\e,  we  are  inforiuod,  ordered  from  the  Vulcan  Com- 
pany, ot*  Stettin  and  Hamburg,  a  steamer  of  22,000  tons  gross 
register  which  is  to  be  propelled  by  a  combination  ol  high-speed 
turbines  with  Fottinger  Transformers.  The  powt'r  oi  the  vessel 
is  to  be  13,UU0,  and  she  will  have  one  liigli-prcvssure  and  one  low- 
pi'e、ssure  turbine  oach  running  at  about  8UU  revs.  By  iiioaius 
of  tu  o  Fottiiiger  Transformers  the  revolutions  will  be  rod u cod 
to  l(iU  on  the  propeller  shaft,  so  that  large  propellers  of  high 
efficiency  can  be  used.  The  Transformer  also  does  the  reversing, 
and  no  reversing  turbines  are  consequently  required.  The  result 
is  a  very  large  saving  in  weight  (over  (iUO  torn ；,，  space,  and  first 
cost.  The  Hamburg- America  11  Compaii.v  is  the  first  to  make  the 
experiment  on  a  large  vesisel,  and  the  result  will  be  watched  with 
interest.  So  far  the  Fottinger  Transformer  has  been  used  only 
on  a  tug  belonging  to  the  "  Vulcan  '-  in  conjunction  with  a  Curtis 
turbine,  and  on  the  ga;s-driven  vessd  'HolzapM  1."  In  both  cases 
it  lias  done  its  work  very  succosstully.  We  understand  that  the 
H'olzapfel  Marine  Gas  Power  Syndicate  are  iiitomstcd  in  the 
Fottinger  patent  right's  for  Great  Britain. 

Shipping  Prospects.— At  the  annual  iiK'eting  ot  the  CiiamU'r  ot 
Shipping  of  the  United  Kingdom,  hold  in  Loiidoii  on  Friday  last, 
Mr.  Thomas  lioydcr,  of  tlie  C'una vd  Lino,  in  his  addri'.ss  roinarkod 
that  1912  had  opem'ci  with  employiiuMit  good  in  evt»ry  part  ot  the 
globe.  As  a  nece^ary  corollary,  treifilits  had  l"'t'n，  and  were,  on 
a  remuiiorative  level.  In  looking  lorwardj  the  nuvst  diHirult 
questions  、vith  which  they  were  confronted  were  j  ei  haps  those 
relating  to  labour.  They  must,  he  said,  if  thoy  carried  on  their 
business  to  the  best  advantage,  satisfy  the  just  claims  of  th(、  inoii, 
but  it  \va;s  equally  (It'ar  that  it  thoy  were  to  contiiuu*  to  iiiul  tlu»in 
with  employment  the  men  imust  locognise  and  r<\spoct  llio  em- 
ployers' rights  and  responsibilities.  In  short,  tlu'v  must  remain 
tlie  managers  of  their  own  businesses.  The  meeting  carritnl  a 
motion  urging  the  Government,  having  regard  to  the  intimida- 
tion and  violence  which  had  boon  oponly  carried  on  during  tlie 
recent  strikes,  and  to  the  seriout;  int<nforcnce  with  the  supply  of 
lood  and  other  uecci^aries  of  lilo  to  tho  pooplo,  to  aiiioiul  tlio  law 
fully  so  i\s  to  pi  a  CO  trade  uiiiou.s  and  tlu'ir  iueinl)ons  under  the 
same  legal  responsibility  for  tlioir  actions  other  bodies  and 
persons,  and  so  deprivo  thorn  of  the  privilege  c^)iiferrod  \ipon  tlieiu 
l)y  the  Tr;ulos  Disputes  Act,  190(>. 

Working  of  the  State  Telephones. ~  At  a  ivct'nt  jzallio!  in*:  of  the 
North  Ka>t  Coast  Association  oi  C  hartortnl  Sorrotano>.  lu*l(l  at 
N e\v c as tle-<) n - T y no ,  Mr.  H.  Shaw  delivered  a  lecture  on  ' *  The 
Telephone  Qiuvstioiu"  in  the  ('(""'so  of  which  ho  outlined  tho 
liistory  of  the  l<»lci)hoiio  installation  in  this  country,  addinj:  that, 
('(>nsi(l(M*in<r  tlio  oxcollent  result^i  (山 taim'd  ，、•、•  Hull  aiul  l*orts- 
luouth,  lu»  had  alway.s  tolt  it  a  great  mist'ortuno  that  tlu'  Post 
Ottice  had  sti'(>ii<ilv  oppoiiod  proposal.^  lor  niuiiicipalisatjon.  Now* 
lliat  it  w  as  poriix-tly  certain  that  iho  Post  OHico  intviulo<l  to  koop 
tli(>  toK*|)lion<>  systoiii  in  its  own  liaiids  tho  comniorcial  coiuiiiii iiity 
iiiust  roinhino  to  oUtaiii  roa.sonaMo  ratoM  witli  an  efficient  MM  vici?. 
'V\\o  U'li'plioiio  N>'、t(、i"  had  Uhmi  in  iho  liaiuls  of  tho  】'i、、t  OfTu-e 
for  tlio  spa(v  of  only  a  tV、v  、、*H、ks,  an<l  o\on  in  that  .、l"，rt  time, 
ospocially  in  liOiulon,  coin  plain  Us  were  rife.  Tlu*  cliicf  worr  tho 
following  :  Tl"、  pivsont  sorvico  cdmparcs  nnf ju onralilv  with  tliat 
a fFonlod  U\  tlie  National  Toloplnuio  (  onipjuiy  ;  tl"、rt、  is  jiront 
clilficult  V  ill  1，  （、！ I  ring  and  l»oinjj:  l"、anl  :  (N»n\  orsation^;  ar'、  fre- 
(juoiitly  cut  off  and  intorruptod ;  cross  coininuiiication  is  more 
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frequent  ：  tli(、i'(、  is  ！ nore  difHculty  and  dolay  in  getting  connoctod 
with  the  】iiiniber  roqiiii  od  ；  th(、  im、s(、ut  service  is  not  so  expe- 
ditious as  formerly  ；  and  、vr()】ig  nimili(、i's  are  continually  being 
given. 

The  Economics  of  Railway  Nationalisation.  —  An  interesting  loe- 
tiire  on  "  Railway  Nationalisation  was  delivered  hy  Mr.  W.  C. 
H.  Church  at  a  recent  meeting  of  the  Newcastle  Economic 
Society.  He  said  there  was  not  a  sufficient  case  for  State  owner- 
ship in  respect  to  this  particular  country.  There  were  not,  for 
example,  the  same  military  reasons  as  in  Germany  for  a  Stato 
raihvay,  or  for  a  unification  scheme  as  in  Italy,  or  for  developing 
vsmt  tracts  of  now  coiuitry  as  in  America  and  Australia.  l】i 
order,  iml、、e(l，  to  make  out  a  case  for  nationalisation  in  re.spect 
of  the  British  railways,  he  suggested  that  it  ought  to  bo  shown 
either  that  capital  was  not  forthcoming  to  build  such  railways 
or  I'urther  rail-.vay-s,  or  that  the  railways  were  not  being  operated 
hy  the  im'-st'iit  owner's  to  i'easo】ia】:>】e  advantage.  Tliey  should  not 
only  show  that  the  present  operation  of  the  railways  was  defec- 
tive, but  they  \>oiild  require  to  show  that  State  openitioii  was 
likely  to  reiijedy  the  defects.  J*erso]ia]ly,  lie  thought  any  defects 
would  be  added  to  by  State  control.  The  only  successful  State 
railway  was  th -it  of  Germany  ；  all  the  rest  would  be  in  the  bank- 
ruptcy court  but  for  the  taxpayer.  He  compared  British  rail- 
ways liiA  Ourahly  wiih  rnihvays  abroad,  and  said  they  wanted  to  bo 
spareti  tlio  parochial  officialism  and  the  nianipiihuioii  of  wages 
l>y  the  l^aoour  party  wiiicli  liad  l)t'eii  associated  with  State  rail- 
ways, especially  in  Australia.  The  3U  millions  lost  l)y  the  Govern- 
ment over  the  working  of  the  telegraphs  would,  he  thought,  be  a 
small  matter  compared  with  the  losses  on  the  working  of  the 
railu  ays  hy  the  State. 

Burdens  on  the  Coal  mining  Industry. —— At  tho  annual  iiiceting  of 
Messrs.  Andrew  Knowles  ct  SonSj  Ltd.,  colliery  proprietors,  h(、l(l 
u  few  days  ago  at  Manchester,  Mr.  R.  M.  Knowles^  tiie  chairman, 
stated  that  during  the  past  sixteen  years  the  company  had  dis- 
tributed in  dividends  £638^437^  averaging  £1.  lis.  lid.  per  share, 
or  nearly  65  per  cent,  per  aiiiiuiu.  The  highest  dividend  、、as 
13^  j)er  cent.  111  the  years  19U0  and  1901,  and  the  lowest  3  per 
cent,  in  the  year  1898.  During  the  same  period  they  had  paid 
ill  workmen's  wages  £3,019,752  ；  incoine-tax,  £55,770;  local  rates, 
£L2i)/J68  ；  workmen's  compensation  in  twelve  years,  £47,24-3. 
These  figures  showed  that  the  concern,  along  with  other  colliery 
concerns,  was  contributing  more  than  its  due  share  to w  ards 
imptn'ial  and  local  taxatiuiij  and  it  would  have  been  thought  that 
110  t urthei-  Icgi.slatiou  wuuitl  have  been  pa&8(Kl  which  would  liav(、 
put  nuw  burtleiKS  upon  an  industry  011  which  the  livelihood  of 
sucli  a  large  iiuuiber  of  men  depended.  Parliament,  however, 
passed  last  year  two  Acts  which  would  place  further  burdens  and 
responsibilities  upon  them,  namely,  the  National  Insurance  Act 
ami  the  Coal  Aliiifs  Act.  VV by  employers  .should  be  called  upon  to 
cuntrilnite  towards  tiie  cost  ot  national  insurance  it  was  dithcuit 
to  underistaiui,  but  the  measure  could  not  but  have  the  effect  of 
puttmg  ail  end  to  111a  ny  ^struggling  concerns.  To  the  share - 
holders  in  that  company  it  would  be  equal  to  an  income-tax  of 
2s.  yd.  ill  the  pound  on  the  profits  of  last  year.  The  effect  of  the 
Mines  Act  would  be  seriously  to  increase  the  cost  of  the  produc- 
tion of  coal,  but  tiiey  wvrc  not  yet  in  a  position  to  cstijiiate  what 
th-it  would  amount  to.  Tlio  report,  declaring  a  dividend  of  4  pt^r 
cent,  for  tlie  year,  was  adopted. 

The  Workmen's  Compensation  Act  and  Temporary  Recoveries  from  In- 
capacity.― The  House  of  Lord.s,  in  uiiainiuously  diMiiissing  the 
appoal  ill  Taylor  v.  The  London  ami  North- W't'stern  Railway  Com- 
pany on  the 丄 yth  ult.,  discu.ssed  at  length  quGvstions  arising  from 
teinporarv  recovery  troni  incapacity  under  the  Workmen's  Com- 
peioiiation  Act.  Tlie  Lord  Oliancelior  said  that  their  lordships  in 
tftid  iiiatter  were  bound  by  the  decision  in  INicholson  v.  Piper.  It 
、)，'as  thus  settled  tliat  when  a  county  cou rt  judge  uas  satisfied 
til  at  the  incapacity  resultint^  ti'om  an  nij  ury  liad  hnally  cIls- 
appeaied  In-  could  .so  adjudgo  and  li  11  ally  ('ml  the  weekly  payment 
— -oml  revival.  H  e  did  not  tliiiik  that  there  was  anything 】ii  the 
decision  of  icholson  v.  i'ipt'r  which  })rovented  the  comity  court 
judge  Iroin  adjudging  that  the  weekly  payment  be  ended  until 
rurtiier  order.  The  'same  result  was,  they  were  told,  attained  hy 
a  prjictice  at  ordering  a  merely  iionunal  payment  in  order  to  kwp 
the  question  alive,  in  his  viow,  either  or  these  mctliods  might  lie 
lawtiilly  adopted ― an  ending  of  payniejit  might  cither  toni- 
Poiary  or  poriiianent.  Lord  Shaw  agreed  that  it  u  as  coiupotent 
U)  thv  jud^e  to  end  the  compensation  for  ever.  But  he  was  of 
op  in  ion  tliat  the  words  imdedj  diniiiiLsliGcl,  or  increased  "  in  tho 
Act  included  not  merely  ending  the  compensation  for  ever  but 
ending  it  for  a  time.  'J  lie  laiitrtiago  and  iiR'aiiiitg  of  the  Act  wore 
to  tho  offcct  that  coiupeii.satioii  wa.s  to  be  made  for  and  (lui'iiig 
the  incapacity.  Ci\svs  might  easily  be  hgurod  in  u  liicli  tho 
capacity  for  work  might  tor  a  time  return  and  tluui  incapacity 
might  agaiii  recur.  The  careful  prognosis  might  indicate  a  cer- 
tain periodicity  of  illness  with  intervals  of  fitness  for  work,  or  it 
xiiiglit  suggest  such  an  uncertainty  of  a  continuance  of  health  as 


to  cloud  tlio  workman's  wholo  future  with  poril.  These,  woro  just 
ciusos  in  wliich  tiie  oouiity  court  judge  niij^lit  fV('l  l)ounfl  to  end 
tlio  payment,  not  for  ever,  but  for  a  tinio.  In  the  fear  ap- 
parently of  the  word  "  ended  "  being  more  literally  con.strued  tho 
course  had  been  sometimes  taken  of  a  nominal  payment  being 
a(ljiKlg<i(l，  so  as  to  proservo  a  form  of  continuity  ami,  so  to  speak, 
to  keep  open  the  compensation  account.  Loi'd.s  Atkiiisoii  and 
Mensey  concurred,  nncl  tho  appeal  was  (li,smiss(，d，  with  costs. 

Time  Rates  of  Wages  in  the  Engineering  Trades. ― The  Labour 
Departnioiit  of  the  Board  of  Trade  has  j iKst  issued  a  return  show- 
ing the  standard  time  rates  of  wages  in  the  United  Kingdom  a.s 
at  January  1  last.  The  rates  of  wages  of  turiions,  fitters,  and 
smiths,  and  a  nuinl>er  ot"  other  department's  in  the  eiigi，u、(，i'ing 
trades  are  given  at  4{)s.  per  week  in  London,  whilst  millwrights 
received  42s.  (id.,  and  pattermnakers  44s.  (id.  Tlie  number  of 
hours  form i  1145  a  week  vary  from  48  to  54.  On  the  Tyne  the  rate 
comparable  with  the  40s.  in  London  is  37s.,  and  in  some  instances 
drops  as  low  as  31s.  6d.  for  a  w  eek  of  53  hours.  At  Leeds  piiitei  li- 
ma leers  get  39s.  for  53  hours ^  snutlis  36-s.，  and  most  of  tho  other 
trades  3os.  per  week,  although  borers  and  slotter.s,  and  planors 
and  millers  get  31s.  Sheffield  rates  were  41s.  for  patternmakers, 
【"i、（  c-'Js.  in  all  other  branches  of  engineering,  except  brass 
finishers,  planers,  borers,  and  slotters,  who  received  35s. ^  the  week 
beiiio  one  of  53  hours.  Nottingham  wages  are  hardly  as  good, 
39s,  boing  paid  for  inillwrij^bts,  smith's,  and  patternmakers,  ami 
37.S.  for  most  of  tho  others  ；  but  here  die-sinkers  or  press  tool 
makers  receive  43s.  per  week  of  from  51  to  54  hours.  Newport 
takes  the  lead  for  wages  in  Wales  in  the  eiigineermg  trades,  the 
rate  being  44s.  per  week  of  53  hours  in  marine  shops  and  37s.  in 
collieries.  In  Scotland  at  Glasgow  patternmakers'  wages  are 
4:()s.  1  i (i .  for  54  hours,  coppersniiths  ami  other  smiths  receive 
38s.  3d.,  and  all  other  trade.s  37s.  1  Ul .  Belfast  \\  ages  range  from 
43s.  per  week  for  patteiumakers  to  3Vs.  for  fitters  and  smiths,  a 
u'oek's  work  being  from  54  to  56^  hours.  Jronfounders  in  London 
dLstrict  are  paid  from  38s.  6d.  to  43s.  per  week  of  54  hours,  whilst 
patternmakers  get  44s.  to  45s.  In  the  northern  counties,  in- 
cluding Middlesljroughj  the  payment  is  from  4Us.  to  41s.  for 
•33  hours.  The  North  Midland  counties  range  from  39s.  at  Derby 
to  31s.  at  GaiiLsborougli,  and  at  Birmingham  Is.  per  week  less  is 
paid  for  53  hours.  Liverpool  rates  are  good,  i ro nfo under s  re- 
ceiving 42s.  and  44s.  for  53  hours,  Manchester  being  about  the 
•same,  and  Warrington  slightly  lower  foi  the  same  number  of 
h(nu、s.  In  Sheffield  iroiifoundors  receive  42s.  and  pattirianr.kers  41s. 
tm'  ； I  week  varying  iroiu  48  to  o3  hours.  The  wages  of  boiler- 
makers  and  .steel  .sliipbuikliiig  in  Londoii  range  from  o4s.  foi 
angle  iron  smiths  and  platers  to  36s.  for  riveters  and  31)s.  for 
liolclers-iip.  The  hours  of  、vork  vary  from  48  to  54  per  week. 
The  Clyde  district  pays  42s.  down  to  28s.  l^d.  for  the  various 
(•las,s(\s  of  trades  tor  o4  hours  per  week.  Shipwright's  on  the 
Tliaiiies  receive  42s.,  as  against  39s.  Vd.  at  Glasgow  and  4Us.  (id. 
at  Belfast.  Slieffiekl  angle  iron  .smiths  receive  43s.,  platers  41s., 
riveters  and  caulkers  37s. ，  and  holders-up  33s.  for  a  53  hours 
week.  Electrical  workers  in  London  are  paid  9 .id.  per  hour, 
Bristol,  Cardiff,  and  Liverpool  paying  9(1"  and  Shoffidcl  8jd.,  the 
average  week  being  53  hours. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  27th. 

Aluminium  ingot   (i5 /-  per  cwt. 

"         wire,  according  to  .sizes,  &c  from  102/*  " 

"         sheets         ，，  ，，   ，，  】20/ -  ，， 

Antimony   £27/10/-  to  £28/-/-  per  ton 

Brass,  rolled    7jd.  per  1  b. 

，，     tubes  (brazed)    9|d.  ，， 

，，       ，，      (solid  drawn)   8d.  ，， 

"       ,，      wire   7Jd.  " 

Copper,  Standard   £64/2/6  per  ton. 

Iron,  Cleveland  •-   49 /(i  ，, 

，， Scotch    55/()  ，， 

Lead,  English    £16/3/9  ,， 

，， Foreign  (soft)    £15/18/9  ，， 

Mica  (in  original  cases),  small   .  (id.  to  2/-  per  lb. 

，，  ，，  ，，       medium   2/6  to  4/-  " 

，，  ，，  ，，       large   4/6  to  8/G  ，， 

guicksilvcT   £8/7/6  per  bottle. 

iSilvcr    20  ^d.  per  oz. 

•Spelter    £26/12/6  per  ton. 

Tin,  block   £195/15/-  ，， 

Tin  plates   13/0  ，， 

Zinc  sheets  (Silesian)   £29/10/-  " 

，，  (Stettin  ；  Vieille  Montague)   £30/-/—  ,, 
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NEW  PATENTS, 

Specifications  of  the  following  are  now  published,  and  rve  shall 
be  pleased  fo  fonrard  copies  post  free  on  receipt  of  10 d.  Address 
Mechanical  Enginrer,''  58,  Ncav  Bailey  Street,  Manchester. 


Maiiiifactur* 


MECHANICAL  1910. 

iron  and  steel.    Elcktiwj.stalil  ires. 


25581. 


Connecting-rod    connections    for    intornal-conibu.st  ion  engines. 

Grice.    1296.  ― 
Mining  machines.    Lake.  2498. 

Controlling  gear  for  steam  engines  and  winding  engines.  Gallo- 
ways,  Ltd.,  and  Pilling.  2613. 

Valve  gear  for  revtT.sible  interiial-coml)ii-stion  engines.  Vollnicr. 
2791. 

Safety  devices  for  lifts.    Greojilialij;li.  2822. 

Cooling  the  cylinders  of  cy  plosion  engines.    Rogers.  2988. 

Low-pressure  steam  lieating  systems  for  railway  trains.  SaAvyci". 
2980.  '  ' 

Joint-making  packiiig.    Beldam  &  Beldam.    31 OG. 

Control  of  reciprocating  machine  saws.  Wickstoed  tl*  Wicksteed. 
3107.  ― 

Means  for  controlling  or  regulating  the  supply  of  steam  to  gas- 
producer  plant.    Alston  &  Houston.  3114. 

Driving  and  reversing  gear.    Soprounoff.  3349. 

High-speed  reciprocating  engines.    Lanohester.  3682. 

lieversing  mechaiiisni  for  metal-planing  machines.  William  R. 
Doll  (t  Son,  Ltd.,  Jlic-lunds,  and  Stewart.  3809. 

Utilising  tlie  waste  heat  of  inteinal  combu.stion  engines.  Bellamy. 
4254.  , 

Gas  producers.    Smith  iS:  Atkinson.  4506. 

lnternal-coml)ustion  engines.    Miller.  5014. 

Drying  of  steam.    Wild.    5303.  ' 

Miners'  safety  lamps.    Lantzsch.    6051 . 

Fluid-pressure  engines.    Groves.  6508. 

liearings  or  mountings  for  flywheels.    Waller.  6621. 

Two-stroke  internal-combustion  engines.    Morrison.  6825. 

Mercurial  vacunm  gauges.  Robinson,  and  Brady  &  Martin,  Ltd. 
6938. 

Apparatus  for  raising  liquids  by  im'ans  of  steam,  or  compressed 

air,    Boweu.  6950. 
Apparatus  for  water  cooling  and  condensing.    Dean.  85G3. 
Proce^  for  uniting  metal  parts  by  brazing.    Pugh.  9104. 
Governing  mechanism  for  prime-movers.      Warwick  Machinery 

Company  (1908)  and  Samnelson.  9245. 
Drilliiifj;,  boring,  and  analogous  machines.    Bauibridge.  9373, 
Flexible  shaft  couplings.    AVilce.  9002. 
Coal-cutting 川 adiim、s.    Garforth  <fc  Eousiield.  9708. 
Arraiigemout  for  operating  the  controlling  valves  in  H  aid  pressure 

power  transmission  gear.    Leiitz.  10261. 
Feed  motion  of  rope-driven  coal  cutters.    Spence.  11770. 
Vaporising  and  mixing  devices  for  interna l-conibuat ion  uiiginos. 

Yardley.    12410.  ― 
Intonial-comb ustion  engines.    Wood .  12420. 

Reversing  gear  for  internal-combustion  engines.  Jorgeii^cii. 
12725. 

Method  of  producing  cast  articles  of  copper  and  its  alloys.  British 

Thomson  Houston  Company.  121)20. 
Shackles  for  haulage  rojx^s.    Keep.  14211. 
Child".    Wahl.stroni       Hurcliardi.  14226. 
l^ieumatically-operaU'd  valves.    Edwa rds.  14363. 
Apparatus  for  smoko  prevention  and  f lU'l  t'coiioniisinjj;  in  con 

nection  with  steam  generators.    RothwoII.  14544. 
Means  for  pumping  liquids.    Badger.  14884. 

Moans  lor  lul^ricatin;^  intornal-combu.stion  engines.      Best  and 

Lloyd,  Ltd.,  and  Carpmael.  11909. 
Speed  and  di  stance  iiulicatiiig  appa  rat  us.    JU'lirons.  1,、308. 
WrencheJi.    Rogers.  15985. 

Means  for  measu ring  stresses  and  straiius.    W'azau.  lu*.)*Ji). 

Scrowing  stocks  and  dies.    Pass  it  IVai't.  1(3118. 

Production  of  (/ores  of  any  desired  cross-section  tor  nu'tal  castiiiLi 

lHU'p(>st、s.    Kur/A'.  ]()G9G. 
Jiriqm、tUv^  of  niotal  pa rin^s  and  tli,、  I i k nu'tal  、、(  nip.  AllgeiiR"m 

Jirikotioriings  Gt's.  1G802. 
rorcussion  tools.    Siemens  Schuckertwerkc  Gos.  1G1H)8. 
Chloridivsiiiji  roa.sting  of  ores.    Holiiiii^bor^s  KoiipMivork.s  A klic 

Uotary  eii^^imvi.    Touilli'r.  17003. 
AViiul  LMij^inos.    Pony.  1700:). 

Fluicl-prossu rc  oporatod  luuniucr  tools.    Lakr.    1 7019. 
Valvo  gears  lor  internal  conibuiition  I'li^^im's.      Hoiirr  iV  "rulm. 
17054. 

Moans  for  lulnica t in^  iiitcriinl  (Munhust icoi  ("ij^imss.  B"、t  ami 
Lloyd,  Ltd.,  and  Caipiaaol.  丄 
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Process  for  the  production  of  steam  for  gas  generators.  Frambs, 
and  Bender  &  Frambs  Ges.    17770.  ， 
Tool  steel  retainers  for  percussive  tools.    Newton.  17974. 
AdjiLstable  spanner.    Fitzpatrick.  18472. 

Charging  apparatus  for  mechanical  roasting  furnaces.  Hardinc:- 
ham.  19314. 

Ratcl"it  drills.      Lowd'，  i，  Byrd,  and  Inventions    and  General 

Syndicate.  19437. 
Toothed  gearing.    Huniphris.  19936. 
Steam  generators.    Steinmuller.  20466. 
Manufacture  of  fuel  briquettes.    Fur.se.  21192. 
Valves  and  valve  seats.    K 腦 vies  &  Goreham.  21236. 
Stay  for  boiler  plates.    Ward  ct  Ward.  2222G. 
Ball-grinding  machines.    Nonna-Conipagiiie  Gc^.  22325. 
Spanners.    C(x>k.  22563. 
Vatves.    Rothchild.  22932. 

Cushioning  or  shock-absorbing  nu^aiLs  for    driving  mechaiiibm. 

Batomaii  A'  Bateman.  23100. 
Centrifugal  pumps.    Geb.  Sulzor.  23374. 
Miners'  safety  lamps.    Haihvood.    2()09]  and  26092. 
Compound  steam  engines.    Schmidt.  28382. 

Construction  for  fixing  blades  in  turbines.  Bergniann-Elektrici- 
tats-AVerke  Akt.-Ges.  29199. 

1912. 

Valves  of  internal  combuirtion  engines.    Reeveii.  41. 

ELECTRICAL  1911. 

jNIinors'  electric  saiVty  lamijs.    Hail.vood.  43G. 
Apparatus  for  the  manufactine  of  t^loctric  roijistauces. 

and  Brook.  2926. 
Electric  lifting  systems  for  railway  carriages.      Electric  a 

Ordnance  Accessories  Company,  Lan<iU*y,  and  Price.  3238. 
Electrical  infhitMic':?  machines.    Morris  A:  Lister,  Ltd.,  Morriti,  and 

Watson.  3701. 
Voltage  regulators.    Buniham.  3703. 

Electrical  apparatus  for  the  maiiufacturc  and  welding  of  metal 

articles.    Jevoiis.  3838. 
Transmitter  for  signalling  by  electro-magnetic  waves.  Chambers. 

4488. 

Telegraphic  systems.    Faiella.  4920. 

Electric  motor  control.       British   Thomson-Houston  Company 

5620.  ■ 
Electric  cut-outs.    Sclnveitzer  &  Conrad.  6113. 
Automatic  regiUatiug  devices  for  electric  supply  systems.  Lake 

7528.  ' 
Electrically  controlled  valves.    Nicholson      Brooking.  8899. 
Electro-magnetic  lifting  appliances   ust'd   with  cranes.  Steel 

Peech,  &  Tozer,  Ltd.,  and  Boweii.    8(J5 丄 
Electric  switches.      W.  T.  Henley's  Telegraph  Works  Couipauy, 

and  Judge.  10747. 
Dynamos.    Newton.  107o8. 

Electric  a  rc  lamps.    Boa  rdmaii,  Boa  rdinaii,  A  Bon  id  man.    1 1872. 

Systems  of  electric  distribution.  British  Thonisoii-Houstoii  Com- 
pany, and  Whitaker.  12918. 

Generation  of  altoriiaiiiig  electric  curreut.    Rosenberg.  13099 

Automatic  switches  or  cut-outs  for  use  in  charging  secondarf 
batteries.    Midgle}*  A:  Vaiidcrvoll.  15039. 

Electro-magnetic  circuit-breakers.  Compagnie  des  Coiiipteurs 
Aroii.  1(3962. 

Tumbler  switches.    Lake.  18881. 

Methods  of  ami  apparatus  for  cooling  t-lectrical 川 adiirn'rv.  Baum. 

1*)7()().  ' 
Klcctiic  incaiulosci  iit  lamps.    Euler.  20G43. 
KU'ctric  switches.    Lucas  it  Liica^.  21495. 
Sparking  plug  for  internal- wmbiistion  onginefti.    Mills.  1?1(;】6. 
Protective  devices  for  electric  lamps.    Poiry  &  Davies.  1*3781. 
Lighting  and  regulating  of  electric  arc  lamps.      Harle  et  CSe. 

25138. 

Electrically  actuated  ；， ml  coiitrolltHl  apparatus  for  operating  rail- 
way .soinaphoio  si^nal^i.  ()* DoniU'II  and  Driti^h  Piiouniatic 
】{aihva,v  Signal  C'oiiipaiiy.  2o34o. 

Secondary  or  storage  batteries.    Do  Karavodino.  28867. 

Eh'ct I'ic  iiiiiition  dovices  for  intoriiaI-c<Mnl>iustion  eiijiiiu^s.  1 《（山 crt 
Bosdi.  '29368. 


Conservation  of  our  Coal  Supplies.  ― In  the  House  of  Commons 
a  few  days  ago  Mr.  McKemia.  the  Home  Secretary,  stated  that 
ill  view  of  the  importance  of  economising  our  coal  supplier- 
generally  he  is  considering  wbctlier  a  (joveniment  inquiry 
could  with  advantage  be  made  in  two  directions  : ― (1)  What 
measures  are  possible  to  prevent  waste  in  tlie  getting  of 
coal  —(.'.(/.,  l)v  wasteful  nicthods  of  working  or  by  leaving  un- 
necessary harriers  l)otwoen  royalties.  \\'hat  economics  can 
he  effected  l)y  stopping  waste  in  the  consumption  of  coal  anJ 
by  its  more  scientific  use  in  the  production  of  cuorgy. 
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Second  and  Greatly  Enlarged  Edition  of 

The  Testing  of  Engines, 
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A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
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17/6*  per  annum,  post  free.    Thin  paper  edition. 
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The  Inspection  and  Working  of  Agricultural  Traction  Engines. 

Several  formal  enquiries  recently  held  by  the  Board  of  Trad© 
into  explosions  of  traction-engine  boilers  used  for  agricultural 
purposes  disclose  an  amou'nt  of  ignorance  and  recklessness  in 
connection  with  tlieir  working  which,  is  disquieting  to  the 
public  in  agricultural  districts,  where  they  wander  about  the 
high  roads  from  one  farm  to  another  for  employment  under 
the  hiring  system.  It  is  only  a  few  weeks  since  (see  p.  124 
ante)  that  w©  gave  an  account  of  an  enquiry  keld  at  Win- 
chester -,- into  an  explosion  of  this  kind  at  Crawley,  which 
resulted  in  the  death  of  two  men.  In  that  case  the  boiler  was 
owned'  by  a  firm  who  made  a  practice,  apparently,  of  puxchas- 
ing  and  doctoring  up  second-liand  boilers,  which  were  let  out 
to  third  parties,  who  contracted  to  do  ploughing  and  similar 
work  at  various  farms.  The  boiler  had  changed  hands  several 
times,  and  although  over  30  years  old,  was  worked  at  a  pres- 
sure 201bs,  higher  than  it  was  originally  constructed  for. 
Further,  it  was  dangerously  wasted  by  corrosion.  The 
Board  of  Trade  Commissioners  held  that  the  explosion 
would  have  been  averted  by  reasonable  precautions  and  the 
exercise  of  ordinary  care,  and  as  a  consequence  of  the 
negligence  displayed,  they  ordered  the  firm  who  worked  the 
engine  to  pay  £50,  and  the  firm  who  let  it  out  on  hire  £25 
towards  the  costs  of  the  enquiry.  They  commented  also  on 
the  imperfect  character  of  the  inspection  frequently  observable 
in  connection  with  boilers  of  this  kind,  and  the  consequent 
danger  to  the  outside  public.  These  lessons  are  furtliei' 
emphasized  iu  a  report  of  a  Formal  Investigatiou,  just  issued, 
on  an  explosion  which  occurred  at  Clieltenhaui  on  September 
12 til,  1910.  This  case  resembled  the  other  in  several  particu- 
lars. The  boiler  belonged  to  a  firm  who  owned  a  number  of 
similar  engines,  and  let  them  out  under  hire-purchase  agree- 
ments to  third  parties.  It  was  24  years  old,  and  originally 
constructed  for  a  pressure  of  lOOlbs.  on  the  inch,  but  after 
changing  hands  several  times,  and  after  certain  repairs  were 
made,  it.  was  finally  let  out  on  liire  at  a  working  pressure  of 
1501bs.,  or  nearly  40  per  ccnl.  liigUcr  than  the  pressure  for 
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which  the  boiler  was  originally  constructed.    The  owners  in 
this  case  had  taken  the  precaution  to  have  the  boiler  examined 
and  tested  by  the  Ocean  Insurance  Company,  who,  after  an 
hydraulic  test  to  2301bs.，  and  data  supplied  to  them,  issued  a 
certificate  that  they  considered  (( the  boiler  safe  and  satis- 
factory for  a  safety-valve  load  of  1501bs.  per  square  inch." 
Some  six  months  after  this,  the  engine  was  let  out  on  a  hire- 
purchase  agreement  to  a  man  who  worked  the  engine  himself, 
and  to  whom,  on  the  basis  of  their  previous  examination  and 
test,  the  Ocean  Company  issued  a  policy  in  the  sum  of 
£1,000,  insuring  him  against  (a)  loss  or  damage  to  the  loco- 
motive, {b)  liability  of  the  assured  to  pay  damages  for  injury 
to  property  of  any  person,  and  (c)  liability  of  the  assured  to 
pay  compensation  for  fatal  or  non-fatal  injuries  received  by 
any  person.    Three  months  after  this  the  boiler  burst  with 
great  violence.    The  subsequent  investigation  by  the  Board  of 
Trade  Surveyor  and  the  enquiry  of  the  Commissioners  led 
them  to  the  couclusiou  that  the  explosion  was  due  to  excessive 
pressure,  and  "  that  the  springs  of  the  safety  valves  were 
either  jammed  or  screwed  dowu,  possibly  with,  the  object  of 
getting  a  pressure  exceeding  1501bs.  to  do  the  heavy  work 
required  by  the  locomotive."  For  this  state  of  affairs,  they  held 
the  man  who  had     liixe-purchased  "  and  worked  the  engine 
responsible,  and  ordered 丄 lim  to  pay  a  sum  of  £100  towards 
the  expenses  of  the  enquiry.    At  the  enquiry,  the  superin- 
tending eugiiieer  of  the  insurance  company  advanced  the 
theory  that  the  explosion  was  caused  by  some  high'  explosive 
inside  one?  of  the  smoke  tubes,  but  the  Commissioners  did  not 
accept  this  fantastic  explanation,  and  in  view  of  the  facts,  it 
is  not  worth  discussion^  for  as  they  remarked,  "  there  was  no 
direct  evidence  to  support  it,  while  the  nature  of  the  explosion 
was  quite  consistent  with  au  explosion  caused  by  over-pressure 
of  steam."    There  are  some  other  features,  however,  in  con- 
nection witk  the  explosion  ou  which,  iii  the  public  interest,  it 
appears  desirable  to  comment.      While  the  Commissioners 
exonerated  the  Ocean  Company,  and  its  superintending  engi- 
neer from  any  blame  for  the  explosion,  they,  nevertheless, 
expressed  the  opinion  that  "  tlie  arrangement  between  this 
company  and  the  firm  who  sold  the  boiler,  if  carried  out 
without  a  thorough  examination  of  tte  boiler  and  the  greatest 
care  and  precautions,  might  be  detrimental  to  the  safety  of 
the  public,"  au  opinion  with  wkich  we  entirely  agree,  and 
which,  makes  it  desirable  to  examine  the  arrangement  a  little 
more  closely.    Its  precise  terms  were  outlined  in  the  following 
letter  addressed  by  the  Ocean  Company  to  Messrs.  Lewis  and 
Sous,  of  Reading,  the  lii'm  who  supplied  the  boiler  ：  ~ - 
Meiisrs.  H.  Lewis  &  S<ms， 

Reading.  October  22nd,  1909. 

Dear  Sirs, ― lleierring  to  your  Ah'.  Lewis'  interview  with 
our  Mr.  Petheram,  on  the  21st  iiist.,  we  have  pleasure  in 
submitting  the  following  propositions  for  you r  coiisideration. 

To  thoroughly  exaiiiiiie  and  witiuvss  hydraulic*  pressure 
tests  on  not  less  than,  say  60  boilers,  our  fee  would  be  10s. 
per  boiler  J  it  being  understood  that  not  less  than  four  boilers 
would  be  ready  ou  each  day  appointed  for  our  (uigineer- 
surveyor  to  attend.  The  foe  w ould  include  a  separate  certifi- 
cate in  each  case,  stating  briefly  tliat  the  boiler  had  boen 
thoroughly  oxainiiuHl  and  tested  with  satisfactory  result^i,  and 
that  we  were  willing  to  insure  it  at  a  certain  pressure.  It 
would  be  understood  that  in  each  case  we  should  give  you 
the  highest  pressure  for  which  we  considered  the  boiler  safe 
and  suitable.  ^Ye  would  further  send  you  a  l)r"、i，  report  on 
the  condition  of  each  boiler  for  your  own  private  iiitonna- 
tion,  at)(l  we  would  adviso  you  as  to  how  ]on<;  the  certificati^ 
would  liokl  good  without  a  further  examination  l)oin^  made. 
This,  as  personally  explained,  would  ossentiaily  deptMid  upon 
the  ago  unci  condition  of  the  boiler.  If  after  your  present 
stock  of  boilers  have  been  examim'd  you  require  an  odd  one 
oxamined  and  te£>tex:l  now  ami  then,  our  foo,  if  wo  lia d  to 
send  specially  at  short  notice,  would  bo  one  y:uiiioa  por  bo i lor. 
But  if  you  gave  us  a  week's  notice  we  would  chargo  the  »sanio 
foe  as  quoted  above  for  the  largo  number  of  boilers.  Wc  feel 
sure  that  wo  thoroughly  understaml  your  loquiroiutMiti;,  ami 


the  scheme  you  ！ lave  in  mind,  and  the  fee  quoted  above  is 
ri'aliy  most  reasonable  having  rey;ard  to  tlie  work  to  be  under- 
taken. 

Yours  faitliiuUy, 

General  Manager  and  Secretary. 
The  examination  of  the  boiler  in  question,  as  revealed  by 
the  enquiry,  and  which  was  described,  in  the  Ocean  Company's 
report  as  '(  a  thorough  examination  as  far  as  practicable,  ' 
was  of  a  very  partial  character.       The  interior  was  not 
accessible,  and  as  none  of  the  smoke  tubes  were  drawn,  inspec- 
tion of  it  could  only  be  made  by  looking  through  the  manhole 
and  several  mud  holes  in  the  water  space,  while  of  the  exterior 
surface  even  less  was  discernible,   as  the  lagging  was  not 
removed.      Had  it  been,  there  is  no  doubt  the  seriously 
laminated  condition  of  the  plate  which  gave  way  would  have 
been  discovered.      It  ought  in  fairness  to  be  added  that  this 
incomplete  examination  was  supplemented  by  an  hydraulic  test 
ou  the  following  day  to  a  pressure  of  2301bs.  ou  the  inch  ；  and 
ill  view  of  the  importance  which  in  the  past  the  Board  of  Trade 
have  attached ― in  our  opinion  unduly ― to  the  value  of  the  ' 
hydraulic  test  as  a  means  of  discovering  boiler  defects,  the 
insurance  company  were,  perhaps,  to  some  extent  justified  in 
assuming  that  after  such  a  test  the  boiler  might  reasonably 
be  considered  safe  for  a  working  pressure  of  loUlbs.,  although, 
as  already  stated,  this  was  nearly  40  per  cent,  higher  thau 
the  pressure  for  which  the  boiler  was  originally  constructed 
IM  years  ago.      Au  hydraulic  test  is  a  very  useful  means  of 
det-ermiiiiiig  the  tightness  of  riveting  in  the  case  of  new  work 
or  of  repairs,  or  the  sufficiency  of  flat  surfaces,  or  abnormally- 
shaped  parts,  the  strength  of  which  may  be  in  doubt,  but,  as 
is  well  kuowu  to  all  familiar  with  boiler  inspection,  it  is  a  poor 
substitute  for  visual  examination  in  discovering  the  great 
majority  of  defects   that   occur   in    boilers,  and   which,  if 
neglected,  lead  to  failure.    Instances  have  occurred  again  and 
again  where  a  defect  has  developed  into  a  rupture  shortly 
after  the  hydraulic  test  has  been  applied.      In  the  present 
case,  liaviug  regard  to  the  age  of  the  boiler  and  its  history,  | 
as  well  as  to  fclie  great  increase  beyond  the  original  working  : 
pressure ― the  amount  of  which,  it  swnis  to  us,  was  as  open 《 
to  ascertainment  by  the  iusurauce  company  as  it  was  sub- 
sequently by  the  Board  of  Trade ― we  caunot  help  feeling  that 
the  company  should  not  liave  been  satisfied  with  anything  less 
ill  an  an  examination  which  was  "  thorough     in  naiity,  and 
not ''  as  far  as  practicable.  "    In  conimentiug  upon  this  aspect 
of  the  case  and  the  certificate  that  was  issued,  the  Commis- 
sioners rightly  took   exception  to  this  qualifying  phrase, 
pointing  out  that  tlie  removal  of  the  lagging  for  the  purpose 
of  external  examination  could  have  beeu  easily  effect-ed,  and 
that  without  the  removal  of  some  of  the  tubes  the  lower  part 
of  the  interior  could  not  be  seen.      Boiler  owners,  we  are 
aware,  are  often  rductant  to  make  the  preparation  necessary 
for  a  thorough  examination  on  account  of  the  trouble  and 
expense,  but  there  are  times  when  it  is  necessary,  and  should 
1"、  insisted  upon  by  inspecting  authorities  if  they  are  to  do 
tlieii'  duty  to  their  rlient-s  and  to  the  public,  and  this  sliould 
be  realised  by  all  concerned.    There  is,  however,  we  regret  to 
say,  an  unfortunate  tendency  ou  the  part  of  some  inspecting 
companies  to  cut  down  fees  to  a  point  at  which  it  is  difficult, 
if  not  impossible,  to  render  honest  and  officicnt  service  except 
at  a  loss,  and  under  such  oircumstancos  it  is  needless  to  say 
the  service  is  liable  to  suffer.    】t  is  not  for  us  to  suggest  what 
is  a  reasonable  fee,  but'  speaking  with  intimate  knowledge  of 
what  efficient  boiler  inspection  means  in  the  way  of  trouble 
and  expense,  the  fee  of  10s.  per  boiler,  for  which  the  Ocean 
Company  undertook  to  make  an  hydraulic  test  with  its  atten- 
dant examination,  and  to  include,  as  stat^  in  their  letter  to 
Messrs.  Lewis,  quoted  above,  a  certifu^at<»  stating  briefly  that 
tlie  boiler  had  been  thoroughly  cxainim^l  ami  "'sU、(l  with 
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satisfactory  results,  and  that  they  were  willing  to  insure  it  at 
a  certain  pressure,  strikes  us  as  being  extraordinarily  low, 
and  we  are  not  surprised  that  in  commenting  upon  this 
arrangement  the  Board  of  Trade  Commissioners  should 
remark  that  if  carried  out  without  a  thorough  examination 
of  the  boiler  and  the  greatest  care  and  precautions,  might  be 
detrimental  to  the  safety  of  the  public."  It  is  cheaper,  as  a 
rule,  to  make  an  hydraulic  test  than  an  efficient  thorough 
inspection,  and  it  is  desirable  this  fact  should  be  impressed 
upon  the  】niuds  of  steam  users.  Further,  they  should  clearly 
recognise  that-  if  inspecting  authorities  are  to  perform  the 
service  which  is  necessary  to  arrive  at  a  reliable  opinion 
respecting  the  condition  of  a  boiler,  or  its  suitability  for  the 
working  pressure,  they  must  be  willing  to  make  suitable 
provision  for  a  real  "  thorough  "  iuspectiou,  aud  to  pay  for  it. 

NEW  MELTING  POINT  DETERMINATIONS. 

The  reason  why  the  melting  points  of  many  substances  that 
are  used  in  iron  and  steel  metallurgy  have  not  been  accurately 
determined  is  because  a  suitable  furnace,  with  temperature 
control,  has  not  been  designed.  Careful  work  at  the  Univer- 
sity at  Aachen  has  developed  an  electric  vacuum  furnace  in 
which  temperatures  can  be  reached  and  controlled  far  in  excess 
of  those  possible  of  attainment  in  the  iridium  furnace  designed 
by  Nernst,  and  used  by  the  Bureau  of  Standards  at  Washing- 
ton as  well  as  other  institutions.  This  new  furnace  uses  the 
resistance  of  carbon  as  the  heating  element.  A  full  descrip- 
tion and  some  very  interesting  results  obtained  are  given  in  a 
recent  issue  of  "  Metallurgies '  and  recorded  in  "  The  Iron 
Age."  The  temperatures  are  measured  altogether  by  optical 
methods,  two  Wanner  pyrometers  being  used.  In  the  follow- 
ing table  are  given  some  results  obtained  by  the  experimenter, 
E.  Otto  Goecke  :— 
Melting  Poiiits  of  Various  Metals,  Determined  by  the  Use 
of  a  Vacumu  Furnace, 


Material. 

Gold   

Manganese   

Chromium   

Platinum   

Iridium  

Uranium  Carbide,  UCg 
Vana  d  ium    Ca  I'b  id  e . 
V,C3  

Ferrous  Oxide,  FeO 
Feme  Oxide,  Fe^Ojj 

Magnetic  Oxide, 

Fe,0,  

Oxide  of  Chromium, 

Cr.O^   

Alumina,  A1.)0.,  

Oxide,  U0,， 


Melting 
Point. 


1071°C 

1247 

15U 

1750 

2224 

2425 

2750 

1419 
1548 


1538 

2059 
2020 
2176 


Pressure. 


2  mm, 

4  mm, 

5  mm. 
2  mm, 
5  mm. 
5  mm. 

5  mm. 

5  mm. 
4  mm. 


4  mm. 


Eemarks. 


Nitrogen.  1  atmos. 
Nitrogen ,  1  atmos. 
Nitrogen,  1  at  mow. 


Sintered  at  2300^. 

/  In  order  to  prevent 
1  reduction  by  car- 
-j  boil  the  oxides 
were  placed  on 
I  platinum. 


The    criu'ible  was 
made  of  Zr  O.,. 

Melting    began  at 
簡 8Q. 


A  complete  series  of  determinations  was  run  on  the  well- 
known  Seger  cones  both  in  a  vacuum  and  in  an  atmosphere  of 
nitrogen.  The  following  short  table  shows  the  good  agreement 
obtained : — 


Seger  Cone. 
No. 

Teuipeiature 

Temperature 

Pressure 

Given. 

Found. 

28 

Vacuum,  4  mm. 

lfi30。C 

1«27。C. 

30 

Vacuum,  4  mm. 

1(570 

1G72 

32 

Vacuum,  5  mm. 

1710 

1715 

35 

Vacuum,  5  mm. 

1770 

1780 

37 

Vacuum,  7  mm. 

1825 

1837 

28 

Nitrogen,  1  atmos. 

1630 

1631 

29 

Nitrogen,  1  atmos. 

1650 

1651 

32 

Nitrogen,  1  atmos. 

1710 

1718 

：}3 

Nitrogen,  1  atmos. 

1730 

1729 

34 

Nitrogen,  1  atmos. 

1750 

1747 

36 

Nitrogen , 】 atraos. 

1790 

1793 

38 

Nitrogen,  1  atmos. 

1850 

1844 

39 

Nitrogen,  1  atmos. 

1880 

1882 

40 

Nitrogen,  1  atmos. 

1930 

192(5 

41 

Nitrogen,  1  atmos. 

1900 

1963 

42 

Nitrogen,  1  atmos. 

2000 

2009 

Tests  were  also  made  on  five  clays  of  well-known  brands 
which  had  melting  points  given  in  terms  of  Seger  cone  num- 
bers.   The  agreement  was  exact. 

Very  careful  experiments  were  then  made  with  alumina, 
lime,  and  magnesia.  When  working  in  a  vacuum  the  alumina 
began  to  vaporise  somewhere  between  704'^  and  1,739  '  C.  This 
action  was  very  active  at  1,905*'  C.  ；  at  2,020'  C.  the  exide 
began  to  melt,  and  at  2，035。  C.  it  was  completely  molten. 
Another  series  was  run  in  nitrogen  at  atmospheric  pressure. 
At  1,1)47°  C.  it  began  to  sinter;  this  was  very  noticeable  at 
2,009°,  and  at  2,020°  C.  it  was  completely  molten.  In  this 
latter  case  no  vapour  was  noticed. 

The  test  with  lime  in  a  vacuum  could  not  be  carried  to  a 
much  higher  temperature  than  2,400^  C.,  for  then  the  heating 
tube  of  carbon  burned  through,  probably  because  of  a  reaction 
between  the  carbon  and  oxide  vapour.  At  2,102^^  there  was 
noticeable  a  rounding  of  the  sharp  corners  of  the  sample  of 
lime,  which  could  only  be  due  to  the  formation  of  vapour.  It 
strongly  sintered  at  2，32(P  C.  ；  and  at  the  highest  temperature 
reached,  2,348*^  C,  was  not  melted,  but  had  almost  passed  into 
vapour.  The  series  run  in  a  nitrogen  atmosphere  showed  the 
presence  of  vapour  comparatively  early,  namely,  at  1,742'^  C. 
At  1，900。  C.  it  melted,  and  began  boiling  at  1,994'  C.  The 
temperature  of  the  furnace  remained  constant  until  practically 
all  the  lime  had  boiled  away.  It  then  increased,  and  at  2,009° 
C.  nothing  was  left.  The  difference  in  the  results  obtained  in 
a  vacuum  and  in  nitrogen  are  so  great  that  they  must  be  due 
to  the  formation  of  an  easily  volatile  compound  of  lime  and 
nitrogen. 

The  experiment  with  magnesia  in  the  vacuum  was  carried 
to  2，513。  C.，  but  no  melting  could  be  observed.  The  heating 
tube  then  burned  through.  Lively  vaporisation  was  first 
noticed  at  2,039  '  C.  In  a  nitrogen  atmosphere  this  was  dis- 
tinctly noticed  at  2,009"  C.  ；  but  if  ampere  numbers  and 
temperatures  are  used  as  ordinates  it  is  seen  that  it  begins  at 
1,80 C.  At  2,455，  the  heating  tube  burned  through,  but  the 
sample  was  not  melted. 

If  these  results  are  brought  together  we  see  that  alumina 
melts  at  from  2,020"  C.  to  2,035'  0.  both  in  a  vacuum  and  in  a 
nitrogen  atmosphere.  The  melting  point  of  lime  in  a  vacuum 
was  not  reached,  but  on  the  other  hand  it  melted  at  1,990'^  C. 
in  an  atmosphere  of  nitrogen.  This  is  undoubtedly  due  to  a 
reaction  between  the  lime  and  nitrogen.  Finally  the  melting 
point  of  magnesia  was  not  reached  in  either  a  vacuum  or  a 
nitrogen  atmosphere. 


£1,000  Prize  Award  for  an  Aerial  Engine. ― A  meeting  of  the 
joint  committee  of  the  aeronautical  bodies,  representing  tlio 
Aeronautical  Society,  the  Royal  Aero'  Club,  and  the  Aerial 
League  of  the  British  Empire,  was  held  on  the  14th  ult.  to 
consider  the  report  of  the  Testing  Committee  and  the  results 
of  the  above  competition,  which  was  open  to  world  makers 
of  aeroplane  and  airship  engines.  The  prize  of  £1,000  offered 
by  Mr.  Patrick  Y.  Alexander  was  unanimously  awarded  by 
the  joint  committee  to  the  Green  Engine  Company.  The 
Green  engine  entered  for  this  competition  developed 
61*6  horse-power  at  1,150  revolutions  per  minute  in  two  non- 
stop runs  of  twelve  hours  each.  The  test  was  carried  out  at 
the  Government  Aircraft  Factory. 

The  British  Association. ― For  the  meeting  of  the  British 
Association  for  the  Advancement  of  Science,  which  is  to  take 
place  this  year  at  Dundee,  on  September  4th  and  following 
days,  under  the  presidency  of  Prof.  E.  A.  Schiifer,  LL.D., 
F.E.S.,  the  following  presidents  have  been  appointed  to  the 
various  sections  :  Mathematical  and  Physical  Science,  Prof. 
H.  L.  Callendar,  LL.D.,  F.R.S.;  Chemistry,  Prof.  A.  Senier, 
M.D.,Ph.D.;  Geology,  Mr.  B.  N,  Peach,  LL.I). ,F.E.S.  ；  Zoology, 
Mr.  P.  Chalmers  Mitchell,  D.Sc,  F.R.S.;  Geography,  Sir 
Charles  M.  Watson,  K.C.M.G.,  C.B.,  RE.  ；  Economic  Science 
and  Statistics,  Sir  Henry  H.  Gunynghame,  K.C.B.  ；  Engi- 
neering, Prof.  A.  Barr，  D.Sc.  ；  Anthropology,  Prof.  G.  Elliot 
Smith,  M.D.,  F.E.S. ;  Physiology,  Mr.  Leonard  Hill,  M.B., 
F.E.S.  ；  Botany,  Prof.  h\  Keeble,  Sc.D.  ；  Educational  Science, 
Prof.  J.  Adams,  M.A.  ；  Agriculture,  Mr.  T.  H.  Middleton, 
M.A.  Agriculture  will  form  the  subject  of  a  full  section  for 
the  first  time.  Prof.  W.  II.  Bragg,  F.R.S.,  and  Prof.  A.  Keith, 
M.D.,  have  been  appointed  to  deliver  the  evening  discourses. 
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STRUCTURE  AND  HEAT  TREATMENT  OF  TOOL  STEEL* 


BY   J.   V.  KMMONS. 


Tool  steel  consists  essentially  of  iron  and  carbon.  There  are, 
however,  four  other  elements  always  present,  two  of  them, 
phosphorus  and  sulphur,  being  injurious  impurities,  while  the 
other  two,  manganese  and  silicon,  have  some  more  or  less 
valuable  effect  when  present  in  certain  proportions.  The 
gases,  oxygen  aiid  nitrogen,  are  also  present  in  small  amounts 
as  injurious  impurities,  but  are  not  usually  taken  into 
account.  Frequently  other  elements  are  added  to  produce  a 
special  grade  of  steel  for  certain  purposes.  The  principal 
metals  added  include  nickel,  chromium,  tungsten,  vanadium, 


Fig,  1.— Fibecrack  in  Steel,  following  thk  Lines  of  CemenTitk. 

and  molybdenum.  The  carbon  iu  tool  steels  varies  from 
about  0'8  to  1*50  per  cent"  according  to  different  require- 
ments. An  analysis  which  is  widely  used  for  cutting  too】s 
and  whicli  may  be  taken  as  typical,  follows : ― 

Per  cent. 

Carbon    1*20 

Maugan6S6   0'30 

Silicon    015 

Phosphorus  less  than    0'020 

Sulphur  less  than  ..... :   0020 

丄 11  the  last  few  years  it  has  beeu  recognised  that  tli& 
structure  of  tool  steel  has  fully  as  much  to  do  with  its  pro- 
perties as  tlie  chemical  composition.  This  has  led  to  the 
establi&liment  of  microscopic  equipment  in  dH  well-equipped 
steel  laboratories. 

Ferrite  is  pure  iron.  It  is  usually  recognised  by  its 
irregular  hexagonal-shaped  grains.  It  is  soft,  ductile,  has 
little  strength,  and  cannot  be-  hardened.  It  occurs  iu  tool 
steel  normally  only  when  mixed  with  cembiiti be  to  form 
pearl ite.  It  is  found,  however,  in  connection  with  certain 
abnormal  conditions  such  as  bark  and  graphite.  These  will  be 
considered  later. 

Cementite  is  a  carbide  of  iron  containing  6*6  per  cent  - 
cai'bon.  It  is  very  hard  and  brittle,  resembling  glass  in  thes(> 
properties.  Cementite  is  contained  in  small  quantities  in  all 
tool  steel  over  0'80  per  cent,  in  carbon. 

Pearlite  is  a  mechanical  mixture  of  cementite  cud  fcrrito, 
the  two  being  arranged  alternately  in  very  thin  plates.  It 
contains  0'80  per  cent,  carbon  and  is  soft  and  tough.  Pearlite 
is  the  chief  constituent  of  annealed  tool  steel . 

Martensite  in  tool  steel  contains  from  0*70  to  0*90  per 
cent,  carbon  and  is  produced  by  quenching  in  water  or  some 
similar  bath  from  a  temperature  above  the  critical  point.  It 
consists  of  interlacing  needles,  which  structure  gives  it  great 
strength  and  hardness.  Martensite  is  the  principal  consti- 
tuent of  hardened  steel.  A  micro-photograph  of  it  is  illus- 
trated in  Fig.  3. 

Sorbite  is  a  transition  from  between  martensite  ami 
pearlite.  It  may  be  formed  by  fairly  rapid  cooling  from  above 
the  critical  point  or  by  drawing  the  to 川 p、r  of  liardoned  stw】.  It' 
is  harder  than  pearlite  and  lias  great  strcnglh.  Sorbite  is  the 
principal  constituent  of  tool  steel  as  it  comes  from  tlio  rolls 
or  forge.  Several  other  constituents  and  transition  forms  arc 
known,  but  tlie  above  are  of  the  greatest  practical  interest, 

*  Paper  aread  before  the  Metal  Trades  Superintendents'  aud  Foi;oinen'8  Club, 
of  Cleveland,  February  17th,  1912. 


The  inspection  of  tool  steel  is  one  phase  to  which  the  con- 
sumer frequently  gives  too  little  attention,  and  to  this  fact  a 
large  majority  of  the  dilliculties  encountered  in  heat  treat- 
ment may  be  attributed.  Two  methods  of  inspection  are 
employed.  The  first  is  by  chemical  analysis  and  microscopic 
examination,  which  is  available  only  with  laboratory  equip- 
ment. 

The  second  is  by  the  examination  of  the  surface  of  the 
bars,  plates,  &c.，  and  of  the  hardened  fracture  by  the  naked 
eye  or  the  hand  magnifier.  The  former  method  is  the  】nost 
accurate  kuown,  and  to  it  we  owe  most  of  our  present  know- 
ledge of  tool  steel.  The  latter  met  bod  is  much  less  accurate 
when  used  alone,  but  in  skilled  hands  it  gives  most  valuable 
indications  of  the  condition  of  the  steel .  It  lias  the  advan- 
tages of  being  inexpensive  and  available  even  iu  small  shops. 
It  is  possible  to  detect  in  this  way  surface  cracks,  the  presence 
of  bark,  pipes,  overheated  structure,  graphite,  and  bad  cases 
of  segregation  of  cementite  as  illustrated  in  Fig.  2.  Micro- 
scopic examination  shows,  in  addition  to  the  above,  the 
amount  and  condition  of  the  bark,  the  exact  amount  of  segre- 
gation, the  approximate  amount  of  graphite,  and  the  precise 
amount  of  overheating,  all  of  which  are  necessary  for  the 
intelligent  handling  of  tool  steel . 

The  first  step  in  the  process  of  heat  treatment  is  annealing. 
There  is  no  best  way  to  anneal  tool  steel.  It  is  impossible 
for  any  one  method  to  satisfy  all  conditions.  Every  con- 
sumer has  his  own  especial  problem  of  annealing  to  solve,  the 
answer  to  which  depends  on  the  grade  of  steel  used,  the  condi- 
tion of  the  steel  before  annealing,  and  tbe  results  desired. 

Plain  carbon  steels  are  divided  by  the  manufacturer  into 
several  grades  ranging  from  0*70  to  1'50  per  cent,  carbon.  In 
addition  to  these  there  are  numerous  grades  of  alloy  steels 
coming  into  wide  use  known  as  chrome  steel,  nickel  steel, 
tungsten  steel,  vanadium  steel,  chrome-tungsten  st-eel,  chrome- 
vanadium  steel,  &c.  These  special  grades  have  widely  diffe- 
rent properties  and  frequently  require  special  treatment. 

The  low  limit  below  which  it  is  not  practical  to  anneal 
tool  steel  is  about  1,200°  Fah.  The  high  limit  above  which 
it  is  not  safe  to  anneal  tool  steel  is  about  1,500。  Fah.  Iu  this 
range  of  300°  practically  all  annealing  operations  are  carried 
on.  This  great  variation  in  heats  is  required  mainly  because 
of  the  previous  condition  of  the  steel  or  because  special  results 
are  required.  Steel  as  it.  comes  from  the  inill  is  said  to  b© 
in  tlie  natural  state,  but  this  is  very  indefinite  as  it  may 
in  any  one  of  a  variety  of  conditions  due  to  a  lack  o 
uniformity  of  melting,  soakhig  the  ingot,  rolling,  &(,.  Th 
normal  condition  for  uiiannealed  steel  is  sorbite,  containing  in 

the  case  of  steels  over0"80 
per  cent,  carbon,  a  fine, 
well-distributed  network 
of  cementite. 

For  the  proper  regu- 
lation of  annealing  tem- 
peratures a  knowledge  of 
the  critical  point  of  the 
steel  is  necessary.  The 
critical  point  in  tool 
steel,  or,  as  it  is  some- 
times called,  the  recales- 
cence  point,  is  the  poitit 
iu  heating  steel  where 
the  cementite  is  dis- 
solved by  the  iron,  and 
is  the  point  in  cooling 
where  the  cementite 
crystalises  out  of  the  iron.  This  might  be  roughly 
compared  to  water  at  about  the  freezing  point.  For 
the  sake  of  comparison  we  will  refer  to  the  freezing  point 
of  water  as  its  critical  point-.  If  you  cool  the  water  slightly 
below  the  critical  point  needles  of  ioe  at  om't、  begin  to  form. 
If  w?  heat  it  above  the  critical  point  the  needles  at  ouce  melt 
or  are  dissolved.  The  cementite  in  tool  steel  behaves  in  th, 
saino  way.  If  wo  heat  it  above  the  critical  point,  whioli  is 
about  a  cherry  reel  or  1,375。  Fah.,  the  c(、me"ti"、  melts  or  is 
dissolved  in  the  iron,  but  as  soon  as  it  cools  again  the  oemr^ii- 
tite  at  once  crystalises  out.  Tliis  separation  of  tlio  cenirtitit<* 
takes  a  ctn't.aiu  amount  of  time.  Tho  hanlnos«  and  toiipliness 
of'lianlonorl  st-ool  are  due  ontiroly  to  tho  fart  that  tlio  stool  is 
cooled  so  rapidly  from  above  the  critical  poiut  that  some  of 


.—Longitudinal  Section,  showing 

SE(iKKGATION  OF  CEMKNTITE. 
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the  cementite  is  trapped  in  tlie  iron  by  the  sudden  stiffening 
of  the  cooling  metal,  forming  inartensite  or  hardened  steel . 
But  if  the  cooling  from  above  the  critical  point  is  prolonged, 
the  iron  and  cementite  separate  and  lie  side  by  side  in  the 
form  of  pearlite,  or  annealed  steel .  The  critical  point  is 
marked  by  a  number  of  interesting  phenomena,  among  the 
most  important  of  which,  from  a  practical  standpoint,  is  the 
loss  of  magnetism.  The  critical  point  may  be  roughly  deter- 
mined as  the  temperature  in  heating  at  wliicli  steel  no  longer 
attracts  a  magnet,  and  the  temperature  in  cooling  at  which 
it-  begins  to  attract  a  magnet. 

The  varied  results  which  it  is  necessary  to  accomplish  by 
annealing  demand  a  wide  range  of  treatments.  The  principal 
purposes  for  which  tool  steel  is  annealed  are :  (1)  To  put  it  in 


Fig.  3.— Micro-photograph 
OF  Marten  SITE. 


Fig.  4.— Cementite  Broken  Up, 
Not  Liable  to  Firecrack. 


Fig.  5  — Cross-section,  showing 
Segregation  of  Cementiti-:. 


condition  to  harden  properly.  (2)  To  put  it  in  condition  to 
machine.    (3)  To  put  it  in  condition  to  draw  into  wire. 

To  put  steel  in  condition  to  harden,  it  is  necessary  to  give 
it  the  finest  possible  structure  and  at  the  same  time  the  best 
possible  distribution  of  cementite  in  case  the  steel  is  above 
0'90  per  cent,  carbon.  It  is  generally  recognised  that  this 
may  be  best  accomplished  iu  steels  which  have  no  abnormal 
conditions  present,  by  annealing  at  a  temperature  slightly 
above  the  critical  point.  If  a  laboratory  and  pyrometers  are 
available  the  critical  point  for  each  grade  of  steel  used  may  be 
determined  accurately.  If  these  facilities  are  not  at  hand  the 
critical  point  may  be  determined  roughly  by  means  of  a 
magnet. 

To  put  steel  in  condition  for  machining  it  is  necessary  to 
take  into  account  the  different  machining  operations.  The 
three  principal  operations  on  tool  steel  are  turning,  milling, 
and  threading.  The  turning  operation  requires  steel  as  soft 
as  it  can  be  obtained.  The  Tnilling  operation  requires  steel 
slightly  harder  in  order  that  the  metal  will  not  drag,  making 
the  work  rough  and  gumming-up  the  cutter.  The  threading 
operation  requires  steel  still  harder  in  order  that  the  metal 
will  not  drag  nor  the  threading  tool  throw  up  a  burr.  Steel 
that  will  thread  perfectly  will  frequently  cause  great  Hi  fH- 
culty  in  turning.  Where  only  one  of  these  operations  is 
necessary  the  annealing  may  be  adjusted  with  little  difficulty, 
but  if  two  or  three  of  the  operations  must  be  performed  upon 
the  same  work  the  only  solution  of  the  problem  is  to 
endeavour  to  strike  the  happy  medium  where  all  of  the  opera- 
tions can  be  performed  at  least  fairly  well. 

In  drawing  tool  steel  into  wire  it  is  necessary  to  anneal 
after  each  draft,  in  order  to  soften  the  steel  and  restore  the 
low  elastic  limit  destroyed  by  the  stretching  as  it  was  drawn 
through  the  dies.  This  wire  is  annealed  by  heating  to  a 
temperature  considerably  below  the  critical  point  for  a  con- 
siderable length  of  time,  the  low  temperature  being  necessary 
to  avoid  the  formation  of  bark  and  graphite. 

Some  of  the  abnormal  conditions  which  may  be  present  in 
unannealed  tool  steel  are  coarse  structure,  due  to  overheating 
or  a  high  finishing  temperature  under  the  rolls  ；  segregation 
of  cementite,  and  bark.  The  refining  of  the  coarse  structure 
^ue  to  overheating  usually  requires  a  double  treatment 
involving  first  an  annealing  at  a  temperature  from  100°  to 
150°  above  the  critical  point.  This  annealing  completely 
breaks  up  the  over-heated  structure.  It  is  then  given  a 
second  annealing  slightly  above  the  critical  point  to  still 
further  refine  the  structure  left  by  the  first  treatment. 

The  segregation  of  cementite  caused  usually  by  prolonged 
soaking  is  in  danger  of  being  increased  by  annealing.  If  it  is 
not  too  far  advanced,  it  may  be  improved  by  a  treatment 


similar  to  that)  for  overheated  structure.  Bark  and  graphite 
are  the  two  most  undesirable  products  of  annealing. 

Bark  is  the  completely  or  partially  decarbonised  layer  of 
steel  near  the  surface.  It  is  due  chiefly  to  the  oxidising 
action  of  air  and  other  gases  upon  the  steol  while  it  is  at  a 
high  temperature.  It  has  been  observed  in  depths  varying 
from  O'OOlin,  to  0*125iu.  All  steel  has  more  or  less  bark 
unless  it  has  been  removed  by  pickling  or  grinding.  The 
principal  cause  of  its  production  in  aniioaling  is  an  oxidising 
condition  which  may  be  due  to  air,  a  large  quantity  of  scale 
or  rust  on  the  steel,  or  some  packing  material  which  contains 
oxygen.  A  micro-photograpli  of  bark  on  steel  is  illustrated 
in  Fig.  7. 

It  is  very  important  that  all  of  the  bark  be  removed  from 

the  steel  for  the  reason  that  it 
will  harden  only  in  proportion  to 
the  amount  of  carbon  it  contains, 
which  in  any  case  will  be  less  than 
that  of  the  interior  of  the  steel, 
and  may  be  so  low  that  it  will  not 
harden  at  all.  Difficulty  caused 
by  bark  is  in  the  turning  opera- 
tion. In  a  high-carbon  steel  con- 
taining from  1  to  7 '50  per  cent, 
carbon,  a  large  part  of  the  bark 
will  approximate  0  70  to  0*80  per 
cent,  carbon.  The  critical  point 
of  steel  containing  0-70  per  cent, 
to  0*80  per  cent,  carbon  is  very 
low.  Therefore,  when  the  steel  is 
annealed  at  its  appropriate  temperature  the  bark  is  consider- 
ably overheated,  with  a  resulting  coarse  structure. 

On  round  bars  this  forms  a  ring  of  hard,  overheated  srfceel 
which  is  extremely  difficult  or  even  impossible  to  turn 
accurately.  Tlie  best  remedy  for  this  condition  is  to  anneal 
in  such  a  manner  as  to  produce  no  bark,  but  if  it  is  necessary 
at  any  time  to  soften  a  bark  so  that  it  may  be  machined,  it 
may  be  done  by  re-an nealing  at  a  temperature  varying  from 
1,330°  to  1,375°  Fah.,  depending  on  the  grade  of  steel  used. 

The  second  by-product  of  annealing  is  graphitic  carbon, 
sometimes  known  as  black  fracture  or  black  centre.  In  this 
condition  part  or  all  of  the  carbon  has  been  driven  out  of 
combination  in  the  form  of  graphite.  This  practically 
amounts  to  changing  the  tool  steel  into  a  high  grade  of  malle- 
able cast  iron.  It  is  caused  by  either  repeated  annealings  or 
proloDged  annealing  ^at  a 
temperature  below  the 
critical  point  •  Once 
formed,  the  only  remedy 
is  to  remelt  the  steel. 

When  it  is  desired  to 
anneal  steel  which  has 
already  been  hardened, 
annealing  at  a  tempera- 
ture just  below  the  critical 
point  is  usually  satisfac- 
tory. High-speed  steels 
may  be  annealed  at  tem- 
peratures varying  from 
1,325。  to  1,400°  Fah.  in  a 
manner  similar  to  plain 
carbon  steel.  Greater 
care  is  usually  taken  to 
pack  the  steel  in  such  a  manner  as  to  prevent  bark. 

There  is  a  method  of  quick  annealing  high-speed  steel 
which  is  useful  where  it  is  necessary  to  anneal  a  single  tool  as 
quickly  as  possible.  It  consists  simply  in  heating  the  tool  to 
1 ,300°  Fall.,  allowing  it  to  cool  in  the  air,  reheating  to 
1 ,300°  Fah.  and  holding  it  at  that  lieat  for  30  minutes,  when 
it  is  allowed  to  cool  in  the  air.  This  will  be  found  successful 
for  most  high-speed  steels  now  on  the  market,  making  the  tool 
soft  enough  to  machine  and  putting  it  in  condition  to 
reharden  perfectly. 

Tool  steel  to  be  hardened  must  be  heated  to  a  temperature 
above  the  critical  point  and  cooled  rapidly  in  some  quenching 
bath  such  as  wat^r.  The  degree  of  hardness  depends  upon  the 
rapidity  of  cooling  and  also  upon  the  amount  of  carbon  pre- 
sent.   The  higher  the  percentage  of  carbon  and  the  faster  the 


Fig.  6.— Cementite  Network,  Liable 
TO  Firecrack. 
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cooling  the  harder  the  steel  will  become.  When  tool  steel  is 
quenched  at  a  temperature  slightly  above  the  critical  point,  it 
lias  the  finest  structure  that  it  is  possible  for  it  to  attain.  The 
higher  the  heat  above  the  critical  point  the  coarser  the  struc- 
ture becomes.  The  hardening  teinperatures  for  most  tool 
steels  in  use  to-day  lies  between  1,360。  and  1,450°  Fall. 

Closely  connected  with  liardening  is  the  .  drawing  opera- 
tion. For  most  purposes  it  is  found  necessary  to  draw  or 
temper  hardened  steel  in  order  to  relieve  strains  and  increase 
the  toughness.  This  is  accomplished  by  reheating  the 
hardened  steel  to  a  low  temperature  varying  from  400。  to  600° 
Fah"  according  to  the  degree  of  hardness  and  toughness  it 
is  desired  to  obtain.  • 

One  of  the  principal  difficulties  encountered  in  hardening 
steel  is  the  liability  to  firecrack.  Firecracks  are  especially 
liable  to  start  from  sharp  corners,  sharp  angles,  or  deep 
recesses.  These  should  be  avoided  in  the  design  of  tools 
whenever  possible. 

The  two  principal  causes  of  firecracks  are  high  sulphur 
content  and  bad  distribution  of  cementite.  The  amount  of 
sulphur  can  only  be  detected  by  a  chemical  analysis.  The 
condition  of  the  cementite  can  only  be  determined  by  micro- 
scopic Examination.  The  eflflect  of  ^the  condition  of  the 
■  cementite  upon  the  hardening  of  tool  steel  cannot  be  too 
highly  estimated.  In  hardened  steel  the  cementite  contains 
that  portion  of  the  carbon  which  is  in  excess  of  0*80  per  cent. 
The  amount  of  it  present  is  of  little  importance  compared  with 
the  condition  in  which  it  is  present .  It  should  be  remem- 
bered that  cementite  is  extremely  hard  and  also  extremely 
brittle.  If  it  is  present  in  a  network,  long  plates,  or  con- 
nected masses,  it  forms  a  line  of  weakness  which  is  easily 
fractured  under  the  hardening  strains.    These  lines  of  weak- 


FiG.  7. 一 Micro-photograph  of  Bark  on  Steel. 

ness  are  shown  in  Fig.  1.  If  the  cementite  is  property 
broken  up  by  the  annealing  or  previous  heat  treatment  it  will 
be  present  in  small,  rounded  particles,  each  one  isolated  from 
the  others.  Such  a  structure  gives  the  maximum  strengtli  to 
the  steel.  If  the  sulphur  analysis  of  a  steel  is  known  to  be 
satisfactory,  the  relation  of  the  condition  of  the  cementite  to 
firecracks  may  be  expressed  briefly  as  follows. 

If  the  cementite  is  present  in  plates  or  large  masses  the 
tool  will  firecrack.  This  network  is  illustrated  in  Fig.  6.  Tf 
it  is  present  finely  broken  up  in  round  partirles  the  tool  will 
not  firecrack,  this  structure  being  shown  in  Fig.  4. 

The  effect  of  the  condition  of  the  cementite  upon  the 
cutting  qualities  of  the  steel  tools  is  of  even  greater  import- 
ance. To  understand  the  action  of  a  cutting  tool  take  the 
example  of  a  lead  lap.  If  a  piece  of  lead  charged  with 
diamonds  the  size  of  shot  were  held  against  a  rapidly-revolving 
piece  of  metal  the  diamonds  would  start  to  cut,  but  would  he 
instantly  torn  away  from  tlio  soft  lead  in  which  they  were 
embedded.  The  result  would  be  tluit  the  lap  would  be  rapidly 
spoiled,  while  the  work  was  only  roughened.  If  tlie  lap  is 
charged  with  fine  diamond  dust  each  particle  of  diamond 
takes  a  very  small  rut'  and  is  held  firmly  by  tlie  lead  until  it- 
is  worn  away.  Such  a  lap  cuts  almost  as  fast  as  an  onion" 
wheel  and  produces  a  smooth,  finished  surface  with  very  little 
wear  of  the  lap. 

In  a  steel-cutting  tool,  if  ihc  particles  of  cementite  are 
large  they  are  rapidly  torn  away,  exactly  as  in  the  lead  lap, 
causing'  the  cutting  edge  to  crumble  and  wear  away  rapidly. 
But  if  the  cementite  particles  are  small  and  uniformly  distri- 
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buted,  they  are  held  firmly  and  stand  a  large  amount  of  wear. 
This  fact  is  &o  important  that  it  may  be  stated  that  for  tools 
of  the  same  analysis  and  degree  of  hardness,  the  amount  of 
work  done  will  he  in  proportion  to  the  fineness  of  distribution 
of  the  cementite. 

It  may  also  be  stated  that  for  finishing  tools  the  better  the 
distribution  of  the  cementite  the  finer  the  finish  it  is  possible 
to  obtain.  In  this  connection  it  is  sometimes  asked  :  '-  Why 
is  it'  that  high-speed  steel  does  not  make  good  finishing  tools ？'' 
This  can  be  best  explained  by  a  comparison.  If  you  wish  to 
saw  a  piece  of  wood  in  such  a  way  as  to  leave  the  smoothest 
possible  surface  you  naturally  select  a  saw  with  the  finest 
possible  teeth.  If  you  wish  to  saw  very  rapidly  without 
regard  to  the  roughness  of  the  work  you  select  a  saw  with  very 
coarse  teeth . 

Applying  this  same  principle  to  steel.  A  high-grade 
carbon  steel,  properly  made  into  a  fniisliiiig  tool,  has  the 
cementite  distributed  in  very  fine,  uiiiforni  particles  in  a 
martensite  matrix  so  fine  as  to  be  almost  structureless.  Such 
a  tool  produces  a  very  smooth  finishing  cut.  On  the  other 
hand,  high-speed  steel  consists  of  fairly  large  grains  which 
break  apart,  producing  a  rough  edge  which  will  cut  very 
rapidly,  but  not  smoothly. 


SULZER'S  CENTRIFUGAL  PUMP  FOR  FIRE  SERVICE. 

Centrifugal  pumps  have  the  disadvantage  of  drawing  badlv. 
Consequently  disturbances  in  the  suction  pipe  may  lead  to 
the  suction  column  of  water  breaking  off  and  to  the  delivery 
being  interrupted.  This  is  inoi'e  likely  to  occur  in  punips 
for  extinguishing  fires  or  for  use  in  other  circiunstances 
where  the  suction  piping  is  not  constituted  by  rigid  pipes, 
but  by  flexible  liose  pipes.    In  these  hose  pipes  kinks  often 


Sulzer's  Centrifugal  Pump  for  Fire  Servick. 

form  whereby  the  delivery  is  disturbed,  and  if  a  continuous 
water  column  is  to  be  obtained  again,  it  is  necessary  to  pro- 
duce a  good  vacuum,  for  which  purpose  the  suction  of  the 
centrifugal  pump  is  insufficient. 

In  order  to  obviate  these  difficulties,  the  arrang(Mneiit 
illustrated  has  been  designed  and  pat-en t^d  by  Sulzer  Bros., 
Wint-erthur,  in  which  a  piston  vacuum  pump  is  connected 
to  the  suction  pipe  of  the  centrifugal  pump  and  driven  with 
I  lie  centrifugal  pump  for  rendering  the  working  as  reliable 
as  possible.  The  initial  suction  may  also  be  produoo<l  l)v  the 
piston  pump,  whilst  the  centrifugal  pump  propels  the  water 
or  delivers  it  under  increased  pressure.  Referring  to  the 
illustration,  the  piston  E  of  a  vacuum  piston  pump  F  is 
driven  from  the  spindle  A  of  the  centrifugal  pumji  B  by  a 
gear  C  and  a  crank  disc  D.  The  vacuum  pump  is  connect<Kl 
by  a  pipe  G  to  the  suction  side  of  the  centrifugal  pump,  and 
is  driven  together  with  tlie  latter.  As  soon  as  for  any  reason 
lluM'e  is  a  <Hstiu'l);ui(、e  in  tlio  suction  piping.  afiWting  the 
vacuum,  the  piston  pump  at  once  re-establislios  the  van""" 
Tieoessary  to  obtain  the  continuous  water  column  again. 


Status  Prize, ― The  Council  of  the  Society  of  Engineers 
may  award  in  1912  two  premiums  of  books  or  instruments  to 
the  value  of  £8.  8s.  and  £4.  4s.,  for  approved  e^y^ays  on  the 
subject  of  "  How  to  Improve  the  Status  of  Engineers  and 
Engineering,  with  special  Reference  to  Consult inc:  Engineers/' 
Tlio  competition  is  open  to  all,  but  application  for  detailocJ 
particulars  should  he  made  to  the  Sooretary  before  ont<*ring. 
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THE  BALANCING  OF  LOCOMOTIVES.— III. 

BY     JAS.  DUNLOr. 

Coupled  Driver  Engines, 
Introductory  to  the  consideration  of  engines  with  coupled 
driving  wheels  and  to  make  quite  clear  the  points  previously 
coninieuted  upon  regarding  reciprocating  parts  moving  in 
different  planes,  a】so  the  difference  in  inertia  effects  du&  to 
the  connecting  rods  of  4-cyHnder  so-called  "  balanced  loco- 
motives " being  on  the  same  sides  of  their  driving  axles,  the 
4-cylinder  locomotive  illustrated  in  Fig.  24  is  taken  as  an 
example.      This  engine  was  designed  for  the  Lancashire  and 


Also  E  F  and  G  H  represent  these  weights  on  each  side  of  the 
engine  combined  in  one.  This  latter  fact  may  not  at  first 
siglit  be  quit©  clear,  but  as  the  actual  positions  of  C  F  and 
C  G  in  relation  to  C  E  and  C  H  are  the  dotted  prolongations 
C  K  and  C  J,  it  will  be  seen  that,  by  drawing  the  parallelo- 
grams C  K  M  E  ami  C  J  L  H,  the  resultant  weights  C  M  and 
C  L  are,  by  the  nature  of  the  construction,  equal  and  parallel 
to  E  F  and  G  H.  Then  if  CD ― the  distance  between  the 
centres  of  gravity  of  the  balance  weights ― represents  to  any 
scale  the  weight  of  the  reciprocating  parts  for  each  cylinder, 
C  M  and  C  L  represent  to  the  same  scale  the  horizontal  sway- 


F 丄 G.  24. ― LancashireJand_ Yorkshire  Kailway  4-ctlindkii  Locomotive. 


Yorkshire  Railway  by  Mr.  Geo.  Hughes,  the  locomotive 
superintendent,  and  was  very  fully  described  by  him  in  a 
paper  he  read  before  the  Institution  of  Mechanical 
Engineers.  This  paper  was  printed  in  these,  pages  in  July 
and  August,  1909，  and  in  addition  to  disclosing  the  fact  that 
the  mean  weight  of  the  reciprocating  parts  on  each  side  of 
the  engine  is  4851bs.,  it  contains  the  interesting  statement 
that  "  the  reciprocating  parts  on  the  inside  of  the  frames, 
moving  in  an  opposite  direction  to  the  outside, 
counteract  each  other,  and  tlie  engine  is  balanced 
so  far  as  reciprocating  parts  are  concerned,  except 
for  a  horizontal  swaying  couple,  which  is  incon- 
siderable." 

It  is,  no  doubt,  because  of  this  interesting 
statement  that  the  balance  weights  of  this  engine 
have  the  unusually  square  relation  to  each  other 
on  opposite  wheels,  shown  by  the  balance-weight 
arrangement  illustrated  in  Fig.  25.  To  anyone 
with  only  a  superficial  knowledge  of  balancing, 
the  positions  of  these  weights  at  once  excite  ques- 
tions why  with  inside  cylinders  the  balance 
weights  are  all  opposite  the  coupling  cranks,  and 
why  they  are  directly  opposite.  The  answer  to 
the  first  question  is  because  the  inside  revolving 
parts  are  completely  balanced  by  the  tail  weights 
on  the  inside  cranks.  The  answer  to  the  second 
question  is  because  the  reciprocating  parts  are 
not  balanced  at  all,  and  the  inconsiderable  sway- 
ing couple  above  mentioned  amounts  to  no  less 
than  72  per  cent,  of  the  weight  of  the  recipro- 
cating parts  for  one  cylinder. 

,    One  of  the  virtues  possessed  by  a  45°  set-square 
" that  it  cannot  make  mistakes,  and  the  follow- 
ing use  of  it  will  demonstrate  quite  clearly  the 
relation  between  the  weight  of  the  reciprocating 
parts  and  the  amount  of  the  swaying  couple  set 
"1〕  by  them.    Fig.  26  illustrates  the  cross-section 
drawing    of    the    engine.      Project  downward, 
from    the    cross-section    drawing,     the  centre 
lines   of    the    cylinders   and    of    the  (approxi- 
mate) centres  of  gravity  at  which  the  balance  weights  are 
placed  in  the  wheels.      At  right  angles  across  these  lines 
draw  the  line  A  B,  cutting  the  balance-weight  centres  at  C 
and  D.    With  C  as  centre,  describe  a  small  circle  to  indicate 
the  crank  axle.      Describe  also,  as  shown,  small  circles  to 
indicate  the  inside    and    the    outside   crank-pin  positions. 
Through  D  draw  D  F  at  an  angle  of  45。，  cutting  the  cylinder 
centres  at  E  F  G  and  H.    Join  these  points  to  C  and'it  will 
be  seen  the  joining    lines   are   the  separate  balance 


ing  couples  which  are  said  to  b©  inconsiderable,  and  the 
angles  N  C  M  and  ACL  are  the  angles  in  relation  to  the 
outside,  cranks  at  which  the  equivalent  balance  weights  must 
be  placed  in  the  wheels. 

The  scale  of  Fig.  26,  as  here  printed,  is  too  small  to 
measure  accurately  the  proportions  of  C  D  and  C  L,  but  an 
arithmetical  comparison  may  be  made  as  follows :  The  centres 
of  the  cylinders  are  23in.  and  83in.  respectively,  and  the 
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Fig.  25  一 Balance  Weight  Arrangement  of  L.  &  Y.  Engtnk. 

centres  of  gravity  of  the  balance  weight-s  =  C  D  are  approxi- 
mately 58in. 

Then  >^ ~" ^ ~~  =  (7L=42in.  say. 

The  mean  weight  of  reciprocating  parts  for  one  cylinder 
is  4851bs. 


then 


weights  for  the  inside  and  outside  cylinders,  as  previously 
demonstrated  in  the  constructions  shown  in  Figs.  6  and  9. 


485  X  42 
~~ 58 ^ 
351x100 
~ 485 ~ 


=  3511bs. 


72  per  cent. 
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these  weights  in  parallelogram  construction.  It  is  this  latter 
fact  that  prompts  anyone  looking  at  Fig.  25  to  doubt  the 
accuracy  of  the  balancing  carried  out  on  the  engine  in  ques- 
tion. For  purpose  of  comparison,  Fig.  27  illustrates  a 
4-cylinder  engine  similar  in  all  balancing  essentials  to  the 
Lancashire  and  Yorkshire  engine.  The  angles  at  which  the 
various  balance  weights  are  placed  at  once  indicate  the 
attention  that  lias  been  given  to  the  horizontal  swaying 
couples,  and,  as  a  whole,  this  engine  may  be  taken  as  a  good 
example  of  what  a  correctly-balanced  engine  of  this  construc- 
tion looks  like. 

In  this  engine,  however,  as  in  all  similar  type  engines,  there 
are  swaying  couples  that  no  balance  weights  can  eliminate. 
These  couples  arise  from  the  fact  that  all  four  connecting 
rods  are  operating  on  the  forward  sides  of  the  driving  axles, 
so  that  while  one  connecting  rod  is  making  a  forward  stroke, 
the  adjacent  connecting  rod  is  making  a  backward  stroke. 
There  is,  consequently,  a  maximum  difference  between  the 
inertia  effects  of  the  reciprocating  parts  at  the  end  of  each 
stroke.  This  difference  is  clearly  illustrated  in  Fig.  28,  which 
shows  the  inertia  effects  of  equal  reciprocating  weights 
attached  to  adjacently-moving  connecting  rods  jointed  to 
cranks  set  at  180。  apart.  The  figure  is  drawn  for  a  6  to  1 
ratio  of  connecting  rod  to  crank,  and  15。  crank  angles,  and 
shows  that  at  the  end  of  each  stroke  the  difference  in  the 
inertia  effects  amounts  to  one-third  of  the  weight  of  recipro- 
cating parts  attached  to  one  connecting  rod.  The  reason 
why  balance  weights  cannot  eliminate  this  difference  is  be- 
cause each  connecting  rod  altornately  sets  up  the  maximum 
effect,  and  any  weights  used  for  the  purpose  would  merely 
oppose  each  other  without  affecting  the  balance  of  the  engine 
in  any  way.      Even  were  it  supTDOsed  that  the  connecting 


An  ordinary  inside  2-cylinder  engine  with  reciprocating 
parts  twice  the  weight  for  each  cylinder  and  having  two-thinis 
balaiKHM]  in  tlie  usual  manner  would  have  no  greater  liori- 


D 


H 
B 


Fig.  20.- 


-Balancing  Diagram.  4-CYiiiNDER  L.  &  Y.  Locomotive. 
Reciprocating  Parts  Only. 


zontal  swaying  couple  than  this  4-cylind6r  so-called  "  balanced 

locomotive/' 

One  important  point  demonstrated  by  this  construction  is 
that,  so  long  as  the  inside  and  outside  reciprocating  parts 
are  of  equal  weight,  the  angle  of  the  balance  weight  is  always 
135°  from  the  outside  crank,  and  is  quite  independent  of  the 


•atiiig    parts   is    illustrated  in 


Fig,  '27.— 4-Cvlindkr  TiOCosioTiVF.  with  Corukctly-placep  Palxnck  \V fights. 
anioiuil  of  the  weight  or  of  the  distance  between  the  centres 
of  the  cylinders.  If  the  outside  parts  are  heavier  than  the 
inside,  the  angle  becomes  greater.  If  the  inside  parts  are 
the  heavier,  the  angle  becomes  less.  Finally,  of  course,  the 
balance  weights  for  reciprocating  parts  are  combined  with  the 

balance  weights  for  the  revolving  parts,  and  the  ultimate     ,  ,  、. 

angle  is  determined  by  the  relative  positions  and  amounts  of     the  weights  provided  to  balance  these  parts  of  the  connecting 


D 

Fig.  28.— Showing  Inertia  Effects  of  Equal  REcrpROCAXiNO  Weiohts. 
Fon  Cranks  Set  at  180"  apart,  ti  to  1  Ratio  op  CoNNF.rxrNG  Hons 
TO  Cranks,  and  15"  Crank  Anglks. 

rods  moved  in  oue  and  the  same  plane,  this  difference  in 
inertia  effects  would  still  occur. 

The  onlv  more  or  less  normal  construction  of  loco- 
motive in  which  this  difference  can  be  eliminated 
along  with  all  horizontal  swaying  rouples  due  to  rei'ipro- 

Fig.    1^9，    which    shows  a 
design  of  10  coupled  driver 
engine  perfectly  practicable, 
although  not  actually  con- 
structed. ' The  cylinders  are 
arranged  outside  in  pairs  at 
each  end  of  the  engine,  so 
that  the  connecting  rods  of 
the  front  and  back  cylinders 
on  either  side  make  inward 
and  outward  strokes  simul- 
taneously.   Tliis  is  brought 
about      liy     the  balance 
cranks     on     the  central 
pair    of     coupled  wheels, 
and,    as     a  consequence, 
the  inertia  eflFotts  balance  earli  other  at  all  timos,  provided 
the  reciprocating  parts  of  the  front  and  back  cylinders  are 
equal.      The  onlv  '*  liammer  blow  "  effect  possible  with  this 
const riu-t ion  of  ougiiie  is  the  almost  insignificant  amount  due 
to  tlio  diflferenre  betwtH^n  the  i)t、nduluT"  action  of  the  crank 
pill  ends  of  the  ooniiooling  rodn  and  tlie  revolving  action  of 
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rods.  A  consideration  of  the  coupling  arrangement  of  this 
engine,  along  with  that  of  Fig.  2，  will  show  that  any  iiumbor 
of  pairs  of  driving  wheels,  from  two  upward,  may  be  coupled, 
and  at  tho  same  time  have  an  engine  that  is  practically  per- 
fect ill  its  balance. 

There  are,  no  doubt,  many 
engineers  who  have  an  anti- 
pathy to  performing  calcula- 
tions graphically,  just  as 
there  are  others  who  make 
use  of  a  formula  without 
really  understanding  at  all 
what  the  formula  implies. 
For  the  benefit  of  the  latter 
especially,  it  may  be  as  well 
to  explain  that  the  following 
arithmetical  calculations,  al- 
though very  simply  ex- 
pressed, are  perfectly  exact, 
and  give  just  the  same  results 
as  the  more  roundabout  ex- 
pressions generally  used. 


lb  will  be  perceived  from  these  calculations  that  primary 
weights  are  placed  in  the  wheel  nearest  the  particular  masses 
that  are  being  balanced,  while  secondary  weights  are  placed 
in  the  opposite  wheel,  and  that  when  the  various  weights  arc 
combined,  it  is  the  primary  weights  of  on©  side  of  the  engine 

Air  Suction  fa/ve  in  LPpipf:  cf  re     "  r 

藍—— ， 


Fig.  29.— Outside  IO-coupijED  Driver  4-cylindkr  Locomotive  with  Perfect  Balance. 


Inside  Cylinder  Engines. 
Form  of  Balancc-tvei'jht  Calculations, 


b 


rod 


centre   and  far 


roil  centre  and  far 


Let  a  =  distance  between  centres   of   gravity  of  balance 
weights. 

h  =  (lifetanco  between  coupliiijL; 
balance  weights. 

c  =  distance  between  connecting 
balance  weights. 

/eight  of  crank  arm  with  included  pari  of  crank 
pin  acting  at  distance  a. 

weight  of  revolving  masses,  i.e.,  part  of  coupling 
rod,  with  included  part  of  crank  pin  acting 
at  distance  h, 
weight  of  revolving  masses,  i.e.,  half  connecting 
rod  with  included  part  of  crank  pin  and 
crank  arms  acting  at.  distance  c. 

weight  of  reciprocating  masses  to  be  balanced 
each  wheel  and  ； K'tiu^^  at  flistance  c  in 
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Note.— All  weights  are  taken  at  crank  i>ui  i;uhii— '.c"  lueh- 
pounds— and  are  to  be  reduced  in  ratio  according  to  balancing  moment 
of  orescent  found. 


that  are  combined  with  the  secondary  weights  of  the  opposite 
side.  . 

The  relative  positions  of  the  various  combined  weights 
for  a  correctly-balanced  6-coupled  inside-cylinder  locomotive, 
coupled  forward  and  backward,  are  illustrated  in  Fig.  30，  the 
inside  revolving  as  well  as  the  reciprocating  parts  being 
balanced  in  the  wheels. 

As  an  alternative  to  the  arithmetical  calculations,  the 
proportional  scale  illustrated  in  Fig.  7  may  be  used  to  pro- 
duce the  same  results  with  the  certainty  that  any  false  steps 
made  will  be  quickly  evident  and  much  more  easily  retraced 
than  is  the  case  with  arithmetical  calculations. 

The  method  of  using  the  scale  is  illustrated  in  Fig.  31， 
whicli  shows  the  cross  section  drawing  of  Fig.  30，  combined 
with  the  scale  so  that  the  cylinder  centres,  the  centres  of 
gravity  of  the  balance  weights,  and  the  coupling  rod  centres 
may  be  projected  across  the  scale  in  the  downward  direction, 
as  shown.  It  will  be-  seen  that,  according  to  the  horizontal 
line  on  the'  scale  along  which  it  is  read  off,  any  weight  W 
from  81bs.  to  SOOlbs.  can  be  found.  Then  along  the  same 
horizontal  lino  the  corresponding  primary  weights  W i>  or  the 
secondary  weights  PT^j  whether  for  inside  or  outside  parts, 
can  bp  read  off  direct,  thus  performing  afc  a  glance  the  arith- 
metical calculations  previously  given.  By  drawing  two  lines 
at  right  angles  and  along  these  lines  marking  off  to  any 
desired  scale  the  various  primary  and  secondary  weights,  as 
shown  in  Fig.  32,  the  ultimate  amount  and  angle  of  the 
combined  balance  weights  are  found  without  calculatiou  of 
squares  and  roots  or  consulting  tables  of  tangents,  &c.  It 
will  be  understood  that,  for  inside-cylinder  engine  balancing, 
primaries  oppose  primaries,  but  secondaries  add  to  secondaries, 
and  that  the  lesser  is  taken  from  the  greater  primary  before 
the'  line  is  drawn  to  form  the  triangle,  the  hypotenuse  of 
which  represents  to  the  given  scale  the  amount  and  angle  of 
the  combined  weight. 

Fig.  32  shows  approximately  the  various  weights  of  the 
driving  wheels  of  Fig.  30,  and  it  is  to  be  noted  that  the 
balan'-'e  weights  for  the  reciprocating  parts  of  coupled  engines 
are  clwided  equally  between  all  the  coupled  wheels.  It  is, 
of  coiu'se,  understood  that  the  weights  of  the  parts  to  be 
balanced  can  only  be  ascertained  by  direct  weighing  or  by 
careful  calculation,  but  in  either  case  these  weights  tabulated 
against  their  various  symbols  on  the  left  of  Fig.  32，  along 
with  the  scaled  primaries  and  secondaries,  would  form  a  useful 
and  reliable  record  against  any  future  questions  regarding 
the  balancing  of  an  engine. 

Readers  interested  in  the  use  of  tlic  proportional  scale 
will  find  that  a  scale  30in.  long  will  meet  all  requirements. 
A  third  row  of  figures  giving  a  maximum  reading  of  7501bs. 
may  be  added  at  the  top. 

Junior  Institution  of  Engineers. ― The  following  meetings  of 
this  Institution  have  been  arranged  ：  Tuesday,  March  12th, 
at  the  Institution  of  Electrical  Engineers,  Victoria  Embank- 
ment, at  8  p.m.,  paper  ou  "RaiUess  Electric  Traction,"  by 
Mr.  Bertram  D.  Fox,  B.A.，  Assoc. M. Inst. C.E.  ；  Friday, 
March  15th,  at  39，  Victoria  Street,  Westminster,  at  8-15 
p.m.,  Mr.  A.  H.  Weston,  on  "Crude  Oil  Engines."  Ou 
Saturday,  March  16th,  at  10  a.m.,  a  visit  has  been  arranged 
to  the  Lots  Road  Generating  Station,  Chelsea. 
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BRITISH  ENGINE,  BOILER.  AND  ELECTRICAL  INSURANCE 
COMPANY,  LTD. 

At  tlie  annual  meeting  of  the  shareliolders  of  the  British 
Engine,  Boiler,  and  Electrical  Insurance  Company,  Ltd.,  held 
at  the  offices  of  the  company, 
12,  King  Street,  Manchester, 
on  Friday,  March  1st，  the 
Chairman  (Mr.Longridge)  re- 
marked that  while  increased 
competition  from  accident  in- 
surance companies  bad  not  in- 
terfered with  the  usual  steady 
increase  in  the  volume  of  busi- 
ness, the  claims  for  the  year 
1911  had  been  abnormally 
heavy.  This  was  not  to  he 
accounted  for  either  by  lack 
of  vigilance  in  the  selection 
of   risks  or   by  diminished 

efficiency  in  the  matter  of  inspection ,  and  though  he  might  be 
accused  of  frivolity  in  making  the  suggestion,  he  was  inclined 


to  think  that  climatic  conditions  affected  the  result.  It  was 
an  admitted  fact  that  boiler  claims  were  unusually  heavy  in  a 
year  when  tliere  was  a  dry  summer  and  the  supply  of  feed  water 
was  deficient  both  in  quality  and  quantity.  It  was  not  so  easy  to 


Fig.  30.— Kelative  Positions  of  Balance  Weights,  Six-coupled  Inside  Cylindek  Locomotive.   (See  pa^je  289.) 

trace  a  connection  between  the  weather  and  the  breakdowns 
of  either  engines  or  electrical  plant,  except  that  a  sudden 
frost,  such  as  had  recently  been  experienced,  would  certainly 
increase  the  claims  for  breakdowns  among  gas  engines,  but, 
be  the  cause  what  it  might,  the  claims  ratio  for  1911  had  been 
unusually  high.  The  percentage  of  breakdowns  among 
insured  plant  did  not  vary  inucb，  and  it  was  higher  than 
either  owners  or  makers  were  disposed  to  admit,  but  with  the 
spread  of  the  company's  business  their  costs  both  for  periodi- 
cal inspections  and  for  the  supervision  of  repairs  were  pro- 
portionately reduced.  Out  of  the  disposable  balance  of 
£17,025  it  was  proposed  to  carry  £7,000  to  reserve  fund,  to 
write  off  £250  from  furniture  and  instruments,  and,  after 
declaring  a  dividend  of  5s.  per  share  with  a  bonus  of  3s.  per 
share  (less  income-tax  in  both  cases),  there  would  be  £2,091  to 


Fig.  32.— Method  of  Finding  Combined  Balance  Weight  in  Conjunction 
WITH  ProportionaIj  ScaIjK.    (See  pa^e  289.) 

carry  forward  to  uext  account.  After  re-election  of  the 
retiring  directors  (Mr.  W.  E.  Barrett  and  Sir  Frank 
Hollins,  Bart.)  and  the  auditors  (Messrs.  P.  &  J.  Kevan),  the 
meeting  closed  with  a  vote  of  thanks  to  the  chairman  and 
the  staff. 


I  320  3J0  360  3S0  400  420  440  160  480  £00 
I     160     170    190  200    eiO    ^  240  •iM 

I        t        1        I        1        I        1        I        I  I 


Fiti.  31.— Method  or  Using  PBorounoNAL  Bcauk  to  rKiuoiut  Counteh- 
liALANciNQ  Calculations    (Seo  ra«c  269.) 


Institution  of  Engineers  and 
Shipbuilders  in  Scotland. ― At  a 

ineciiug  of  this  Institution, 
held  on   the   20tb   ult.  at 
Glasgow,  a  paper  entitled 
'' On   the  Wider  Adoption 
and      btaudardisatioQ  of 
Water-Tube    Boilers  ，，  by 
Mr.  E.  M.  Speakman,  was 
read.  Mr.  Speakmau  dealt 
principally  with  the  Yarrow 
and      the     Babcock  aud 
Wilcox  types  of   boilers,  aud  recommended  the  adoption  of 
large  unit  boilers   for  mercantile   service   and   for  Channel 
and    high-speed    vessels.      Afterwards    the   recent  paper 
oil  "The  Possibilities  of  Flue  Gas  Economisers  on  Board 
Ship  "  by  Mr.  Robert  Koyds,  M.Sc,  and  Mr.  J.  W.  Campbell, 
M.Sc,  was  discussed.    At  the  meeting  of  the  Institution  which 
is  to  be  held  on  March  20th  a  paper  on  "  Eegeuerative  Heat 
Accumulators"  by  Mr.  D.  13.  Morrisou,  of  Messrs.  Eicbardsons, 
Westgartb,  &  Co.,  Hartlepool,  will  be  read,  and  Professor 
Eateau,   of  Paris,  the  iuventor  of  the  Eateau  turbine,  is 
expected  to  be  piesent  and  lo  speak  ou  the  subject  of  the 
paper. 
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STURTEVANT  STEAM  TURBINE  WITH  REVERSING  BUCKETS. 

A  NEW  type  of  steam  turbine  which  employs  reversing  st^3am 
buckets  and  introduces  a  uew  design  of  lubrication  for  the 
main  bearings  and  which  has  also  a  floating  packing  box 
arranged  to  serve  as  a  relief  valve  has  been  brought  out  by 
the  B.  F.  Sturtevant  Co.,  Hyde  Park,  Mass.,  U.S.A.  It  is 
designed  for  direct  connection  to  machinery  not  demanding 
relatively  high  speeds  yet  requiring  good  efficiency,  such  as 
blowers,  ventilating  fans,  gas  exhausters,  mechanical  draught 
installations,  electric  generators,  and  centrifugal  pumps. 
We  are  indebted  for  the  accompanying  illustrations,  which 
show  the  main  points  of  the  turbine,  to  our  contemporary 
The  Iron  Age/' 
The  steam  enters  an  annular  steam  chamber  in  the  casing 
of  the  turbine  through  a  balanced  throttle  valve.  From 
this  chamber  it  passes  through  nozzles  to  the  rotor  or  bucket 
wheel.  These  nozzles  expand  the  steam  to  a  pressure  equal 
to  the  exhaust  pressure  in  the  turbine,  so  that  tlie  steain 
leaves  the  nozzles  at  a  very  high  velocity,  impinging  against 
the  semi-circular  rotor  buckets  and  imparting  the  impulse 
to  the  rotor  and  leaving  the  buckets  in  a  reverse  direction 
to  that  of  entry.  In  leaving,  the  steam  enters  the  semi- 
circular reversing  buckets  made  in  one  piece  with  the  nozzles. 
The  action  is  to  again  reverse  the  direction  of  the  steam  and 
drive  it  back  into  the  rotor.      Thus  the  steam  enters  and 


Fig.  1.— Sturtevant  Steam  Tukbine. 
Longitudinal  Section. 


leaves  the  rotor  three  times  before  its  kinetic  energy  is 
absorbed  and  its  velocity  drops  to  nearly  that  of  the  rotor. 
It  then  passes  out  into  the  exhaust.  In  the  illustration 
(Fig.  2)  of  the  rotor  and  nozzle  sections  the  vanes  of  the  rotor 
straddle  the  edges  of  the  nozzle.  It  has  been  demonstrated 
that  when  the  steam  from  the  nozzle  enters  the  bucket  it 
strikes  the  upper  edge  of  the  lip  just  ent'eriug  the  jet  of  t'li'e 
steam  nozzle  and  the  semi-circular  turn  at  the  bottom  and 
spreads  out  over  the  whole  area  of  the  bucket  before  making 
its  exit.  The  speed  of  the  steam  being  15  times  greater  than 
that  of  the  rotor,  the  greater  part  of  it  lias  time  to  leave  the 
bucket  through  the  supplementary  port  or  reversing  bucket 
shown  immediately  below  the  nozzle  section.  From  this  port 
the  steam  is  redirected  into  the  rotor,  and  tlie  remainder 
enters  the  succeeding  bucket  shown  just  coining  into  the  com- 
pass of  the  drawing.  By  this  time  the  bucket  mentioned 
has  advanced  so  that  the  steam  is  next  caught  in  the  buckets 
alongside  of  and  beyond  the  nozzle. 

The  rotor  is  a  solid  forging  of  open-hearth  steel,  the 
buckets  being  of  semi-circular  form  nulled  into  the  rim. 
The  method  of  cutting  these  buckets  is  of  exceptional 
mechanical  interest,  and  is  shown  in  Fig.  3.  The  cutter  is 
a  gear  with  cutting  edges  on  the  back  of  tlie  teeth  and  driven 
by  a  similar  gear,  the  work  being  done  in  an  especially 
designed  and  patented  machine.  The  former  method,  using 
an  ordinary  shank  cutter,  necessitated  the  cutting  away  of  a 
part  of  the  bucket  to  give  clearance  for  the  shank,  which. 


necessarily  weakened  the  rotor  construction  and  was  found 

to  reduce  efficiency.  Tho  new  method  (，uts  faster  and  also 
smoother,  the  peripheral  drive  being  more  powerful  aiul 
resulting  in  uo  chatter.  The  rotor  buckets  are  prot^cUid  hy 
the  riin  of  the  wheel,  which  is  raised  above  thern,  and  the 
construction  of  the  wheel  and  stationary  buckets  is  such  tliat 
if  by  any  cliance  they  should  come  in  contact  uon (！  of  the 
buckets  would  be  injured.  It  goes  without  saying  that  the 
solid  wheel  is  practically  indestructible,  and  danger  of  buckets 
working  loose  is  eliminated. 


Fig.  2.— Showing  Method  op  Kevkrsing  Steam  between  the  Rotor  and 
THK  Stationary  Buckets. 

The  Tobin  bronze  nozzles  and  reversing  buckets  arc  cast 
together  in  segments.  The  nozzles  can  be  separately  closed 
by  hand  valves  on  the  exterior  of  the  casing.  When  the 
engine  is  to  be  operated  continuously  on  a  light  load  one  or 
more  of  the  nozzles  may  be  closed  to  secure  economical  opera- 
tion. Where  the  demand  for  power  varies  widely  this  feature 
offers  a  distinct  advantage. 

The  only  parts  requiriug  lubrication  are  the  】naiu  bear- 
ings, which  removes  the  possibility  of  oil  in  the  exhaust 
steam.  This  is,  of  course,  an  iniportaut  point  when  the 
steam  is  to  he  used  for  heating  systems  or  feed-water  heaters. 
A  channel  oiling  ring  is  used  to  obtain  positive  lubrication 
without  the  use  of  a  pump.  The  oil  is  taken  from  the  oil 
pocket  by  the  rapidly  revolving  chanuel-sliaped  oiling  ring, 
and  is  held  within  the  ring  by  centrifugal  force  until  it  is 
diverted  to  the  bearings  by  means  of  a  scoop.  The  ordinary 
oiling  ring,  it  is  held,  has  a  tendency  to  throw  the  oil  from 
the  bearings  instead  of  concentrating  it  where  it  is  needed . 
The  channel  scoop  produces  a  positive  pressure  which  forces 
the  oil  to  the  bottom  of  the  bearing,  where  the  greatest  pres- 
sure and  consequent  need  of  lubrication  exists. 


Fig.  3.— Showing  how  Buckets  are  formed  in  the  Rotor. 

The  speed  of  the  turbine  is  regulated  through  a  balanced 
throttle  valve  by  means  of  a  powerful  governor  of  the  cen- 
trifugal type.  In  addition  to  the  main  governor  au  emer- 
gency governor  is  set  at  a  predetermined  maximum  speed. 
If  for  any  reason  the  main  governor  loses  control  a  separate 
emergency  valve  is  instantly  and  automatically  closed  through 
au  entirely  distinct  mechanism. 

The  uew  turbine  is  built  in  five  sizes,  with  standard  rotor 
of  12iii.,  18in.,  24in.,  30in.，  and  36iii.  diani.  By  suitably 
combining  the  sizo  of  a  rotor,  rotative  speed,  nozzle  capacity, 
and  st-eam  pressure,  a  range  of  from  5  li.p.  to  200  la. p.  may 
be  covered  by  the  unit  best  adapted  to  the  work. 
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THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

At  a  meeting  of  this  Institution  held  ou  the  5th  inst.  two 
papers  by  Prof.  John  Goodman,  M.Inst.C.E.,  were  read,  of 
which  the  following  are  abstracts  : —  . 

EOLLEK  AND   BaLL  BeARINGS. 

For  tlie  past  15  years  the  author  has  been  investigating 
the  behaviour  of  both  roller  and  ball  bearings,  in  order  to 
find  the  load  and  speed  at  which  such  bearings  may  be  allowed 
to  run.  The  object  of  this  communication  is  to  lay  before 
the  Institution  the  results  of  a  large  number  of  tests  of  bear- 
ings, together  with  an  attempt  to  reduce  the  mass  of  informa- 
tion obtained  to  a  definite  law.  Two  distinct  types  of  test- 
ing machines  were  used  ；  one  for  roller  and  ball  bearings 
running  on  a  cylindrical  journal,  and  the  other  for  thrust 
and  collar  bearings.    These  are  described. 

The  common  types  of  roller  bearings  are  then  referred  to, 
and  their  relative  advantages  and  disadvantages  are  discussed. 
Emphasis  is  laid  on  the  serious  troubles  that  arise  from  the 
end-thrust  on  the  rollers.  The  reason  for  the  existence  of 
end-thrust  is  dealt  with,  and  proposals  are  made  for  mini- 
mising its  ill  effects.  The  machines  used  for  measuring  the 
friction  of  bearings  and  the  end-thrust  are  described,  and 
the  results  are  tabulated.  The  tests  show  that  the  friction 
of  roller  bearings  is  much  lower  than  that  of  ordinary  bear- 
ings as  commonly  lubricated  ；  the  coefficient  of  friction  is 
also  more  constant  than  with  a  plain  bearing,  being  prac- 
tically independent  of  speed  and  temperature.  The  starting 
effort  of  a  roller  bearing  is  little,  if  any,  greater  than  the 
running  resistance,  which  is  a  very  important  feature  in 
machines  which  are  constantly  stopped  and  started .  No 
satisfactory  expression  has  been  found  for  the  safe  load  under 
which  a  roller  bearing  may  be  run.  The  various  frictional 
losses  that  occur  in  a  roller  bearing  have  been  analysed,  and 
expressions  are  given  for  each. 

Ball  bearings  are  found  to  possess  a  great  many  advan- 
tages over  roller  bearings  ；  the  friction  is  less,  there  is  no  end- 
thrust,  and  they  occupy  a  much  smaller  length  of  shaft  than 
either  plain  or  roller  bearings.  Hertz's  theory  of  the  com- 
pression of  perfectly  elastic  spheres  and  the  stresses  which 
occur  in  them  when  loaded  is  cited,  and  its  application  to 
the  ball-bearing  problem  is  pointed  out. 

Very  early  in  the  author's  experimental  investigation  it 
was  found  that  the  speed  of  rotation  of  the  shaft  and  the 
balls  makes  a  great  difference  to  the  working  load  that  may 
be  imposed  on  a  ball  bearing.  It  is  shown  that  the  cen- 
trifugal force  acting  on  the  balls  does  nob  materially  increase 
the  load  upon  them,  hence  the  speed  effect  is  not  due  to  that 
cause.  It  is  believed  to  have  some  relation  to  the  well-known 
ofTect  of  very  rapid  reversals  of  stress.  The  effect  of  running 
balls  on  flat  and  on  grooved  surfaces  is  dealt  with,  the  experi- 
ments largely  corroooratiiig  theoretical  investigations. 

The  extreme  importance  of  having  all  the  balls  in  one  race 
of  exactly  the  same  size,  also  of  obtaining  jKM^fect  truth  ami 
freedom  from  scratches  in  tlie  ball  races,  is  insisted  upon. 
Expressions  based  ou  experimental  data  are  given  for  the 
limiting  working  load  of  ball  bearings  of  both  the  thrust  and 
radial  types  ；  and  curves  are  plott  tni  to  sliow  how  the  author's 
experiments  agree  with  tlie  tables  found  in  makers'  cata- 
logues. 

Tlie  question  of  liiKliiig  the  load  which  will  ultimately 
bring  about  failure  in  a  ball  hearing  is  one  which  presont<Hl 
some  difficulty.  Bearings  which  a ppear  to  bo  perfect,  to  the 
naked  eye  after  running  for  several  months  may  ultimately 
fail  if  allowed  to  run  for  years.  It  is  obviously  out  of  tlie 
question  to  run  test  bearings  for  this  lengtli  of  t iiiuv  Oilier 
tuetliods,  ilierefore,  for  detecting  inipt'iidiiig  failure  were 
tried,  but  without  success,  until  the  microscope  was  used  for 
the  examination  of  the  balls.  This  】nethorl  proved  to  Ih、 
very  valuable,  and  is  believed  to  give  entirely  sa tisf actor v 
results.  The  results  of  tests  of  ball  bearings  of  (lifTrrent 
】iiakes  ami  designs  are  tabulated  in  an  appendix.  The  (Irsii^n 
of  bearings  is  also  dealt  with. 

The  author  is  of  tlie  ophiicm  that  iiKxlem  ball  boariii^s,  as 
turned  out  by  the  best  inakors,  are  entirely  satisfiU'torv  and 
reliable,  and  there  is  no  reason  to  app rcluMul  t rouble  with 
them.  Reasonable  care,  of  course,  iniisi  l)e  tiikiMi  in  "、（"""- 
ing  the  bearings,  and  in  eusuriug  that  they  are  not  alluwcd 


to  run  under  higher  loads  than  are  given  by  the  author's 
expressions.  Ball  bearings  are  more  expensive  to  purcliase 
than  plain  bearings  iitt-ed  with  ordinary  lubrication,  but  the 
friction  is  about  one- tenth  as  great,  and  the  oil  required  is 
almost  nil.  When  these  qualities  are  taken  into  account, 
the  ball  bearing  for  almost  every  purpose  is  considered  to  be 
vastly  superior  to  plain  bearings. 

The  Testing  of  Antifriction  Beaiung  Metals. 
The  author  points  out  in  this  paper  that  very  few  data 
have  been  pu Wished  on  the  various  inethods  of  testing  ilic 
antifriction  properties  of  bearing  metals.  In  the  testing 
machine  used  in  early  experiments  the  bearing  under  test 
was  loaded  with  dead  weights,  but  this  becomes  very  irksome 
and  laborious  when  large  weights  are  employed.  The  author 
therefore  designed  a  machine  in  which  loads  up  to  10  tons 
could  be  applied  to  the  bearing  by  means  of  levers,  and  yet 
leave  it  free  as  regards  rotation  through  a  small  arc  about 
the  centre  line  of  the  shaft  -  The  machine  is  described  in 
detail,  special  attention  being  called  to  the  method  employed 
for  keeping  the  temperature  of  the  bearing  constant  during 
the  test  ；  also  of  ensuring  a  small  relative  to-and-fro  motion 
of  the  bearing  and  shaft  in  order  to  prevent  tliein  from  wear- 
ing in  grooves.  The  preparation  and  bedding  of  the  bearing 
to  the  shaft  is  discussed,  and  the  methods  of  lubrication  aiul 
other  details  of  the  tests  are  dealt  witli.  The  results  of  two 
typical  tests  are  given  r  in  the  one  case  {he  temperature  of 
the  bearing  was  controlled  and  in  the  other  case  it  was  not. 

PREVENTION  OF  COAL-DUST  EXPLOSIONS. 

Mr.  G.  H.  Winstanley,  M.S('.，  F.G.S.  ,  president  of 
the  National  Association  of  Colliery  Managers,  in  a 
recent  speech  said  that  a  professor  of  Liverpool 
University  had  recently  put  forward  a  rather  startling 
proposition  for  the  prevention  of  mine  explosions.  It  was 
suggested  that  they  should  proceed  on  lines  entirely  opposed 
to  those  adopted  for  generations.  Instead  of  further 
improving  ventilation,  it  was  rather  suggested  that  they 
should  have  deficient  ventilation,  and  that  the  oxygen  per- 
centage should  be  reduced  from  21  to  about  17，  because 
with  17  per  cent,  lights  would  not  burn.  Of  course,  if  a 
light  would  not  burn,  they  oculd  not  very  well  cause  an 
explosion.  No  safety  lamp  was  so  safe  as  the  one  which 
was  not  lighted.  Of  course,  from  the  scientific  point  of  view 
there  was  nothing  new  in  the  statement  that  thev  could  not 
have  an  explosion  unless  they  had  an  explosive  mixture,  but 
there  was  something  starllingly  novel  in  the  suggestion  that 
collieries  should  be  ventilated  with,  air  that  did  nob  contain 
a  proper  proportion  of  oxygen.  Providence  had  ordained 
that  they  should  breathe  an  atmosphere  of  certain  com- 
position. It  was  a  well-known  fact  that  human  beings  could 
breathe  and  live  in  an  atmosphere  containing  less  than  1*1 
per  cent,  of  oxygen  ；  but  lie  did  not  know  that  the  experi- 
ment had  been  carried  so  far  as  to  ascertain  liow  long  a  man 
"light  so  continue ― not  merely  to  sit,  down  in  a  chair,  but 
to  work  at  the  coal  face  or  push  tubs  about  day  after  day  in 
such  an  atmosphere.  Until  professors  would  submit  tluMii- 
selves  to  sucli  a  practical  test,  he  thought  they  iiuist  regard 
the  proposal  witli  a  good  deal  of  suspicion. 

The  Institution  of  Mechanical  Engineers'  Examination  Test ― A 

a  meeting  of  the  Institution  of  Mechanical  Engineers,  held  on 
the  16th  ult.,  the  proposals  of  the  Council  to  institute  au 
entrance  examination  for  admission  to  the  institution  was  dis- 
cussed, and  the  following  resolution  adopted :  "  That  this 
meeting  generally  approves  the  proposal  that  each  candidate 
(of  an  age  at  present  tixed  at  30  years  and  under)  for  class  up 
to  associate  membership  should  (in  luldilion  to  rc(]uirenients 
embodied  in  the  prose Qt  by-laws)  atl'ord  satisfactory  evidence 
of  training  either  by  suitable  educational  tests  or  i)\  passing; 
an  examination  initiated  by  the  Council  on  behalf  of  tliu  Insti- 
tution ； and  that  the  Council  be  requested  to  draw  up  any 
alterations  in  the  by-laws  which  may  be  necessary  for  submis- 
sion to  the  members  at  a  future  annual  <:eneral  meeting."  ^ 一  •' 
The  Northampton  Institute  Engineering  Society. ― The  lUthannuHl 
(liniior  of  Noil liainpluu  Institulo  day  sludeiits  (j>;ist  ami  ])re- 
sonl)  will  bo  lield  at  the  llolhoni  Rost aurant.  Kiiigswav. 
London,  AV.C,  on  Saturday,  Maivli  】(5th,  IDTJ,  at  7-30 
p.m.  Reception  7  p.m.  Past  students  are  requt'storl  to  note 
the  change  of  date. 
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SOME  GENERAL  PRINCIPLES  INVOLVED  IN  THE  ELECTRICAL 
DRIVING  OF  ROLLING  MILLS.* 

liV  C.  ANTONY  ABLKTT,  H.SC. 

[Concluded  from  page  231.) 

Intermittent-slip  Regulator.  ― Fig.  9  shows  a  type  of  inter- 
mitteint-slip  regulator  suitable  for  direct-current  motors.  This 
consists  of  a  small  motor  relay  which  set's  in  operation  a  n um- 
ber of  relays  which  successively  connect  resistances  in  parallel 
with  the  resistance  placed  in  series  with  tho  shunt  field  of 
the  motor.  The  field  of  the  motor  relay  is  excited  by  the 
main  current  passing  through  the  mill  motor  armature.  If 
the  mill  motor  is  small  the  main  current  passes  through  this 
field,  but  if  the  main  current  is  too  big  the  field  is  placed 
across  a  shunt  placed  in  the  mill  motor  circuit. 

The  armature  of  this  motor  relay  is  excited  by  a  pressure 
winding  which  is  placed  across  the  mains  supplying  the  main 
mill  motor.  The  armature  is  restrained  from  moving  by 
means  of  a  spring,  so  arranged  that  when  tlie  current  in  the 
main  circuit  exceeds  a  certain  value,  the  turning  moment  of 
the  armature  of  the  motor  relay  overbalances  the  spring,  so 
that  the  armature  makes  a  slight  movement.  This  movement 
of  the  armature  successively  makes  contact  with  a  number 
of  fingers,  which  energise  the  relays,  which  successively  con- 
nect resistances  in  parallel  with  the  resistance  in  the  main 
motor  shunt  field. 

Fig.  10  shows  a  form  of  intermittent-slip  regulator 
adapted  for  use  with  3-phase  motors.  This  consists  of  three 
liquid  resistances  with  movable  plates,  one  placed  in  each 
phase  of  the  rotor  circuit.  A  motor  relay  is  provided  in  this 
case,  the  windings  of  the  motor  stator  being  either  in  series 
with  the  mains  supplying  the  main  mill  motor  or  else  supplied 
through  a  current  transformer. 

The  rotor  of  this  motor  relay  is  prevented  from  moving, 
either  by  a  spring  or  by  a  weight  slung  from  a  band  passing 
over  a  pulley  on  the  motor  shaft.  When  the  current  in  tli-e 
main  motor  exceeds  a  certain  predetermined  value  the  turn- 
ing movement  given  by  the  motor  relay  overbalances  either 
the  spring  or  the  weights,  allowing  the  armature  to  turn  a 
、： ertain  amount,  thereby  raising  the  plates  in  the  liquid 
resistance  by  means  of  a  belt  passing  over  another  pulley  on 
tbe  motor  shaft.  The  raising  of  these  plates  increases  the 
resistance  in  the  rotor  circuit  of  the  mill  motor,  thereby 
causing  it  to  fall  in  speed. 

Such  intermittent-slip  regulators  do  nob  find  much  appli- 
cation, because  they  are  not  rapid  enough  in  their  action  to 
deal  with  the  extremely  rapid  fluctuations  in  power  occurring- 
in  most  rolling  mills.  The  action  of  the  intermittent- slip 
regulator  is  very  different  from  that  of  the  continuous-slip 
regulator.  This  iutermitte'nt  regulator  comes  into  action 
when  the  power  given  by  the  motor  attains  a  certain  value, 
and  when  this  point  is  reached  a  very  slight  increase  in  power 
indeed  will  cause  the  i  n  t  e  r  m  i  t  te  n  t  -  si  i  p  regulator  to  act  to  its 
fullest  extent.  Theoretically  speaking,  therefore,  the  power 
can  be  maintained  at  its  average  value  with  a  deviation 
of  perhaps  less  than  1  per  cent.,  so  that  the  power  curve  is 
practically  a  straight  line,  and  does  not  rise  and  fall  in 
accordance  with  logarithm  curves,  as  is  the  case  with  the 
continuous- slip  regulator. 

Further,  it  has  been  shown  that  with  such  variations  in 
speed  of  the  motor  and  flywheel  as  are  permissible  in  practice, 
the  stored  -energy  given  out  by  the  flywheel  is  proportional 
to  the  fall  in  speed.  Assuming,  therefore,  that  constant 
power  is  required  throughout  the  pass  when  a  bar  is  between 
the  rolls,  and  as  the  power  given  by  the  motor  is  practically 
constant,  the  power  given  by  the  flywheel  will  also  be  prac- 
tically constant.  That  is  to  say,  in  each  small  interval  of 
time  the  same  amount  of  stored  energy  is  to  be  given  out  by 
tho  flywheel.  The  speed  will  therefore  fall  during  the  pass 
in  accordance  with  tlae  straight-line  law,  and  will  rise  again 
in  the  interval  between  passes,  also  in  accordance  with  the 
straight-line  law,  and  there  will  no  logarithm  curves  for 
the  rise  and  fall  in  speed  as  is  the  case  with  the  continuous- 
slip  regulator. 

Fig.  11  is  drawn  to  show  the  theoretical  behaviour  of  the 
motor   and   flywheel    when   provided   wit'li   the  aut-omatic- 
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slip  regulator,  supposing,  as  in  the  case  of  Fig.  4，  that  a 
power  of  500  horse-power  is  demanded  for  5  sees.,  followed 
by  a  5-second  int<?rval,  and  then  sucoeedod  by  another  pass 
demanding  500  horse-power  for  5  sees.  Three  curves  of  speed 
are  also  shown  for  flywheel  weights  of  50  tons,  25  tons,  and 
12^  tons,  from  which  it  will  be  seen  that  the  variation  in 
speed  is  proportional  to  the  weight  of  tho  flywheel. 

The  above  considerations  of  the  behaviour  of  tlie  inter- 
mittent-slip regulator  are  based  on  purely  theoretical 
grounds,  and  on  these  theoretical  grounds  it  appears  to  be  a 
wry  ideal  mechanism  as  compared  with  tlie  continuous-slip 
regulator.  Engineers  who  liave  taken  account  of  the 
theoretical  behaviour  without  paying  sufficient  attention  to 
the  practical  side,  are  tempted  to  think  that  the  intermittent- 
slip  regulator  is  the  proper  mechanism  to  use  in  every  case  of 
a  motor  in  conjunction  with  a  flywheel  driving  a  rolling  mill. 

In  practice  one  may  say  thab  the  great  difficulty  with  the 
intermittent-.slip  regulator  is  that  it  is  comparatively  slow 
in  coming  into  operation  on  account  of  the  inertia  of  the 
various  moving  parts.  Such  slip  regulators  often  take  from 
1  sec.  to  2  sees,  to  come  into  operation,  and  as  the  power 
demanded  from  a  rolling  mill  motor  increases  practically  in- 
stantaneously when  the  rolls  bite  the  bar,  the  power  will 
rise  to  its  maximum  value  before  the  intermittent-slip  regu- 
lator can  come  into  operation.  Thus,  instead  of  reducing  the 
power  to  the  mean  value,  as  would  appear  to  be  the  action  of 
the  automatic-slip  regulator  from  theoretical  considerations, 
it  actually  is  the  means  of  producing  very  bad  peaks  indeed. 

Fig.  12  illustrates  the  practical  operation  of  the  inter- 
mittent-slip regulator  under  the  same  conditions  as  shown  in 
Fig.  11，  which  is  drawn  from  theoretical  considerations,  and 
Fig.  12  serves  to  %how  how  the  intermittent-slip  regulator 


Fig.  9.— Diagram  of  Type  of  Tntermittent-slip  Regulator  Suitable 
FOR  Direct-current  Motors. 


can  allow  the  power  given  by  the  motor  to  rise  to  the  maxi- 
mum value  that  is  demanded  by  the  rolls,  thereby  producing 
very  bad  peaks. 

In  many  cases,  particularly  that  of  the  earlier  passes  of  a 
roughing  mill,  which  is  roughing  down  billets  in  order  to  fe-ed 
an  ordinary  merchant  mill,  the  passes  are  of  inuch  shorter 
duration  than  the  5  sees,  shown  in  Fig.  12,  and  may  easily 
be  of  less  than  1  sec.  duration.  In  such  a  case  the  inter- 
mittent-slip regulator  would  be  absolutely  useless,  and  unless 
a  very  large  motor  were  provided  the  circuit  breaker  would 
be  continually  coming  out. 

The  case  of  a  looping-mill  rolling-wire  rod,  which  is  shown 
in  Fig.  2，  would  be  a  good  one  for  the  installation  of  the 
intermittent-slip  regulator,  because  the  power  demanded  from 
the  motor  does  not  rise  suddenly,  but  gradually,  as  the  rod 
is  looped  into  the  various  pairs  of  rolls,  and  the  power 
demanded  also  increases  gradually,  so  that  it  gives  time  for 
the  intermittent-slip  regulator  to  come  into  operation.  The 
intermittent-slip  regulator  also  finds  application  for  regulat- 
ing the  speed  of  the  flywheel  motor-generator  set  for  supply- 
ing an  electrically-driven  reversing  rolling  mill  on  the  Ilgner 
system . 

Where  a  3-phase  rolling  mill  】notor  is  used,  and  where  the 
continuous-slip  regulator  consists  of  a  resistance  permanently 
in  the  rotor  circuit,  while  the  intermittent- slip  regulator  con- 
sists of  a  resistance  which  is  inserted  into  the  rotor  circuit 
after  the  power  reaches  a  definite  value,  the  use  of  these 
resistances  entails  a  certain  waste  of  power  proportional  to 
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th©  amount  by  which  the  speed  falls,  and  it  would  appear  at, 
first  sight  that  the  waste  of  power  should  be  less  with  the 
intermittent-slip  regulator  than  with  the  continuous-slip 
regulator,  because  with  the  intermittent-slip  regulator  the 
resistance  is  not  always  in  circuit.  Careful  tests  have  shown 
that  this  is  not  the  case,  and  that  there  is  practically  no 
difference  between  the  loss  of  power  taking  place  in  either 
form  of  slip  regulator. 

A  little  consideration  will  show  that  this  must  be  so, 
because  in  the  case  of  xhe  interinitt/erit-slip  regulator  tlie 
resistances  are  brought  into  circuit/  where  the  powers  are 
large,  and  where  a  considerable  fall  in  speed  is  desired,  and 
also  that  when  the  resistances  are  brought  into  circuit  there 
is  a  greater  fall  in  speed  with,  the  intermittent-slip  regulator 
than  with  the  continuous-slip  regulator,  so  that  when  the 
intermittent-slip  regulator  is  in  operation  it  causes  a  larger 
loss  of  power  than  tlie  continuous-slip  regulator,  but  the 
intermittent-slip  regulator  only  cuts  the  resistances  out  of 
<'ircuit,  when  the  power,  and,  consequently,  possible  loss  of 
power,  is  small. 

Arrangement  of  Motor  and  Flywheel  to  Suit  Power  Supply. —- 
The  choice  of  the  power  of  a  rolling  mill  motor  and  of  the 
weight  of  the  flywheel  used  in  coujunction  with  it,  so  as  to 


Fig.  10.— lNTi:KMiTTENT-siiip  Kegulatok  for  vse  wiui  3-Phask  Motoks, 

obtain  that  relation  between  motor  power  and  weight  of 
flywheel  that  will  reduce  the  cost  of  power  to  a  minimum, 
depends  on  whether  power  is  being  generated  in  a  power 
house  in  the  works,  or  whether  power  is  being  purchased 
from  outside  ；  and  in  the  latter  case  there  are  various  systems 
of  charging  for  power  which  materially  affect  the  most  favour- 
able proportions  between  motor  and  flywheel  to  be  adopted. 
Some  typical  cases  showing  liow  the  system  of  payment  affects 
these  pro})ortLons  will  be  considered. 

Atientiou  must  also  be  called  to  the  case  where  there  are  a 
number  of  rolling  mills  in  one  works,  all  of  which  are  doing 
somewhat  similar  work,  and  wliirh  will  usually  all  be  working 
together.  Here  the  probability  is  greatly  in  favour  of  the 
variations  in  the  power  taken  by  the  various  rolling  mill 
motors  balancing  one  another,  so  that  tlu^  total  j)o\ver 
required  remains  at  a  fairly  constant  value,  even  although 
flywheels  of  quite  moderate  weight  are  used  with  the  "'ill 
motors.  This  fact  of  natural  balancing  is  fully  borne  out  by 
practical  experit^m'e,  and  such  a  case  is  an  ideal  one  for 
cheap  electrical  driving. 

1 .  Power  (ftntrated  within  Work  a. ― In  this  case  the  }X)wer 
to  be  supplied  by  the  power  station  should  be  kept  as  constant 
as  possible.     If  there  are  only  one  or  two  rolling  inill  motors 


and  a  considerable  amount  of  small  machinery  of  which  the 
power  demand  will  ke^p  fairly  constant,  the  rolling  】nill 
motors  will  tend  to  cause  considerable  fluctuations  of  power, 
and  to  ensure  that  power  is  being  generated  cheaply  in  the 
power  station  these  fluctuations  must  be  reduced  as  far  as 
possible  by  using  heavy  flywheels  witli  the  mill  motors,  and 
by  arranging  the  slip  regulators  so  as  to  allow  as  much  fall 
in  speed  as  is  consistent  with  obtaining  the  output  from  the 
mills,  so  that  as  much  of  the  stored  energy  of  the  flywheels 
as  possible  may  be  available  for  reducing  fluctuations  in  the 
power. 

There  is  a  definite  economic  limit  to  the  weight  which 
may  be  adopted  for  the  flywheels  because  increase  in  the 
weight  increases  both  the  frictional  losses  and  the  capital 
charges  on  the  plant,  and  a  point  will  be  reached  where  the 
increase  in  running  costs  due  to  these  frictional  losses  and 
increased  capital  charges  will  balance  the  saving  effected  by 
running  the  generating  plant  at  constant  load.  If,  on  the 
other  hand,  there  are  a  large  number  of  rolling  mills,  all  of 
which  are  likely  to  be  working  simultaneously,  it  would  be 
advantageous  under  certain  conditions  to  proceed  to  the  other 
extreme  and  to  reduce  the  flywheel  weight,  relying  on  the 
natural  balancing  effect  to  keep  the  load  constant. 

Theoretically  it  would  b©  possible  to  dispense  with  fly- 
wheels altogether,  but  this  would  require  that  the  size  of  the 
driving  motors  should  be  considerably  increased,  and  it  would 
be  found  cheaper  to  install  a  nioderat-e  size  motor  with  a 
moderate  weight  of  flywheel  rather  than  a  large  inot-or  and 
no  flywheel  at  all.  This  reduction  in  the  weight  of  the  fly- 
wheels would  reduce  the  capital  charges  on  the  plant,  and  bv 
reducing  the  frictional  losses  would  reduce  the  total  power 
required. 

In  some  special  cases  where  there  is  a  large  number  of 
mills  working  simultaneously,  natural  balancing  is  very  diffi- 
cult to  obtain,  as  in  the  case  of  hot  mills  for  rolling  tin- 
plates,  where  the  motors  are  only  giving  their  maxijiium 
power  for  a  very  small  fraction  of  the  total  time,  and  in  such 
cases  ii  is  necessary  to  use  heavy  flywheels. 

2.  Fowtr  purchased  from  a  Supply  Authority  on  the 
Maxirnum  Demand  Systtn"  rrhere  Insfatitaneous  Peaks  are 
Registered . 一 This  case  is  similar  to  the  above,  as  means  must 
be  adopted  for  keeping  the  power  as  near  to  the  average  value 
as  practicable.  The  following  example  will  show  the  saving 
to  be  effected  by  keeping  the  power  to  the  average  value  : 
At  a  certain  works  where  a  small  mill  is  being  driven ,  the 
maximum  instantaneous  demand  is  about  260  kw.,  while  the 
average  number  of  units  taken  per  month  is  about  25,600. 
Payment  is  made  reckoning  the  maximum  demand  over  75 
hours  per  month  at  Id.  per  unit,  and  the  remainder  of  the 
power  at  ^  of  Id.  per  unit.  The  total  cost  of  power  therefore 
works  out  at  <£91.  3s.  4d.  per  month.  If,  however,  the  power 
during  the  working  hours  was  reduced  to  the  average ~ that 
is  to  say,  to  53  kw. ― payment  would  be  made  for  53  x  75 
units  at  Id.  per  unit  and  for  21,600  units  at 击 of  Id.  per 
unit,  so  that  the  cost  of  power  per  month  would  be  fo2.  125. 
If,  therefore,  it  were  possible  to  keep  the  power  at  the 
average  value,  a  saving  of  i!38.  lis.  4d,  i>er  month  would  be 
made,  or  £462.  16s.  per  annum. 

Wliile  this  case  is  rather  an  extreme  case,  it  sliows  that 
if  a  suitably  heavy  flywheel  and  a  slip  regulator  were  installed 
to  reduce  the  power  to  the  average,  a  verv  large  saving  would 
be  made  after  paying  the  capital  charges  on  this  flywheel,  tkc. 

3.  l*ower  ptwr/tdsfft  fntni  〃  Su ppf y  -I  uthority  at  a  Flat 
Ihift  for  ffte  Xu mhti  of  r nits  Const/ wtiL — In  this  cas*^  all 
friction  losses  should  be  kept  as  low  as  possible  in  order  to 
reduce  tlie  total  number  of  units  consumed,  while  there  is 
no  object  in  atteiiipting  to  prevent  variations  in  the  power. 
If  motors  large  onough  to  deal  witli  the  largest  power 
required  by  the  rolling  mill  should  be  installed  without  any 
flywheel  at  all  the  friction  losses  would  be  reduced  to  a  mini- 
mum, giving  the  cheapest  possible  power  costs,  while  the 
maximuin  possi ble  output  rould  be  obtained  from  th^  mill 
on  account  of  the  steady  speed  at  which  it  would  run.  Such 
large  motors,  liowever,  would  prove  more  expensive  in  capital 
cosrt.  than  a  more  moderate  size  motor  used  in  conjunction 
with  a  flywhet^l  of  moderate  weight,  and  it  could  not  be 
generally  stated  that  the  saving  in  power  costs  due  to  tlie 
reduction  of  friition  by  doing  without  a  flywheel  altogether 
would  justify  the  additional  capital  outlay,  although  if  a 
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large-  tonnage  from  the  miJl  woi^o  considered  essential  the 
extra  capital  outlay  might  then  easily  be  justified.  It  may 
be  said,  however,  that  in  such  a  case  the  general  tendency 
would  be  to  reduce  the  flywheel  weight  and  to  increase  the 
motor  power. 

4.  Powtr  'purchased  from  a  Supply  Authority  on  the 
Maximum  Demand  System  where  Peaks  of  several  Minute}^ 
Duration  onl"  are  takm  account  of. ― This  system  of  charging  is 
much  in  favour  with  the  various  supply  authorities,  and  the 
remarks  made  with  regard  to  case  3  apply  to  this  case  also. 


40 


00 


00 


30 


\ 

Speed  \  、 

/ 

—— 

V- 

/ 

>  

1^  Pass. 

.  \ 
2"?  Pass.* 

/ 

3"  Pass 

 1 



Power  td-Ken  to 

roll. 





Mobor  Pow 

sr 

fncCion  uodd 

Ctnf  vef>  for  5 
■•       "  1. 

0  Con  tlywheel  chus   ：  

i^"        '.              ― ： —— 

7-5 


Time  in  Seconds 


27-5 


Fig.  1]. 一 Intermittent-slip  Regulator— Theoretical  Action. 
Variation  of  Motor  Power  and  Speed  fox*  50,  25,  and  12-t  ton  Flywheels. 
Pass,  5  seconds  ；  interval,  5  seconds. 

The  variations  in  power  required  by  most  rolling  mill  motors 
are  very  rapid,  and  the  peaks  last  for  a  matter  of  a  few 
seconds  only,  so  that  thoy  will  not  be  registered  by  the  maxi- 
mum demand  indicator.  Care  should  be  taken  that  the 
hourly  output  of  the  mill  is  kept  as  steady  as  possible,  for 
if  the  mill  were  worked  rapidly  for  an  hour  or  two  and  then 
there  was  a  long  wait  for  billets  to  heat  in  the  furnace,  or  for 
some  other  cause,  this  period  of  rapid  rolling  would  be  found 
to  affect  the  cost  of  power  very  adversely.  This,  however,  is 
a  matter  for  the  mill  manager,  and  does  not  affect  the 
arrangement  of  the  driving  plant. 

The  llgner  System  for  Driving  Large  3 -high  Mills.  — Tn  tlie 
preceding  section  of  this  paper,  reference  has  been  made  to 
the  necessity  for  a  mill  motor,  when  used  in  conjunction  with 
a  flywheel,  to  fall  in  speed  when  the  power  demand  is  large, 
so  as  to  enable  the  flywheel  to  give  up  some  of  its  stored 
energy,  and  attention  has  been  drawn  to  the  fact  that  this 
caus&s  a  diminution  in  the  tonnage  which  the  mill  can  roll . 

The  speed  of  a  rolling  mill  is  settled  by  the  first  passes  in 
the  roughing  rolls,  because  in  tliese  passes  the  billet  is  very 
short,  and  if  it  is  thrown  out  at  a  high  speed  it  becomes  very 
difficult  for  the  men  to  catch  it.  During  these  passes,  while 
the  actual  power  taken  may  be  large,  the*  time  of  the  pass 
is  short,  so  that  the  amount  of  energy  consumed  is  compara- 
tively small  and  the  flywheel  does  not  have  to  give  up  much 
stored  energy,  and  so  the  speed  of  the  mill  is  maintained 
practically  at  full  speed. 

In  the  later  passes,  where  the  bar  has  become  elongated 
to  a  considerable  length,  the  time  taken  by  the  pass  is  con- 
siderable― half  a  minute  or  so ― and  while  the  power  may  not 
be  very  great  the  amount  of  energy  consumed  is  considerable, 
and  the  flywheel  will  have  to  vary  considerably  in  speed  to 
give  up  the  necessary  amount  of  stored  energy.  In  Uiese  last 
passes,  where  high  speed  is  most  desirable  to  get  the  bar 
through  the  rolls  quickly  on  account  of  its  great  length,  the 
speed  of  the'  motor  has  fallen  to  the  lowest  limit,  and  this 
causes  the  reduction  of  the  tonnage  whicli  it  is  possible  to  roll. 
The  reduction  of  tonnage  due  to  this  cause  is  more  marked 
where  the  mill  is  engine- driven  than  where  it  is  motor-driven. 

To  overcome  this  difficulty  several  steel  works  have 
adopted  the  Ilgner  system  for  driving  large  3 -high  mills ― 
that  is  to  say,  the  same  type  of  electrical  plant  is  used  which 
is  generally  employed  for  driving  reversing  rolling  mills.  In 
this  system  the  flywheel  is  not  coupled  to  the  mill,  but  is 
coupled  to  a  motor-generator  set  which  supplies  current  to 
the  mill  motor.  As  the  mill  motor  runs  at  a  constant  speed 
whatever  power  it  is  required  to  give,  there  is  no  reduction 


in  tonnage  owing  to  reduction  in  speed  in  the  mill,  but  the 

motor-generator  set,  instead  of  the  rolling  mill  motor,  varies 
in  speed  so  that  the  flywheel  can  give  up  its  stored  energy 
when  til©  power  demand  is  great,  and  absorb  energy  when  the 
demand  is  small,  so  as  to  reduce  the  variation  in  power  taken 
from  the  supply  system  to  a  reasonable  value. 

In  such  a  case,  the  motor  driving  the  motor-generator  set 
and  the  flyAvheel  show  variations  of  speed  and  power  similar 
to  those  described  in  tho  earlier  part  of  this  paper  for  a  mill 
motor  and  flywheel,  except  that  in  this  case  the  variations 
ill  power  are  very  much  reduced  ；  partly  because  the  motor- 
generator  set  runs  at  a  comparatively  high  speed,  so  that  the 
stored  energy  of  the  flywheel  is  very  much  increased,  although, 
its  weight  and  cost  may  be  much  reduced,  and  partly  because 
a  much  larger  variation  in  speed  is  permissible,  as  there  is 
no  fear  of  reducing  the  tonnage  of  the  mill  by  allowing  the 
variations  in  speed  to  be  too  great,  so  that  a  much  greater 
proportion  of  the  stored  energy  of  the  flywheel  can  be  utilised 
to  reduce  power  variations. 

It  is  obvious  that  by  regulating  the  field  current  of  the 
generator  of  the  motor  generator  set,  the  voltage  of  this 
machine  may  be  varied,  causing  the  speed  of  the  mill  motor 
to  increase  or  decrease  correspondingly,  and  as  there  is  no 
flywheel  coupled  to  the  mill  motor  the  speed  of  the  mill  motor 
may  be  increased  or  decreased  very  rapidly.  In  rolling  down 
a  billet  or  bloom,  therefore,  ifc  is  possible  to  drive  the  mill 
at  such  a  speed  that  while  the  first  passes  are  being  made  the 
billet  can  easily  be  caught,  and  then  to  increase  the  speed 
considerably  for  later  passes  where  the  billet  has  been  rolled 
into  a  long  bar,  and  where  each  pass  takes  a  considerable 
time,  so  that  the  times  of  these  long  passes  can  be  reduced. 

In  this  way  the  total  time  for  rolling  down  each  billet 
can  be  reduced,  and  the  tonnage  can  be  increased.  The  time 
taken  by  these  later  passes  can  still  further  be  reduced  by 
increasing  the  speed  after  the  bar  has  entered  the  rolls,  and 
then  decreasing  the  speed  again  before  the  bar  leaves  the 
rolls,  so  that  it  is  not  thrown  out  at  too  high  a  speed. 

By  using  the  Ilgner  system,  therefore,  the  possible  output 
from  the  mill  can  be  increased  beyond  that  which  may  be 
obtained  if  the  mill  motor  were  driven  at  a  constant  speed. 
The  capital  cost  of  the  electrical  plant  for  the  Ilgner  system 
of  driving  is  considerably  more  than  that  of  a  plain  motor 
and  flywheel,  but  as  the  cost  of  the  electrical  plant  is  small 
in  comparison  with  that  of  the  mill  and  its  various  acces- 
sories, the  use  of  the  Ilgner  system  for  driving  such  a  3-high 
mill  may  not  increase  the  total  capital  cost  of  the  plant  much. 
As  this  increase  in  capital  cost  enables  a  much  larger  output 
to  be  obtained,  the  use  of  the  Ilgner  system  in  such  a  case 
cheapens  the  cost  of  production  by  reducing  the  capital 
charges  per  ton  rolled.  " 

The  use  of  the  Ilgner  system  increases  the  losses  of  power 
taking  p]ace  in  the  electrical  machines  per  day,  because  there 
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Fig.  12. ― iNTEKMITTENT-SIilP  REGUL  VTOR— ACTION  IN  PRACTICE. 

ViH-iafciou  in  Motor  Power  and  Speed  for  50,  '25,  and  12^  ton  Flywheels. 
Pass,  5  seconds  ；  interval,  5  seconds. 

are  the  electrical  losses  in  the  motor  and  the  generator  of  the 
motor-generator  set  to  be  considered  as  well  as  those  iu  the 
mill  motor  itself,  but  as  a  larger  tonnage  is  being  rolled  iu 
the  day,  and  the  bars  are  rolled  so  rapidly  that  they  have  not 
time  to  cool  much,  the  units  of  electricity  per  ton  rolled  may 
be  actually  decreased  in  spite  of  this  additional  loss  of  power 
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which  is  introduced.  Where  the  Ilgner  system  is  adopted,  it 
is  always  possible  to  use  the  mill  as  a  reversing  mill  if  a 
section  has  to  be  rolled  which  is  difficult)  to  manage  in  a 
3-higli  mill. 

The  Ilgner  system  has  been  adopted  up  to  the  present  for 
driving  : — 

(1)  34^in.  3 -high  mill  having  three  stands  of  rolls  and 
rolling  heavy  beams,  driven  by  a  direct-coupled  motor  of 
12,600  horse-power  normal  output.  The  maximum  speed  of 
the  motors  is  180  revs,  per  minute,  and  the  speed  at  which  the 
maximum  turning  moment  is  given  is  70  revs,  per  minute. 
The  flywheel  motor-generator  set,  which  is  provided  with  a 
55-ton  flywheel,  runs  at  a  maximum  speed  of  428  revs,  per 
minute,  and  is  driven  by  a  2,600  horse-power  motor. 

(2)  29?jin.  mill  having  three  stands  of  rolls  and  rolling 
beams  and  light  rails,  driven  by  a  direct- coupled  motor  of 
8,400  horse-power  normal  output.  The  maximum  speed  of 
the  motor  is  180  revs,  per  minute,  and  the  speed  at  which 
maximum  turning  moment  is  given  is  62  revs,  per  minute. 
The  flywheel  motor-generator  set,  which  is  provided  with  a 
55 -ton  flywheel,  runs  at  a  max^'mum  speed  of  428  revs,  per 
minute,  and  is  driven  by  a  1,500  horse-power  motor. 

(3)  29|in.  mill  having  five  stands  of  rolls  and  rollln 
beams  and  rails,  driven  by  a  direct-coupled  motor  of 
7,300  horse-power  normal  output.  The  maximum  speed  of 
the  motor  is  180  revs,  per  minute,  and  the'  speed  at  which 
maximum  turning  rnoment  is  given  is  52  revs,  per  minute. 
The  flywheel  motor-generator  set,  which  is  provided  with  a 
75 -ton  flywheel,  runs  at  a  maximum  speed  of  428  revs,  per 
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Fig.  13.— Diagram  of  Connections  of  High-efficiency  Variable  Speed 

3-PHARE   TlOLIilNfi  MiT.L  MoTOR  SET. 

iiiiiiute.  This  3-liigli  mill  iiioior  is  supplied  from  a  generator 
attached  to  a  flywheel  motor-generator  set,  which  is  supply- 
ing an  electrically-driven  reversing  rolling  mill  at  the  same 
works. 

(4)  23^m.  mill  having  three  stands  of  rolls  and  rolling 
rails,  beams,  and  sections,  driven  by  a  direct-coupled  motor 
of  6,000  horse-power  normal  output.  The  maximum  speed 
of  the  motor  is  180  revs,  per  minute,  and  the  speed  at  which 
maximum  turning  moment  is  given  is  140  revs,  per  minute. 
The  flywheel  motor-generator  set,  which  is  provided  with  a 
50-ton  flywheel,  runs  at  a  inaximum  speed  of  500  revs,  per 
minute,  and  is  driven  by  a  motor  of  about  1/200  h.p. 

(5)  22in.  3-high  mill  having  three  stands  of  rolls  and  rolling 
rails,  sections,  and  rounds,  driven  by  a  direct-coupled  motor 
of  2,400  horse-power  normal  output.  The  speed  at  which 
inaximum  turning  moment  is  given  is  120  revs,  per 
minute,  and  tlie  motor  is  arranged  t.o  run  at  very  consider- 
ably higher  speeds  with  a  correspondingly  less  turning 
moment.  This  3 -high  mill  motor  is  supplied  with  power  from 
a  generator  attached  to  a  flywheel  motor-generator  set  which 
supplied  a  large  reversing  mill  in  the  same  works. 

(6)  20Jin.  3-high  roii^hini:  mill,  rolling-  billots,  driven  by 
a  direct-coupled  motor  of  3,800  liorse-power.  The  maxinuiiu 
speed  of  the  motor  is  180  revs,  per  minute,  and  the  speed  at 
which  maxim um  turning  moment  is  given  is  100  revs,  per 
minute.  This  3 -high  mill  motor  is  supplied  with  currout 
from  a  generator  coupled  to  a  flywheel  motor-generator  set 
which  supplies  a  large  reversing  rolling  mill  in  the  same 
works. 


There  is  also  a  seventh  3-bigh  mill  which  is  driven  on  the 
Ilgner  system ,  of  which  no  particulars  are  available. 

Three-phase  Current  for  Merchant  Mill  Driving. ― The  rough- 
ing rolls  of  a  merchant  mill  should  be  run  at  the  highest  speed 
at  whicli  it  is  found  practicable  for  the  men  to  catch  the 
comparatively  short  billet,  and  as  in  most  cases  about  the  same 
size  of  billet  is  being  rolled  the  speed  should  remain  constant. 
The  finishing  rolls,  on  the  contrary,  should  be  capable  of 
running  at  a  large  number  of  different  speeds  according  to 
the  shape  and  weight  of  section  being  rolled.  Light  sections 
which  cool  rapidly  must  be  rolled  at  a  high  speed  so  as  to 
finish  them  while  hot,  but  with  heavier  sections  the  rate  of 
cooling  is  slower,  so  that  there  is  not  the  necessity  for  rolling 
at  a  high,  speed,  while  there  is  the  advantage  that  better 
material  is  obtained  if  the  speed  of  rolling  is  lower.  The 
slowest  speed  is  required  for  "  hand  rounds,"  where  the  roller 
has  to  guide  a  bar  of  oval  section  with  his  tongs  through  a 
round  hole,  so  that  the  biggest,  diameter  of  the  oval  stgtnds 
upright,  and  unless  the  speed  is  】o\v  the  roller  cannot  follow 
up  the  bar. 

If  the  roughing  and  finishing  mills  are  coupled  together 
and  driven  by  one  motor,  it  will  not  be  possible  to  run  at  a 
sufficiently  】iigli  speed  for  iho  light  sections  on  account  of  the 
roughing  mill,  so  that  the  roughing  mill  will  restrict  tlie 
output  of  light  sections,  while,  on  the  other  hand,  when 
rolling  " hands  round"  the  low  speed  of  the  finishing  mill 
will  require  that  the  roughing  mill  should  also  go  at  a  low- 
speed  and  tlve  output  be  also  restricted.  With  such  a  mill 
the  proper  outputs  can  only  be  obtained  at  the  medium 
speeds.  The  ideal  drive,  therefore,  is  to  provide  a  constant- 
speed  motor  for  the  roughing  mill  and  a  separate  variable- 
speed  motor  for  the  finishing  mill,  and  when  this  is  done  the 
roughing  mill  is  usually  placed  in  tandem  with  the  finishing 
mill. 

Where  the  power  available  is  direct  current,  this  arrange- 
ment  presents  no  difficulty,  but  where  3 -phase  current  must 
be  used  the  means  of  providing^  a  variaWe-speed  drive  for  the 
finishing  mill  needs  some  consideration.  The  simplest  arrange- 
ment would  be  to  provide  an  ordinary  3-phase  motor,  and  to 
reduce  its  speed  when  required  bv  inserting  resistances  in  the 
rotor  circuit.  This  entails  such  a  large  waste  of  power  in  the 
resistances  when  the  lower  speeds  are  required  that  the 
arrangement  is  not,  practicable  commercially.  In  addition, 
when  the  power  diminislies  in  the  interval  between  passes  or 
in  the  interval  between  the  finishing*  of  one  billet  and  enter- 
ing the  next,  the  speed  tends  to  increase  up  to  the  maximuni 
speed,  so  that,  when  the  next  billet  is  entered,  it  is  very 
difficult  to  handle  the  material. 

Another  arrangement  which  can  only  be  used  where  a 
rope  drive  can  be  employed  is  to  provide  an  ordinary  S-phane 
motor  having  three  rop^  pulleys  of  different  sizes  on  its  shaft, 
and  to  rhanjE^e  the  ropes  from  one  pulley  to  another  wh<>n 
different  speeds  are  required  for  the  Tnill.  To  enahlo  this  to 
be  done  the  motor  bedplate  has  to  be  made  to  slide  in  two 
directions,  so  thai-  any  one  of  the  three  pulleys  can  be  brought 
opposite  tlK^  main  rope  pulley  wliich  is  roupled  to  the  mill, 
and  so  that  tlio  motor  can  ho  slid  away  from  this  pullev  in 
order  to  tighten  the  ropes. 

This  arrancrement  onlv  enables  three  possible  speods  to  he 
obtained,  which  is  insufficient-  to  meet  most  requirements, 
and  it.  lias  also  proved  itsolf  to  be  very  wasteful  in  ]>o\vor.  and 
oil  [his  account  it  cannot  he  considered  whero  oronomv 
is  any  object.  Another  arransrement.  which  is  much  more 
satisfaotor}'  is  to  convort'  the  curront-  t-o  direct  curront. 

and  then  to  provide  a  direct-current-  rolling  mill  motor,  so 
that  tlie  speed  can  be  varied  to  anv  required  speed  in  order 
to  siiit  all  conditions  without  、va^?ting  any  power,  and  with 
the  exception  of  that-  variation  in  spe^xl  which  is  noo^ssan* 
to  enable  the  flywlie<^l  to  gWe  up  and  res^ain  part  of  its  stoml 
onercry  the  speed  remains  constant  at  the  required  vf:lue. 

As  the  3-phase  current  must  be  convert^nl  to  direct 
runrnt,  a  transformer  and  a  Totary  ronvort^^r  would  be 
needed  for  this  purpose,  so  that  tlie  capital  cost  of  the  plant 
is  increased,  and  there  is  a  certain  loss  of  power  in  convert - 
ino-  from  3-phaso  rurrent-  to  direct,  current.  This  loss  of 
power  in  con  version,  liowevor.  is  very  small  rom  pa  rod  with 
the  losses  of  power  in  tho  two  arraneompnt^!  mentioned  above, 
while  the  extra  capital  cost,  is  fully  justified  by  this  saving  in 
power. 
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A  still  more  economical  arrangement  for  obtaining  vari- 
able speed  has  been  adopted  for  three  merchant  Tiiills  in  this 
country  (Fig.  13).  This  consists  of  employing  a  3-phase 
motor  direct  coupled  to  a  direct-current  motor  for  driving 
the  mill.  A  rotary  converter  is  connected  to  the  rotor  circuit 
of  the  3-phase  motor,  so  that  when  the  set  is  run  at  reduced 
speed  the  power  which  would  otherwise  be  wasted  hi  resist- 
ances ill  the  rotor  circuit  is  converted  by  the  rotary  converter 
from  3- phase  to  direct  cm'reiit,  and  then  used  usefully  to 
supply  the  direct-current  motor. 

Comparing  this  scheme  with  that  of  converting  all  the 
3-phase  power  to  direct  current  and  installing  a  direct-current 
rolling  mill  motor,  it  should  be  pointed  out  that  in  this  latter 
scheme  the  rotary  converter  and  the  direct-current  motor  do 
not  have  to  deal  with  the  entire  power,  but  with  a  power  pro- 
portional to  the  amount  that  the  main  3-phase'  motor  is 
running  below  synchronous  speed.  The  conversion  losses  are 
therefore  reckoned  oa  a  fraction  of  the  power,  and  not  of  the 
entire  power,  so  that  the  arrangement  is  much  more  efficient. 
Further,  the  rotary  converter  and  the  direct-current  motor 
are  proportioned  for  a  fraction  of  the  power  instead  of  the 
whole  power,  so  that  they  can  be  small  machines.  The 
arrangement,  therefore,  is  cheaper  in  capital  cost. 

With  this  arrangement  the  direct-current  motor  is  pro- 
vided with  a  compound  winding  to  act  as  a  continuous-slip 
regulator,  and  the  combination  behaves  like  an  ordinary 
compound-wound  direct-current  motor,  the  speed  being  varied 
by  altering  the  resistance  of  the  shunt  field  circuit  of  the 
direct-current  motor,  while  with  the  exception  of  that  varia- 
tion in  speed  necessary  to  enable  the  flywheel  to  give  up  and 
regain  part  of  its  stored  energy,  the  mill  motor  set  runs  at 
the  required  speed  and  does  not  give  trouble  by  attempting 
to  increase  in  speed  up  to  the  maximum  speed  between  the 
passes. 

Generally  speaking,  where  there  is  a  choice  between  direct 
current  or  3 -phase  for  driving  a  mill  for  wliioh  variable  speed 
is  desirable,  and  there  is  little  or  no  difference'  in  the  cost  of 
current,  the  adoption  of  direct  current  will  be  found  the  most 
economical. 

Friction  Losses. — Particular  care  should  be  taken  to  reduce 
as  much  as  possible  the  friction  losses,  or  other  such  losses 
which  have  a  constant  steady  value  independent  of  the  power 
which  the  rolling  mill  may  be  giving,  because,  generally  speak- 
ing, the  power  taken  by  a  motor  driving  a  rolling  mill  varies 
between  wide  limits,  so  that  the  average'  power  taken  is  very 
much  less  than  the  rated  output  of  the  motor,  and  any  losses 
such  as  those  due  to  friction  which  go  on  continuously  very 
considerably  increase  the  number  of  units  of  electricity  used 
in.  a  given  time. 

This  is  a  point  which,  is  very  liable  to  be  overlooked, 
because  such  losses  are  usually  stated  as  a  percentage  of  the 
rated  output  of  the  motor,  and  so  appear  small,  but  if  the 
average  power  of  a  rolling  mill  motor  is  one-third  of  its  rated 
output,  as  is  often  the  case,  a  friction  loss  which  may  be  only 
10  per  cent,  of  the  rated  output  will  increase  the  total  units 
consumed  in  a  given  time  by  30  per  cent.  Such  friction  losses 
may  be  caused  by  the  friction  in  the  flywheel  bearings,  or 
by  the  windage  of  the  flywheel  itself,  or  in  the  drive  used  to 
transmit  the  power  of  the  motor  to  th-e  mill  in  those  cases 
where  the  mill  motor  is  not  direct  coupled. 

These  remarks  apply  particularly  to  rope  drives  when  used 
for  rolling  mills,  as  it  is  usually  stated  that  a  rope  drive 
involves  10  per  cent,  loss  of  power,  but  this  only  applies  to 
the  case  of  a  motor  which  is  constantly  transmitting  its  full 
power  through  the  rope  drive.  It  would  be  much  more  exact 
if  the  statement  were  made  that  the  use  of  a  rope  drive  in- 
volves a  loss  of  10  per  cent,  of  the  power  which  the  ropes  ar& 
capable  of  transmitting  normally,  and  that  this  loss  remains 
constant  whether  the  motor  is  giving  its  full  normal  output 
or  not. 

To  take  a  practical  example,  the  case  of  some  tin-plate 
mills  may  be  considered  which  require  a  450  horse-power 
motor,  where  the  power  varies  between  very  considerable 
limits,  and  where  there  is  a  choice  between  installing  a  high- 
speed motor  driving  the  mills  through  a  rope  drive  or  install- 
ing a  slow-speed  motor  direct  coupled  to  the  mill.  It  may- 
be assumed  that  the  loss  in  the  rope  drive  is  10  per  cent,  of 
the  full-load  power  of  the  motor,  that  the  efficiency  of  the 
slow-speed  motor  is  2  per  cent,  less  than  that  of  a  high-speed 


motor,  and  that  tho  actual  power  consumption  requir^^d  by  tlie 
mill,  apart  from  the  drive,  is  15,000  units  per  化 k.  If  a 
slow-speed  motor  be  installed,  2  per  cent,  must  be  added  to 
the  15,000  units  on  account  of  the  low  efficiency,  so  that  the 
units  consumed  in  the  week  will  be  15,300. 

If  the  4r)U  brake-horse-power  motor  ran  steadily  at  its  full 
power,  iiiaking  due  allowance  for  5  per  cent,  loss  in  slip 
resistance,  &(•.，  the  steady  input  would  be  385  kw.  ；  therefore 
if  the  motor  ran  steadily  at  its  full  power  for  a  week  of  120 
working  hours  it  would  consume  45,000  units.  Ten  per  cent, 
of  this,  or  4,500  units,  are  wasted  in  the  rope  drive,  so  that  if 
the  high-speed  motor  with  the  rope  drive  he  installed,  the 
total  units  consumed  per  week  will  be  19,500,  or  4/200  more 
than  if  a  slow-speed  motor  be  used. 

Supposing  that  the  cost  of  power  is  0'5d.  per  unit,  the 
extra  4,200  units  used  per  week  will  cost- £8.  15s. ，  or  £437.  10s. 
per  annum.  This  saving  would  justify  a  very  considerable 
extra  capital  expenditure  on  a  slow-speed  motor. 

While  any  discussion  of  the  details  of  construction  of 
rolling  mills  is  outside  the  scope  of  this  paper,  the  author 
holds  the  opinion  that  insufficient  attention  is  paid  to  the 
question  of  friction  in  the  pinion  housings  or  on  the  roll 
necks,  and  thinks  that  improvements  might  be  effected  which 
would  reduce  this  friction,  and  that  any  such  improvements 
would  materially  reduce  the  cost  of  rolling.  In  many  mills  the 
power  consumed  by  the  friction  of  tlie  mill  itself  is  about  one- 
fifth  or  one -sixth  of  the  normal  rated  output  of  the  motor 
which  is  installed  to  drive  the  mill,  so  that  nearly  50  per 
cent,  of  the  units  of  electricity  used  per  ton  rolled  are  wasted 
in  friction.  This  shows  how  great  an  opportunity  there  is 
for  improvements  for  effecting  economies  in  the  cost  of 
rolling. 

The  foregoing  observations  regarding  the  large  waste  of 
power  caused  by  rope  drives  where  the  friction  is  independent 
of  the  power  transmitted  does  not  apply  to  the  same  extent 
to  the  gear  drive,  because  the  pressure  between  the  teeth, 
and  hence  a  greater  part  of  the  friction,  is  dependent  on  the 
amount  of  power  transmitted.  When  a  small  power  is  trans- 
mitted the  friction  loss  is  reduced,  so  that  with  a  gear  drive 
the  units  of  electricity  consumed  on  the  overcoming  friction 
do  not  form  so  large  a  proportion  of  the  total  number  of  units 
consumed  as  with  a  rope  drive.  In  certain  mills,  particularly 
in  brass  and  copper  sheet  mills,  long  trains  of  gearing  are 
usually  used  for  transmitting  the  power  of  the  motor  to  the 
rolls,  and  are  so  arranged  that  the  power  for  the  more  distant 
mills  is  perhaps  transmitted  through  ten  different  pairs  of 
gear-wheels.  A  more  wasteful  way  of  applying  power  could 
hardly  be  imagined. 

Economy, ― The  question  of  electrical  driving  is  seldom  raised 
without  comparisons  being  made  between  the  cost  of  driving 
rolling  mills  by  steam  or  by  electricity,  but  it  is  outside  the 
scope  of  this  paper  to  revive  this  well-worn  subject.  Various 
economies  can  be  effected  by  the  electrical  driving  when  pro- 
perly applied,  but  one  of  the  principal  economies  is  that  of 
the  cost  of  power.  The  electrical  drive  often  enables  cheap 
power  to  be  used  when  it  could  not  be  transmitted  or  applied 
in  any  other  way,  and  also  in  many  cases  it  affords  a  means 
of  enabling  power  to  be  generated  cheaply,  so  that  in  planning 
an  electrical  drive  every  care  should  be  taken  to  make  use  of 
its  natural  advantages  as  far  as  possible. 

In  a  large  city  where  land  is  expensive,  and  where  facilities 
for  generating  power  in  each  individual  works  are  far  from 
the  best,  it  is  generally  found  to  be  most  economical  to  buy 
power  from  the  supply  authority  where  the  amount  required 
is  not  very  large,  because  power  can  be  generated  in  bulk  in 
a  power  station  and  distributed  to  the  various  works  more 
cheaply  than  the  works  can  generate  themselves.  Where 
works  are  not  situated  in  a  city,  and  where  the  cost  of  ground, 
&c,，  is  much  less,  it  is  generally  found  that  the  works  them- 
selves can  generate  more  economically  unless  the  amount  of 
power  required  is  very  small. 

Where  cheap  power  is  available  it  must  be  applied  as 
economically  as  possible,  and  it  will  be  seen  from  what  has 
been  said  in  the  foregoing  that  considerable  care  must  be 
exercised  in  applying  a  motor  and  flywheel  to  a  rolling  mill  in 
order  to  ensure  that  the  power  is  utilised  as  cheaply  as 
possible  if  it  is  desired  to  obtain  economy  in  working. 

There  is  much  reliable  information  at.  present  available 
about  the  units  per  ton  taken  to  roll  various  sections,  some  of 
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wliich  has  been  given  by  the  author  in  other  places,  so  that 
there  is  no  need  to  repeat  these  figures  here.  Attention 
should,  however,  be  particularly  drawn  to  the  inaccurate 
results  which  will  be  obtained  if  any  attempt  is  made  to 
arrive  at  the  proper  size  of  the  motor  by  multiplying  the  units 
per  ton  by  the  tonnage  which  it  is  desired  to  obtain  from 
the  mill  on  the  average.  Any  such  figure  wliich  is  obtained 
in  this  way  would  be  far  too  small,  because  a  rolling  mill 
always  works  more  or  less  intermittently,  as  either  it  is  a 
physical  impossibility  for  the  men  to  stand  up  to  the  work 
continuously ― that  is  to  say,  to  keep  up  the  maximum  rate  of 
rolling  at  which  they  could  roll  one  bar,  or  else  the  mill  has 
to  wait  for  hot  billets  from  the  furnace,  for  the  finished 
mat>erial  to  be  cleared  away,  for  roll  changing,  or  for  other 
reasons. 


UTILISING  THE  WASTE  HEAT  OF  INTERNAL-COMBUSTION 

PUMPS. 

A  METHOD  of  utilising  the  waste  heat  of  internal-combustion 
pumps  or  compressors  of  the  Humphrey  type  has  recently  been 
patented  by  H.  M.  Bellamy,  W^lby  Gardens,  Grantham,  Lin- 
coln. With  this  arrangement,  which,  is  shown  in  the  accom- 
panying sectional  view,  the  heat  hitherto  wasted  in  the  opera- 
tion of  cooling  the  walls  of  the  explosion  chamber  is  utilised, 
while  more  effective'  use  is  made  of  t-he  Ire  at  of  the  exhaust 
gases.    The  whole  or  part  of  the  pump  or  compressor  is  placed 
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within  a  closed  vessel  containing  water,  and  is  partially  or 
wholly  submerged.  Heat  passes  to  the  water  from  the  walls 
of  the  explosion  chamber  or  cylinder  and  generates  steam 
under  presfiure,  which  may  be  usefully  applied  in  any  appro- 
priate manner,  whilst  at  t-he  same  time  the  explosion  chamber 
or  cylinder  is  prevenbed  from  becoming  over-lieated. 

Referring  to  th-e  illustration,  the  cylinders  A  and  B  alter- 
nately perform  the  functions  of  pump  and  compressor,  the 
particular  type  of  compressor  being  that  in  which  a  mixture 
of  compressed  air  and  products  of  combustion  is  delivered 
through  the  pipes  C  to  the'  reservoir  D.  The  whole  of  the  com- 
pressor is  positioned  within  a  closed  vessel  E.  This  vessel  is 
wholly  or  partially  filled  with  water.  The  steam  evolved  by 
the  action  of  the  heat  from  the  walls  of  th^  cylinders  A  and 
B  on  the  water  causes  the  evolution  of  steam,  which  is  allowed 
to  pass  to  tlie  res<^rvoir  D  bv  the  non-return  valve  F，  tlieiv 
mixes  with  the  compressed  ga^s,  and  is  utilised  witli  them  to 
produce  useful  work,  as，  for  instance,  by  being  passed  through 
a  iurbine-.  The  valve  F  may,  if  desired,  be  weighted  or  acted 
upon  by  a  spring,  so  that  steam  is  only  dolivorod  to  tli<^  reser- 
voir at  a  predetermined  pressure. 

By  thus  mixing  t-he  steam  and  coin  pressed  air  witli  th-e 
combustion  products,  some  of  t  ho  lie  at  of  the  latt<^r  is  given 
up  to  the  other  constituents  and  tbe  whole  mixture  is  brought 


to  a  temperature  at  which  it  can  satisfactorily  be  employed  to 
produce  power.  The  water  constituting  the  piston  of  the  com- 
pressor is  kept  within  appropriate  limits  of  temperature  by 
any  suitable  means  ;  thus,  it-  may  be  ren-ewed  constantly  or 
fi'om  time  to  time,  tlie  supply  being  obtained  either  from  the 
enclosing  vessel  or  from  an  outside  source,  and  the  surplus 
being  rejected  into  tbe  vessel  or  outside  of  the  same. 


THE  REPAIR  OF  MOTOR-CARS. 

At  the  first  meeting  of  the  North  of  England  branch  of  the 
Institution  of  Automobile  Engineers  held  at  Manchester  on 
Wednesday  last  week,  a  paper  was  read  by  Mr.  David  J. 
Smith  on  the  repair  of  motor  vehicles.  By  taking  the 
average  of  a  large  number  of  cars  in  the  five  years  1906-10, 
Mr.  Smith  came  to  the  conclusion  that  the  cost  of  repairs  in 
that  time  was  equal  to  25  per  cent,  of  the  first  cost,  apart 
from  tyres  and  accidents.  He  remarked  that  the  repairer's 
lot  is  not  an  enviable  one,  as  he  is  often  merely  a  buffer 
between  the  maker  and  an  unreasonable  owner.  The  number 
of  really  skilful  repairers,  he  said,  was  limiied,  and  very  often 
manufacturers  felt  uneasy  when  they  knew  into  whose  hands 
their  car  passed  for  repair.  The  manufacturing  firm  doing  its 
own  repairs  was,  he  proceeded,  in  a  peculiar  position.  Many 
owners  expect  that  all  repairs,  adjustments,  and  so  on  for  a 
long  time  after  purchase  should  be  done  by  the  maker,  either 
free  or  on  rather  one-sided  terms.  A  refusal  or  even  a  merely 
reasonable  charge,  may  bring  about  a  rupture  with  the 
customer,  but  in  "  mothering  "  such  cars  on  the  terms  the 
customer  expects,  it  is  possible  to  lose  a  high  proportion  of  tbe 
neb  profits. 

To  the  repairer  who  is  not  also  the  builder  there  sometimes 
falls  a  task  which  is  really  nothing  short  of  remedying  a  faulty 
design.  In  this  he  can  hope  for  very  little  help  from  tlie 
makers,  although  cars  wliicli  are  a  few  years  old  can,  even  by 
a  repairer  who  cannot  be  expected  to  know  the  synthesis  of 
their  design,  be  greatly  improved,  and  if  the  maker  cared  to 
co-operate  the  improvement,  he  thought,  would  be  even 
greater. 

However  serious  for  our  manufacturers,  the  influx  of 
imported  cars  is  certainly  to  be  viewed  by  repairers  with 
equanimity,  if  not,  indeed,  with  satisfaction.  As  a  class  he 
meets  with  little  or  no  opposition,  and  if  there  is  delay  in 
getting  part's  from  abroad  his  is  not  the  responsibility.  The 
alternative  to  waiting  is  for  the  repairer  to  make  tlie  parts. 
He  may  not  make  them  quite  like  the  original  ones,  but  he 
may  occasionally  improve,  and  Mr.  Smith  argues  that  it  would 
be  advantageous  if  those  who  design  cars  could  spend  some 
time  in  a  repair  shop  where  all  makes  of  cars  come  in,  and 
where  he  may  see  the  pet  theories  of  all  sorts  of  designors  and 
owners  treated  with  a  brutal  but'  perfectly  sane  revision. 
Such  a  trainiiis:  might-  tend  to  check  originality,  but  would 
also  tend  to  soundness  of  design. 

Referring  to  the  equipment  and  organisation  of  a  motor 
repair  works.  Mr.  Smith  said  the  demand  for  good  men  for 
this  work  excee<:led  the  supply.  While  skilled  nieohaiiirs  could 
be  drawn  from  the  general  engineering  trades,  it  needed  a 
considerable  time  to  get  their  inot-or-ear  sense,  and  the  process 
of  acquiring  it  was  apt  to  be  expensive  for  the  employer.  As 
for  the  I'isingf  ti^eneration.  he  ur^ed  that  all  boys.  appivntic<>s, 
and  improvers  should  attend  good  evenine  classes,  and  in  his 
own  works  he  encouraged  this  by  paying  the  youths'  fe^s. 


Electrical  Plant  in  Collieries. ― At  a  meeting  of  the  East  'of 

Scotland  Brunch  of  the  Association  of  Mining  Electrical  En- 
gineers recently  lield  in  Kdinhurgli,  Mr.  li.  H.  Willis,  the 
branch  secretary,  delivered  an  interesting  lecture  on  "The 
Nreclianical  Design  of  Electrical  Plant  rsnally  Found  in 
Colliones/'  The  lecturer  maintained  that  all  electrical  plant 
which  was  to  he  used  in  collieries  sliouKl  he  characterised  l)y 
extreme  robustness.  Personally  he  had  seen  many  plants 
which,  while  they  bad  been  perfect  electrically,  had  failed 
mechanically.  In  the  long  run  it  would  undoubtedly  pay  to  in- 
stal  a  machine  with  the  ht^aviest  shaft,  longest  hearings,  and 
stiffest  brush  gear.  Intimation  was  made  that  the  examina 
tions  applicable  to  Scottish  members  for  certificates  of  com- 
petency granted  hy  tbe  association  would  he  held  on  March 
IGth  and  23rd  in  Glasgow. 


March  8,  1912] 


THE    MECHANICAL  ENGINEER. 


290 


PRACTICAL  HINTS  ON  MOULDING  AND  CASTING  ALUMINIUM. 

Thi:  com  pa  ratively  low  price,  bulk  for  bulk,  of  aluminium,  as 
compared  with  the  copper  alloys,  is  directing  the  serious  atten- 
tion of  engineers  and  other  users  to  the  lighter  metal.  The 
hi (； h  tensible  strength  of  Uie'  aluminium  alloys  renders  the  in 
useful  for  a  great  variety  of  purposes.  They  have  found  con- 
siderable employment  in  ithe  motor-car  industry,  and  are 
used  for  crank  cases,  gear  boxes,  carburetters,  radiators,  and 
a  number  of  other  parts  and  details.  General  e'ngineers  are 
also  becoming  more  partial  to  aluminium  castings  for  many 
purposes,  on  account  of  their  lightness,  quite  apart  from  the 
cost  ；  in  fact,  alloys  of  aluminium  are  largely  employed  at 
the  present  time  in  various  branches  of  engineering  work. 
B-rassfounders,  therefore,  frequently  find  themselves  called 
upon  to  handle  the  metal  on  a  more  or  less  exieinsive  scale. 
By  those  who  have  studied  the  question  it  is  acknowledged 
thai  aluminium  castings  are  best  produced  in  a  foundry 
devoted  entirely  to  that  metal  and  its  alloys  ]  for  the  slightly 
different  procedure  in  moulding  and  melting,  due  to  the  nature 
of  the  metal,  when  compared  with  brassfou'nding,  is  ofteu  a 
stumbling  block  to  the  founder  who  does  not  properly  realise 
these  differences.  But  since  there  are  many  brassfounders 
who  could  with  advantage  undertake  aluminium  work,  a  few 
hints  ou  the  matter  may  prove  liseful. 

If  normal  precautions  are  taken,  suitable  alunii'Qium  alloys 
should  not  be  difficult  to  cast.  The  melting  point  (about  650° 
C.)  is  far  below  that  of  iron  and  even  that  of  the  brasses,  and 
the  same  trouble  should,  therelore,  not  occur  in  regard  to  gases 
ill  the  mould  and  the  scabbing  of  the  mould.  With  a  sand 
fairly  free  from  gas-producing  substances  and  of  the  right 
texture  there  should  be  a  comparatively  small  amount  of  gas 
generated  when  pouring  ；  and  since  the  heat  of  the  metal  in 
the  mould  is  little  more  than  half  what  a  mould  for  cast  iron 
will  stand,  it  is  fairly  obvious  that  scabbing  would  indicate 
bad  moulding. 

Moulding.  ―  The  principles  governing  moulding  for  alu- 
minium castings,  while'  broadly  the  same  as  for  brass,  aro 
different  in  certain  respects.  Some  founders  consider  that 
the  sand  for  aluminium  moulds  should  be  rather  finer  than 
for  brass  moulds,  though  not  too  close  in  texture,  as  that 
would  give  trouble  with  the  escape  of  gases.  In  opposition  to 
the  claim  that  has  sometimes  been  made  that  the  facing  sand 
particularly  should  be  very  finely  sieved,  practical  experience 
shows  that  very  fine  sifting  does  not  give  the  best  results. 
The  procedure  for  ordinary  green-sand  work  is  nearer  the 
requirements  for  aluininiuni,  and  the  sand  used  for  the  former 
is  generally  fine  enough  for  the  latter.  In  fact,  green-sand 
moulding,  with  some  differences  as  regards  ramming,  &c.，  is 
tile  usual  practice  for  aluminium. 

The  metal  during  cooling  is  subject  to  considerable  shrink- 
age, and  consequently  a  flexible  mould  is  necessary.  For  this 
I'easou  the  sand  must  not  be  rammed  hard,  or  tlie  result  will 
be  strained  or  cracked  castings.  This,  of  course,  does  not  so 
miuh  apply  to  simple  designs  where  unrestricted  shrinkage  is 
possible,  as  to  more  or  less  intricate  castings  where  a  more 
yielding  mould  is  necessary  to  accommodate  the  shrinkage. 
For  the  latter,  it  will  be  readily  seen,  the  hardness  of  the  dry- 
sand  mould  would  prove  objectionable  ；  while  at  the  same 
time  tlao  dry-sand  mould  would  give  little  advantage  and  be 
itiore  expensive.  Certainly  a  somewhat  more  skilful  moulder 
is  required  for  green-sand  work,  for  any  excess  of  water  may 
spoil  the  mould,  while  the  texture  of  the  face  also  is  required 
to  be  not  only  smooth  but  open-grained.  The  lightness  of  the 
ramiTiing,  too,  may  necessitate  a  more  extensive  use  of  gaggers 
to  ]n-eveiit  the  mould  dropping  in  oveiLaiigiiig  portions.  The 
essentials  are,  the  mould  must  be  just  sufficiently  firm  to 
reUin  its  form  and  receive  the  iiietal  — imu'e  than  that  is  un- 
necessary in  the  way  of  hardness  and  stiffness. 

Having  made  the  moulds  with  tlie  desired  grade  of  sand, 
say  a  line  floor  sand  for  the  facing  and  the  rest  of  the  mould 
rather  coarser  in  texture,  it  may  dusted  with  French  chalk 
or  lycopodium  powder  if  a  clean  surface  is  desired.  Tub  or 
bench  Hiouldinor  in  the  ordinary  brass-foundry  flasks  is  usual 
for  tho  general  run  of  ahuiiinium  castings,  though  large  work 
niay  be  moulded  in  the  floor  as  with  otlier  metals. 


A  noteworthy  feature  13  the  ease  with  which  aluminium 
castings  may  be  cored.  Owing  to  tlie  lightness  of  the  metal 
(the  specific  gravity  being  little  more  than  that  of  the  core) 
chaplets  to  prevent  lifting  by  the.  metal  pressure  are  not 
required,  Tlie  core  has  only  to  be  held  in  place  for  the 
pouring,  and  does  not  show  any  ieiuleiicy  to  lift  when  the 
fluid  metal  surrounds  it.  This  feature  greatly  assists  iii 
obtaining  sound  castings  of  designs  that  would  require  a  num 
ber  of  chaplets  with  the  heavier  metals. 

The  cores  require  special  attention.  They  should  be  well 
vented  to  allow  the  ready  escape  of  any  gases  geinerated,  and 
should  also  allow  tho  full  and  unrestricted  shrinkage  of  the 
metal  surrounding  them.  The  mixture  must  give  a  core  with 
a  hard,  clean  face  that  will  not  require  a  core-wash,  as  this 
latter  treatment  closes  the  pores  too  much,  and  is  tiot  necessary 
wibli  a  metal  having  such  a  low  melting  point  as  aluminium. 
The  core,  however,  should  not  be  of  a  consistency  which  will 
require  considerable  heat  to  disintegrate  it,  for  in  such  case 
it  would  remain  hard  and  spoil  the  casting.  It  should  be  just 
strong  enough  to  stand  the  pouring  of  the  metal,  and  no 
stronger.  It  is  not  difficult  amongst  the  various  mixtures  and 
binders  now  available  to  find  a  material  suitable  for  fulfilling 
these  requirements  ；  in  fact,  the  writer  has  seen  cores  for 
aluminium  work,  which,  after  being  baked,  could  be  sharply 
struck  against  metal  without  suffering  damage,  but  which 
proved  quite  successful  in  use.  In  most  cases,  however,  such 
a  core  would  remain  too  hard  under  the  low  heat  of  the  molten 
aluminium. 

Gating.  —  Gating  is  another  feature  requiring  careful  atten- 
tion. Unlike  some  of  the  other  non-ferrous  alloys,  it  is  a  mis- 
take to  make  the  gates  too  large.  The  practice  usual  with 
iron  serves  for  most  aluminium  work,  the  essentials  being  to 
get  a'  steady,  but  not  too  forceful,  stream  into  the  mould. 
This  will  allow*  all  points  to  be  properly  filled  ；  but  if  the 
pouring  is  too  rapid  there  appears  to  be  difficulty  with  intricate 
moulds  in  getting  th-^  metal  well  into  all  parts.  A  little  ex- 
perience soon  teaches  the  importance  of  the  rate  of  pouring. 

To  facilitate  the  escape  of  the  air  and  gases  from  small 
moulds  a  vent  wire  at  the  point  farthest  from  tho  gate  is  some- 
times useful,  though  not  generally  necessary.  With  large 
work,  where  heavy  sections  occur,  risers  or  feeding  heads  are 
necessary  to  take  care  of  the  shrinkage.  As  soon  as  possible 
after  pouring,  the  castings  should  be  removed  from  the  mould 
so  that  the  final  shrinkage  may  proceed  unimpeded  by  the 
mould  ；  and  in  order  to  do  this  the  risers  and  gates  may  be 
chilled  by  introducing  pieces  of  scrap  metal. 

Melting.  ―  One  of  the  most  important  points  to  observe  in 
melting  the  metal  is  to  avoid  overlieating.  The  ordinary 
brass-melting  furnace  and  crucible  are  quite  suitable  for 
melting  the  aluminium  alloys  Some  aluminium  founders  find 
that  the  mosL  economical  procedure  is  to  employ  an  ii'oii  pan, 
the  top  of  which  completely  fills  a  furnace  fired  by  oil  or  gas. 
Such  a  furnace  is  said  to  allow  better  control  over  the  oxida- 
tion of  the  metal,  which  often  proves  so  troublesome.  Where 
iu  has  been  custoaiary  to  melt  some  of  the  high-melting  brasses 
there  is  danger  of  raising  the  metal  to  too  liigh  a  temperature. 
Tlie  crucible,  charged  with  pioces  as  uniform  in  size  as  possible, 
slioulrl  be  placed  011  a  good  fire,  and  sufficient  coke  to  last  the 
lie  at  filled  round  it.  Since  the  lieat  required  to  get  the  metal 
to  the  condition  for  pouring  is  comparatively  iittle,  the  fire 
does  not  require  refuelling  during  the  melt  ；  in  fact,  the  metal 
can  be  melted  by  placing  the  crucible  on  a  good  hot  fire  with- 
out packing  it  round  with  fuel. 

Having  attained  a  dull-red  heat,  the  metal  may  be  poured, 
though  in  the  event  of  overheating,  pieces  of  scrap,  gates,  <&c" 
】nay  be  added  to  cool  it.  Bui>  excessive  oxidation  is  incurred 
by  overheating,  to  the  detriment  of  the  metal.  Common  salt 
pi"'  be  used  as  a  flux,  this  being  thrown  011  to  the  metal  as 
it  is  removed  from  the  furnace.  Chloride  of  zinc  is  also  useful 
for  the  zinc-aluminiuin,  a  small  piece  being  added  and  the 
metal  thoroughly  stirred. 

It  the  foregoiu-  precautions  are  taken  the  aluminium 
alloys  are  not  difficult  to  cast  ；  but  it  is  necessary  to  remember 
that  they  vary  considerably  in  constitution.  It  is  not  pro- 
posed at  the  moment  to  enter  into  the  question  of  the  mixing 
of  different  alloys;  it  is  sufficient  '  o  state  that  regard  slioulti 
be  paid  to  tlie  nature  of  the  constituents,  or  the  practice  that 
gives  success  with  one  alloy  may  prove  very  unsatisfactory 
with  a  dilTerent.  one. ― "  Foundry  Trade  Journal." 
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TESTS  FOR  ROLLING  MILL  POWER  REQUIREMENTS. 

BY  H,  X.  \\  KSTCOTT. 

The  power  required  in  the  mechanical  reduction  of  steel  has 
been  the  subject  of  considerable  investigation  in  recent  years. 
To  secure  data  bearing  on  this  subject,  a  great  number  of 
tests  have  been  made'  in  rolling  mills  under  actual  commercial 
fonditions,  and  as  a  result  a  large  amount  of  valuable  informa- 
tion has  been  secured.  There  are,  of  course,  many  different 
kinds  of  railing  mills,  depending  upon  tlie  character  of  the 
product  rolled.  Fig.  1  gives  a  brief  summary  of  a  few  of 
them,  Tlio  arrangements  of  the  stands,  dimensions  of  the 
steel  rolled,  &c.，  for  the  various  mills  should  not  be  considered 
as  fixed  for  any  o'lie  type  of  mill,  as  different  companies  use 


divided  by  the  time  in  seconds  during  whicli  the  steel  is 
actually  in  the  rolls,  the  power  required  to  turn  the  rolls  will 
be  determined.  A  rough  check  on  this  figure  can  be  made 
by  determining  the  horse-power  seconds  given  up  by  the  fly- 
wheel in  slowing  down. 

If  Ni  =  revolutions  per  minute  at  start  of  pass 

N.,  =  revolutions  per  minute  at  end  of  pass 

I   =  moment  of  inertia  of  flywheel. 

Horse-power  seconds  =    ^  (2:)         '~J^  0 
^  2  X  3600  X  550 

= 0-00000997  X  I  {N\  -  No') 

For  the  various  classes  of  mills,  changes  in  detail  arrange- 
ments for  testing  must  be  made,  and  these  will  be  taken  up 
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Fig.  1.— Brief  Summary  of  Different  Rolling  Mills,  showing  the  Vauious  Successive  Opekatiuns. 


various  modifications  of  the  arrangements  shown  ,  but  the 
tabulation  will  enable  a  good  general  idea  to  be  formed  of  the 
various  classes  of  rolling  mills. 

With  regard  to  testing,  rolling  mills  may  be  divided  into 
two  classes,  steam-driven  and  electric-driven.  The  same 
information  is  sought  in  testing  either  type  of  mill,  but  the 
methods  of  test  are  somewhat  different.  In  both  cases  we 
wish  to  determine  the  power  that  is  required  to  roll  a  piece 
of  steel  of  a  given  sectional  area  and  length,  to  a  smaller  sec- 
tion of  increased  length,  in  a  definite  time.  As  several  pas&es 
are  usually  required  to  effect'  any  considerable  reduction,  the 
total  horse -power  seconds  represent  the  energy  required  for 
this  work.  If  there  is  no  flywheel  effect  in  the  system,  the 
power  developed  by  the  prime  mover  while  the  steel  is  iu  the 
rolls  is  the  actual  power  required  to  turn  them.  This  con- 
dition is  approximately  realised  when  the  steel  requires  8  sees, 
to  10  sees,  to  go  through  the  rolls,  so  that  even  though  there 
be  a  flywheel  connected,  its  energy  is  entirely  given  up  before 
the  pass  is  completed  and  the  total  torque  required  to  turn 
the  rolls  must  be  furnished  by  the  prime  mover. 

When,  liowover,  there  is  considerable  flywheel  effect  pre- 
sent 'ind  the  passes  are  of  short  duration,  the  power  dovoloped 
by  the  prime  mover  while  the  .steel  is  actually  in  the  rolls  may 
be  only  a  small  fra/^tion  of  the  total  power  required,  the 
rem  a  i  lid. M'  of  tho  power  being  supplied  by  the  flywheel.  With 
steam-engine  drive  the  proportion  of  tlu*  total  power  that 
is  furnished  by  the  flywheel  is  debeniiined  by  the  speed  re^jula- 
tion  of  the  governor,  as  there  is  a  tendeiirv  toward  a  large 
drop  in  speed  as  the  load  comes  on  the  tlu'owinp  load  on  the 
flywheel  ；  while  with  olortric-iiiotor  drive  tlie  amount  of 
power  supplied  by  the  flywheel  is  deternnned  by  the  regula- 
tion of  the  iiiot-or,  in  other  words,  its  tendency  to  drop  in 
spood  as  it  is  loaded  up. 

In  any  case,  tho  total  horse-power  s<H'ouds  furnishod  hv 
tlip  prime  mover  will  not  be  materially  alterod,  because  wlion 
a  flywheel  is  used,  power  will  bo  roqnirod  for  accolcM-ation 
after  tlio  steel  has  gone  through  the  mill.  However,  in  inanv 
instances  we  desire  to  rlotonnino  the  artiuil  torquo  roquirod 
to  turn  the  rolls  while  the  steel  is  passing  tlirou<:li  tl"、m.  Tf 
the  total  horse -power  seconds  nocossary  for  a  given  pass  b，、 


under  the  headings  of  steam  and  eUH'trically-driveii  mills. 
In  steam-driven  mills,  one  of  the  first  essentials  is  to  secure 
a  good  record  of  the  horse-power  developed  by  the  driving 
engine  while  the  steel  is  being  rolled,  and  the  best  way  to  do 
this  is  to  use  a  conliuuous  drum  steam-engine  indic-ator.  This 
differs  from  the  ordinary  steam-engine  indicator  in  that  tlie 
paper  ou  which  the  indicator  card  is  made  is  a  long  continuous 
strip,  which  is  reeled  inside  the  drum  and  fe^ds  around  the 
drum  ！ in.  at  each  stroke  of  tlic  engine.  Fig.  2  shows  the 
general  lay-out  used  in  testing  st-eaiii-driven  mills,  and  a 
description  of  the-  methods  and  apparatus  used  、vil】  iio、v  be 
given .  , 

A  recording  instrument  for  speed,  time,  and  general  in- 
formation regarding  work  in  the  mill  is  used,  which 
consists  of  pens,  actuated  by  magnets,  that  mark  on  a  strip  of 


1 


Toe. 


6lrx>ke 


Fig.  .2.— GKNtRAL  Lay-out  for  TKbXiMG  Steam-kngine  Ukivln  Muj-k. 

paper  which  is  moved  at  a  imifonn  rat^  l>eiiealli  thorn  by  a 
spring  motor,  lu  most  cases  three  pens  are  used.  A'  B,  and  (  • 
Fig.  2  ;  A  is  ai'tiiated  by  a  contact  maker,  which  is  drivrii 
from  tlio  piiuMiio  shaft  or  ot hor  convenient  platx^  so  as  to  <oni- 
pl(、to  tho  circuit  of  "i;i"'m、t  A  several  tiinos  for  oaoh  revolution 
of  the  engine,  the  number  of  contacts  per  rovolution  dopendin^' 
on  whether  the  engine  is  high  or  low  spoed.  Pen  B  is 
controlled  by  a  contact-making  clock,  which  is  regulate  to 
close  the  circuit,  of  B  once  in  every  five  seconds,  or  at  shorter 
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intervals  if  preferred.  In  addition  to  actuating  B，  the  con- 
tact-making clock  also  closes  the'  circuit  of  a'u  electric  bell, 
or  iu  some  cases  that  of  an  electrically-operated  whistle.  The 
third  pen  C  is  controlled  by  a  manually-operated  key  located 
at  the  rolls.    In  addition,  a  liquid  tachometei',  consisting  of 


or 


「― *^ 


tCTM 


<»W  t 
OS 


I  Last 
To 


06 


04 


\0^ 


Contact  Marker 

5  StroAe  Counter 

t    ^cordmg  Instrument 

8  CMrfc  Bel/ 


St^amCngme 


Fig.  3.— Arrangement  of  Four  Finishing  Stands  of  an  Uin.  Kod  Mill. 

a  small  centrifugal  pump,  wliicli  raises  a  colunm  of  coloured 
alcohol  to  a  height  depending  on  the-  speed  ab  wliicii  the  puiiip 
is  driven,  is  used  to  indicate  speed  variations  of  tJie  engine. 
A  stroke  counter  is  connected  to  the  engine  to  record  strokes 
and  furuisli  a  check  on  tbe  graphic  instrument. 

Tlie  equipment  described  will  enable  au  accurate  record 
to  be  determined  of  the  power  that  is  furnished  tlie  mill,  but 
the  work  the  mill  is  performing  must  be  noted  by  other  means. 
Ill  mills  wliere  the  engine  drives  one  set  of  rolls,  and  where 
the  rolls  are  screwed  down  between  passes  and  the  ingot  is 
reduced  in  the  one  stand  by  passing  back  and  forth,  the 
reduction  data  is  secured  as  follows :  The  weight  of  the  ingot 
being  known,  and  also  the  weight  of  a  cubic  inch  of  steel  being 
rolled,  the  volume  of  the  ingot  is  calculated  and  is  made  to 
serve  as  a  check  on  the  reduction  measurements.  Before  the 
first  pass  the  length  of  the  mgot  is  measured  with  a  hooked 
iron  rod.  The  length  is  taken  after  each  pass,  and  in  addition 
ineasureineuts  of  the  width  and  thickness  are  made  with 
calipers.  The  three  measurements  at  each  pass  should  check 
with  the  original  volume. 

Wliere  the  engine  drives  more  than  one  stand  it  will  be 
iiecessai-y  to  have  measurements  of  the  steol  taken  at  each 
stand.  In  many  mills  to  be  found  iu  commercial  operation, 
steel  may  be  in  two  or  more  stands  at  one  time,  all  of  tlio 
stands  being  driven  by  one  engine.  In  such  case®,  if  tests  are 
being  inade  simply  to  determine  the  power  required  by  the 
mill  as  a  whole,  it  will  only  be  necessary  to  not©  what  stands 
an?  occupied  at  any  particular  time,  and  have  observers  at 
each  stand  to  mako  the'  reduction  measuremcjits.  However, 


Fig.  4. 


Fig.  5. 

Steam-engine  Indicator  Diagrams. 


m  teste  wliere  the  main  object  is  to  accurately  determiue  the 
power  required  to  reduce  the  size  of  a  definite  weight  of  steel 
by  a  given  amount  in  a  certain  time,  it  is  well  to  arrange  to 
have  only  one  stand  occupied  at  one  time.  Most  tests  on 
steam-driven  mills  are  made  with  the  f  rst  object  in  view,  that 
is.，  to  deteriniuo  the*  total  power  required  by  the  mill  with  au 
aim  to  supplying  a  satisfactory  motor  to  replace  the  engine. 


The  data  on  the  steel  which  ib  being  rolled  is  recorded  merely 
to  serve  as  a  means  of  definitely  del/erminiug  the  duty  which 
the  mill  is  performing.  In  most  cases  wliere  a  mill  is  made 
up  of  several  stands  driven  by  a  number  of  difTerent  <iiiginps, 
it  is  best  to  test  on©  engine  at  a  time,  in  order  to  avoid  imped- 
ing the  output  of  the  mill  and  also  to  reduce  the  number  of 
men  and  instruments  required  for  tho  testa.  The  methods 
used  are  best  outlined  by  a  description  of  the  actual  details  of 
a  rolling-iniU  test. 

Fig.  3  shows  tho  lay-out  of  the  four  finishing  stands  of  an 
1  lin.  rod  mill.  In  rolling  the  smaller  sizes  of  steel,  the  ro(J 
is  passing  through  all  four  stands  at  once,  while  in  some  of  tlip 
larger  sizes  perhaps  only  two  of  the  stands  will  be  occupie<l 
by  the  same  rod  at  the  same  time.  At  1  is  located  the  liquid 
tachometer  alid  the  contact-maker,  both  of  which  are  attached 
to  one  end  of  the  engine  shaft ；  2  and  3  are  tho  continuous 
indicators,  on©  for  ea<*h  end  of  the  engine  ；  4  is  the  reducing 
motion  of  the  indicators,  in  this  case  consisting  of  an  inclined 
plane  fastened  to  the  crosshead,  on  which  re&ts  a  steel  roller 
supported  from  one  arm  of  a'  bell  crank  lever.  As  the  cross- 
head  moves  back  and  forth,  the  roller  moves  up  and  down  on 
the  inclined  plane,  this  vertical  motion  being  converted  into 
horizontal  motion  by  the  bell  crank  lever  and  transmitted  to 
the  indicator.  A  stroke  counter,  5，  is  actuated  from  the 
reducing  motioji,  and  the,  reducing  motion,  and  the  recording 
instrument  previously  described,  shown  in  Fig.  2，  is  located 
at  6  ；  7  is  an  observer  stationed  at  the  mill  and  having  in  】iis 
hand  the  key  C，  Fig.  2，  while  8  is  an  electric  bell. 

When  the  man  in  charge  of  the  test  has  seen  that  th'j 
observers  are  in  their  places  and  that  steel  such  as  desired  is 
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Fig.  6.— Curves  frum  Data  Securkd  in  Tests  of  an  11  in.  Kod  Mill. 

coming  through  the  mill,  he  rings  the  bell  witli  a  predeter- 
mmed  signal  to  warn  the  observers  to  get  ready.  He  th^ii 
throws  switch  D，  Fig.  2,  on  the  contact  controlled  by  the  clock, 
and  the  observers  proceed  as  follows  ：  The  man  at  1，  Fig.  3, 
reads  the  liquid  tachometer  every  time  the  bell  rings,  that  is, 
every  five  seconds.  The  men  at  the  continuous  indicators, 
2  and  3，  have  their  indicators  in  working  order,  the  reducing 
motion  contiecbed,  and,  in  fact,. everything  but  the  continuous 
feed  operating.  When  tlie  bell  is  fiist  rung  by  t  lie  time  clock, 
the  feeds  on  both  indicators  are  started  siniultaneonsly,  and 
from  then  on  the  indicators  automatically  record  the  torque 
developed  by  tho  engine.  The  stroke  counter  is  read  and  a 
record  made  by  a  man  at'  5  every  time  the  bell  rings.  The 
recording  instrument  at  6  has  been  making  a  chart  of  engine 
strokes  against  five- second  iut'ervals,  and  from  these  strokes 
records  of  the  speed  of  the  engine  at  any  instant  may  also  be 
scaled  off.  Iu  addition,  the  observer  at  7  has  been  signalling 
by  his  key  the  instant  at  which  ste^l  enters  each  pass,  and  this 
has  been  recorded  on  the  cliai*t  and  is  au  accurate  record  of 
tho  location  of  the  steel  in  the  mill  against  time  in  seconds 
from  the  siart  of  the  test.  The  graphic  speod  record,  the 
tachometer  readings,  and  ilie  stroke  counter  servo  to  check  one 
another,  and  from  thcni  sufficient  data  may  be  obtaiiie<l  for 
calculating  the  flywheel  torque  developed,  in  case  the  flywheel 
effe<^i  is  sufficiently  great  and  the  character  of  tlie  load  is  such 
as  to  make  it  worth  considering. 
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In  a  mill  of  this  type,  tTie  rolls  are  s©t  by  trial  at  first,  and 

when  ouoe  the  correct  setting  and  reduction  for  each  pass  have 
been  obtained,  the  rolls  are  not  changed  while  the  size  of 
—ee'l  that  is  rolled  remains  the  same.  Because  of  this  fact,  it 
1^  comparatively  easy  to  get  the  reduction  of  the  steel  per  pass. 
Bpfom  the  first  pass  a  sample  is  sheared  from  the  rod  and  like- 
wise after  each  of  th©  passes,  and  from  these  samples  the 
reduction  may  be  determined. 


engme  indicator.      The  information  obtained  from  testing 

motor-driven  mills  is  of  extreme  value  in  estimating  the  size 
of  motors  required  in  new  mills  or  in  mills  at  present  dri 霞 
by  engiues,  where  a  certain  tonnage  for  the  mill  is  given, 
together  with  information  as  to  the  dimensions  of  steel  rolled; 
number  of  passes,  roll  speeds,  Ac.  The  rolling  motor  may  lye 
desigued  for  either  direct  or  alternating  current,  the  majority 
installed  to-day  being  of  the  latter  type.  We  will,  therefore, 
outline  first  the  methods  used  in  working  with  alternating- 
current  apparatus. 

Fig.  7  shows  tlie  wiring  used  in  testing  an  electrically- 
driven  sheet  bar  mill.      This  mill  is  2-liigh,  with  rolls  from 
to  20in.  diam.,  and  is  driven  by  an  induction  motor  of 
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Fig  7.— WraiNG  Diagram  for  Testing  Electhically-biuven  Sheet-bar  Mill. 

The  temperature  of  the  steel  affects  to  a  great  extent  the 
power  required  for  rollmg.  It  is,  therefore,  the  usual  practice 
to  make  temperature  measurements  of  the  steel  by  means  of  a 
pyrometer.  The  best  pyrometer  for  this  purpo&e  is  some  form 
pf  tho  spectrum  or  colour  type,  where  the  colour  of  the  steel 
is  compared  with  another  colour,  such  as  an  incandescent  lamp 
filaiTiient,  and  the  temperature  determined  from  experimental 
data  and  tabulations.  Another  scheme  is  to  focus  the  rays  of 
light,  from  the  steel  on  a  tliermal  couple,  which  is  connected 
to  a  galvanometer  calibrated  to  read  temperatur,^. 

Figs.  4  and  5  show  portions  of  continuous  indicator  cards 
from  steel  mill  tests.  Fig.  4  was  taken  from  a  44  by  60  simple 
Corliss  engine  driving  12  stands  of  a  continuous  rod  mill.  The 
instant  at  which  the  steel  enters  the  rolls  is  distinctly  sliown 
by  the  point  where  the  engine  begins  to  take  increased  steam. 
For  about  12  strokes  the  engine  does  useful  work  and  then 
drops  back  to  friction  load.  Fig.  5  shows  cards  taken  from  a 
28  by  36  simple  slide  valve  engine  driving  the  four  finishing 
stands  of  an  llin.  rod  mill.  The  cards  show  what  a  large 
proportion  of  tlie  total  power  developed  by  the  etngiue  was 
used  in  overcoming  friction  and  other  losses.  ―  ■ 
at  130  revs,  to  140  revs,  per  minute,  and  was 
belted  to  the  mill  shaft  so  that  the  latter  ran 
nt  440  revs,  to  470  revs,  per  minute. 

Ill  Fig.  6  are  plotted  curves  from  data 
secured  in  one  of  the  tests  of  the  llin. 
rod    mill    mentioned.      The    top    curve  is 
the  roll  speed  in  revolutions  per  minute,  and 
below  it  is  a  graphical  representation  of  the 
passes    occurring    in    the    mill     at     ； my 
instant.      For    instance,    the    rod  entered 
pasvS     1     jit    five    seconds,    and    the  last 
end  passed  out  from   stand   1  ten  seconds 
later  ；    the    head    end    in    the  meanwhile 
liaving" entered  stand  2  at  six  seconds,  stand 
3  at  eight  seconds,   and  so  on.  During 
the  period  frani  10  to  15  seconds,  all  the  stands  were  (X'cupuHi. 
The  next  curve  shows  the  pounds  torque  at  1ft..  radius  that 
was  developed  by  the  engine  at  the  mill  shaft,  and  beuoath 
tlie  torque  is  a  curve- of  liorse- power  deterniined  by  coinbiniui; 
tlie  torque  and  speed  curves.      By  a  consideration  of  all  of 
these  curves  tlie  proper  size  of  motor  to  replace  the  eiigiue 
"my  be  determined 

In  testing-  olectrically-driveii  mills,  t  he  coiulitious  are  niiu-li 
more  favourable  for  a  riosc  dt't-enniiiation  of  the  power  req uiml 
to  reduce  stoel  llia'u  in  steam-driven  mills,  because  of  the 
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Fig.  8.— Plan  op  20ni.  Bab  Mill. 

1,000  h.p.,  83'3  revs,  per  minute  syncliroiious  speed,  operating 
from  2,200-volt,  25 -cycle  mains.    The  power  required 

to  drive  the  mill  is  recorded  by  a  graphic  wattmeter,  which 
may  be  of  the  single-phase  type,  but  calibrated  to  record 
3-pliase  power.  To  check  tho  recording  wattmeter,  single-phase 
indicating  wattmeters  are  used,  together  with  indicating 
ammeters;  potential  transformers  stepping  the  2;200-volt 
supply  down  to  110  volts,  and  current  transformers  of  suitable 
ratio  being  used  for  the  current  coils  of  the  wattmeters  and 
tho  ammeters.  Each,  of  the  graphic  meters  is  provided  with 
two  pens  in  addition  to  the  main  pens  for  recording  power  and 
current.  On  the  graphic  wattmeter  one  pen  is  conuec-ted  to 
tlie  time-marking  clock  and  spa-ces  off  equal  time  intervals, 
while  the  other  pen  is  controlled  by  key  located  at  tlie  mill.  In 
the  graphic  ammeter  one  pen  is  likewise  connected  to  the 
iinie-inarkiiig  clock,  and  the  other  in  circuit  with  tlie  speed- 
marking  com  mutator,  which  is  connected  to  one  end  of  the 
motor  shaft.  A  voltmeter  is  wired  in  circuit,  so  that  voltage 
between  any  two  lines  can  be  read  ；  and  in  addition  to  the 
above  equipment,  a  liquid  tachometer  is  used  to  indicate  tlie 
motor  speed. 

The  motor  is  started  up  with  all  resistance  in  the  secondary, 
and  as  it  coincs  up  to  spe<^d,  the  contractors  'lose  and  short- 
circuit  portions  of  the  resistance,  bringing  the  motor  nearer 
to  synchronous  speed.  Sufficient  resistance  remains  per- 
manently in  the  seccmdary  circuit  to  cause  a  considerable  drop 
in  sjx'ed  from  no  load  to  full  】oad，  thus  allowing  the  SO-to'i 
fly wliefil  to  take  some  of  the  peak  power  demands.  The  steol 
is  rolled  as  follows :  A  billet  about  5ft.  long  and  Gin.  square  is 
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great  accuracy  of  electric  meters  as  compared  with  the  steain- 


FiG.  9. 一 Graphic  Wattmeteu  Uecoiid. 

lirouglit  k>  tilt'  lirst  pass  on  stand  No.  1  and  sent  through  the 
rolls.  It  is  caught  ou  the  other  side,  returned  over  the  lop  of 
the  rolls,  and  sent  tlnou^li  the  second  pass.  This  piwednrc 
is  kept  up  until  the  last  pass,  wlien  the  billot  ha^  been  rcducetl 
to  a  sheet,  bar  about  Ai".  thick  and  40ft..  long. 

When  the  mill  is  in  regular  coiniiioivial  operation,  as  many 
as  three  billet*  may  be  in  the  stands  at  once,  but  in  most  of 
t-ost-s  that  were  made  it'  was  decidtnl  to  liavo  only  one 
billot,  in  tho  mill  at  a  tiuie.  With  this  umi<>nd«a"di，ig  tlio  mill 
was  tested  as  follows :  Just  before  t'ho  billet  ©nt<»red  tlio  first 
pass,  the  spring  motors  ou  the  graphic  meters  were  st^rt^d,  tlio 
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short-circuiting  switches  on  the  secondaries  of  the  current 
transformers  opened,  and  the  time-marker  clock  started.  At 
each  pass  from  then  on,  these  instruments  r'H;oriled  kilowatts 
and  amperes  input  to  the  motor,  speed  and  time,  and  the  man 
at  tlie  mill  signalled  just  what  passes  were  occupied  at  any 
instant.  As  the  billet  went  through  each  pass,  the  spwd 
dropped,  and  a  man  at  the  liquid  tachometer  noted  the  liigli 
and  low  speeds  of  the  motor.  In  addition  to  these  records, 
readings  of  voltage  were  taken,  while  two  men  took  measu re- 
nients  of  the  billet  at  each  pass,  using  calipers  for  width  and 
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thickness  and  a  hooked  iron  rod  far  length.  The  recording 
instruments  were  checked  with  the  graphic  meters,  by  taking 
simultaneous  readings  during  a  long  pass  when  the  input  to 
the  motor  was  steady  for  a  sufficient  length  of  time  to  permit 
of  good  readings  being  secured. 

In  working  up  the  data  obtained,  the  characteristic  curves 
of  the  induction  motor  were  calculated.  For  any  given  pass 
the  graphic  records  showed  the  kilowatts  input  to  the  itiotoi', 
the  time  of  the  pass  and  the  drop  in  speed.  The  size  of  the 
flywheel  was  known,  and,  therefore,  the  value  of  all  the  factors 
for  substitution  in  the  formula. 

T,  一  To 


The  speed  marker  is  shown  at  the  top  of  the  record,  and  time 
intervals  below.  Tlio  U'l(»grapliic  j)en  in  this  case  was  on  the 
graphic  ammeter  rtjcord.  The  first  peak  was  made  exception- 
ally heavy  by  reason  of  the  fact  that  a  pack  of  steel  sheets  in 
mill  No.  10  pulled  the  speed  of  the  mill  down,  and  before  the 
I  not  or  liad  tiine  to  accelerate  another  pack  was  sent 
into  mill  No.  9，  tlie.  result  b^itig  that  the  riiotor  liad  a  dead 
drag  of  about  800  li,p.  to  pull  through.  The  difference  in 
character  of  the  load  on  the  motor  when  the  flywheel  is  able 
to  supply  part  of  the  torque  is  well  si i own  by  the  next  peak, 
produced  by  sheets  in  mill  No.  10. 

This  article  will  serve  to  give  a  general  idea  of  the  methods 
used  in  testing  rolling  mills.  It  will  be  noted  that  tho  general 
scheme  of  testing  either  steam  or  elect.i'ically-cli'ivcn  mills  is 
the  same,  and  may  be  summed  up  as  follows :  (1)  To  secure  a 
continuous  record  of  the  power  required  to  drive  the  mill  ；  (2) 
to  secure  a  continuous  record  of  events  taking  place  in  the 
mill;  (3)  to  definitely  and  -positively  connect  re<*ords  of  (1 ) 
and  (2). 

As  a  final  word,  it  might  be  well  to  n ote  that  all  apparatus 
and  equipment  that  is  used  should  be  as  simple  and  reliable  as 
possible,  in  order  that  the  tests  in  ay  run  smoothly. —— General 
Electric  Review."' 


MARINE  OIL  ENGINES. 

At  the  annual  meeting  of  the  British  Corporation  for 
the  Survey  and  Registry  of  Shipping,  held  in  Glasgow 
on  the  21st  ult.,  Mr.  Francis  Henderson,  chairman  of 
the  society,  said  the  Sub-Committee  on  Internal-combustion 
Engines  had  personally,  and  through  specialists  on  the  staff, 
kept  themselves  in  closest  touch  with  all  the  latest  inventions 
and  improvements  in  this  department,  and  had  issued  provi- 
sional rules  for  construction  which  embodied  in  a  tentative 
fashion  existing  knowledge,  but  which  were  in  practice  used 
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When  th©  total  torque  required  in  reducing  the  steel  has 
been  determined,  curves  of  torque  at  each  pass  may  be  plotted 
against  time,  and  from  these,  curves  of  b o i" se - p o w e r - li o u r s  per 
ton  agiiiist  per  cent,  elongation  can  be  laid  out.  The  latter 
curves  are  extremely  useful  in  estimating  the  power  require- 
ments of  future  mills. 

With  direct-current  motor-driven  mills,  the  testing  appa- 
ratus and  methods  are  very  similar  to  those  used  for  induction 
motor-driven  mills  with  the  exception  that  no  pot-eutial  or 
current  transformers  need  be  employed.  The  recording  iiieters 
are  similar  in  appearance  to  the  alternating  current  meters. 

Figs.  8  and  9  relate'  to  the  test  of  a  20in.  bar  mill.  Fig.  8 
is  a  plan  view  of  the  mill,  and  Fig.  9  is  a  graphic  wattmeter 
re-coi*d  from  a  test'  mado  while'  the  mill  was  in  commercial 
operation.  The  first  peak  on  the  re-cord  was  caused  by  steel 
entering  pass  No,  7.  This  pass  required  about  three  seconds, 
and  the  manner  in  which  the  flywheel  took  tlie  peak  load, 
causing  the  input  to  the  motor  to  increase  comparatively 
slowly  and  likewise  decrease  slowly,  is  clearly  shown.  The 
next  peak  was  caused  by  steel  in  pass  No.  1,  and  then  a  bar 
which  had  been  waiting  was  sent  through  the  mill  for  its  last, 
or  tenth  pass,  and  so  on  as  noted  in  the  curve .  At  the  top  of 
the  sheet  the  time  is  marked  off  in  seconds,  and  below  may  be 
seen  the  record  of  the  telegraphic  pen.  The  speed-marker 
record  is  on  the  graphic  ammeter  chart,  wliich  is  not  shown. 

Figs.  10  and  11  relate  to  a  test  of  a  30in.  4 -stand  sheet 
mill.  Fig.  10  shows  the  lay-out  of  the  stands,  motor  drive, 
&c"  and  Fig.  11  is  a  portion  of  a  graphic  wattmeter  record 
made  while  mills  Nos.  9  and  10  were  in  commercial  operation . 
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Fig.  11.— Wattmeter  Record  of  Power  Supplied  to  Two  Mills. 

only  as  a  basis  for  interchange  of  views  with  designers  "rather 
than  as  regulations,  because  they  felt  that  they  were  still  a  long 
way  from  the  last  word  on  this  subject.  Keference  had  already 
been  made  to  the  successful  voyage  of  the  "  Toiler"  across  the 
Atlantic  and  to  the  fact  that  a  sister  vessel  of  somewhat  larger 
power  was  under  construction.  Success  had  also  attended  the 
auxiliary  motor  ship  "Soimd  of  Jura"  and  two  whalers  with  oil 
engines,  and  they  were  waiting  with  great  interest  the  results 
of  the  trials  of  the  7,000-fcon  oil-driven  ship  **  Jutlandia,"  built  by 
Messrs.  Barclay,  Curie,  k  Co.，  and  the  3,200-toa  cargo  ship,  by 
Messrs.  Richardsons,  Westgarth,  &  Co.,  all  of  which  vessels 
were  being  built  to  the  classification  of  the  registry.  Even 
more,  from  an  educative  point  of  view,  might,  however,  come 
from  the  development  of  the  fleet  of  coasters  with  oil  motors, 
which  was  being  built  under  their  survey  for  Mr.  John  M. 
Paton,  of  Glasgow,  because  the  lessons  of  experience  were 
most)  easily  applied  during  the  growth  from  small  things  to 
great. 

The  British  Electrical  and  Allied  Manufacturers'  Association. ― A 

meeting  of  the  Council  of  this  association  was  held  at  the 
offices,  36，  Kiiigsway,  London,  W.C.,  on  the  15th  ult.  The 
Secretary  reported  the  completion  of  the  work  of  the  Com- 
mittee appointed  to  suggest  amendments  of  the  Model  General 
Conditions,  and  was  directed  to  present  its  report,  after 
printing,  to  the  Institution  of  Electrical  Engineers.  The 
Secretary  further  reported  that  the  Committee  appointed  to 
revise  the  Standards  for  Electrical  Machinery  (Report  Xo.  36) 
had  made  considerable  progress  with  this  work. 
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FAILURE  OF  A  BAKER'S  STEAM  OVEN. 

For  the  purpose  of  baking,  steam-heated  ovens  are  now  ext-en- 
sively  ufyed  in  place  of  the  old-fashioned  direct-heated  ovens. 
These  appliances  consist  of  two  or  three  horizontal  layers 
of  tubes,  about  7ft.  or  8ft.  long-  by  l^in.  ext/ernal  diameter 
and  "liii.  bore  nearly  filled  with  water  and  welded 
up  at  both  ends.  The  tubes  are  set  at  a  slight 
inclination,  and  one  end  is  allowed  to  project  into  a  brick- 
work chamber  at  the  bottom  of  which  the  fire  is  placed. 
The  other  part  of  the  tube  projects  into  the  several  compart- 
ments of  the  oven.  The'  general  arrangement  is  shown  in  the 
accompanying  sketch,  taken  from  the  Board  of  Trade  Report 
No,  2,079,  which  records  two  explosions  from  tubes  in  the 
same  oven,  one  on  the  1st  and  the  otller  on  the  17tli  of  Sep- 
tember last,  at  a  bakery  at  Warrington.  The  tubes  theoreti- 
cally are  of  enormous  strength,  and  the  two  in  question ― as 
well  as  the  others  in  the  oven ― had  been  tested  by  the  makers 
to  a  pressvire  of  10，0001bs.  on  the  inch  before  they  were  used, 
but  being  hermetically  sealed,  and  nearly  filled  with  water,  it 


Fig.  1. 一 Views  op  Steam  Oven,  showing  Position  of  Tubes  which  Failed. 

will  b&  evident  that  when  exposed  to  the  action  of  heat  they 
are  subject  to  enormous  steam  pressure.  It  is  difficult  to  say 
exactly  how  much,  but  some  idea  may  be  formed  from  the 
fact  that  in  the  oven  chambers  heated  by  the  tubes  the  tempe- 
rature is  often  over  500。  Fall.,  and  when  the  tubes  burst-, 
although  the  quantity  of  water  in  them  is  small,  the  explosive 
effects  are  at  times  very  violent.  The  danger  of  this  occur- 
rence usually  rises  from  overheating  through  the  maintenance 
of  too  large  and  too  fierce  a  fire  in  the  furnace.  It  is  neces- 
sary, therefore,  if  failures  are  to  be  avoided,  that  the  tempe- 
ratures of  the  ovens  as  measured  by  tlie  pyrometers  supplied 
should  not  exceed  makers*  instructions.  In  the  case  under 
notice  the  oven  contained  two  compartments,  heated  by  three 
tiers  of  tubes,  and  the  attondaiit  appears  to  have  been  Jiiisled 
as  to  the  temperature  in  the  lower  lior  owing  to  the  pyrometer 
in  the  lower  oven  being  out  of  order,  and  to  the  temporaturo 
being  inferred  from  the  reading  of  tho  pyrometer  in  the  top 
oven.  The  explosions  were  violent,  as  tlio  photo  views  of  tho 
burst  tubes  show,  and  from  past'  failures  it-  would  apjioar  ihat 
care  is  required  in  the  、voi'ting  of  tliis  class  of  apparatus  if 
failures  are  to  be  avoided. 


TERRESTRIAL  MAGNETISM. 

At  the  annual  general  meeting  of  the  Physical  Society  of 
London,  rereiitly  held,  Prof.  A.  Schuster,  Ph.D., 
D.Sc.，  LL.D.,  F.R.S.,  delivered  his  presidential  address  on 
"A  Critical  Examination  of  the  Possible  Causes  of  Terrestrial 
Magnetism/'  In  forming  any  tlieory  of  the  cause  of  terres- 
trial iiiagiif'tism  the  first  question  was,  he  said,  whether  we 


Fig.  2.  — RtjpTuitED  Tubes  prom  Steam  Oven. 


were  to  consider  the  near  coincidence  of  the  geographical  with 
the  magnetic  axis  as  accidental  or  significant.  The  secular 
variation  argued  for  the  second  alterna»tive,  and  scientific 
opinion  had  always  favoured  the  view  that  there  was  a  definite 
reason  for  the  close  approach  of  the  magnetic  to  the  geogra- 
phical pole.  The  view  that  iron  was  responsible  for  the 
observed  magnetic  field  had,  he  stated,  t>enerally  been  put 
aside,  because  iron  lost  its  magnetisation  at  temperatures  lower 
than  those  which  all  were  agreed  must  hold  at  moderate  depths 
below  the  surface.  But  the  objection  raised  on  this  ground 
disregarded  the  possibility  that  the  critical  temperature  of 
iron  might  be  raised  by  pressure.  It  might  be  shown  that  if 
that  temperature  depended  on  molecular  distance,  and  the 
ratio  of  compressibility  to  thermal  dilatation  was  assumed  to 
be  independent  of  pressure,  the  rate  of  increase  of  temperature 
with  the  depth  was  less  than  the  rate  of  increase  of  the  critical 
temperature,  so  that  iron  would  retain  its  magnetic  proper- 
ties. Experiments  on  the  effects  of  pressure  on  the  critical 
temperature  of  iron  had  been  in  progress  during  the  last  four 
years,  but  had  not  hitherto  led  to  a  decisive  result.  For  the 
present  we  must,  therefore,  keep  our  minds  open  to  the  possi- 
bility that  the  iron  contained  in  the  eart h  was  iiiagnetisable. 

Prof.  Schuster  next  examined  the  alternative  opinion  that 
electric  currents  circulating  inside  the  earth,  were  the  cause 
of  electric  currents.  Though  this  view  seemed  to  be  favoured 
by  scientific  opinion,  if  had  to  overcome  formidable  difficulties 
before  it  could  be  accepied.  Were  the  electric  currents  per- 
manent, or  were  tbey  only  survivals  of  a  former  stale  of  things 
wliioh  was  dying  out?  Tf  poniianent,  we  must  account  for 
the  plecti'OTnotive  forces,  ami  we  knew  of  no  such  fortes  which 
could  act  ill  the  manner  required.  If  the  elei-tric  currents 
were  survivals,  their  intensity  when  the  earth  crust  first 
formed  iiuist  have  been  at  least  10'-  times  as  strong  as  it,  was 
now,  and  tho  difficulty  of  accounting  for  their  orisjnial  produc- 
tion would  be  corrospotulinglv  increased.  In  the  opinion  of 
the  author,  the  difficulties  which  stood  in  tlie  way  of  basing 
terrestrial  magnetism  on  electric  currents  inside  the  earth 
wore  insiUMiioiuitablo. 

The  question  whtHher  the  rotation  of  the  earth  might  be 
responsible  for  its  magnetic  field  was  next  examined  by  the 
author,  and  different  possibilities  were  considered.  Tf  the 
rot  at  ion  of  a  sphere  independently  of  the  vhemu  a]  nature  of 
tlio  substaiK-e  woro  to  produce  a  magnetic  field,  it  was  sliown 
by  the  theorv  of  dimensions  that  tho  field  at  the  surface  of 
tlie  rpliere  would  be  proportional  to  the  angular  velocity  and 
iiidopendpiit  of  its  size.  The  effect  of  rotatina;  bodies  set  intri 
rotation  in  our  laboratories  would  £;ive,  therefore  macnetic 
forces  equal  to  those  of  the  earth  with  one  rotation  per  day* 
and  with  angular  velocities  of  the  order  of  one  per  second  the 
oftH'ts  he  so  large  that  thov  could  not  liave  escaped 

det-oi*tion.  A  second  supposition,  that  a  n(»utra】  "loWule  in 
its  motion  behaved  as  if  it  carried  a  oliarpe,  led  to  the  result 
that  if  terrestrial  magnetism  be  due  to  such  a  cause  the  effects 
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to  be  expected  in  any  laboratory  experiment  that  could  be 
proposed  were  far  too  small  to  be  detected.  But  the  theory 
was  finally  negatived  by  the  additional  conditions  whirh  must 
be  imposed  to  destroy  the  effects  of  translation  inde- 
peiidently  of  rotation.  A  distinction  must  here  be  made 
between  possible  magnetic  efTeols  of  a  rotatory  body  on  a 
magnet  which  was  at  rest  and  on  one  the  supports  of  whit'h 
were  fixed  to  the  rotating  body.  Returning  to  the  effects  of 
rotation,  the  author  considered  the  possibility  that  rotation 
instead  of  directly  determining  magnetic  intensity,  detenniued 
magnetic  force'  which  might  or  might  not  cause  magnetisation 
according  to  the  nature  of  the  body.  This  view,  he  considered, 
deserved  attention,  because  there  was  some  theoretical  fomida- 
tion  for  it,  inasmuch  as  molecules  might  be  considered  to 
behave  in  a 】iiaimei'  analogous  to  that  of  a  gyrostatic  compass. 
The  theory  would  also  explain  in  a  natural  manner  the  secular 
variation  by  a  processional  motion  of  a  magnetic  molecul:*. 
On  the  other  hand,  the  theory  would  have  to  explain  why  tho 
iron  inside  the  eai^th  became ― by  rotation —— more'  stroiioly 
magnetised  than  the  iron  in  our  laboratories.  There  was, 
of  course,  always  the  possibility  of  some  su*bstance  being  sub- 
ject to  the  effects  of  rotation  in  a  much  higher  degree  than 
iron.  Such  questions  could  only  be  settled  by  experiments 
which  were  now  in  progress.  Other  theories  of  the  secular 
variation  were  considered. 

In  conclusion,  the  question  was  raised  whellier  the  nega- 
tive' electron  was  subject  to  gravitation,  and  if  po，  whether  in 
comparing  the  weight  of  a  negative  electron  with  that  of  the 
unit  positive  charge,  we  must  consider  the  proportionality 
between  gravitation  and  mass  to  hold.  In  Lorentz'  theory  of 
gravitation  this  was  abandoned.  It  was  pointed  out  how 
fundamental  questions  had  a  bearing  on  the  problem  of  ter- 
restrial magnetism. 
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Liquid  Fuel  and  its  Apparatus.  By  Wm.  H.  Booth,  F.G.S， 
Member  American  Society  of  Civil  Engineers,  &c.  8|in. 
by  6in.，  308  pages.  London  ：  Constable  &  Co.，  Ltd. 
Price  8s.  6d.  net. 

The  subject  of  liquid  fuel  has  latterly  come  very  much  to 
the  front,  not  so  much  in  connection  with  steam  generation 
on  land,  except  in  a  few  favoured  places  where  it  can  be 
easily  and  cheaply  obtained  and  adequate  supplies  are  avail- 
able, as  for  use  in  internal-combustion  engines  and  metal- 
lurgical furnaces.  In  the  Navy,  however,  it  has  been  exten- 
sively adopted  for  boilers,  and  promises  to  be  more  so,  owing 
to  its  great  heating  value  and  convenience  for  meeting  forced 
conditions.  It  is  easier  in  some  ways  to  store  and  also  to 
control  than  coal,  while  its  use  also  permits  of  a  continuity 
of  service,  unbroken  by  the  fire-cleaning  intervals  inevitable 
even  with  the  best  of  solid  fuel.  For  such  advantages, 
the  Navy,  which  is  not  fettered  by  commercial  con- 
siderations, is,  of  course,  willing  to  pay  a  good  price,  but  oil 
fuel  at  its  cheapest  is  so  mar^y  times  the'  price  of  coal  in  this 
coimtry  tliat  it  has  no  chance  of  superseding  the  latter  for 
ordinary  boilers,  except,  perhaps,  in  such  contingencies  as  a 
coal  strike,  such  as  wo  are  now  experiencing,  and  which  makes 
the  publication  of  tins  work  opportu'ne.  The  scientific  aspects 
of  the  subject  have  often  formed  the  subject  of  papers  before 
societies,  and  a  few  years  ago  the  United  States  Liquid  Fuel 
Board  instituted  the  most  exhaustive  investigation  re- 
specting it  that  has  been  made.  These-  various  sources 
have  been  largely  drawn  upon  by  the-  author  and 
welded  into  his  general  discussion  of  the  various  aspects  of  the 
subject,  which  make  it  a  convenient  work  of  reference  respect- 
ing oil-burning  practice  whether  on  land  or  at  sea  and  for  all 
classes  of  boilers  whether  stationary,  locomotive,  or  marine. 
The  author  has  had  a  wide  boiler  experience  of  all  kinds  and 
in  many  directions  is  capable  of  discussing  matters  at  first 
hand  and  with  full  knowledge  of  the  limitations  which  actual 
practice  imposes  on  general  theories.  It  is  a  book  we  have 
every  pleasure  in  commending. 

*    *  * 

Railway  Signal   Engineering.     By  Leonard  P.   Lewis,  of  the 

Caledonian  Railway,  Lecturer  at  the  Glasgow  and  West 
of  Scotland  Technical  College.     8fin.  by  6iii.，  358  pages. 
London  ：  Constable  &  Co.，  Ltd.    Price  8s.  net. 
With  the  development  of  railways  and  their  complicated 
crossings,   congested   traffic,    and   imperative   demands  for 
safety,  the  problems  of  signalling  have  created  a  special  field 


of  engineering.  Its  literature  is  not  ext^msive,  and 
the  present  work  should  appeal  to  a  wide  class  of 
readers  ami  students.  Its  author's  aims  are  to  pro- 
vide an  outline  of  the  general  principles  of  mechanical  signal- 
ling, including  both  hand  and  power  operated,  and  to  illustrate 
these  by  descriptions  an<l  discussions  of  actual  practice.  His 
experience  has  afTonled  Iiiiti  (exceptional  opportunities  of 
studying  the  questions  involved  ami  his  treatment  is  very 
satisfaci'Oi'y.  Their  clear  understanding  requires  copious  illus- 
tration, and  the  author  has  not  spared  liiiiiseh*.  'I'liey  are 
both  numerous  and  well  done  and  materially  enhance  the 
value  of  the  text  which,  apart  from  its  laborious  accessories, 
deserves  a  word  of  praise  for  its  clearness  and  arrangement. 

*  * 

Elementary  Graphic  Statics.  By  W.  J.  Crawforfl,  D.Sc,  Lecturer 
ill  .MccliJMiicul  Engineering  at  the  lielfast  Technical 
Institute.  Sin.  by  5|in.,  131  pages.  London  :  Chas. 
Griffin  &  Co.,'  Ltd.    Price  2s.  6d.  net. 

Elementary  graphic  statics  scarcely  permits  of  a  great  dis- 
play of  originality,  and  there  are  already  many  excellent  text 
books.  The  chiet  merits  of  this  one  are  that  it  is  cheap,  clearly 
written,  and  contains  some  good  practical  examples  worked 
out  in  detail  with  a  sympathetic  knowledge  of  the  difficulties 
liable  to  beset  the  student  when  he  tackles  problems  of  this 
kind  for  the  first  time. 

*  * 

Tables  of  Physical  and  Chemical  Constants  and  Some  Mathematical 
Functions.  By  G.  W.  C.  Kaye,  D.Sc,  and  T.  li .  Laby, 
B.  A.  lOin.  by  6^in.,  153  pages.  London  ：  Longmans, 
Green,  &  Co.  Price  4s.  6d.  net. 
This  is  a  most  admirable  collection  of  data,  a  type  of  book 
that  involves  an  enormous  amount  of  work  in  the  collection 
and  arranging  of  the'  matter  and  checking  of  the  proofs,  and 
which  at  a  casual  glance  does  not  show  much  for  it.  The 
labour  can  only  be  properly  appreciated  by  those  who  have 
attempted  similar  work.  It  entails  not  only  the  consulting 
and  checking  of  numerous  authorities,  but  also  an  expense 
which  is  seldom  reaped  from  sales,  though  we  hope  this  may 
prove  an  exception  to  the  rule.  The  value  of  the  work  finally, 
of  course,  turns  largely  on  its  authoritative  character,  for 
it  requires  unceasing  vigilance  to  prevent  errors  creeping  in. 
Judging  from  the  excellent  arrangement  of  the  tables,  a  great 
deal  of  pains  and  care  have  been  expended.  The  matter 
covers  the  principal  constants  required  in  dealing  with  almost 
any  calculation  likely  to  arise  in  connection  with  general 
physics,  heat,  sound,  light,  electricity,  magnetism,  radio- 
activity, chemistry,  in  addition  to  five  figure  tables  of 
logaritlinis,  reciprocal  sines,  cosines,  tangents,  ，  usually 
found  in  such  books  of  reference.  Finally,  a  word  of  praise 
is  deserved  for  the  excellent  setting  of  the  tables  and  matter, 
with  its  judicious  use  of  heavy  type  for  headings,  ttc. 


Marine  Oil  Engines. ― Lord  Inverclyde,  speaking  at  the 
annual  dinner  of  the  Scottish  staff  of  Lloyd's  Register  held 
in  Glasgow  a  few  days  ago,  said  the  past  year  had  been  on© 
of  great  activity  for  the  society.  Tlie  "  boom  "  in  ship- 
building had  resulted  in  an  enormous  tonnage  being  sub- 
mitted for  classification.  For  eacli  of  several  weeks  close  on 
80,000  tons  gross  of  new  work  liad  been  approved,  and 
between  December  5th  and  February  6tli  563,000  tons  had 
been  approved.  A  great  advance  had  been  made  recently 
in  the  application  of  internal-combustion  engines  to  vessels 
of  considerable  size.  Their  chief  engineer  had  recently 
attended  the  trials  of  the  ((  Selandia,"  of  about  5,000  tons, 
which  had  been  built  at  Copenhagen  under  the  society's 
supervision.  The  "  Selandia  "  was  the  largest  vessel  in  which 
Diesel  engines  had  yet  been  fitted.  She  had  done  13  knots 
with  7,400  tons  deadweight,  altliough  slie  had  had  to  force 
her  way  through  loose  ice,  and  lie  had  just  heard  from  the 
secretary  of  the  society  in  London  tliat  the  trials  had  been 
ill  every  way  satisfactory.  The  mechanical  difficulties  in 
the  construction  of  internal-combustion  engines  appeared  to 
have  been  practically  overcome.  There  s"til】  i'(、mained，  how- 
ever, the  important  question  whether  it  would  be  possible 
to  obtain  a  constant  and  well-distributed  supply  of  oil  for 
merchant  vessels  which  had  to  go  all  over  the  world .  The 
adoption  of  internal-combustion  engines  in  ordinan^  cargo 
steamers  would  depend  to  a  large  extent  on  the  satisfactory 
settlement  of  the  question  of  supply. 
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SOME  CONSIDERATIONS  ON  THE  CHOICE  OF  AUXILIARY 
PLANT  FOK  POWER  STATIONS. 

BY  A.   H.   FINCH,  M.A. 

[Concluded  from  page  272.) 
(h)  Auxiliaries  as  Labour-saving  Devices. 一 We  now  come  to 
another  class,  or  subdivision,  of  auxiliaries  ；  those,  that  is, 
which  are  in  reality  only  substitutes  for  labour.  It  is  here 
that  a  temptation  towards  multiplication  is  so  often  evident. 
Certain  of  them,  however,  are  so  obviously  superior  to  the 
intermittent  or  collectivelv  large  amount  of  labour  which 
they  displace,  that  there  is  usually  no  question  as  to  the 
advisability  of  adopting-  them  ：  such  are,  water  service  pumps 
and  coal  handling  machinery,  cranes,  and  bilge  pumps.  In 
the  case  of  cranes,  it  is  the  ability  to  concentrate  the  requisite 
power  into  a  small  space  that  is  valuable  ；  with  coal  handling 
machinery  it  is  advantageous  in  any  event  to  use  some  form 
of  mechanical  lifting  appliance,  and  the  question  of  applic- 
ability of  the  power  settles  at  once  the  method  of  driving. 
No  pucb  argument  applies  to  mechanical  stokers.  Here  the 
question  is  between  an  expensive  appliance,  capable,  how- 
ever, of  giving  smokeless  combustion  and  better  efficiency  due 
to  absence  of  frequently  opened  doors,  and  more  even  distri- 
bution of  fuel,  and  a  cheap  arrangement  involving  a  larger 
amount  of  labour  and  producing  poor  combustion  at  times. 
No  comparison  in  an  exact  sense  is  possible,  for  the  reason 
til  at  the  conditions  prevailing  in  any  given  station,  such  as 
load  factor  or  number  of  shifts  worked,  will  radically  influ- 
ence the  figures. 

The  following  illustration  is  intended  to  apply  to  a  boiler 
house  running  on  a  load  factor  of  about  60  per  cent,  with 


three  equal  shifts,  capacity  8,000  kw.  The  capital  costs  are 
taken  to  be  : —— 

For    inechanical    stokers,  shafting,    motors  and 

wiring,  and  dumping  gear   £3,460 

For   firebars    and    furnace    fronts    adapted  to 

hand-firing    320 


Capital  ^charges  taken  at  15  per  cent.  Maintenance 
charges  on  mechanical  stoker  gear,  at  10  per  cent . ,  and  on 
hand-firing  apparatus,  due  to  wastage  of  firebars,  at  80  per 


cent. : — 

Mechanical  firing ~  £ 

Capital  charges    519 

Maintenance    346 

Power,  say  16  kw.  for  4,600  hours  per  annum 

at  -25(1   77 

Labour,  three  shifts  at  125s.  per  week  per  shift  975 


^£1,917 

Hand-firing ―  £ 

Capital  charges    48 

Main  ten  ance    256 

Labour,  three  shifts  at  245s.  per  week  per  shift  1 ,010 


£2/214 

In  this  instance  there  is  apparently  a  balance  of  <£300  in 
favour  of  mechanical  stokers,  making  out  a  fairly  obvious 
case.  If,  however,  no  night  shift  (in  the  ordinary  sense)  is 
worked,  the  necessary  nii^lit  attendan('(%  if  any,  being  in  l)otli 
cases  the  same,  the  mechanical  arrangemeni  is  reduced  to 
£1,592,  and  the  hand-firing  to  £1,577,  and  in  such  a  case  a 
more  careful  enquiry  into  the  actual  figures  for  maintenance, 
cost  of  power,  &('.，  obtained  in  practice  niight  point  to  a(lo])l- 
iiig  hanfl-firin^  in  spite  of  the  better  combustion  obtained 
with  the  alternative  method.  Or  again,  if  we  consider  Ihe 
case  of  an  installation  where  native  labour  is  available,  the 


account  for  a  3-sliift  load  might  stand  as  under : ― 

Me-clianical  stoker ―  £ 

Capital  charges  as  before    519 

Maintenance  as  Vefore   346 

Power  as  before    77 

Labour,  three  shifts  at.  £104  ]>er  shift  per 
annum,  being  composed  of  twice  the  number 
of  men  assumed  in  the-  previous  example,  but 
at  soTHotliinir  like  one-sixth  ilio  rate    312 


£1,254 

*P<iner  read  before  the  North-East  Coast  Institntion  of  Engineers  and  Ship 
bnildevs. 


Hand-firing ―  £ 

Capital  charges    48 

Maintenance    256 

Labour,  three  shifts  at  £200  per  shift  per  annum  600 


£904 

showing  a  substantial  advantage  in  hand-firing.  Clearly 
thpii  the  labour  conditions,  and  the  nature  of  the  load,  are 
weighty  factors  in  settling  such  a  point.  In  fairness  to  the 
stoker  inethod,  it  must  be  pointed  out  that  better  combustion 
generally  results  from  its  use,  and  inferior  coals  can  be  suc- 
cessfully burned.  On  the  other  hand,  the  inethod  of  hand- 
firing  offers  greater  flexibility,  and  enables  a  wider  variety  of 
coals  (as  regards  their  components)  to  be  used.  Hence  it  is 
that  no  exact  comparison  is  possible  without  full  details  in 
every  case  considered  :  while  a  further  factor  is  the  limitation 
imposed  by  the  length  of  grates  where  very  large  hand-fired 
boilers  are  involved.  In  such  cases  the  necessary  grate  area 
can  only  be  obtained  by  increasing  the  width  of  boiler,  which 
may  lead  to  structural  difficulties  and  an  abnormal  amount 
of  floor  space. 

Another  item  in  which  the  labour  question  is  a  prominent 
feature  is  ash  handling.  Owing  to  the  nature  of  the 
material,  all  mechanical  apparatus,  except  of  the  simplest 
character,  is  a  source  of  excessive  inaiutenance  costs.  On  the 
other  hand,  the  conditions  under  which  ashes  have  to  be 
handled  make  it  difficult  to  obtain  labour  at  a  reasonable 
rate.  Where  tunnels  are  used  tliey  are  often  unbearably  hot, 
or,  being  situated  below  everything  else,  and  liable  to  choked 
drains,  they  readily  become  flooded.  Large  quantities  of 
dust  ar?  produced  in  the  process  of  handling,  and  if  quenching 
or  spraying  is  resorted  to,  this  results  in  the  formation  of 
active  corrosive  agents. 

Systems  have  been  developed  in  which  air  or  water  is  the 
conveying  agent,  and  these  have  the  advantage  over  any 
】ne<clianical  system  in  that  the  handling  involved  is  a  mini- 
mum, and  no  moving  machinery  is  required  except  a  pump, 
which  can  be  placed  out  of  reach  of  damage  from  the  dust, 
and  a  breaker  or  crusher.  With  this  arrangement  there  is 
necessarily  considerable  wear  on  the  tubes  or  channels  which 
convey  the  ashes ；  but  such  parts  are  cheaply  replaced.  The 
drawback  of  the  system,  from  the  point  of  view  we  are  now 
considering,  is  that  it-  introduces  two  auxiliaries,  viz.,  the 
crusher  and  punip,  but  tlie  former  can  be  a  very  robust  piece 
of  apparatus.  The  channels  for  conveyance  of  ashes  can  be 
brought  close  up  to  each  boiler,  and  by  using  suitable  means 
for  introducing  them  into  the  crusher  or  channels  dust  can  be 
effectually  confined. 

W  lie  re  the  coiulitions  of  manual  operation  are  so 
unfavourable,  there  is  a  strong  case  for  nieohanical  handling, 
but  the  choice  of  apparatus  should  fall  on  tliat  which  can  be 
iiukIo  of  tlie  stoutest  '('(mst ruction ，  a  consideration  wliioh 
would  <)])£' rate  against  toiivevers,  elevators,  or  hoists  of  the 
usual  description. 

The  case  of  large  valves  operated  by  motors  or  compressed 
air  is  settled  more  by  the  q uestio]i  of  time  than  of  cost  in  the 
ordinary  sense .  Tlie  valves  connnoiily  so  operated  are  iiiain^ 
exhaust  valves  between  turbines  and  their  condensers,  or 
large  drvulatins^  water  valves.  Speed  in  closing  the  former 
becomes  valuable  in  such  a  case  as  that  of  a  ooiuienser  sud- 
denly clicked  witli  floating  iiiatt^M'  from  a  river.  By  rlosiiiff 
the  valve  quickly  enough  the  condenser  may  b*»  protected 
f  roil  I  damage  due  to  overheating.  Likewise  large  water 
valves  inav  require  to  be  operatt^d  in  certain  desitriis  wliere 
the  flow  of  wattM*  through  a  coiuleiiser  is  reversed  for  clean- 
ing purposes,  an  operation  wlurh  might  require  to  be  carried 
out  with  the  utmost  dispatch.  Eitlirr  oleotricity  or  com- 
])rossed  air  may  he  adopted,  the  latt^^r  <loponditii:  on  the 
extent  of  other  uses  to  which  air  can  be  put.  But  strain  is 
unsuitable,  for,  readiness  in  operation  being  essential,  the 
engine  would  have  to  be  kept  always  warmed  up,  involving 
waste  and  leaka£^e. 

The  workiiifi^  of  switches  is  a  question  wherein  oase  of 
manipulation  from  a  distance  is  the-  paramount  consideration. 
To  bring  the  control  of  a  large  number  of  switolios  into  any 
convenient,  compass  can,  it  is  true,  be  acconiplishod  in  the 
same  wav  as  with  railway  signals  and  points,  by  a  system  of 
lovers  and  rods  ：  but  this  system  is  Wing  replaced  on  impor- 
tant signal  installations  by  electricity,  either  alone  or  in  com- 


March  8，  1912] 


THE   MECHANICAL  ENGINEER. 


307 


bination  with  compressed  air.  In  a  power  siaiioii  wliero 
olectrical  manipulation  is  unaccompanied  by  exposure  of 
apparatus  to  the  rough  conditions  of  a  railway  track,  it  is 
obviously  indicated  in  preference  to  a  purely  manual  process 
for  control  of  a  large  niniibpr  of  switclios,  failure  of  the 
current  being  a  remote  contingency  owing  to  the  invariable 
practice  of  employing  a  battery. 

There  remains  for  consideration  a  class  of  casual  services 
whereon  motors  are  often  employed,  such  as  water  softeners, 
weigh  bridges,  air  compressors,  and  boiler  cleaning  pumps. 
The  general  principle  applicable  to  such  cases  is  that  the 
extent  of  use  should  settle  the  method  of  driving.  To  take 
the  cases  cited  :  the  softener  may  he  used  continuously,  and 
so  require  regular  attendance,  or  intermittently,  being  idle 
for  weeks.  In  the  former  case  power  operation  is  justified, 
in  the  latter,  not  ；  unless,  owing  to  great  size,  manual  labour 
cannot  he  advantageously  employed.  Weigh  bridges  of  a 
type  in  which  a  motor  is  necessary  to  move  counterweights  or 
rai&e  the  table  only  justify  themselves  by  frequency  of  use. 
Air  compressors,  universally  used  for  cleaning  electrical 
apparatus,  are  a  necessity  in  a  large  power  station,  but  a 
luxury  in  a  small  sub-station  where  bellows  will  do  the  work  ； 
and  boiler  cleaning  pumps  (for  use  with  water-tube  boilers) 
become  necessary  where  the  frequency  of  use  is  such  that  a 
boiler  feed  pump  cannot  be  spared  for  the  purpose,  or  where 
salt  water  is  used  for  cleaning  and  the  risk  of  getting  it  into 
boilers  cannot  be  run. 

Certain  auxiliaries  are  to  be  found  associated  with  the 
purely  electrical  portion  of  a  station,  which  do  not  exactly 
fall  into  either  of  the  two  arbitrary  divisions  that  have  been 
discussed.  Such  are  fans  for  ventilating  electrical  apparatus, 
whether  rotating  or  stationary.  The  measure  of  the  value  of 
these  is,  in  general,  tlm  degree  to  which  they  increase  the 
capacity  of  a  given  weight  of  copper  cr  iron  in  electrical 
apparatus.  With  rotating  plant  the  alternative  is  ventila- 
tion by  what  really  amounts  to  a  fan  on  the  rotating  portion 
of  the  generator  itself  ;  and  as  the  rotation  of  this  portion  in 
most  designs  is  necessarily  accompanied  by  some  fan  action, 
it  would  appear  a  logical  extension  of  ilie  principle  to  make 
the  rotor  do  the  whole  work  of  ventilation,  the  slight 
additional  power  requiring  no  increase  in  the  shaft  or  bear- 
ings. Clearly  then,  an  auxiliary  fan  is  not  justified  in  this 
case,  unless  the  conditions  are  such  (for  instance)  that  air 
has  to  he  brought  to  the  generator  from  a  distance  in  an 
end o sod  duct,  the  friction  of  which,  unless  it  be  unduly 
bulky,  might  result  in  an  insufficient  supply  ；  or  where  air 
filters  are  necessary  ；  or,  in  similar  circumstances,  when  the 
resistance  to  be  overcome  is  greater  than  can  be  dealt  with  by 
a  rotor  fan  whose  speed  and  diameter  are  fixed  by  those  of  the 
generator. 

With  iion-rotary  apparatus,  such  as  transformers,  the 
method  of  direct  veutilatioii  by  air  finds  an  alternative  in 
cooling  by  oil  or  waier.  Oil  is  of  necessity  the  immediate 
cooling  agent  of  the  metal.  It  is  practicable  to  cool  the  oil 
either  by  water  pipes  within  the  transformer  case,  or  by 
passing  it  through  an  external  cooler,  wherein  water  is  circu- 
lated .  Where  a  supply  of  water  exists  under  sufficient  head, 
a  water  pump  is  not  necessary,  but  an  oil  pump  is  introduced 
with  the  method  of  external  cooling.  This  is  against  the 
method  ；  its  advantage  lies  in  more  effective  cooling  and  a 
reduction  in  the  risk  of  leakage  of  water  into  the  oil,  which 
can  be  accomplished  by  giving  the  oil  within  the  cooler  a 
higher  pressure  than  the  water.  Any  system  of  water  cooling 
has  the  advantage  over  the  usual  inethodsi  of  fan  cooling  that 
the  heat,  abstracted  is  not.  liberated  within  buildings;  more 
important  perhaps  in  tropical  cliniates  than  in  these  latitudes. 

Exciters  almost  claim  a  place  by  themselves,  particularly 
since  so  much  atieiition  has  always  beon  devoted  to  the  sub- 
jert.  As  between  the  independently  driven  machine  and 
one  directly  coupled  to  the'  shaft  of  the  alternator  it  is 
intended  to  excite,  th<>  arguments  may  be  grouped  thus : ― 

Against  the  direct  coupled  exciter ~ 

(1)  Small  size  and  inefficiency. 

(2)  In  turbine  stations,  addition  to  length  of  whole  unit 

which  may  require  a  wider  engine-house. 

(3)  Cumulative  effect  on  busbar  pressure  of  a  fall  in 

speed . 

(4)  Inability  to  be  used  for  station  lighting,  &c. 
Against  the  independent  exciter ― 


(1)  (！ ost  of  separaio  engine  or  motor  (usually  fcho  former) 

to  drivo  it. 

(2)  Cost  of  running  the  same,  including  maintenance  and 

ultimate  coal  consumption. 

(3)  Duplication. 

Given  sufficiently  good  voltage  regulation,  Uic  method  of 
direct-coupled  exciter,  even  if  acconi2)anied  by  motor  gene- 
rators for  battery  charging  or  station  lighting,  produces  a 
simpler  total  combination,  and  one  more  easily  kept  iu  an 
efficioiit  state  of  ivpair. 

Methods  of  Driving  Auxiliaries. ― Having  now  indicated  the 
bearing  of  certain  general  considerations  on  the  simplification 
of  auxiliary  plant,  we  may  discuss  the  best  means  of  pro- 
viding the  necessary  power.  Three  systems  are  in  vogui3， 
viz.,  electricity,  steam,  and  (for  certain  limited  services)  com- 
pressed air.  The  last  is  the  least  efficient,  but  has  the  merit 
(whera  a  reservoir  is  provided)  of  being  to  some  extent  inde- 
pendent of  failure  of  the  main  supply.*  For  an  infrequent 
service,  such  as  valve  operation,  economy  ceases  to  be  of 
importance,  and  the  use  of  air  may  be  justified  by  cheapness 
of  the  actual  engine  and  piping  employed  in  comparison  with 
an  electric  motor  and  wiring.  On  the  other  hand,  an  inde- 
pendent source  of  power,  viz.,  air  compressor,  is  necessary, 
whereas  auxiliary  current  at  most  requires  only  a  transformer. 


Fig.  ！ 2.— Closkd  Cycle  System  of  Boiler  Feeding.  Akkangement 
Proposed  bt  Mb.  Fullagar. 

On  general  grounds,  since  a  power  station  rii ust  employ  steam 
and  generate  electricity,  it  would  seem  preferable  to  use  one 
of  those  agencies  rather  than  air,  which  requires  additional 
apparatus  and  only  introduces  an  indirectness  in  the  applica- 
tion of  power. 

As  between  steam  and  electricity,  the  principle  suggested 
is  that  steam  should  only  be  used  where  it  introduces  a  simpli- 
fication, not  so  much  in  respect  of  economy  as  by  offering  a 
simpler  combination  of  apparatus.  This  is  said  with  particu- 
lar reference  to  the  use  of  exhaust  steam  for  feed  heating. 
Where  the  exhaust  canuob  be-  so  used,  either  wastefulness  is 
introduced  by  exhausting  to  atmosphere,  or  complication 
ensues  from  the  addition  of  an  auxiliary  condenser,  and 
possibly  an  oil  separator,  to  the-  total  of  auxiliary  plant. 

Let  us  examine  the  case  of  a  direct-acting  feed  pump 
working  without  lubrication.  It  consumes  anything  between 
651bs.  and  lOOlbs.  steam  per  water  horse. -power  per  hour,  say 
751bs.  ；  whatever  the'  pressure  at  release,  in  round  numbers, 
the  exhaust  carries  away  1,200  B.T.U.  (reckoned  from 
0°  Fall.)  per  pound.  To  fix  the  ideas,  consider  a  1 ,000  kw. 
turbine,  using  18,0001bs.  steam  per  hour.  With  boiler  pres- 
sure, 1751bs.  per  square,  inch,  the  water  horse-power  is  3*58, 
and  the  pump  steam  per  hour  =：  3*58  x  75  =  2681bs.  Therefore 
tho  heat  available  for  feed  heating  is  268  x  1,200,  or  say 
320,000  B.T.U. 

If  tlie  initial  temperature  of  the  feed  be  90"*  Fah.  (28in. 
vacuum  corresponds  t'o  101°  Fall.)  each  pound  contains 
90  B.T.U.  reckoned  from  zero,  and  the  whole  feed  contains 
18,000x90,  or  1,620,000  B.T.U. 

The  filial  tpmpfH'ature  therefore  becomes "~ 

1,620,000  +  320,000       ，_。  „  ， 
,  —or  】06。  Fah. 


18,268 


268 


III  this  ca-se,  an  expenditure  of  一-，  say  411bs.  of  coal  per 

hour,  pumps  the  necessary  feed,  and  heads  it  by  16。  Fah. 

*  Employed  for  this  reason  in  actuating  the  brakes  on  some  forms  of  elecbrical 
winding  gear  for  collieries, 
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To  effect  a  comparison,  we  may  consider  pumping  the  same 
quantity  of  water  ele^'trically,  and  heating  the  feed  by  live 
steam  ；  assumed  at  1751bs.  per  square  inch  :  Water  horse- 
power =  3'58  ；  efficiency  of  pump  and  motor,  60  per  cent. 
Then  power  required  by  motor,  iu  kilowatts  =  3'58  x  ^  x  '746 
=  4*5  kw.,  which,  at  31bs.  per  kilowatt-hour,  would  result  in  a 
consumption  of  13*51bs.  coal  per  hour.    Quantity  of  steam  to 

255 

heat  the  feed  16°  =  2561bs.,  requiring        or  39 '4  lbs.  of  coal. 

Total  coal  by  this  method,  441bs.,  which  is  therefore  inferior 
as  regards  both  steam  economy  、and  power  to  vary  speed 
within  wide  limits. 

Thus,  apart  from  the  question  of  capital  cost,  which  is 
almost  certainly  in  favour  of  the  steam  pump,  a  clear  case 
can  be  shown  for  steam.  But  such  superiority  might  vanish 
if,  owing  to  the  introduction  of  lubricant,  an  oil  separator 
were  rendered  necessary,  or  the  exhaust  were  wasted. 

Small  reciprocating  engines  are  inferior  to  electric  motors 
in  respect  of  upkeep,  coal  consumption,  and  stand-by  losses 
whon  not  iu  use  but  kept  ready  for  use,  but  small  turbines 
are  not  necessarily  so.  ' 

Reference  was  made  at  an  earlier  stage  to  a  set  consisting 
of  a  small  turbine  driving  the  condensing  auxiliaries  ；  and  it 
was  shown  that  certain  advantages  accrued  to  such  a  use  of 
steam  if  the'  exhaust  could  be  profitably  employed.  We  thus 
arrive  at  an  argument  of  the  following  order  :  In  modern 
high-vacuum  plants  the  air  punip  discharge  is  so  much 
reduced  in  temperature  that  if  introduced  into  an  economiser 
without  further  heating  it  would  cause  sweating  of  the  pipes. 
Consequently  feed  heating  is  a  necessity.  Steam  feed  pumps 
and  turbine-driven  condensing  auxiliaries  can  be  shown  to 
have  a  thermal  superiority  over  similar  elecirically-driven 
services  if  the  exhaust  be  used  to  heat  the  feed,  and  are  com- 
pact and  easily  inaintained.  To  the  extent,  then,  that  the 
exhaust  can  be  usefully  absorbed  for  this  purpose,  steam 
driving  is  clearly  indicated  for  such  services.  But  if  the  use 
of  steam  involves  either  waste  of  the  heat  of  exhaust  or  the 
introduction  of  additional  appliances  it  ceases  to  have  any 
recommendation  as  against  electricity,  with  a  possible  excep- 
tion in  ca&es  where  speed  variation  within  wide  limits  is 
required.  It  has  been  argued  thai  steam  offers  a  protection 
against  failure  of  the  auxiliaries  in  company  with  the  main 
generators  when  a  complete  electrical  breakdown  occurs.  In 
the  system  just  described,  the  auxiliaries  most  essential  to  the 
restarting  of  the  plant,  viz.,  those'  connecied  with  the  con- 
densers, would  be  steam  driven. 

To  the  advantage  of  steam  it  is  to  be  added  that  it  detracts 
nothing  from  the  capacity  of  electrical  generating  and  trans- 
forming plani,  and  little  more  from  that  of  boilers  than  does 
an  electric  service.  Electric  power,  on  the  other  hand,  while 
it  detracts  from  capacity  of  alternators,  & c.，  has  the  following 
broad  advantages :  (1)  Small  attention  required  while  run- 
ning. (2)  Relative  <^aso  of  installation  at  any  distance. 
(3)  Ease  of  control  from  any  desirable  point. 

The  latter  quality  is  particularly  useful  in  the  case  of 
motors  which  drive  stoker  gear  or  fans;  or  for  an  object  like 
a  coal  conveyer  which  extends  over  a  great  length  and  may 
have  to  be  si op])od  from  anywhere  in  case  of  accident. 

Means  of  Providing  Power. ― Where  steam  is  employed  it  can 
usually  be  taken  from  tlio  main  range.  Cases  sonietinies  arise, 
where  tlie  main  supply  is  superheated,  but  saturated  st-eain  is 
required  for,  say,  a  feed  pump  ；  in  sui-h  cases  provision  can 
be'  made  by  drawing  the  saturated  steam  supply  from  two  or 
three  boilers  which  aro  not  lil、？ly  to  be  shut  down  all  at  the 
same  time.  As  r  ( '  g  a  r  r  1  s  e  1  (h  •  t  r  i  c  i  t  y ,  ii  is  only  proposed  lie  re  to 
consider  the  two  systems  of  supply  wlii<'h  are  most  usual,  viz. , 
3-pliase  and  continuous  current-. 

The  distinctive  advantages  of  3 -phase  ('um'nt'  (absem'e  of 
brushes  or  commutator,  and  solid  and  cheap  ronstructiou)  and 
its  disadvantages  (invariable  speed)  are  well  known.  A 
3-pliase  supply  for  auxiliary  circuits  juay  be  provided  by  throe 
different  niothods  ：  (1)  by  s(、panit<、  t ransfoniuMs  i-oiiiuH'ted 
with  each  generating  unit  ；  {2)  by  transfonuors  from  tho 
busbars  ；  and  (3)  by  separate  auxiliary  generating  sets. 

(1)  Tho  first-naiiio<l,  generally  known  as  tho  ('oniplete  unit 
system ,  wlioreiii  all  tlie  auxiliaries  coiuiectvd  with  any  】nain 
gpueratov  or  driven  from  a  Iransfoniior  attarliod  to  that 
gonrrator,  ])05;sossos  advaiitai^os  in  tho  matter  of  reliability, 
but  is  obviously  costly,    lu  isolated  stations  and  with  clcctri- 


cally-driveii  condensing  auxiliaries  it  is  justified  if  not  pushed 
to  excess,  as  is  liable  to  become  the  case  where  the  boiler-house 
is  concerned.  Without  an  altogether  disproportionate  amount 
of  spare  boiler  plant,  each  boiler-house  or  group  of  boilers 
must  be  considered  the  common  property  of  the  engine-house. 
Consequently  a  unit  system  must  be  interconnected  in  some 
way,  which  leads  to  expense  and  begins  to  vitiate  the  prin- 
ciple of  unity.  But  apart  from  this  the  arguaneiit  against  the 
alternative  of  driving  from  busbars,  which  is  valid  in  the  case 
of  the  turbine  auxiliaries,  is  not  necessarily  applicable  to  the 
boilers.  For  a  busbar  failure,  or  a  failure  of  one  of  the 
station  transformers,  does  not  vitally  affect  the  supply  of 
steaiTi,  if  feed  pumps  are  steam  driven,  and  natural  flrauglit 
can  be  substituted  for  artificial  ；  the  grates  (if  mechanical) 
can  be  operated  by  hand  for  long  enough  to  enable  the  bus- 
bars to  be  made  alive  again,  or  the  reserve  transformer 
switched  in.  Coal  or  ash  handling  plant,  or  the  crane, 
cannot  be  allocated  to  any  one  turbine.  It  thus  becomes 
necessary  to  have  in  any  case  a  connection  from  the  station 
busbars  to  the  unit  transformers. 

Apparatus  which  is  inalienable  from  its  own  generator  is 
usually  confined  to  air  pumps,  and  in  some  cases  circulating 
pumps  and  ventilator  fans.  Where  the  circulating  and  air 
pumps  are  steam  turbine  driven,  and  the  alternator  supplies 
its  own  draught,  the  principal  arguments  for  the  unit  system 
are  absent. 

(2)  A  supply  from  the  main  busbars  through  transformers 
lias  an  advantage  over  either  of  the  other  methods  in  the 
matter  of  initial  cost.  The  transformers  detract,  of  course,  as 
much  capacity  from  the  main  alternators  as  the  unit  jiiethod, 
and  have  to  be  in  duplicate.  Otherwise  this  system  is  exceed- 
ingly simple  and  obvious. 

(3)  The  recommendations  of  the  independent  method  are 
protection  from  electrical  breakdown  of  the  niaiu  system,  and 
increased  saleable  capacity  in  the  main  alternators.  The  cost 
is  necessarily  much  greater  than  that  of  the  busbar  method, 
and  space  has  to  be  found  for  at  least  two  auxiliary  steam- 
driven  generators  with  their  equipment. 

A  supply  of  continuous  current  from  a  3 -phase  station  cau 
be  furnished  (1)  by  motor  generators,  with  or  without  a 
battery  ；  (2)  by  independent  generators. 

The  advantage  of  continuous  current  is  its  particular 
applicability  to  variable  speed  services,  cranes,  and  locomo- 
tives. With  the  addition  of  a  battery,  auxiliaries  are  quite 
independent  of  the  state  of  the  】naiu  busbars.  After  these 
things  are  granted,  its  disadvantages  soon  become  apparent  in 
the  upkeep  of  commutators  and  brushes,  increased  initial  cost, 
and  perpetual  loss  in  conversion  by  motor  generator  or  storage 
in  the  battery.  This,  of  course,  would  not  apply  in  a  direi-t- 
current  station . 

In  some  cases  where  alternating  current  is  generated  the 
device  has  be^n  adopted  of  having  some  auxiliaries  driven  by 
alternating,  and  others  by  direct  current,  furnished  by  a 
motor  generator  in  normal  operation  and  by  a  battery  if  the 
supply  fails.  Thus  some  at  least  of  the  auxiliaries,  and  the 
station  lighting,  can  always  be  kept  going.  But  the  introduc- 
tion of  two  electrical  systems  is  objectionable.  The  uso  of  air 
for  motive  purposes  about  a  power  st-atiou  is  so  small  that  its 
provision  need  hardly  be  discussed. 

Conclusion.  —Wo  may  now  summarise  the  conclusions  indi- 
cated by  the  foregoing  remarks.  Starting  from  tlie  assump- 
tion that  a  large  station  is  to  generate  3-phase  high-t<?nsion 
current,  certain  services  must  be  arranged  for,  some  driven  by 
vst-eani,  others  by  electrit'  powtr.  Preference  is  to  be  given  to 
.'^pjiase  current  whicli  can  be  provided  for  eitluM*  l>y  iiidejMMi- 
dent  generators,  by  transformers  from  the  busbars,  or  by 
transformers  from  each  generating  unit.  Being  necessarily 
ill  duplicate  and  st-eani  drivpii,  independont  penerat-ors  are  a 
costly  means  for  obtaining  tlie  ])o\vtM*.  It  lias  been  shown 
that,  turbine-driven  air  and  circulrtting  pumps,  with  tho 
|)<)ssil>lo  iuldition  of  feed  pumps  on  the  same  shaft,  Ix^sidfs 
fulfiUint:  a  usoful  aiul  economical  function  in  heating  tlie  food, 
ivndor  unnei'essarv  a  subdivision  of  auxiliary  services  into 
unit  groups.  Therefore  it  is  submitto<i  that  siu'h  pumps, 
with  other  electric  auxiliaries  supplied  by  transformers  con- 
iH^cted  onlv  to  tlie  station  busbars,  t'onihine  simplicity  with  a 
suiVu'ieiit  measure  of  reliability.  Tlio  t ransfonnors  must,  of 
(•our so,  be  in  tluplirate. 

But  wluMv  for  anv  rea 则 i,  sucli  as  small  sizo  of  units,  with 
cousix^ucut  wasteful  coiisuHiptiou  on  auxiliary  power,  or  execs- 
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sive  power  rendered  necessary  by  exigencies  of  the  pumping 
system,  steam  cannot  be  economically  adopted  (having  refer- 
ence to  the  heating  of  the  feed  water),  a  grouping  of  motors 
into  units,  in  which  either  one  or  two  generators  may  parti- 
cipate, with  electrically-driven  condensing  auxiliaries,  i,s  to  be 
recommended  on  the  score  of  the  immunity  which  it  furnishes 
from  simultaneous  breakdown  of  all  auxiliary  services. 

The  following  services  may  with  advantage  be  electrically 
operated  :  Mechanical  stokers,  if  fitted  ；  fans,  if  fitted  (vari- 
able-speed motors  are  desirable  here,  if  efficient  at  low 
speeds)  ；  water  service  pumps  of  all  sorts,  except  those  very 
rarely  used,  where  steam  ejectors  can  be-  employed  ；  econo- 
mise r  scrapers ；  coal  and  ash  handling  plant;  cranes. 

Table  I. — Aggregate  of  Auxiliary  Power  Installed  at  Various  Stations. 


Station. 


I    Total    I  ！     Motor     '  Auxiliary 

. Main  GenS>rs  ！ PowerH.P. 

Generat-  ,i„st;iiiP.i.,         or         ,  P^r  1,000 
Auxiliary 
Steam  Sets. 


ing 
Plant. 
Kw. 


Lots  Road,  Chelsea  48,000 
3  ph. 


2,223 


Carville 


*Greein\  ich  (L.C.C.), 

Glasgo  、v ― 

Port  Duntlas  ... 


扇  3,411 
3  pli. ； 


34,000 
3  ph. 

22,400 
3  ph. 


Dmiston    19,000 

I    3  ph. 


Glasgow ― 
8t.  Andrew  sCross 


Brighton 


Hamburg  Ov  rliead 


Miirkist  hes  (Berlin) 


1(1,400 
3  ph. 

10,200 
3  ph. 


3  ph. 

7,200 
3  ph. 


2,064 
1,850 
1,184 

1,725 


4-135  kw. 

Steam 


2-2.)  kw. 

1-  100  ku  . 
M.G.'s 

2-  150  kw. 

Steam 

2-40  kw. 
M.G.'s 

1-  0  kw. 

2-  50  kw. 

1-  200  kw. 
M.G.'s 

2-  40  kw. 
M.G.'s 


Kw.  of 
Main 
Plant 


Remarks. 


912  j  2-220  kw. 
Steam 
2-300  kw. 
M.G.'s 


590 


46-5 

!»7'5 

61 

80 
02 

105 
90 


The  foursteam 
sots  supply 
excitation 
and  so  m  e 
J>.C.  motors. 


Fa  n  diaugli  t 
cooling 


508 


74-5\ 


70 


Stepney   

6,000 

580 

{D.C. 

90 

D.C. 

Station) 

Newcastle  and  Dis- 

5,450 

473 

(D.C. 

87 

trict  Co  

D.C.  and 

Station) 

1  ph. 

1,880 

117 

1-45  kw. 

02 

8iagle-ph  a  s  e 

1  ph. 

M.(— ;. 

generators. 

Motor  (>enor- 

ternal load. 

Alnwick   

140 

15 

107 

Non  -  condens- 

D.C. 

ing. 

Morpeth   

60 

12'5 

210 

D.C. 

Motor  genera- 
t  o  r  s  a  n  d 
steam  sets 
used  also  for 
external 
load. 

Condensing 
a  11  X  i  1  i  a  r  ie  s 
a  11  d  feed 
pumjis  tur- 
bine driven. 


*  Figures  for  Greenwich  are,  as  regards  85  per  cent.,  taken  from  a 
pa  per  read  by  Mr.  Rider  before  the  Inst.E.E.  in  190!). 

The  following  should,  where  possible,  be  steam  driven  : 
Feed  pumps,  and  combined  air  and  circulating  pumps  for  the 
condensers. 

Exciters  should  preferably  be  directly  attached  to  the 
shafts  of  their  generators.  Ventilation  of  alternators  to  be 
effected  by  fans  on  the  rotors.  Switches  to  be  electrically 
operated. 


Large  valves  whore  speed  of  operation  is  ossential  may  be 
operated  either  electrically,  or,  if  the  station  is  on  a  large 
enough  seal©  to  warrant  a  supply  of  compressed  air  always 
available  for  deauing  electrical  apparatus  and  driving 
piieuniatic  tools,  by  air. 

Circunisitances,  of  course,  make  it  impossible  that  any  one 
scheme  should  be  the  best.  Exigencies  of  pumping  or  of  cool- 
ing arrangements  may  introduce  quite  abnormal  features  into 
a  design.  What  is  permissible  in  a  station  which  is  one  of  a 
system  】nay  involve  grave  risk  in  an  isolated  station  ；  or 
again,  an  abundant  provision  of  steam  from  an  externa]  source 
may  indicate  that  agency  for  auxiliary  work.  In  a  certain 
station  in  Yorkshire  the  ashes  are  hajidled  by  ponies,  because 
the  company  happen  to  have  a  grass  field  with  no  other  use 
for  it.  And  there'  is  the  same  scope  for  variety  everywhere. 
What  lias  been  aimed  at  is  to  advocate  those  arrangements 
which  make  for  simplification,  whatever  the  external  circum- 
stances may  be,  and  to  show  how  they  may  be  compatible  with 
the  reliability  demanded  of  the  supply  of  a  public  commodity. 

We  may  conclude  by  a  brief  reference  to  the  tables  which 
are  appended  to  the  paper,  and  this  opportunity  is  taken  of 
acknowledging  the  kindness  of  the  engineers  associated  with 
the  various  stations  in  furnishing  information.  Motor  gene- 
rators and  auxiliary  direct-current  sets  are  shown  in  a  sepa- 
rate column,  as  their  inclusion  among  auxiliaries  proper 
would  be  misleading.    Steam  feed  pumps  are  estimated. 

A  great  divergence  is  exhibited  in  the  degree  to  which 
auxiliary  power  is  actually  employed.  Local  peculiarities, 
account  for  some  of  this  divergence.  For  instance,  in  the 
case  of  Greenwich  power  is  wasted  due  to  the  leakage  of  circu- 
lating water  in  connection  with  the  straining  appliances 
rendered  necessary  with  Thames  water  and  electrically-driven 
feed  pumps  bulk  largely  in  the  total.  At  Carville,  the  station 
being  set  back  some  diistance  from  the  river  in  order  to  obtain 
suitable  foundations,  the  power  required  for  pumping  water  is 
considerable  ；  on  the  other  hand,  practically  none  is  needed 
for  coal  handling  owing  to  an  advantageous  use  of  the  natural 
levels  of  the  ground.  Of  the  two  Glasgow  stations,  one  (St. 
Andrew's  Cross)  employs  fan  draught  cooling  towers,  the 
other  a  canal.  Hence  the  high  figure  in  the  case  of  the 
former. 

Table  II. 一 A  ml y si's  of  Power  used  for  Vartoiis  Purposes. 
All  figures  H.P.  per  1,000  k,\\  .  of  Main  Plant. 


station. 

Feed 
Pumps 

Stoker  and 
Ecouomiser. 

Fans. 

Condensing 
Auxiliaries. 

Coal  and 
Ash. 

General 

Services 

Total. 

Lots  Road,  Chelsea  ... 

5 

5 

19 

7 

11 

47 

12 

4 

33 

41 

3 

5 

98 

(■;i'een、vich   

12 

3-5 

34 

4-5 

01 

Glasgow ~~ - 

Port  Duiidas   

11 

3 

21 

37 

5 

3 

80 

Uunston  

10 

2-5 

14 

2ti 

3 

7 

()2-5 

Glasgow' ~ ■ 

St.  Andrew 's  Cross.. 

9 

3 

8 

78 

5 

2 

105 

12 

3-5 

45 

24 

2-75 

2-75 

90- 

Hamburg  Overhead... 

32 

3 

25 

9 

5 

74 

Mailci.selics  (Berlin)  ... 

22 

1-5 

12-5 

25 

7 

2 

70 

Stcpnev   

11 

3-5 

12 

49 

0-5 

96 

Newcastle  &  District.. 

8 

3-5 

22 

48 

1 

4-5 

87 

Cam  bridge  

21 

1 

1 

G2 

Aliiw  ick   

107 

- 

107 

110 

100 

_ 

210 

At  Stepney  circulating  pumps  and  fans  account  for  much 
of  thei  power.  The  latter  also  contribute  a  large  proportion 
in  the  case  of  Brighton  and  Carville.  In  fact  it  is  almost  cor- 
rect to  say  that  they  constitute  the  principal  difference 
between  the  high  figures  and  the  low  figures,  except  at 
Dunst-oii,  where  fan  power  is  moderate  and  not  duplicated. 

Cambridge  is  of  int-erest  because  it  exhibits  anotJier  factor 
of  the  auxiliary  question.  Being  started  as  a  single-phase 
station  in  days  when  single-phase  motors  were  unsatisfactory, 
the  bulk  of  the'  power  is  furnished  by  steam,  12  li.p.  only 
being  electrical  ；  the  air  and  circulating  pumps  are  for  the 
same  reason  driven  by  gearing  from  the  】nain  turbines. 

The  installation  of  induced-draught  apparatus  accounts 
for  a  large  proportion  of  the  power  at  the  Newcastle  and  Dis- 
trirt  Conipaiiv's  station.  As  a  matt(M*  of  rvory-<lay  prartice 
induced  draught  is  not  used  there,  but  the  fau  motors  are 
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iiichulcd  he-cause  a  classification  has  to  l>e  made  on  a  viiiiforni 
basis  for  comparison.  The  rated  power  of  motors  install<'<l, 
which  is  the  ligure  staie<l,  is  roughly  a  measure  of  the  capital 
spent  on  auxiliaries.  The  daily  energy  used,  which  would  be 
more  indicative  of  the  annual  cost,  might  have  been  selected , 
but  such  a  figure  would  be  difficult  (in  some  cases  impossible) 
to  arrive  at,  and  the  former  figure  perhaps  brings  out  in  a 
more  striking  fashion  the  importance  of  the  whole  question 
from  the  capital  point  of  view. 


INDUSTRIAL  AND  TRADE  NOTES. 

The  Automatic  Standard  Screw  Company,  Ltd.— Wc  are  infonncfi 
til  at  this  i)iisiii('ss  lias  loi'  family  reasons  been  converted  into  a 
privat*'  limited  coiiipaiiy.  but  that  tlie  ('omlm't  and  managonuMit 
w  ill  remain  in  llu'  -siinu'  hands  as  heretofore. 

Electric  Control  Gear  Applied  to  Woodworking  Machinery. ―  From 
tlie  Adams  JMaiuifncturitig  Company,  Ltd.,  of  Bedford,  we  have 
received  an  illustrated  pamphlet  describing  examples  of  control 
gear  for  the  electrical  power  equipment  of  woodworking  fac- 
tories. It  is  devoted  to  the  problems  met  、vith  in  this  class  of 
machinery,  and  should  prove  of  service  to  those  engaged  in  the 
design  oi'  equipment  of  this  class  of  work. 

Electric  Steel. ― Messrs.  Vickers,  Ltd.,  of  Sheffield,  have  decided 
to  erect  an  eight-ton  HtTOult  furnace.  This  furnace,  which  will 
be  the  largest  so  far  constructed  in  England,  is  being  built  after 
the  experience  of  over  a  year's  continuous  operation  with  a 
furnace  of  the  same  type.  It  is  of  the  three-electrode  type,  and 
is  interesting  as  being  the  first  to  use  three-phase  current  in  this 
country,  altli(mjj;h  .several  are  in  operation  abroad. 

Shipbuilding  Deal.  ―  The  London  and  Glasgow  Engineering 
and  Iron  Shipbuiklmg  Company,  Ltd.,  have  issued  a  circular 
to  the  shareholders,  which  states  that  they  have  recently 
approached  Messrs.  Harlaud  &  Wolff,  Ltd.,  and  have  concluded 
an  agreement  with  that  company  under  which  thej  agree  to  pur- 
chase the  whole  of  the  shares  of  the  London  and  Glasgow  Com- 
pany. 

Clyde  Shipbuilding. ― The  Clyde  shipbuilding  output  during  Feb- 
ruaryj  totalling  4i},500  tons,  spread  over  20  vessels,  has  only  once 
before  been  exceeded  in  the  second  month  of  the  year,  viz.,  in 
1901,  when  GUjUOU  tons  were  recorded.  For  the  year  to  date  the 
oGjUOO  tons  launciitid  constitutes  an  easy  record.  The  new  work 
booked  during  tlie  month  has  fallen  considerably  below  that 
recently  recortled,  the  fears  of  labour  troubles  in  the  coal  trade 
and  ol.st.'\vheiH!  havirg  deterred  shipowners. 

Kailwaymen  Object  to  Eyesight  Test. ― An  ultimatum  for  pi'eseiita- 
tiou  to  tlie  directors  of  the  i\ oith-Easterii 丄 k"l、vay  Company  has 
been  prepared  ou  the  question  of  the  eyesight  test  by  the  nieui- 
bors  ot  tne  Amalgamated  fc>ociety  of  Railway  Servants  ou  that 
system.  丄' lie  matter  has  frequently  been  before  the  Conciliation 
itoard  at  tho  instance  of  tlie  men,  who  say  tliey  want  a  nioro 
practical  te^t.  Many  w  orKiiioii,  havuig  tailed  to  pass  the  te.st, 
liave  been  reduced  or  ottered  inlonor  positioiLs,  and  the  feeling 
against  it  lias  become  very  acute.  The  ultimatum  is  of  a  drastic 
character,  and  the  men  threaten  to  precipitate  a  general  strike 
ii  the  present  test  is  not  abolished  and  more  satisfactory  met  hods 
siibjstitutocl. 

North  British  Locomotive  Co.—  TIr'  report  for  11)11  shows  that  the 
company  made  £36^300  more  proht  in 丄 lUl  tliaii  in  1910,  but  the 
balaiice  biouglit  torwartl  Having  been  iiiucli  reduced,  it  has  been 
necessary  to  take  1:40,000  1 1'um  the  resoi  ve  in  order  to  pay  5  per 
CL'iit.  agaui  upon  the  ordinary  .siiarc\s.  I'he  directors  state  tiiat 
the  ii*latively  small  deiiuuul  for  locomotives  tlurinj^  tlie  year  pre- 
vented the  company's  works  being  employed  to  their  best  advan- 
tage, and  thi«,  conibmed  with  the  coiitiniiod  low  level  of  prices, 
aecoiuits  for  tlie  result  sliow  ii  in  tho  balance-iihvet  not  being  more 
siiU'shic'tmy.  in  lUOi)  a  dividend  ot  8  per  cent,  was  paid,  ior 
each  of  two  yea va  belore  tliat  10  per  eoiit.,  and  for  IDOli 】'」 por 
cent.    The  roiscrvo  is  now  £360^000. 

Accidents  in  Factories  and  Workshops. ― A  I'ailiaaiontar^'  pupt-r  lia^ 
just  l)*'cn  issued  ('("Uaimii;^  .statistus  oi"  cases  ot  industrial  poiMni- 
111^  and  accidoiits  (>(，('urruig  in  preini.scs  uiith'r  tlio  Factory  a iicl 
入、 oikjihops  Acts  dmiiig  tlie  yea r 丄 911.  The  tables,  it  is  (.*x[)iaino(l, 
aro  published  iii  advance  of  tho  annual  report  of  the  C'liiol 
Inspector  of  Factories,  and  arc  subject  to  correction.  The 
increase  in  tho  number  ul  accident*  corro^poiuliug  with  incroa.sod 
volinno  ol  nianufacture  which  "a-s  ohservi'd  i ii  IHIO  contiimod 
last  yoar,  tliiriii^  w  liieh  period  tlio  Itoard  ol  'l'r:i 山' n'tui  ns  ^lu)\\  ihI 
iuit  lior  iiuprovciuoiit  in  trado.  The  tot  a  I 】iuml'''r  ot  casoii  ol" 
iiuluiitrial  poisoning  iii  1911  、vas  755,  iigainst  573  in  tho  [n'i^ 
coding  year.  Fatal  accidents  to  the  number  of  ljiS2^  occurred  in 
various  imlustrios  hist  year,  as  a^aiiust  a  total  of  1,080  in  19K>. 
Tliero  was  u  total  of  118,735  non  iatal  accident:*  uutiliod  in  i*Jil, 
t'omparetl  with  121),174  iu  tbo  piecediug  year. 


Trade  Union  Law  (Amending)  Bill. 一 This  Bill,  the  text  of  which 
lias  ju.st  bcoi  isMicd,  is  presoiiti^d  by  Mr,  Johnson,  siipportod  by  a 
jiiniilH!!"  of  well  known  labour  leaders.  It  is  sought  to  enact  that 
a  trade  union  .shall  have  power,  and  .shall  bt'  deciiH'd  always  to 
liave  had  power,  whether  acting  Ijy  itself  or  in  conjunction  with 
any  other  trade  union,  association,  body,  or  person,  to  apply  its 
funds,  or  any  portion  thereof,  for  or  towards  or  in  connection  with 
( a)  the  purpose  of  prucuring,  or  assisting  to  proem  tli"  rot  urn 
oi*  mcnibt'rs  of  Parliament,  or  of  a ny  public  or  local  authority, 
1,1.  ot"  any  other  public  hody  ；  or  (b)  tin*  purjxKse  of  providing,  or 
partly  providing,  for  the  maintenance  and  other  expenses  of  such 
members  ；  or  (c)  both  such  purposes,  and  to  do  such  other  acts 
as  may,  in  the  opinion  of  the  trado  union,  be  desirable  in  order 
U)  promote  tbo  interests  of  workmen. 

British  Coal  Output  in  1911- 一 An  advance  report  lias  lu'on  issued 
hy  the  Hon"'  Office  giving  the  tables  (subject  to  correction)  rt'Iat- 
iii;;  to  the  output  of  coal  and  otiicr  minerals  and  the  ii umber  of 
ptTsoiLs  employed  at  mines  worked  under  th"  Coal  and  Metal- 
liferous Mines  Regulations  Acts  during  the  year  1911.  It  sliou.s 
tiiat  the  output  of  coal  in  1911  was  271,878,924  tons,  as  compared 
with  264,417,588  in  the  previous  year.  The  number  of  persons 
(employed  at  coal  mines  wa«  1,007,213,  an  increase  of  17,806. 
The  increase  in  the  output  of  coal  was  at  the  rate  of  2-82  per 
cent.,  and  the  increase  in  the  number  of  persons  employed  at  the 
mines  at  the  rate  of  1*70  per  cent.  Including  fireclay,  ironstone, 
limestone,  &c.，  the  total  output  of  iiiiiicrals  in  1911  amounted  to 
285,943,032  tons,  as  against  1^78,009；949  tons  iu  the  preceding 
year.  The  total  number  of  persons  employed  was  1,0(37,213,  sm 
compared  with  1,049,407  in  1910. 

Electrically-driven  Grinding  Machinery. ― 13.  K.  Rowland  <ic  Co., 
Reddish,  Manchester,  send  us  a  descriptive  illustrated  catalogue 
of  tlieir  various  'specialities  connected  with  the  electric  driving 
of  grinding  machinery.  The  comparatively  high  speed  at  which 
.such  niaciiiiiery  runs  siuts  direct  electrical  driving  very  well, 
particularly  in  the  case  of  wheels  from  lOin.  to  30iii.  diam.  With 
larger  wheels  than  this  the  size  of  tlie  motor  necessary  becomes 
excessive,  owing  to  the  low  speed  at  which  it  runs,  so  that  inde- 
pendent motors  and  belt  drives  then  become  desirable.  Most  of 
the  machines  illustrated  are  portable,  and  cau  be  put  clown  on 
any  It^vel  surface,  which  is  of  advantage  during  coustruetional 
woik  in  shipbuilding,  bridge  building,  &c.  Modern  grinding 
luacliiuery  is  particularly  suitable  tor  the  application  ut  ball- 
beariiigSj  and  the  tirm  are  now  extensively  making  use  ut  thwje, 
both  lor  beit- driven  and  motor-diiveu  machincvi.  1  he  use  ot 
variable-speed  motors  provides  au  excellent  uiean^  ot  keeping  the 
peripheral  speed  of  the  whocl  at  it^  correct  value  lor  tlie  inaxiiniiiu 
ctticiciu-\ . 

Oermdn  Machine  Tool  Trade. ― In  a  recent  address  Prof.  G. 
Sclik^ing<:'r,  of  (Jbarlott^uburg,  discussed  the  position  occupied  by 
Gerniau  machine  toolniakers  in  the  markets  ot  the  world.  J  lie 
imports  ot  tools  from  England  into  Germany  consist  】arg(_、l)'  ut 
very  heavy  luacliiiie.s,  w lieroais  American  imports  are  almost 
entirely  small  and  inediuui-sized  madimes,  in  which  llie  cost  uf 
labour  constitutes  the  pnacipal  expense  oi  nianutacture.  As  a 
refill t  the  importation  of  American  machiue  tools  into  Germany 
k'ssons  the  opportunities  for  einployineiit  of  thv  German  worker 
to  a  much  greater  extent  than  tin'  imports  t rom  any  oIIrt 
country.  I  lie  exports  of  Gerniaii  machine  tools,  acvordiii;^  to 
fetatisti"s  tor  tho  pa^t  ten  years,  increased  from  11,OOU  toius  in 
1900  to  58,000  toils  in  19U8,  while  the  imports  averaged  o,500  to  us 
during  tho  same  period,  i he  Gerniaii  exports  of  niac-liiiie  tools  to 
Kn^iaiid  a  re  greater  tliau  the  imports  from  that  country,  hut  the 
(jlcnnaii  t'xpoi  ts  to  the  United  8tate.s  a vv  small.  It  \va.s  s，ij;;it>;>tt'(l 
til  lit  the  niaker.s  of  Gcrnian  machine  tools  slioultl  do  all  in  their 
pow  er  to  reduco  tlio  cost  of  tlu'ir  product  and  improve  the  quality, 
tii)  as  to  bo  a  bit*  to  com  pete  in  the  Anu^ricaii  market. 

Safety  Appliances  for  Mine  Cages. 一 Ht'iilying  to  a  qiu^tion  in  tho 
House  ot  Comnioiis  recently  rospiK-tinj^  tho  oni])Ioyinont  ，"  satt'ty 
appliances  tor  mine  cages,  Mr.  McKeinia  said  that  tlu'  subjet't 
had  been  recently  invt\stigated  hy  the  expert  wmmittoo  which 
\\  ai>i»t)intt*(l  by  the  l{<»yal  C'ounnission  on  M  to  oiu|niro 
into  llir  nioaiiji  ot  i)rovontin^  .shaft  accicloiit^>,  with  tlio  r，'Milt  t hat 
tlu'v  were  satustiod  that  under  the  ('"ndkions  ol)taiiiin;:  in  tlm 
(•(niiilry  nono  ot  tho  oxii>tiiig  typo«  of  safety  catch  t-ouki  be 
rojj;a rdod  as  roliable.  The  Koyal  CVniiULSsion,  after  hearing  a 
lar^o  】iim")ci'  of  witiiessos,  and  in  view  of  the  Comniittoo's 
opinittii,  iinauinioiusly  roportod  that  tiioy  wore  unable  to  rocom- 
nuMul  that  the  u*:o  of  \viy  vi\U'hvs  .si  ton  Id  bo  roqiu、st<'(l  hy  law. 
Tliv  Milijoi't  、、； Iii  (Irltatoil  on  tho  Krpmt  ； stagt'  of  the  Coal  Minos 
Bill  of  last  M's^;i(>n,  aiul  a  proposal  inado  to  make  the  ii>o  of  .safety 
appliaiu'os  compiilsory,  but  this  、、： vs  not  adopted.  Tlioro  u as 
nothing  more  wliich  could  u^iofully  bo  done  by  the  Dopartiuent  at 
till'  present  tiim、,  but  tho  Act  of  l:"、t  w、ssi(、n  roiit:"m、il  a  munbor 
ol"  now  provi.si<ui8  iiitoiult'd  t"  guard  ;i^aiiu>t  tho  n^k  of  a  cage 
falling  dowu  tho  6 haft. 
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The  "  Manning  '•  of  Machines  in  Engineering  Works. ―  At  a  central 
joint  conferenco  of  the  Engineering  Kni))loyers'  Federation  and 
representatives  (，f  the  Anialgainated  Society  of  Engint'ens,  the 
Steam  Engine  Makei's，  Society,  and  the  United  Macliirie  Workers' 
Association,  held  in  York,  the  quostiaii  of  tlio  .sysU'iniitic;  dis- 
placing of  skilled  workers  by  handynu'ii  was  under  disfussion,  and 
it  is  understood  tliat  a  serious  deadlock  ensued.  The  contention 
of  the  men  is  tliat  engineering  employers  in  all  parts  of  the 
country  are  "  manning  "  machines  with  labourers  on  every  pos- 
sible occasion.  In  this  Avay  employers  are  finding  it  possible  to 
reduce  average  wages  in  machine  sliops  from  about  36s.  per  week 
to  about  26s.  The  employers  contend  that  Section  7  of  tho 
National  Agreement  gives  them  tho  riglit  to  .select  and  train  any 
operatives  they  dasire  to  work  machines.  The  in  on  reply  that 
this  is  so  only  when  no  members  of  the  union  are  available. 

Scottish  Iron  Combine. ― We  understand  that  the  negotiations 
whif'h  have  been  iii  progress  for  many  months  with  a  view  to  the 
amalgamation  of  tlie  principal  malleable  iron  firms  in  Scotland 
have  been  brorglit  to  a  successful  conclusion .  A  company  will  he 
formed,  of  the  title  of  the  Scotti.sli  Iron  and  Steel  Company, 
with  a  capital  of  about  £1,000,000  in  preference  and  ordinary 
shares,  to  acquire  as  from  January  1st  last  the  undertaking  of 
the  following  13  firms,  whicli  operate  15  works,  having  a  combined 
output  of  about  250,000  tons  per  annum  :  Archibald  Baird  &  Son  ； 
Dow  ns  <fe  Jardine  ；  Thomas  Ellis  ；  the  Glencairn  Iron  and  Steel 
Company;  C.  F.  Maclaren  &  Co.;  Hugh  Martin  &  Sous  ；  A.  (t  T. 
Miller ；  John  Shearer,  Coatbridge ；  William  Tudhope  &  Sou;  the 
Victoria  Iron  and  Steel  Company  ；  the  Waverley  Iron  and  Steel 
Company  ；  Wyle  &  Co.  ；  and  the  Woodside  Steel  and  Iron  Com- 
pany. Some  half-dozen  other  firms  engaged  in  the  manufacture 
of  malleable  iron  remain  outside  of  the  romljine,  as  it  has  been 
impossible  to  include  them  owing  to  the  fact  that  tlie  production 
<it'  hiivs,  &c.，  forms  only  a  branch  of  their  business. 

Launch  of  a  Self-trimming  Collier. ― At  the  shipyard  of  Messrs.  W. 
l)()xt()rd  ifc  Sons,  Ltd"  I'allioii,  on  Thursday  of  last  Aveek,  the 
"Herman  Sauber,"  a  specially-designed  .self-triniining  collier,  with 
mechanical  discharg-?,  was  launched.  The  vessel  is  315ft.  long  l)y 
43ift.  broad  and  23ft.  deep,  and  carries  3,750  tons  on  18ft. 
draught.  She  has  been  fitted  with  triple-expansion  engines  and 
boilers  by  Messrs.  Doxford,  and  has  been  designed  for  a  speed 
of  10  knots.  There  are  nine  hatches,  33it.  wide  and  16ft.  fore 
and  aft,  leaving  a  minimum  of  deck  space  and  allowing  of  the 
whole  of  the  cargo  being  teemed  and  self -trimmed.  The  chief 
point  ill  the  vessel's  design  is  the  discharging  gear,  and  the  con- 
stniction  is  such  that  the  cargo  can  be  discharged  at  the  rate  of 
800  tons  per  hom',  or  allowing  for  barge  changing,  at  600  tons  per 
hour,  and  the  whole  cargo  can  be  finished  in  six  hours,  employing 
only  six  men.  The  economy  in  labour  and  time  is  seen  by  a 
comparison  with  the  record  for  .similar  work  by  the  most  modern 
colliers  with  derricks  and  winches,  which  is  about  300  tons  per 
hour  with  112  men.  The  steamer  has  been  built  to  the  order  of 
Messrs.  Sauber  Bros.,  of  Hamburg,  and  will  run  in  their  Ham- 
burg trade. 

Swedish  Iron  Industry. ― A  recent  report  by  H.M.  Consul  at 
Stockholm  contains  some  particulars  of  the  Swedish  iron  industry 
in  1911.  It  stated  that  in  the  last  quarter  of  the  year  96  blast 
furnaces,  212  hearths,  18  Bessemer  and  52  open-hearth  furnaces 
were  in  operation.  The  production  in  the  year  was  as  follows, 
the  figures  for  1910  being  added  for  purposes  of  comparison  ： ― 

1910  1911. 
Tons.  Tons. 

Pig  iron    604,300  633,800 

Blooms    150,500  146,700 

Bessemer  steel  ingots    97,900  93,800 

Open- hearth  steel  ingots   370,700  364,400 

It  "as  stated  at  a  meeting  of  the  Swedish  Ironmasters'  Associa- 
tion, held  at  the  end  of  Jamiaiy,  that  the  re.snlts  for  the  year 
1911  were  less  satisfactory  than  those  for  1910,  except  as  regards 
the  exportation  of  pig  iron.  Production  was  hampered  by  lack  of 
water  in  some  districts.  The  output  and  exportation  of  pig  iron 
very  much  oxceeded  those  in  any  jii  evious  year  ；  tlie  ex])ort.s  of 
this  product  have  donblt^d  in  le^s  than  10  yoar.s.  Pric(\s  during 
1^)1 1  wei  e  steady  ；  in'odiiction  and  ('("tsm"i»ti()ii  kept,  on  thv  whole, 
about  level. 

Circuit  Breakers  for  Continuous  Current. ― M(、ssrs.  Dick,  Kerr,  and 
Co.，  Ltd.,  Abchurch  Yard,  Cannon  Street,  London,  E,C.,  send  us 
a  descriptive  catalogue  and  price  list  of  their  circuit  brt-akers  for 
continuous  current,  the  chief  feature  of  whicli  is  tlie  blow-out 
wherein  provision  is  made  for  the  protection  of  the  solt^noid.  The 
coil  is  placed  in  a  casing  of  copper  or  other  non-magnetic  material 
and  can  thus  be  brought  directly  into  the  sweep  of  the  arc.  The 
external  magnetic  field  created  louiid  the  shield  of  non-magnetio 
metal  attracts  the  arc  to  the  .shi<^ld  and  divides  it  in  two,  one 
arc  going  from  the  contact  piece  to  the  shield  and  the  other  from 


the  shield  to  the  finger.  These  two  arcs  travel  rapidly  in  oppo- 
sito  directions  on  tho  copper  shield  and  finally  become  a n it od 
again  iu  tho  air  but  around  tlie  coil  and  sJiiold  ；  the  arc  at  tlii-s 
； stage  has  become  attenuated  to  such  an  extent  a.s  to  rupture, 
and  may  in  fact  bo  ruptured  】oi】g  before  it  has  actually  encircled 
tho  blow-out  device.  This  circuit  breaker  has  been  in  use  for 
several  yeans,  and  its  success  and  popularity  is  evidenced  by  the 
large  number  of  repeat  orders  obtained  from  power  users.  The 
same  firm  also  send  us  a  pamphlet  giving  an  illii.strated  and  inter- 
esting description  of  the  scbeirie  of  electric  traction  carried  out 
by  them  some  years  ago  on  the  Liverpool-Southport  line  of  tho 
L.  &  Y.  Railway. 

Beyer,  Peacock,  &  Co.— Sir  Vincent  Caillard,  presiding  at  the 
annual  general  iiiectitu:  of  slinrt'holdens  of  Bey(>r，  Peacock,  &  Co. 
at  Westminster  on  Friday'  last,  said  the  past  year  was  one  of 
great  difficulty  by  lea^soii  of  tho  widespread  labour  iinr<3&t  whicli 
obtained  during  pretty  well  the  whole  period.  Their  own  estah- 
lislinieiit  did  not  escape,  their  workshops  being  closed  during  vir- 
tually the  whole  of  August  in  con.sequenc-e  of  a  strike  of  a  section 
of  workmen.  English  demands  for  locomotives  were  of  course 
always  small,  but  he  thought  economies  might  be  effected  on  all 
English  railways  by  putting  their  work  out  to  tender,  as  did  most 
railway  companies  in  other  countries.  As  to  the  foreign  market, 
it  had  been  almost  monotonous  in  its  depression.  Taking  it  as  a 
whole,  he  could  not  see  that  1911  showed  any  real  improvement 
over  1910,  which  was  the  worst  trade  year  they  had  known  since 
1902.  After  pointing  out  that  they  were  keeping  up  the  effi- 
ciency of  the  works  and  that  they  had  written  down  the  discarded 
electrical  machinery  to  less  than  its  value,  the  Chairman  said  he 
believed  the  shareholders  would  agree  with  the  directors'  decision 
to  apply  a  proportion  of  the  re.sei  ves  to  secure  a  distribution  of 
5  per  cent.  With  regard  to  the  prospects,  no  one  could  possibly 
foresee  what  might  be  the  duration  of  the  calamitous  coal  strike 
which  had  now  begun.  Further,  their  expenses  were  bound  to 
go  up  owing  to  such  measures  as  the  Old  Age  Pensions  and 
Insurance  Acts.  At  the  same  time  if  trade  revived  they  could 
hold  their  own.  They  had  also  the  possibility,  he  would  almost 
say  probability,  of  a  branch  of  prosperity  all  their  own  in  the 
Garrett  locomotive,  the  type  of  articulated  locomotive  to  which 
he  alluded  last  year,  and  of  which  they  had  the  sole  rights.  He 
believed  it  was  destined  to  supersede  most  existing  types  of 
articulated  engines. 


Flux  for  Welding  Aluminium. —— To  obtain  good  results  in 
welding  aluminium  by  the  oxy-acetylene  blowpipe,  it  is  neces- 
sary to  us©  a  flux  on  the  portions  to  be  welded.  A  flux  for 
this  purpose,  which  is  claimed  to  give  good  results,  has  been 
patented  by  the  Aktien  Gesellschaft  flir  Autogene  Schweis- 
sung,  of  Zurich,  Switzerland,  comprising  potassium  chloride 
60  parts,  cryolite  6  parts,  calcium  chloride  30  parts.  The 
quantities  may,  if  desired,  be  varied,  those  given  being  for 
ordinary  work.  The  best  results  are  obtained  by  melting 
the  whole  together  and  then  pulverising  before  using  on  the 
aluminium.  This  will  give  a  homogeneous  mass  of  the  flux 
which  will  melt  more  evenly.  By  the  use  of  this  flux  the 
metal  is  protected  from  oxidation  when  melted  by  the  blow- 
pipe flame,  while  it  also  serves  .to  dissolve  the  oxide  formed 
on  the  surface  of  the  molten  metal. 

Electro-technical  Laboratory  at  Manchester  University.  ―  On 
Friday  last  the  new  ext-ensions  to  the  physical  and  electro- 
technical  laboratories  of  the  University  were  opened  by  Dr. 
Arthur  Schuster,  F.R.S.  The  main  buildings  of  these 
laboratories  were  opened  by  Lord  Rayleigh  on  June  24th, 
1900,  but  the  increasing  number  of  students  and  greater 
aniount  of  research  work,  especially  in  connection  with  radio- 
active substances,  which  requires  a  certain  amount  of  isola- 
tion, had  made  increased  accommodation  necessary.  The 
extension  consists  of  two  wings  on  the  north  and  west  sides 
of  the  dynamo-house.  The  ground  floor,  together  witli  the 
existing  dynamo-house,  is  devoted  solely  to  electro-technical 
work,  the  electro-chemical  \  rk  being  carried  on  in  its  old 
quarters.  The  first  floor  of  the  west  wing  includes  a  large 
lecture-room  and  auxiliary  accommodation,  whilst  the  corre- 
sponding floor  of  the  north  wing  at  present  accommodates 
a  niunber  of  small  research  rooms,  intended  mainly  for  Prof. 
Rutherford's  sparchers  iu  the  field  of  radio-activity.  The 
equipment  of  the  electrical  engiiu^ering  department,  under 
Dr.  Beattie,  has  ensured  every  need  of  the  student  being 
considered  and,  within  the  limitations  of  space  and  finance, 
met. 
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NEW  PATENTS. 

Specificafions  of  the  following  are  noir  piihllshed,  and  we  shall 
he,  pleased  to  forward  copies  post  free  on  rexeipt  of  lOd.  Address 
Mechanical  Erujiju'r""  53,  New  Bailey  Street^  Manchester. 

MECHANICAL  1910. 

Change-speed  gt'aring.  Tardy,  I^'islier,  &  Tardv  and  'I'liurdin,  Lt(l. 

24974.  "  ' 

( '(jinpre;vsecl-tj;;is  motors.    J  uli  ti.s  I'intscli  A kt.-Ges.    261 92. 
Apparatus  I'or  licatiinj;  :m(l  filtering  holier  I'eod  wntcr'.  IVIori.soji. 

End  plates  of  (，.vliii(iri(;il  Ixiilers.    Annie  Allsopp.  28701. 


t'Mi^inos.  .Tolinstoii 


Sano;st('r. 
with  Hiiid 


Bnry's  &  Cn.  :uul 


Go,s.  114o0. 


TiOw  i)n、ssui*o  steam  lieathig  systcnus.     Wierz.    ^ J2~)2 . 
Apparatus  for  l>l()、viiig  off  hoi  lor  iii  lul  and  sliiiio.     I'，mi<').    3ol  ^, 
Starting  ;ij)|>nratiis  I  or  i  ntci'iial  cninlnistioii  mighms.       1 1  od^soTi. 

3538.  . 
Cementatioji  and  iiiincalin^  I'urnaoes.      (jlraddoii    tS:  Biiiim'iiaii. 

3628. 

1  nteriiai-c'oininistion  engines.     Wolscley'  Tool  and  Motor- car  Com 

l)any,  Ltd.,  lloniini^ton,  ； m(l  Howled tj;e.  3892. 
Apparatus  for  Wating  buildings.    Lees,  Leos,  and  Lees.  3923. 
Engine  valve  mechanism.    Trefois.  4092. 

(■arbiiretters  for  i n t e r n a  1  - oo iti bu st i on  engines.    Owens.  4246. 
Smoke  preventer  ami  fuel  ecoiioiiiiser.    Storey  Smoke  Coii.snnKT 

and  Fuel  Ecoiioiuiser  Company.  4415. 
Rotary  pumps.    Lean.  5487. 

Apparatus  I'or  ge*m"'ating;  gas  from  li<|ui(l   I'liol.  Dninnnticr. 
5989. 

Stoani  engines.    McNeil,  McNeil,  and  McNeil.  (iOlS. 

Sand-l)lasting  】iiafhiri(、>s.    Kenyon.     7 J 1 1 . 

H's^iul-'itiuLi;  means  lor  stoam  engines.    Jvarliii.     H  t] !). 

Sniul  moulding  machines.    Soc.  Anonynio  do's  Ktahli^scmeiits  Pli. 

Bom  illaiii  and  E.  R onceray.    881 7. 
Valve  gear  of  intern al-coni bxi.st ion  ;uh1  st (、： ini 

and  Womersley.  8859. 
Two  stroko-cyolc  internal-ooinIi\istinii  olivines. 
Process  aiid  apparatus  lor  cojitiivj;  ol>j(H't.s 

Ostermiinii.  9034. 
Variahle-s]>eecl  mechanism.    Eichards.  9221. 
Variable- sp(、(id  goarin.o".    Wise.  9882. 
Pipe  couplings.    Albert.  10120. 
Method  o f  producing  liollow  or  tiil)ular  ingots. 

Hn.u  II.    10201.  ' 
Explosion,  1 川 iiips.  Sieiii('ius-S('lu!ckert\\'('rk< 
lioaiiii<i  h)v  .slijii'ts.    J^obertson.  11-*>H3. 
Smokeless  ooinbiistion  of  fuel  in  the  f uniaoes  of  stonm 

Papa-Federoff  &  Scorbcelktti.  13201. 
Valve  gear  for  stoam  engines.     Stiunpf.    1 4928. 
Furnar-es.    Wilton.  15459. 

Lathes.    Benson  and  W.  A.  S.  Benson      Co.  15665. 
Chain  or  travelling  grates.    Wood.    1  ；') 73 7. 
Governing  mechanism  for  ela,stic    fluid  tiirLines. 

Danipfturbinoii  Ges.  17781. 
Propulsion  of  boats  a nd  ships.    Oppeiihoiiner.    17911 . 
liraUo.s  for  railway  vehicles.    Van  W;"、>'en】）cM'g;li.  18318. 
\\arial)le-spee(l  <i;earinp;s.    Wetberell.  18400. 
Automatic  car-conplors.    Willison.  18461. 
Two-stroke-cycle  internal-coin bustion  engines.     Wells.  18803. 
Micrometer  gauges     Smith.  19040. 
Ships'  derricks.    Clare.  19549. 
('hiic^kitig  inoc'hanisni.    Robertson .  19575. 
.Journal  Ixniriii^s.    Perkins.  19733. 

IVomss<JS  of  making  ca-stiniis  for  stoam  turhiiic  、vl"、Hs. 

and  Uoa rick.  2Uo.57. 
Profipitating  coal  dust  in  luiiies.    Crenier.  21083. 
Ad jiustablt^  joint  or  rf 川 plin(j;  for  transmission  gearing. 
•  21705. . 

Lofking  dovif'os  for  nuts.     Princo.  22013. 
Coinlm.stion  cliiunlxM-s  for  ga-s  turhinos.    Blaisdoll.  22928. 
Mui(l  pmssur''    hrakt'    apparatus.       Soc.    A  nun.    West  iiu^liouso. 
23514. 

Appartns  for  feeding  or  suppviny;  liijuid  fuel  to  internal-coinbius 
tion  uiotor.s.  Soc.  Jnlcs  (Jrou villi',  T1 .  .\rqn，"ii，、m"'g,  vt  Cio. 
23681. 

J:icks  o])(M*ato<l  liy  o(>inpre.s.s(»d  air.     Harhcy.  238:". 
l*，hii(l-prp.sMue  braking  apjiaratus.    Turner.  厂 )7. 
Couplings  for  shafts.    Vhwk  and  Dcasy  Motor  car  Ma»nif;u'turiii«: 
Company.  28147. 

ELECTRICAL.  1911. 

Electrical  heating  apparatus.     licrrv.  1074. 

】*:l(M'trif  oojitrollors  I'or  lifts.    Kastoii  Lift  Compativ  .mikI  11  n^m  tt . 
3258, 


Voroinigte 


Hopsoii 


Underground  electric  cable  troughing.    Thomas.  344G. 
Electric  iiioandosoent  lamps.    Rover.  3'54】. 
Holders  for  electric  lamps.    CV)ttam.  5594. 
Sparic  troiicratoi"  tor  wiicle.ss  t('lo*rraphy.    Walker.  7">82. 
St(jragt>- ImttxM'.v  piatt^s.    Lake*.    8S21  • 

Elo<'tric:illy-in.sulatc(l  fisli  joints  for  railway  rails,    W.  H . 

Interlofkin^  Sij^nal  Company  and  Sykes.    1171  1 . 
Automatic  'starting  devices  for  el(»ctric  mot<jrs. 
Ah'tallic  ariiioiuiii^  for  insulated  clootric  faljlo.s. 
KK'ctric  incaiulcsct'iit  lamp.     Schallci-.  】G19'3. 
Speed  reji'ilatimi  of  dyiiainos.    P"»i)er.    1  liun. 
Ap]>aratu.s  for  shaping  filaments  for  ch^ctric 

19047. 

Single-phase    commutator    motors.  British 

Company.  20829. 
Sparking  phigs  for  iiitcriial  fomlmstioii  engines. 

資 乂，. 

Coiiimoii  liattory  tch^pliojio  systems.  Akti('l>()l;»g<'t 『，. M .  Kn  iosson 

and  Co.    23823.  * 
Cables  for  olectric-ourreiit  distributing  «vsteins.    Morz  &  I【iinter. 

20857.  " ' 

Tt'l(M)li(mic  transnutti»r.s.      Maifhant.  29193. 


Haddiiii. 
H  ()\\  ;i  rd . 


]ain|)s. 


Sykos 


Suiiiaii. 


Tliom.sf)!!- Houston 


Kohert  Boscli. 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  5th. 

Alumiiiiiim  insjot   fi~>/-  per  owt. 

，，         wire,  aooonlinjr  to  sizes,   from  102/-  " 

，，         sheets         ，，  "    ，，  J  20/-  " 

Antimony   £27/—/—  to  £27/10/-  per  ton 

Brass,  ？ -ollf:!    7}il.  p'v  lit. 

，， tul)0s  {luM/.ed)    0;<1.  ,. 

"        ，，      (solid  drawn)   8(1.  ,, 

，，       ，，      wire   7^1.  ，. 

Copper,  Standard   £*»4/17/*>  per  fnn. 

Iron,  ('Iwlaml   49/0  .. 

，， Scotfh   ri.-i/ih  " 

Leiul,  English    £lfi/2/r>  " 

，， Foreign  (soft)    £15/l"/3  ., 

Mica  (in  original  cases),  small   Ocl.  to  2/    por  11*. 

，，  ，，  ，，       m odium   2/6  to  4/-  ,, 

，，  ，，  ，，       lai-jro   4/6  to  8/fi  " 

Quicksilver   fS/T/fi  per  linftle. 

Silver    2*i;(L  per  oz. 

Spelter    £2(1/10/-  per  ton. 

Tin,  block   £10(i/.V- 

Tin  ])l;itos    13/71  ，， 

Zino  sheets  (Siiesian)   £20/10/-  ,， 

"  (.Stettin  ；  VieiJle  Montagne)   £30/-/-  ,, 


The  Institute  of  Metals. ― The  autumn  meeting  of  the  Institute 
of  Metals  will  take  place  in  London  in  the  last  week  of  Sep- 
tember. The  next  ordinary  meeting  will  be  held  on  M:iy  10th, 
when  Sir  J.  A.  Ewing,  K.C.B.,  F.R.S.,  will  lecture  oi「  ''  The 
Inner  Structure  of  Simple  Metals."  The  corrosion  investiga- 
tion recently  taken  up  by  the  Institute  of  Metals  is  being 
actively  pushed  forward.  The  experimental  condensing  plant 
has  been  working  continuously  since  January  1st,  ami  valuable 
data  are  being  accumulated.  The  Corrosion  Committee  desire 
also  to  learn  the  experiences  of  others  respecting  the  corrosion 
of  brass  condenser  tubes,  and  to  enable  information  to  be 
readily  obtained  the  committee  have  prepared  an  enquiry  form, 
and  it.  is  desired  that  a  copy  of  this  form  should  be  in  the  hands 
of  every  person  interested  in  corrosion,  and  that  the  document 
shou'd  be  answered  as  fully  as  possible.  Copies  may  be 
obtained  from  the  Institute,  Caxton  House,  Westminster,  S.W. 

New  British  Naval  Airship.  —  Tho  Admiralty  propose  to  give 
the  dixUt  to  Virkers,  Lid.,  for  tlie  const  ruction  of  another 
naval  airship,  which  will  be  of  improved  design  to  No.  1, 
wliich  was  wrecked  at  Barrow  some  months  ago  as  she  was 
being  hauled  out  of  the  airslunl  in  Caveiulisli  Dork.  The 
designs  of  the  new  dirigible  have  been  adopted  on  the  expe- 
rience the  Admiralty  and  Viokers,  Ltd.,  had  in  the  build- 
ing of  the  first  dirigible.  The  first  sliip  was  built  of  dulariuni, 
a  ]>atont  metal  produced  at  Birmingham  by  Vickers,  Ltd., 
and  the  second  airsliip  will  also  be  built  of  this  metal,  whirli 
is  as  Hglit  as  aluiuiiiiuni  aud  as  strong  as  st<*^]. 
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THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.G. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 
Now  a  Bmile  he*8  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NONLEAK 眉]; 


BRITISH  MAKE  I 


FBEE  PROM  LEAD  I 

IMPROVES  WITH  AGE  I 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SOAliE,  OR  BOT. 
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ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
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Curious  Explosion  of  a  Devulcaniser. 

The  official  Board  of  Trade  Report  (No.  2,068)  an  an  explosion 
arising  in  a  very  curious  way  from  the  failure  of  a  steam- 
jacketed  vessel  used  as  a  devulcaniser,*  lias  just  been  issued. 
The  circumstances  under  which  the  failure  occurred  are  inte- 
resting and  instructive  to  those  who  use  vessels  of  this  kind, 
a】i(l  as  they  could  hardly  have  been  foreseen  by  the  engineers 
who  designed  the  vessel,  it  may  be  well  to  recount  them  for 
the  benefit  of  others.  The  vessel  consisted  of  a  cylinder  about 
18ft.  6in.  in  length,  with  a  diameter  of  5ft.  6in.  at  the  centre, 
tapering  to  about  5ft,  at  the  extremities,  which  were  fitted 
with  flished  ends  resting  on  two  trunnions.  Surrounding  this 
cylinder  was  an  outer  steam  jacket,  about  6ft.  2iii.  diam. 
The  general  construction  of  the  apparatus,  which  was  used  for 
digesting  refuse  rubber  articles,  such  as  motor  tyres,  with 
heated  caustic  soda,  in  order  to  dissolve  the  canvas  or  other 
organic  materials  and  recover  the  old  rubber,  will  be  readily 
seen  from  the  illustration  on  page  315.  The  charge  of 
material  was  placed  in  the  internal  vessel  and  heated  by  the 
steam  which  was  admitted  to  the  external  jacket.  This  steam 
was  supplied  from  boilers  working  at  a  pressure  of  1601bs.  on 
the  inch,  and  hence  the  pressure  of  any  water  vapour  in  the 
internal  vessel  could  not  exceed  that  corresponding  to  the 
steam  pressure  iu  the  jacket,  and  as  this  had  been  tested 
liydraulically  to  3001bs.  on  the  inch  before  the  vessel  was  put 
to  work  there  would  appear  to  have  been  no  possibility  of 
explosion,  and  the  forcing  out  of  one  of  the  dished  ends, 
therefore,  at  the  working  pressure  of  1601bs.  appeared  at  first 
sight  inexplicable,  especially  as  no  defects  could  be  found 
either  in  materials  or  workmanship.  In  fact,  before  the 
accident  any  engineer  examining  the  structure  would  have 
been  inclined  to  consider  failure  from  excessive  pressure  as 
practically  impossible.  The  puzzle  was  how  came  it  about 
that  the  dished  end  plate  of  the  internal  cylinder  was  forced 
out,  as  calculation  showed  it  clearly  must  have  been,  by  exces- 
sive pressure  ？    Like  most  mysteries  in  connection  with  boiler 

*  For  account  of  Formal  Inciuiry  see  our  issue  for  Dec.  13th,  page  745. 
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failures,  it  disappeared  under  searching  investigation,  and  the 
explanation,  when  discovered,  proved  to  be  as  simple  as  it  was 
extraordinary.  The  object  of  the  apparatus,  as  we  have 
stated,  was  to  digest  old  rubber  articles,  and  it  appears  that 
under  the  action  of  caustic  socla  and  heat  such  material  swells 
considerably,  and  further,  that  the  attendants  liad  overcharged 
the  vessel,  with  the  result  that  wlien  steam  was  turned  into 
the  jacket  the  heat  produced  not  only  a  vapour  pressure  corre- 
sponding to  the  temperature  of  the  jacket  steam,  but  a  hydro- 
static pressure  due  to  the  swelling  of  tlie  content's.  This 
was  so  great  that  one  of  the  dished  ends  sheared  the  double 
row  of  circumferential  rivets  uniting  it  to  the  cylinder,  with 
the  result  that  the  scalding  caustic  contents  escaped  and 
caused  the  death  of  one  man  and  serious  injury  to  another. 
The  engineers  at  the  enquiry  all  agreed  that  the  pressure  of 
IBOlbs.  was  quite  inadequate  to  cause  the  end  plate  to  fail 
in  tlie  way  it  did，  and  that  a  hydrostatic  pressure  developed  in 
the  manner  described  was  the  sole  cause  of  the  disaster.  This, 
as  we  have  stated,  occurred  in  a  way  that  could  hardly  have 
been  foreseen,  and  the  Board  of  Trade  Commissioners  under 
the  circumstances  held  that  neither  the  owners  nor  their 
engineers  responsible  for  the  working  of  the  vessel  were  to 
blame.  The  question  that  gave  rise  to  a  good  deal  of  discus- 
sion at  the  enquiry  was  what  kind  of  safety  apparatus  could 
be  devised  which  would  render  a  repetition  of  such  an  occur- 
rence impossible  ；  and，  having  regard  to  the  iialure  of  the 
contents,  it  was  easier  to  put  the  (question  than  to  answer 
ifc.  An  inspection  of  the  design  will  show  that  it  would  not 
be  easy  to  attach  a  safety  valve  of  a  size  that  would  be  any 
uss，  since  it  could  only  be  applied  to  the  end  of  the  trunnion 
shaft  with  a  stuffing-box  connection^  and  that  the  passage  to 
the  valve  would  be  very  liable  to  become  choked,  which  would 
destroy  its  automatic  character.  The  material,  it  will  be  seen, 
was  placed  in  the  internal  vessel  through  a  inanbole  in  the 
outer  cylinder,  and  the  best  safeguard  would  appear  to  be  to 
so  arrange  matters  thctt  the  manhole  could  never  be  used 
when  in  its  top  position  ；  in  other  words,  the  material  could 
only  be  put  through  the  inaiiliole  when  il  was  a  little  on  one 
side,  so  that  the  vessel  could  never  be  quite  filled.  Of  course, 
the  personal  element  still  comes  into  play,  and  with  stupid 
men  and  inefficient  supervision  mistakes  are  always  liable, 
though  the  publication  of  the  facts  relating  to  this  failure 
will,  it  is  to  be  trusted,  prevent  a  recurrence.  The  difficulty 
of  dealing  with  such  an  apparatus  by  means  of  an  ordinary 
safety  valve  was  evident  to  the  Commissioners,  for  M'liile 
urging  the  desirability  of  some  automatic  safety  appliaiifo 
they  declined  to  make  any  definite  reconimeiulation  as  to  wliaL 
form  such  a  safety  appliance  should  take. 

Miners'  Hours  and  Output. 

At  the  time  of  the  agitation  for  the  iVliners'  Eight  Hours 
Act  the  argument  that,  apart  from  its  disadvantages  and  in- 
conveniences to  miners  in  many  cases ― which  experience  has 
only  too  truly  confirmed 一- it  would  lead  to  dinunishcd  out  - 
put  and  hence  increase  in  price,  was  met  by  the  assertion  tliat 
the  shorter  hours  would  permit  of  greater  iutensitv  of  work, 
and  that  this,  coupled  with  greater  efficiency  of  manageincut , 
would  prevent  any  diminut  ion  of  output.  Uufortiiiiatcly 
official  statistics  have  not  supported  this  sanguine  content  ion. 
The  figures  available  sliow  that  the  average  pi'odiK'tion  of 
miners  in  the  United  Kingdom  has  been  declining  for  some 
time,  and  in  view  of  the  present  troubles  and  demands  on  the 
part  of  miners  the  figures  aro  interesting  find  instructive. 
In  1907  the  individual  production  from  the  coal  mines  was 
about  294  tons  per  person,  a  quantity  which  Itns  f:，H'、"  ve;ir 


by  year  until  in  1911  it  was  only  259  tons  per  person.  It  is 
true  that  during  this  period  the  total  production  has  been 
increased,  but  this  lias  been  the  result  of  the  greater  number 
ui*  miners  employed,  the  increase  for  the  past  year  being 
nearly  18,000.  it  is  needless  to  say  that  the  diminished  pro- 
duction per  individual  would  increase  the  cost  per  ton  if 
wages  remained  stationary,  but  as  we  know  wages  have  also 
been  greatly  increased  during  recent  years.  There  appears 
very  little  probability  of  coal  ever  falling  again  to  the  prices 
that  ruled  some  years  ago,  and  it  manifestly  cannot  continue 
advancing  as  it  has  done  without  jeopardising  other  industries. 
Il  wages  are  not  to  be  sacrificed,  llien  the  only  remedy  is 
increased  output ,  whicli  must  be  effected  either  by  greater 
individual  effort,  the  wider  adoption  of  mechanical  appliauces, 
or  more  efficient  organisatiou.  、 


Dangers  of  Gas  Lighting  on  Trains. 

Our  readers  will  be  able  to  recall  the  aw i ul  railway  disaster 
which  occuiTed  at  Hawes  Junction^  the  horrors  of  which  were 
intensified  by  the  burning  oi*  llie  wreckage  through  the  igni- 
tion of  the  lighting  gas  escaping  from  the  damaged  storage 
cylinders.  Another  railway  accident  just  reported  on  by  Major 
Pringle  illustrates  again  how  tlie  consequences  of  a  collision 
may  be  aggravated  in  tliis  way.  In  this  case  a  train  from 
Walsall  to  Birniinghani  was  stopped  by  a  sigual,  when  a  fol- 
lowing train  ran  into  it.  Although  no  one  was  killed,  21 
passengers  were  injured,  and,  as  iu  the  Hawes  case,  two  gas 
cylinders  carried  under  the  floor  of  a  carriage  were  perforated 
and  set  on  fire.  Fortunately,  in  this  instance  a  number 
of  】nen  from  an  adjoining  goods  yard  were  quickly 
on  the  spot,  and  as  water  was  available  and  there  was  iiu  wind 
to  fan  the  flames,  the  lire  was  extinguished  before  it  got  any 
serious  hold,  but  the  case  contained  the  latent  elements  of 
serious  disaster,  aud,  as  Major 丄, riiigle  remarks,  clearly  points 
to  the  desirability  of  either  abandoning  the  use  of  gas  for 
lighting  purposes  on  trains  or  of  making  such  struitural 
alterations  and  additions  as  will  lessen  the  liability  of  fire* 


Railway  Electrification. ― The  London  and  South-western 
Railway  have  decided  to  electrify  a  portion  of  their  suburban 
lines.  Tlie  company  have  decided  on  the  overhead  system 
of  de('trifk'atioii，  which  has  proved  so  successful  on  tlie 
Victoria-Crystal  Palace  branch  of  the  Loiulun,  Brighton,  ami 
South  Coast  Railway,  ami  the  work  will  be  iiroioccled  with 
a i most  iniiiiediately. 

Application  of  the  Microscope  to  the  Examination  of  Metals. —— A 
paper  on  this  subject  was  read  by  IMul'.  A.  Campion  at  a 
recent  meeting  of  the  Glasgow  Microscopical  Society.  lie 
spoke  of  the  great  advance  which  liad  been  made  in  this 
branch  of  metallurgy  in  recent  years,  and  stated  that  by  the 
use  of  the  microscope  many  things  hitherto  looked  upon  as 
mysteries  had  been  explained  clearly.  For  detorinining  tlie 
constitution  of  metals,  the  cause  and  cure  of  its  '  diseases,  " 
and  the  mode  of  growth  of  its  crystals,  the  】nicroscope  was 
now  lield  to  be  one  of  the  principal  apents  in  metallurgical 
research.  Prof.  Campion  exhibiti^d  a  large  number  of  photo- 
niicrographic  laut-eru  slides  to  demonstrate  the  constitution 
of  various  metals  and  to  show  the  numerous  structures  and 
inclusions  which  give  rise  to  defects  in  the  metal,  dividing 
these  into  Uii'oe  main  groups ― viz.,  chemical,  nwhanical,  and 
thermal.  Of  tlie  first  class  numerous  slides  were  shown  of 
fra.^tures  caused  by  the  presence  of  sulphide  of  iron,  sulphide 
of  iiianganese,  and  silicate  of  iron.  As  oxaniplos  of  nie<-lianical 
defects  slides  showing  fractures  t'ausod  by  llio  inclusion  of 
scale,  by  the  segregation  of  carbide  of  iron,  and  hy  queiu  liiag 
woro  shown  ；  wliilo  the  effects  of  healing  and  tooling  on 
various  metals  were  illustrated  and  explnined.  Diagrams  of 
the  solidification  of  metals  were  also  explained  by  Prof. 
Cauipiou. 
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THE  OIL-ENGINED  LINER  "SELANDIA," 

The  perforinaiice  of  the  liner  "  Seiaiidia/'  fitted  willi  Diesel 
engines,  will  be  looked  forward  to  with  interest  by  marine 
engineers.  The  vessel,  which  has  been  built  and  engined  by 
Messrs.  Burmeister  &  Wain,  of  Copenhagen,  for  the  East 
Asiatic  Company,  ha&  a  length  of  370ft. ，  a  beam  of  53ft., 
and  a  gross  tonnage  of  4,964  tons,  and  is  the  largest  vessel 
that  has  so  far  been  equipped  with  oil  engines.  The  main 
engines  consist  of  two  sets  of  4-cycle  Diesel  motors,  each  with 
eight  cylinders  20'8in.  by  28'7in.,  giving  together  2,500  i.h.p. 
at  140  revs,  per  minute.  The  cam  shaft,  which  actuates  the 
valves,  is  driven  at  half  the  engine  speed  through  a  small 
spur  wheel  on  the  crank  shaft,  which  gears  into  a  larger 
wheel  mounted  on  an  intermediate  shaft.  This  latter,  by 
means  of  cranks  and  connecting  rods,  drives  a  second  shaft 
placed  higher  up,  which  in  turn  by  gearing  works  the  cam 
shaft.  For  each  cylinder  there  are  two  sets  of  four  cams, 
and  according  as  one  or  otlier  of  these  sets  is  in  contact  with 
the  valve  rods  the  direction  of  the  motion  is  ahead  or  astern. 
Reversing  from  full  speed  ahead  to  full  speed  astern  can  be 


Admiral  Sir  Reginald  distance  ；  (2)  "On  Turning  Circles," 
by  Prof.  W.  Ilovgaard  ；  (3)  "  The  Law  of  Comparison  for  Sur- 
face Friction  and  Eddy-making  Resistances  in  Fluids,"  by  T. 
E.  Stanton  ；  (4)  "  Description  of  the  William  Froiuie  ISI'ational 
Tunk  (Part  11.),"  hy  G.  S.  Baker.  In  the  evening  tlie  annual 
fliniier  will  be  held.  On  Thursday  the  following  papers  are 
<lown  for  reading  and  discussion  :  (5)  "  Results  of  Trials  of 
the  Diesel-Engiued  Sea-going  Vessel  '  Selaiidia/  "  by  W.  I. 
Knudson  ；  (6)  "  Gas  Power  for  Ship  Propulsion,"  by  A.  C. 
Holzapfel;  (7)  "The  Effect  of  Bilge  Keels  on  the  Rolling  of 
Lightships,"  by  George  Idle  and  G.  S.  Baker  ；  (8)  "  Results  of 
Calculations  Regarding  tlie  Effect  of  an  Internal  Free  Fluid 
upon  the  Initial  Stability  and  the  Stability  at  large  angles  in 
Ships  of  various  forms,"  by  A.  Cannon  ；  (9)  On  the  Solignac- 
Grills  Boiler  and  its  Application  in  French  Channel 
Steamers,"  by  G.  Had';  (10)  "  I^esulU  of  Experiineiits  on 
Water-tube  Boilers,  with  Special  References  to  Superheating," 
by  Harold  E.  Yarrow.  On  Friday,  the  following  papers  will 
be  read  and  discussed  :  ( 1 1 )  "  Geared  Turbine  Channel 
Steamers  '  Noniianiiia  '  ami  '  llantoiiin,'  "  hy  "Prof.  J.  11, 
Biles  ；  (12)  "  Perfoniiaiice  on  Service  of  the  ('iiamiel  Steamer 
' Newhaven/ "  by  P.  Sigaudy  ；    (13)  "On  the  Measurement 


Curious  Explosion  of  a  Devulcanisku.— Longii 

accomplished  in  less  tlian  20  seconds.  Compressed  air,  at  a 
pressure  of  3001  l)s.  per  square  inch,  is  used  for  starting  the 
engines.  The  oil  is  forced  into  the  cylinders  at  a  pressure  of 
about  OOOlbs.  per  square  inch  by  a  pair*  of  pumps 
placed  above  tlie  starting  lever,  each  pump  serving  four  cylin- 
ders. Should  the  speed  of  the  engine  become  excessive,  tlie 
oil  is  cut  off  from  the  cylinders  by  means  of  an  Aspiiiall 
governor.  There  are  two  3 -stage  compressors  for  furnishing 
the  necessary  compressed  air.  These  are  driven  by  two  auxi- 
liary Diesel  engines,  having  four  cylinders  and  developing 
250  li.p,  at  230  revs,  per  minute.  The  compressors  deliver  the 
air  at  a  pressure  of  SOOlbs.  per  square  inch,  which  is  stored 
in  four  large  cylindrical  tanks.  For  injecting  the  fuel  air  is 
taken  from  these  and  raised  to  9001bs.  pressure  by  com  pressor  3 
driven  from  the  crank  shafts  of  the  main  engines.  For  emer- 
gency purposes  an  independently-driven  Reavell  compressor 
is  provided.  The  two  auxiliary  Diesel  engines,  in  addition 
to  driving  the  air  compressors,  each  work  a  dynamo  for  light- 
ing and  auxiliary  purposes.  The  "  Jutlandia/'  a  sister  ship 
to  the  "  Selaiidia,"  is  nearing  completion  at  the  Clyde  yard 
of  Messrs.  Barclay,  Curie,  &  whilst  a  third  is  under  cou- 
striK'tion  by  Messrs.  Burmeister  &  Wain. 

INSTITUTION  OF  NAVAL  ARCHITECTS. 

Meetings  of  this  Institution  will  be  held  in  the  Hall  of  the 
Royal  Society  of  Arts,  John  Street,  Adelplii  (by  kind  per- 
mission of  the  Council),  on  Wednesday,  March  27tli,  ami  the 
following  two  days.  On  the  Wednesday  morning,  the  Presi- 
dent will  dsliver  his  inaugural  address,  after  which  the  Insti- 
tution gold  medals  and  preniiunis  will  be  presented.  The 
following  papers  will  ilieii  be  read  and  discussed  ：  (1)  "  Some 
Military  Principles  which   bear  on    Warsliip  Design,"  by 


INAL  Sl;ctiox  of  Dkvulcaniser.     (Sec  pa^c  313). 

and  Autoinri,tic  Recording  of  Dead  Reckoning,"  by  F.  R.  S. 
Birchani ；  (14)  "Description  of  a  Tide  Indicator/'  by  Com- 
mander  G.  J.  Baugli  ；  (15)  "The  Arrangement  of  Boat 丄 u 
stallations  on  Modern  Ships/'  by  A.  Welin  ；  (16)  ('  Torsional 
Vibrations  of  Elastic  Shafts  of  any  Cross  Section  and  Mass 
Distribution  and  their  Application  to  the  Vibration  of 
Ships/*  by  Dr.  L.  Gumbel  ；  (17)  "Load  Extension  Diagrams 
obtained  Photographically  with  an  Automatic  Self-contained 
Optical  Load-extension  Indicator,"'  by  Prof.  W.  E.  Dalby. 


Some  Features  of  the  West  African  Government  Railways. — 

In  the  course  of  a  paper  on  this  subject,  read  by  Mr.  F.  Sliel- 
ford,  B.Sc,  M.Inst.C.E.,  before  the  Institution  of  Civil  Engi- 
neers, the  author  gave  a  brief  history  of  railway  construction 
in  the  West  African  Colonies  of  Sierra  Leone,  Gold  Coast, 
Southern  Nigeria,  and  Northern  Nigeria,  and  dealt  in  detail 
with  the  methods  of  surveying  and  the  difficulties  met  with 
ill  the  clearing  of  forests.  The  method  of  constructing  earth- 
works was  also  dealt  with,  and  the  forms  of  pipes  and  culverts 
found  most  suitable  for  these  tropical  railways  were  referred 
to.  Particulars  of  about  forty  of  the  more  important  bridges 
were  given  in  tabular  form,  with  general  remarks  upon  the 
methods  of  erection  employed.  The  types  of  structures 
adopted  for  terminal  and  wayside  stations,  workshops,  exigine- 
slieds,  coal  stores,  carriage  sheds,  wagon-repair  shops,  stores, 
bungalows,  quarters,  water  tanks,  &c.，  wero  mentioned,  and 
the  permanent  way  and  system  of  sig'ualling  described. 
Details  were  given  of  the  various  classes  of  locomotives  sup- 
plied to  each  railway,  with  their  principal  dimensions.  The 
rolling  stock  for  both  passengers  and  goods,  ami  its  equipment, 
was  also  noticed  briefly.  The  paper  concluded  with  particu- 
lars of  the  costs  of  construction  and  tlie  results  of  working 
in  the  case  of  each  colony. 
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THE  BALANCING  OF  LOCOMOTIVES.— IV. 

by  jas.  dunlop. 

Minimum  Weight  Balancing. 

Arithmetical  calculations,  whether  performed  in  the  usual 
manner  or  by  means  of  the  proportional  scale,  give  exact 
results,  but  they  have  the  disadvantage  that  it  is  only  by 
means  of  a  long  series  of  trial  ami  error  calculations  the 
resultant  weights  for  varying  proportions  of  insido  to  outsirle 


set  as  usual  at  180°  apart  from  the  inside  cranks  on  either 
side.  From  the  relative  positions  of  C  G  and  C  H  it  Mall  be 
understood  that  the  shortest  line  that  can  be  drawn  between 
them  (in  any  proportion)  is  one  at  right  angles  to  C  H 
through  G，  viz.,  G  J  as  shown.  That  is  to  say,  the  least 
amount  of  balance  weight  it  is  possible  to  use  without  affect- 
ing the  balance  of  tlie  engine  is  G  J，  but  tit  at  is  only  possible 
if  the  weight  of  the  outside  parts  are  reduced  by  the  amount 
K  D  ascertained  by  drawing  J  K  at  45。，  CD  representing,  as 
in  all  these  diagrams,  the  original  weight  of  tlie  parts.  Any 


p^'^'^^i'  -二 


— ■ 督: 

一」 lU''.     '  .     •' 、一 


/u, 


Fig.  33.— Caledonian  Kailway.   Inside  ^-Cylinder  Locomotive.   Heaviest  of  its  Type. 


parts  can  be  ascertained  for  an  inside  cylinder-coupled  driver 
engine.  When  the  wheel  loads  of  such  an  engine  are  in  the 
neighbourhood  of  the  maximum  permissible  over  a  gi-^en  road 
it  becomes  a  serious  question  whether  any  reduction  can  be 
made  in  the  amount  of  balance  weight  used  witliout  sacrific- 
ing anything  in  the  qiialitv  of  the  balance  effected.  By  the 
usual  arithmetical  rules  of  balancing  there  is  only  one  answer 
to  such  a  question  and  it  is  a  distinct  negative.  Fortunately, 
however,  .graphical  nietliods  are  capable  of  demonstrating 
clearly  the  means  by  which  it  is  possible  to  effect  a'  consider- 
able reduction  in  the  amount  of  balance  weight  used  on  all 
inside  cylinder-coupled  driver  engines  without  sacrificing 
anything  in  the  quality 
of  the  balance  and 
without  affecting  the 
running  qualities  of  the 
engines  in  any  way. 
Fig.  33  illustrates  an 
engine  running  on  the 
Caledonian  Eailway 
■which  is  probably  the 
lieaviest  engine  of 
this  type  running  in 
this  country.  From 
the  illustration  it  will 
be  recognised,  by  not- 
ing the  balance  weight 
position,  that  the  lead- 
ing coupled  wheels  are 
the  driving  wheels 
and  that  the  balance 
weights  are  of  con- 
siderablc  magnitude. 
Assuming,  as  is 
doubt    the  case, 


further  reduction  in  the  weight  of  the  outside  parts  would 
require  a  greater  balauce  weight,  as  will  be  plainly  evident  by 
assuming  them  reduced  to  zero,  C  G  then  being  the  amount  of 
the  balance  weight.  There  is,  however,  a  very  sinij)le  means 
of  making  the  balance  weight  considerably  less  tlian  G  J  even, 
without  a  reduction  in  the  weight  of  the  outside  parts  at  all. 

If  the  coupling  cranks  in  the  wheels,  instead  of  being  set 
at  180°  apart  from  the  inside  cranks  on  either  side  and  conse- 
quently making  an  angle  of  90"  between  each  other,  are  set 
at  only  60°  apart  from  each  other  as  indicated  by  the  small 
circles  at  L  and  M，  then  the  balanciujSf  of  tlie  engine  iiiav  be 
effected  by  a  minimum  of  balance  weight  -    That  there  is  no 


no 


of 


that    a  reduction 

the       weight      in  ， 
the    wheels     of  this 

engine  is  a  desideratum,  it  is  necessary  to  examine  the  cross- 
section  drawing  of  the  engine.  This  is  illustrated  in  Fig.  34 
and  in  the  same  manner  as  already  described  in  the  case  of 
Fig.  26  has  the  balance  weights  for  the  inside  and  outside 
parts  shown  by  C  F，  C  G  and  C'E,  CH  respectively.  On 
each  side  of  the  engine  these  weights  are  combined  in  one, 
viz.,  E  F  and  G  H,  the  combination  being  that  for  equal 
weights  of  inside  and  outside  parts,  and  the  coupling  cranks 


FtG.  35.— iN'siDK  "J-Cylindku  Tank  Locomotive  with  Maximum  Weight  Halan*  k. 

practical  reason  against  placing  the  coupling  riaiiks  of  an 
engine  at  60^  apart  is  amply  demonst rated  bv  the  fad  tliat 
3-t'ylinder  engines  in  considerable  numbers  are  running  quite 
satisfactorily  in  this  country  witli  their  coupling  cranks  set  at 
1 20^  apart .  So  far  as  tlie  effective  operation  of  the  coupling 
rods  is  I'oncerned  there  is  no  difference  between  GO  and  120^ 
()f  ail  angle  between  the  cranks.  Coi)se(|Upntlv  a  convincing 
(lemoiistration  thai,  by  placing  tlie  cranks  at  G0，  apart,  a 
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very  considerable  reduction  in  the  amount  of  balance  weiglit 
necessary  for  any  given  engine  can  be  effected,  will  no  doubt 
be  appreciated  by  many  locomotive  engineers,  although  an 
unfamiliar  grapliic  method  happens  to  be  the  medium  of  the 
demonstration. 

Produce  the  crank  line  C  M  Ihrougli  C  to  0，  making  C  O 
equal  to  C  D,  also  along  C  M  set  off  C  P  equal  to  the  distance 
between  the  coupling  rod  and  balance  weight  centres.  From 
O  and  P  draw  lines  O  S  and  P  R  parallel  to  C  L.  Draw  C  R 
at  an  angle  of  45。，  i.e."  parallel  to  E  F,  cutting  P  R  in  R. 
Through  R  draw  R  S  parallel  to  CO,  cutting  OS  in  S.  Join  C  S， 
then  if  C  O  (equal  to  C  D)  represents  to  any  scale  the  weiglit  of 
the  outside  parts  to  be  balanced,  C  S  represents  to  the  same 
scale  the  amount  and  the  position  of  the  necessary  balance 
weight  relative  to  Uie  position  C  M  of  ilie  crank.  It  will  be 
noticed  C  S  falls  almost  exactly  in  line  with  C  G,  conse- 
quently an  amount  C  T  equal  to  C  G  lias  to  be  subtracted 
from  C  S，  leaving  as  the  actual  amount  of  the  balance  weight 
for  equal  inside  and  outside  parts  the  length  S  T,  which  it  is 
very  evident  is  】midi  less  than  G  H，  tliis  latter  being  the 
weight  necessary  when  the  cranks  are  set  at  90。  apart,  as  pre- 
viously mentioned.  S  T  it  will  also  be  noticed  is  much  less 
than  G  J,  which  latter  is  the  iiiinimuni  amount  of  balance 
weight  it  is  possible  to  use  when  the  cranks  are  set  at  90° 
apart,  and  it  is  to  be  most  particularly  noted  that  when  the 
cranks  are  set  at  60。  apart  no  balance  weight  whatever  is 
necessary  when  the  outside  parts  are  less  than  the  inside  parts 
in  weight  in  the  ratio  of  C  T  to  C  S，  the  position  and  amount 
of  the  outside  parts  under  these  circumstances  providing 
exactly  for  the  balance  required.  When,  as  in  the  case  of 
cranks  at  90°,  the  outside  parts  equal  C  K,  represented  by 
C  V,  the  corresponding  balance  weight  is  C  W  and  the  resul- 
tant weight  is  G  X,  which  is  very  much  less  than  G  J  which 
was  the  previous  resultant  weight  for  similar  conditions.  These 
results  should  form  conclusive  proof  enough  to  convince  any- 
one that  superfluous  weight  need  not  be  used  in  balancing  this 
type  of  engine. 

It  may  be  easily  enough  perceived  that  this  system  of  mini- 
mum, weight  balancing  depends  on  the  fact  that  the  angle 
between  the  balance  weights  for  inside  parts  is  quite  indepen- 
dent of  the  weight  of  these  parts  and  depends  only  on  the 
distance  between  the  centres  of  the  cylinders.  In  standard 
gauge  engines  of  this  type  any  differences  between  centres 
of  cylinders  or  centres  of  coupling  rods  are  so  slight  that  in 
most  cases  the  balance  weights  for  inside  and  outside  parts 
will  make  no  departure  from  a  straight  line  greater  than  2。. 
In  placing  this  system  of  balancing  before  the  notice  of  loco- 
motive engineers  the  writer  is  of  opinion  that  their  further 
investigation  of  it  will  in  many  cases  prove  to  be  of  some 
considerable  value  to  themselves  and  their  engines. 

Maximum  Weight  Balancing. ― Although  the  practice  of 
placing  the  coupling  cranks  at  an  angle  of  180°  from  the 
inside  cranks  on  either  side  of  the  engine  is  now  probably 
universal,  it  was  not  always  so.  Fig.  35  illustrates  an,  inside 
cylinder  6-coupled  tank  engine  on  the  Western  Railway  of 
France  in  which  the  position  and  magnitude  of  the  balance 
weight  in  the  driving  wheels  indicates  a  considerable  diffe- 
rence from  usual  practice.  The  explanation  lies  in  the  fact 
that  the  coupling  cranks  are  placed  on  coincident  centres  with 
the  inside  cranks  on  either  side  of  the  engine.  During  the 
time  the  late  Mr.  Wm.  Stroudley  was  locomotive  superin- 
tendent of  the  London,  Brighton,  and  South  Coast  Railway 
the  whole  of  the  engines  on  that  line  had  their  coupling 
cranks  set  in  that  way,  the  object  in  doing  so  being  to  reduce 
the  pressures  between  axleboxes  and  hornblocks  and  in  that 
way  reduce  the  wear  on  these  parts.  The  influence  this  prac- 
tice had  on  the  amount  of  balance  weight  necessary  to  balance 
the  inside  and  outside  parts  may  be  seen  in  Fig.  36,  which 
illustrates  the  cross-section  drawing  of  a  passenger  engine  on 
the  Western  Railway  of  France.  As  in  previous  diagrams, 
the  balance  weights  for  the  inside  and  outside  parts  are  shown 
by  C  F,  C  G  and  C  E，  C  H  respectively,  but  E  F  and  G  H  are 
not  the  resultant  balance  weights  in  this  case.  These  latter 
are  found  by  constructing  with  C  E  and  C  F，  also  with  C  Gr- 
and C  H，  the  parallelograms  CE  JF  and  C  G  K  H.  Then, 
if  C  D  represents  to  any  scale  equal  weights  of  inside  and 
outside  parts,  C  J  and  C  K  represent  to  the  same  scale  the 
amounts  and  the  positions  of  the  necessary  combined  balance 
weights.  Differences  in  the  weights  of  inside  and  outside 
parts  alter  the  amounts  and  the  angles  of  the  resultant 


wei^'lits,  but  in  each  rase  the  profodiire  is  the  same  as  above. 
A  iirne-saviiig  hint  is  that  C  J  and  (J  K  bisect  E  F  and  G  if, 
while  at  the  same  time  E  F  and  G  H  bisect  C  J  and  C  K.  This 
saves  the  construction  of  the  parallelograms  by  those  con- 
versant with  the  method. 

Another  type  of  inside  cylinder  engine  in  which  the 
balance  weights  necessary  are  unusually  heavy  is  illustrated 
in  Fig.  37，  which  shows  an  engine  with  separate  coupling 
cranks  outside  the  engine  frames.  This  type  of  engine  was 
originally  designed  for  the  Great  Western  Railway  in  the 
clays  when  that  railway  was  of  7ft.  gauge  and  the  practice 
then  est'al)lishe(l  to  a  great  extent  influenced  the  design  of  the 


Fig.  34  —Balancing  Diagram  showing  Okdinart  and  MiNiaruM  Weight 
Methods  of  Balancing. 


engines  used  in  the  early  days  of  its  conversion  to  standard 
gauge.  The  balance  weights  are  formed  of  cast-iron  blocks 
placed  between  the  spokes  of  the  wheels  and  secured  by 
wrought- irbu  plates  on  either  side,  the  rivets  through  these 
plates  passing  through  the  blocks.  This  construction  enabled 
trial  and  error  methods  of  balancing  to  be  conducted  on  each 
engine  and  is  a  practice  probably  in  use  at  the  present  time. 

The  extent  to  which  the  separate  outside  cranks  increased 
the  amount  of  balance  weight  necessary  compared  with  cranks 
in  the  wheels  is  illustrated  by  the  cross-section  drawing  of  the 
engine  given  in  Fig.  38.  The  relation  between  W，  the  dis- 
tance between  the  centres  of  gravity  of  the  balance  weights 
in  the  wheels,  and  the  various  primary  and  secondary  weights 
compared  with  the  corresponding  weights  in  Fig.  31  will  show 
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in  their  final  conibinod  form.  The  combination  of  the  various 
weights  is  made  aritluneticiUy  or,  as  illustrated  in  Fig.  32, 
according  to  the  designer's  particular  preference. 

To  most  lofornotive  engineers  in  this  coiuitry  tlie 
engine  illustrated  in  Fig.  'M)  will,  no  doubt,  appear  rru(l(、 
and  primitive  in  its  design  and  construction,  and,  beyond 
noting  that  the  power  is  transmit t('(l  in  t ho  (Irivins^  wheels 
of  each  bogie  by  bevel  gears  and  lon^It udiiial  sliafts 
wit h  universal  couplings,  they  would  probably  "ial"、  no 
furt lier  investigation  into  tlie  peculiarities  of  t lie  engine. 
Were  they  to  do  so  they  would  probably  be  surprised  to  find 
that  this  is  the  only  type  of  engine  in  which  retiprocatiii^ 
weights  van  be  perfectly  balanced  by  revolving  weights  and 


intersect  eacli  other  and  at  wliit-h  tli'^  inertia  effects  arc  equal 
to  each  other  and  to  the  riglit-an*:le  effects  of  a  revolving 
weight,  as  denioiistrated  by  Fig,  1.  This  coincidence  of  radial 
leii*;tlis  witli  tlie  cin'umferences  of  the  polar  circles  is  the  only 
j)roof  required  to  denionst  rate  that  perfect  balance  is 
attained.  To  prevent  swaying  couples  the  cylinders  imist  be 
phu-od  in  one  plane  and  the  revolving  weight  divided  into 
two  aiut  placed  one  opposite  each  ('rank  web,  as  shown  in 
Fii^.  39.  The  amount  of  the  weiijht  is  represented  by  the 
diameter  of  one  of  the  polar  circles  ami  arithnietically  is  equal 
to  the  weight  of  one  set  of  reciprocating  parts  multiplied 
by  、  2. 

Tlie  coiijuiu'tiiMi  of  two  inertia  diagrams  as  illustrated  in 


110  '  hammer-blow  effects  whatever  be  experienced.  As  it 
was  stated  at  the  coiiiiiieiK'einent  of  these  articles  that  a 
reciprocating  weight  could  only  be  perfectly  balanced  by  a 
similar  weight  moving  equal  amounts  in  opposite  directions  in 
the  same  plane,  the  peculiar  property  of  balance  credited  to 
this  type  of  engine  requires  some  little  explanation.  From 
the  cross-section  drawing  of  tlie  engine  illustrated  iu  Fig.  40 
it  will  be  seen  the  cylinders  of  the  engine  are  placed  at  an 
angle  of  90。  and  drive  on  to  one  and  tTie  same  crank  pin  of 
the  longitudinal  shaft  that  transmits  the  power  to  the  bogies. 
From  F^'jg.  1  of  these  articles  it  was  seen  that  while  a 
reciprocating  weight  could  only  produce  a  disturbing  effect  in 
the  direction  in  wliicli  it  was  guided,  the  radial  effect  of  a 
revolving  weight  could  be  resolved  into  two  effects  acting  at 
right  angles  to  each  otlier.  Now  in  just  the  same  way  two 
reciprocating  weights  guided  at  right  angles  to  each  other  can 
and  do  produce  a  radial  effect  and  tliis  radial  effect  can  at 
once  be  balanced  by  a  revolving  weight.  To  show  that  the 
peculiar  unequal  effect  of  the  connecting  rod  has  no  influence 
whatever  in  preventing  this  perfect  balance  of  two  recipro- 
cating weights  by  a  revolving  weight  Fig.  41  illustrates  two 
inertia  diagrams  such  as  given  in  Fig.  1  placed  at  right  angles 
to  each  other.  If  along  the  various  crank  angle  lines  tlie 
different  inertia  effects  of  these  two  diagrams  are  plotted  as 
one  length  it  will  be  found  that  the  various  lines  end  at  points 
t'oiiiciding  with  the  circumferences  of  circles  having  for  their 
centres  the  four  45°  positions  at  winch  the  inertia  diagrams 


at  a  glance  the  reasons  for  the  increase  m  the  amount  of 
balance  weight.  At  the  same  time,  it  will  be  noticed  the 
cranks  require  a  secondary  balance  weight  to  maintain  trans- 
verse balance,  while  cranks  in  the  wheels  require  a  primary 
weight  only.  The  increase  in  weight  chiefly  concerns  tlie 
cou])le(l  wlieelSj  tlie  driving-wlieel  weights  being  actually  less 
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Fig.  41  makes  it  couvenienl  to  here  explain  tliat  in  an  ordi- 
nary type  of  locomotive  the  horizontal  disturbaiu^e  produced 
by  imhalanced  reciprocating  parts,  when  measured  at  the 
longitudinal  centre  plane  of  tlie  engine,  would  be  exactly  that 
of  the  polar  circles  described  on  A  B  of  Fig.  41，  there  being 


of  the  balance  weights  as  is  actually  the  case.  Whatever 
necessary  balance  is  left  unprovided  for  can  only  be  efTected  in 
ii  partial  degree  by  placing  weights  in  ilie  wheels  at  an  angle 
of  135。  from  each  crank,  the  amount  of  these  weights  being 
equal  to  tlie  unbalanced  weight  of  parts  on  one  side  multiplied 


Fig.  37.  —Inside  2-CYLiNDEn  Locomotive  with  Separate  Outside  Cranks. 


no  vertical  disturbance  due  to  these  parts.  Unbalanced 
revolving  parts  produce  both  horizontal  and  vertical  dis- 
turbances, their  amount  in  each  direction  being  the  weight  of 
parts  on  one  side  multiplied  by  \/  2.  This  disturbance  at  the 
longitudinal  centre  plane  of  the  engine  is  sometimes  termed 
the  "  galloping  effect,"  but  is  not  to  be  understood  as  an 
entirely  separate  effect,  being  dependent  on  and  entirely  set 
up  by  the  disturbances  taking  place  at  the  motion  planes  on 
either  side  of  the  engine. 

It  will  be  appropriate  as  a  natural  sequence  to  illustrate 
here  an  engine  in  wliifh  this  "  galloping  effect  "  is  the  only 
disturbing  effect  that  can  be  counteracted  by  balance  weights 
in  its  wheels.  This  engine  is  illustrated  in  Fig.  42  and  is 
remarkable  in  many  respects.  lu  tlie  first  place,  it  lias  only 
one  line  of  wheels  and  two  lines  of  boilers  and  tenders.  It 
runs  on  a  central  elevated  rail,  two  side  rails  being  provided 
for  steadying  purposes  at  a  lower  elevation.      The  driving 


by  、/2.  Ill  this  engine  balance  of  the  revolving  weights  is  of 
more  importance  than  that  of  the  reciprocating  weights  from 
(•onsi'derations  of  rocking  movements. 

This  peculiar  engine  runs  on  the  Listowel  and  Bally- 
bu  iiion,  Latrigue  Railway,  in  Ireland,  the  wagons  and 
carriages  being  slung  pannier-like  on  either  side  of  the 
central  rail.  The  tenders  are  provided  with  driving  cylinders 
geared  to  the  wheels  to  assist  in  the  hauling  of  the  train  on 
inclines.  These  cylinders  are  seen  in  the  illustration  with 
tlieir  exhaust  pipes  pointing  upwards  behind  the  roof  of  the 
cab. 


OPTICAL  DETERMINATION  OF  STRESS. 

Two  lectures  on  the  "  Optical  Determination  of  Stress  and 
Some  Applications  to  Engineering  Problems  "  were  recently 
delivered  at  the  Royal  Iiistilution  by  Prof.  E.  G.  Coker. 
In  his  first  lecture  Prof.  Coker  said  that  iu  considering  the 


Fig.  39.— Locomotive  with  Bevel  Gear  Transmission.    The  only  Locomotive  in  -which  Revolving  Weights  Perfectly  Balance  Reciprocating  Weights. 


wheels  are  fixed  on  short  axles  with  separate  outside  cranks 
and  it  will  be  easily  enough  perceived  that  any  balance  of 
swaying  couples  can  only  be  effected  by  placing  weights  on 
the  crank  arms  opposite  the  crank  pins,  the  crank  centres 
being  regarded  as  the  distance  between  the  centres  of  gravity 


means  available  for  the  purposes  of  research  and  investiga- 
tion on  the  strength  and  properties  of  materials,  it  was  some- 
what remarkable  that  most  of  the  present  experimental 
knowledge  had  been  obtained  by  purely  mechanical  measure- 
ments, assuming  uniformity  of  stress  and    necessarily  con- 
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ducted  at  the  surface,  the  condition  of  the  interior  being 
usually  supposed  to  be  practically  identical.  The  scope  of 
experimental  enquiry  by  mechanical  means  was  thus  very 
much  restricted,  because  in  the  great  majority  of  cases 
requiring  examination  the  variation  of  stress  in  a  short  dis- 
tance was  enormous,  and  the  stress  at  one  point  on  a  body 


Fig.  40.— Cross-section  of  Bevel  Gear  Transmission  Locomotive. 
(See  page  318.) 


differed  so  much  from  that  at  another  in  its  neighbourhood 
that  an  average  value  was  useless. 

Another  means  was,  fortunately,  available  for  examining 
the  nature  and  distribution  of  stress,  the  development  of 
which  was  due  almost  entirely  to  physicists  who  had  inves- 
tigated the  action  of  light  on  transparent  bodies  of  different 
kinds.  Sir  David  Brewster,  as  early  as  1814,  showed  that 
if  a  piece  of  glass  were  slightly  heated  and  examined  under 
polarised  light  it  exhibited  effects  similar  to  those  which 
occurred  in  some  natural  crystals,  and  he  suggested  that  by 
similar  means  valuable  information  might  be  obtained  con- 
cerning the  stresses  in  the  arched  rings  of  bridges  and  like 
structures.  The  important  advantage  offered  by  an  experi- 
mental method  based  on  the  properties  of  polarised  light  was 
that  the  colour  indications  were  measures  of  the  stress  at 
different  points  in  a  body.  If  the  applied  loads  of  simple 
tension  and  compression  which  produced  tliese  colours  were 
measured  it  would  be  found  that  there  was  a  relation  between 
them.  The  experimental  results  indicated  that  the  colour 
effect  produced  in  a  plane  body  under  stress  was  proportional 
to  the  algebraical  difTereiice  between  the  stresses,  and  also 
depended  on  the  thickness  of  the  material  ；  and  as  the  state 
of  stress  which  occurred  in  a  plane  could  always  be  repre- 
sented at  any  point  by  two  stresses  of  definite  amount  in 
directions  at  right  angles,  the  optical  appoarance  enabled  tlio 
difference  of  those  stresses  to  be  deteniiined. 

The  internal  condition  of  a  beam  of  transparent  material 
in  a  state  of  stress  could  thus  be  ascertained  by  placing  it  in 
polarised  light,  and  an  important  (luestio"  arose  as  to  how 
far  the  deternnnation  of  stress  in  transparent  materials 
could  be  applied  to  problems  relating  to  the  stresses  in  mate- 
rials like  steel,  cast  iron,  wrougjht  iron,  and  masonry.  If  it 
could  be  shown  that  the  stress  effects  a  rising  in  snch  opaque 
solids  were  comparable  to  those    pro(lii('e<l    in  transparent 


materials,  then  the  results  found  to  connect  optical  behaviour 
and  stress  in  a  transparent  body  might  be  applied  with  a 
considerable  degree  of  confidence  to  infer  the  distribution  of 
stress  in  engineering  structures.  A  simple  way  of  comparing 
different  bodies  was  to  observe  how  far  the  strain  effects  pro- 
duced by  stress  deviated  from  the  ideal  condition  of  a  per- 
fectly elastic  body.  If  a  rod  or  bar  were  subjected  to  a 
cycle  of  stress  whicli  gradually  increased  from  zero  to  a 
maximum  and  then  decreased  to  zero  again,  the  strain  pro- 
duced by  any  given  load  ought  to  be  the  same  whether  the 
stress  was  increasing  or  decreasing  ；  and  if  a  difference 
occurred  it  afforded  a  measure  of  the  defect  from  perfect 
elasticity  in  the  material.  Mild  steel,  wrought  iron,  and 
British  plate-glass  all  had  the  valuable  characteristic  of  being 
nearly  ideally  elastic  bodies  for  the  range  of  stress  in  the 
experiments  of  about  9，0001bs.  per  square  inch,  whilst  cast 
iron  was  nmcli  less  perfect,  as  was  shown  by  the  area  between 
the  rising  and  falling  curves  which  denoted  the  relation 
between  stress  and  strain.  Tlie  area  of  this  loop  was  in  fact' 
a  very  accurate  measure  of  the  defect  of  the  material  from 
ideal  elastic  conditions,  and  it  was  possible  with  some  con- 
fidence to  predict  the  distribution  of  stress  in  steel  and 
wrought  iron  from  the  optical  behaviour  of  good  glass,  and, 
with  less  certainty,  that  of  cast  iron. 

In  his  second  lecture,  Prof.  Coker  referred  to  the  deter- 
mination of  the  lines  of  principal  stress  by  optical  means, 
taking  as  an  illustration  a  particular  case  in  which  the  central 
lines  of  a  series  of  dark  bands  of  inclination  were  shown  on 
a  tension  member  having  two  fine  saw-cuts  in  it,  which 
diminished  its  effective  cross-section  by  one-half.  Great  use 
might  be  made  of  the  lines  of  equal  inclination,  as  the  posi- 
tions of  the  dark  bands  appeared  to  be  independent  of  the 
physical  properties  of  the  material.  For  many  purposes, 
however,  a  metliocl  which  made  use  of  both  isoclinic  and  iso- 
cliromatic  lines  was  convenient,  but  it  was  important  to  be 
able  to  distinguish  between  black  bands  which  denoted  no 
stress  at  all  and  those  which  showed  tlie  positions  for  wliicli 
the  planes  of  principal  stress  coincided  with  the  principal 
planes  of  the  polarising  and  analysing  apparatus.  In  a 
general  way  it  was  possible  to  distinguish  between  each  kind, 
if  the  stressed  plate  of  inatei'ial  were  turned  round  in  its  own 
plane,  and  was  viewed  in  a  beam  of  plane  polarisefl  light 
between  crossed  Nicols.  Some  bands  moved,  while  others 
remained  stationary,  and  the  former  could  be  identified  as 
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Fio,  41.— Showino  Inertia  EFFEcrfi  of  EQrAi,  REcipnorATiNG  weiohts  Acrixr.  at 

RIGHT  ANOLES  TO  KACH  OTHKR,  AND  DKMONSTRATlNfi  THAT  A  HKVOLVIKC.  WF.IOBT 
PKUFF.CTLY  HALAN*  FS  THKSE    FFFECTS.      t)  TO  1  UATIO  OV  CONNF.rTINCJ  HOPS  TO 

Crank  and  1.v、  Crank  angles,   tsee  iMu^e  318.) 


isoclinic  lines  and  the  latter  as  beloiitjing  to  the  isochroiiiatio 
^roup.  It  was  often  convenient  to  show  this  latter  system 
in  their  true  relation  to  one  another,  witliout  disturbance  by 
the  (la rk  bands  due  to  tlie  optical  system.  This  might  be 
juvoniplishetl   by    using    ciivularly   polarised    light .  Any 
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stressed  specimen,  viewed  under  such  (omlitioiis,  showed  at 
every  point  a  colour  proportional  to  the  difference  of  the 
principal  stresses,  and,  since  the  shear  was  proportional  to 


this  difference,  a  picture  of  the  shear  stress  throughout  the 
plate  was  obtained. 

A  few  cases  which  arose  in  practical  applications  of 
engineering  work  flue  to  sudden  clianges  of  section  were  next 
considered.  One  of  the  simplest  examples  was  afTorded  by 
a  rivet  hole.  The  effect  of  a  simple  pull  was  to  cause  a  com- 
plicated stress  distribution  in  the  neighbourhood  of  the  hole, 
due  to  tlie  crowding  together  of  the  lines  of  stress.  It  was 
easy  to  show  experimentally  thai,  if  the  hole  was  small 
compared  with  the  breadth  of  the  plate,  the  maximum  stress 
rose  to  about  three  times  its  normal  value,  and  theoretical 
calculation  verified  the  experinifiiial  values.  In  a  line  of 
rivet  holes  the  maximum  stress  at  the  niiniiiuini  section 
could  be  readily  determined.  In  a  riveted  joint  the  (iis- 
tributiou  was  still  more  complicated,  because  the  stress  was 
carried  from  plate  to  plate  by  the  direct  pressure  of  the 
shanks  of  the  rivets.  Another  type  of  discontinuity  was 
afforded  by  semi-circular  holes  and  rectangular  slots  in  plates 
and  beams.  For  example,  in  a  tension  】neniber  with  two 
semi-circular  notches  in  it,  away  from  the  discontinuity  ilie 
lines  of  principal  stress  formed  a  rectangular  system,  but  ； is 
they  approached  the  notch  they  oanie  closer  and  closer 
together,  and  at  the  waist  the  nearness  together  of  the  lines 
at  the  periphery  indicated  that  the  greatest  stress  was 
reached  there.  If  the  notches  were  small  compaml  witli  the 
breadth,  the  stress  rose  to  twice  its  normal  value.  If  the 
notch  was  rectangular  the  stress  at  the  re-entrant  corners 
became  very  great.  A  similar  notch  in  the  form  of  a  square 
hole  in  a  plate  forced  the  lines  of  stress  to  pass  through  the 
narrow  spaces  on  each  side  of  the  hole,  and  here,  again,  the 
corners  of  the  square  showed  by  the  close  spacing  of  these 
lines,  and  the  colour  effects  on  the  specimen,  how  great  was 
the  influence  of  this  kind  of  discontinuity. 

The  behaviour  of  members  like  springs,  hooks,  links  of 
chains,  and  tlie  like,  in  which  the  curvature  of  the  member 
was  an  important  factor  in  the  distribution  of  stress  due  to 
an  applied  load  was  referred  to.  A  case  which  liad  some 
resemblance  to  tliat  of  a  circular  hook  section  was  found  in 
some  forms  of  boiler,  in  which  the  flues  containing  the  fire- 
grate and  for  the  circulation  of  the  hot  gases  of  combustion 
were  corrugated  in  order  to  increase  tlieir  strength.  The 
determination  of  the  stress  distributions  in  members  like 
these  and  in  the  parts  of  machines  was  one  of  the  greatest 
complexity,  and  long  experience  of  the  behaviour  of  materials 
obtained  by  first-hand  acquaintance  in  some  particular 
branch  of  this  profession,  as  in,  for  example,  the  design  aud 
construction  of  tools  or  locomotives,  could  not  be  replaced 
by  any  experiments  on  models.  They  could  help,  however, 
and  indeed  mechanical  engineers  did  not  require  to  be  con- 
vinced on  this  matter,  as  the  use  of  models  of  machines  for 
all  kinds  of  practical  purposes  was  the  rule,  and  not  the 
exception. 


The  Possible  Future  of  the  Internal-combustion  Engine, ― An 

interesting    paper    on    this    subject    was    read    by  Mr. 
W.    P.    Durtnall    at    a    recent    meeting    of    the  London 
Association    of    Foremen    Engineers    aiul  Draughtsmen. 
The    author   first  described    in    detail    the    early  develop- 
ment of  the  internal-combust  ion  engine  from  the  year  1346. 
Turning  to  present-day  designs,  he  thought  that  the  double- 
acting  engine  was  not  so  widely  used  as  it  deserved   to  be. 
For  the  large  engines  of  the  near  future  Mr.  Durtnall  con- 
sidered the  trunk  type  of  piston  was    indefensible  without 
air-cushioning  or  other  similar  means  of  arresting  the  heavy 
reciprocating  masses,  whilst  difficulties  also  arose  with  such 
large  pistons  in  connection  with  lubrication  ami  leakage.  He 
also  looked  for  developments  in  the  constant-pressure  engine 
rather  than  in  the  constant-volume  type,  and   that  higher 
efficiences  would  attend  the  use  of  higher  compression  and 
expansion  nearly  to  atmospheric  pressure.    He  also  remarked 
that  a  practically  silent  engine,  without  cumbersome  exhaust 
boxes,  and  utilising  either  coal  or  liquid  fuel,  was  about  to 
be  constructed  in  this  country  for    investigation  purposes. 
This  engine,  to  be  known  as  the  "  Paragon  ''  silent  engine 
(Bowles  and  Durtnall  system)  would  consume    those  fuels 
which  at  present  were  difficult  to  deal  with.      Finally,  he 
referred  to  the  large  field  open  to  internal-combustion  engines 
ill  the  future,  instauciug  marine  propulsion,  railways  and 
road  vehicles. 
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REVERSING  MECHANISM  FOR  PLANING  MACHINES. 

The  afconi])anying  illusiiaiioiis  show  a  foiistructioii  of  re- 
versing mechaiiisin  for  metal-planing  machines,  the  invention 
of  the  High-speed  Reconstruction  Company,  26,  Mark  Lane, 
London,  E.G.,  and  R.  Stewart.  The  forward  movement,  or 
cutting  stroke  of  tlie  table,  is  generally  one  at  one-third  or 
one-fourth  of  the  return  speed.  The  reversing  mechanism 
described  gives  this  reverse  movement  at  dissimilar  speeds. 

The  pinion  A  is  connected  with  the  gearing  of  the  planing 
machine  which  is  used  to  communicate  movement  to  the  table 


M 


Fig. 


-Reversikg  Mechanism  for  Pl\ning  Machines. 


in  the  usual  manner.  Tlie  shaft  B  to  wliicli  the  pinion  A  is 
fixed  is  given  a  rotation  in  both  directions.  It  is  desirable 
to  employ  two  or  three  speeds  for  tlie  forward  movement  of 
the  table  when  the  tool  is  cutting,  therefore  the  cone  pulley  C 
is  used,  mounted  and  revolving  loosely  on  the  shaft  D  which 
operates  the  gear  F  through  a  pinion  E.  The  cone  lias  a 
movement  constantly  in  one  direction.  In  some  cases  the 
required  speeds  are  obtained  by  change-speed  gearing  in  the 
frame  X  by  means  of  sliding  pinions  and  gears  to  correspond, 
and  operated  by  a  lever.  All  the  gears  that  are  revolving 
are  placed  in  the  enclosed  chamber  X，  which  serves  as  an  oil 
reservoir  to  lubricate  the  gears. 

In  order  to  follow  out  the  operation  of  the  reversing  of  the 
shaft  B,  and  the  pinion  A,  and  thereby  the  gearing  which 
operates  the  table  of  the  planing  machine ,  it  is  assumed  for 
the  purpose  of  explanation  that  the  table  is  being  moved  in 
its  forward  or  slower  motion  under  the  tool  which  is  cutting 
the  material.  The  shaft  G  and  the  bevel  pinion  J  are  sta- 
tionary, due  to  the  clutch  H  being  held  in  contact  with  the 
stationary  clutch  ring  K  on  the  bearing  L.  As  the  bevel 
gear  J  is  stationary,  it  will  be  understood  that  the  rotation 
of  the  bevel  gear  R  will  impart  movement  to  the  boss  Q  wliicli 
carries  the  bevel  pinions  N  and  0，  because  they  will  roll 
around  tlie  stationary  bevel  gear  J  and  consequently  give  a  - 
rotation  to  the  shaft  B  in  the  same  direction  as  the  gear  F  is 
revolving,  but  the  speed  of  the  shaft  B  will  be  one-half  the 
speed  of  the  gear  F.  Just  before  the  table  of  tlie  planing 
machine  arrives  at  the  liniit  of  its  desired  forward  movement, 
it  operates,  by  means  of  the  usual  tappets  on  the  edge  of  the 
table,  the  rod  M  to  disengage  the  clutch  H  from  tlie  rin^  K. 
Immediately  the  clutch  H  is  free  to  turn,  all  the  j>ower  wliicli 
is  being  t ransinittorl  to  the  table  in  its  forward  movement  by 
the  cone  C,  through  the  gearing  E  F  K  P,  boss  Q,  shaft  B， 
and  pinion  A,  is  diverted  to  set  the  clutch  H  in  motion  in  an 
opposite  direction  to  that  in  which  the  shaft  B  is  revolving. 
Therefore  the  table  is  arrested  in  its  forward  movement  at 
the  limit  of  its  stroke  by  releasing  the  clutch  H  and  per- 
mitting it  to  revolve  freely  in  the  direction  that  it  is  to  be 
afterwards  driven  at  an  increased  speed  for  the  purpose  of 
returning  the  table  at  its  higher  rate  of  movement.  At  the 
time  of  arresting  the  niovenie^it  of  the  table,  the  clutch  11  is 
set  in  motion  in  an  opposite  direction  to  the  shaft  B,  but  in 
the  same  direct  ion  that  tlie  flywlieel  I  is  revolving.  There- 
fore the  reversing  of  the  inoveiuent  of  the  table  is  act  oniplislied 
by  imparting  the  higher  speed  of  the  flywheel  1  to  the  clutch 
H.  This  permits  of  the  use  of  a  heavy  flywheel  1  to  give  out 
by  inertia  the  power  necessary  to  set  in  motion  quirkly  the 
mass  of  tlie  table.  As  tlie  vhxU-h  II  has  already  been  set  iti 
motion  and  has  a  considerable  speed,  the  final  contact  with 
the  clutch  surface  in  tlie  pulley  I  at  its  higher  speed  does  lu^t 
impart  a  shock  to  the  gearing  such  as  would  be  the  case  if  the 
reversing  motion  operated  a  stationary  clutch.      The  return 


movement  of  the  table  is  obtained  through  the  tappets  on 
the  table  acting  on  the  rod  M  to  move  the  clutch  H  into  con- 
tact with  the  flywlieel  I. 

The  manner  in  which  the  increased  speed  of  the  flywheel  I 
accomplishes  the  return  movement  of  the  table  through  the 
reverse  movement  of  the  shaft  B  and  the  pinion  A  is  as 
follows  :  The  flutcli  H,  shaft  G，  and  the  bevel  gear  J  are  being 
rotated  at  a  much  increased  speed,  in  an  opposite  direction 
to  the  bevel  gear  R.  The  result  is,  that  due  to  this  difference 
in  speed  in  opposite  directions,  the  bevel  pinions  N  and  O 
cause  the  boss  Q  to  be  revolved  in  the  direction  of  the  bevel 
gear  J  as  it  over-runs  the  bevel  gear  R. 
The  number  of  revolutions  of  the  boss  Q  and 
the  shaft  B  will  be  equal  to  one-lialf  the 

 difference  between  the  number  of  revolutions 

of  the  bevel  gear  R  and  the  bevel  gear  J. 

When  the  table  of  the  planing  jnachine 
has  nearly  reached  the  limit  of  its  rapid 
return  movement,  preparatory  to  being 
reversed  to  start  on  its  slower  forward  jiiove- 
uient,  the  clutch  H  is  withdrawn  from  the 
I'lutcli  surface  in  the  pulley  I，  and  moved 
on  the  shaft  G  by  the  rod  M  until  it  conies 
in  contact  witli  the  stationary  clutch  ring 
K,  which  will  at  first  retard  ami  finally  stop 
the  motion  of  the  clutch  H,  shaft  G,  and 
bevel  gear  J .  The  action  of  this  sta- 
tionary clutch  ring  K  to  gradually  arrest 
the  movement  of  the  clutch  H，  and  thereby  tlie  motion 
of  the  boss  Q  with  its  bevel  gears  N  and  O,  causes  the 
momentum  of  the  table  in  its  rapid  return  movement  to  be 
overcome  without  any  shock  or  jar  to  the  nierlianism.  For 
this  purpose  the  clutch  H，  bevel  gear  J，  and  pinions  X  and  O, 
are  made  as  light  as  possible  to  give  out  the  minimum  inertia. 
The  bevel  pinions  N  and  O  will  again  begin  to  roll  on  the  bevel 
gear  J，  but  in  an  opposite  direction,  thereby  imparting  the 
reverse  movement  to  the  shaft  B  and  the  gear  A,  operating 
the  planing  machine  gearing  and  table,  and  thus  complete  the 
cycle  of  operations. 

It  has  been  found  desirable  in  some  cases  of  planing  to 
accelerate  the  cutting  speed  of  the  table  and  the  work  after 
the  tool  has  entered  its  cut  in  the  piece  being  planed,  aud  this 


Si 


Y 


c 


A 


u 


Fig.  '2.— Rkversing  Mkchamsm  for  rLANIStl  >f  achinks. 

acrelorated  inovenient  is  obtained  by  the  cone  pulley  S,  wliioh 
runs  loosely  on  the  shaft  1),  and  is  driven  in  the  same  direct io" 
as  the  cone  C,  also  running  loosely  on  the  shaft  D.  Hot!i 
the  cone  C  and  the  oone  S  set  the  shaft  D  in  motion  by  a 
dutrh  T  moved  by  a  rod  U.  This  rod,  whirh  operates  the 
inovenuMit  of  tlie  cliilrh  T  to  ('("inert  either  of  t lie  rones  C  or  S 
1()  the  shaft  D,  is  acted  u|k>ii  by  tappets  on  tho  edge  of  the 
planing  machine  table.  These  tappets  are  adjust  en  on  the 
table  to  suit  the  length  of  the  piece  being  planed.  To  make 
this  aocelerating  iiiotiou  clear,  we  will  suppose  a  long  casting, 
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for  example,  a  lathe  bed,  is  being  planed.  The  table  inoves, 
say,  at  the  normal  speed  of  40ft.  per  minute,  being  driven 
by  the  belt  W  on  the  cone  C  until  the  iool  has  entered  a  few 
inches  on  its  cut,  when  at  once  the  movement  is  accelerated 
to  80ft.  per  minute  by  the  engaging  of  the  clutch  T  in  the 
pulleys  S，  whicli  are  being  driven  at  the  increased  speed  neces- 
sary to  give  the  accelerated  movement  of  the  table  according 
to  the  position  of  the  belt  V  on  the  pulleys  S.  When  the 
tool  has  nearly  completed  its  cutting  course,  and  before  leav- 
ing the  piece  of  work,  the  speed  of  the  table  is  reduced  to  40ft. 
per  minute  by  the  clutch  T  being  returned  to  the  clutch  in 
the  cone  C.  This  avoids  the  breaking  of  the  edges  of  the 
piece  being  planed,  particularly  wlien  planing  cast  iron. 

The  countershaft  drives  the  pulley  and  flywheel  I  through 
the  belt  Z.  The  cone  Cj  drives  the  cone  C  through  the  belt  W, 
whicli  can  be  placed  on  one  of  the  steps  of  the  cone  C  to  give 
the  required  speed  to  the  table.  The  pulleys  drive  the  cone 
S  by  the  belt  V  to  give  one  or  other  of  the  desired  accelerated 
speeds  to  the  table  of  the  planing  machine.  The  pulleys  Y 
are  the  usual  fast  and  loose  pulleys  for  stopping  and  starting 
the  countershaft.  In  place  of  the  mechanically- operated 
clutches,  magnetic  clutches  may  be  employed. 


NON-FREEZING  MIXTURES. 

The  following  data  ar&  taken  from  two  recent  issues  of  the 
" Quarterly  '，  of  the  National  Fire  Protective  Association  :  ■ ~~ - 

The  amounts  of  salt  and  calcium  chloride  required  to  keep 
water  from  freezing  at  different  temperatures  are  tabulated 
below.  The  salt  should  be  thoroughly  dissolved  or  the  results 
will  not  be  satisfactory.  Calcium  chloride  is  said  to  be 
superior  to  sodium  chloride  in  that  it  does  not  corrode  steel 
tanks  and  barrel  hoops.  Wherei  calcium  chloride  is  used  the 
wooden  barrels  should  first  be  well  coated  inside  with 
asphaltum,  or  a  mixture  of  crude  paraffin  and  resin,  to  pre- 
vent the  shrinking  of  the  staves  and  subsequent  leakage  : ― 


Common  Salt 

Commercial. 

(Sodium  Chloride). 

Calcium  Chloride. 

Pounds 

Freezing  Point. 

Pounds 

Freezing  Point. 

per 
Gallon. 

Degrees  Fahrenheit. 

per 
Gallon. 

Degrees  Fahrenheit. 

1 

"2 

24  above  zero 

2 

29  above  zero 

1 

18  above  zero 

1 

27  above  zero 

H 

15  above  zero 

H 

23  above  zero 

H 

12  above  zero 

2 

18  above  zero 

H 

9  above  zero 

•7  1 

4  above  zero 

2 

6  above  zero 

3i 

6  above  zero 

—寸 

3  above  zero 

17  above  zero 

H 

1  above  zero 

H 

27  above  zero 

3 

3  below  zero 

5 

39  above  zero 

3| 

8  below  zero 

5^ 

54  above  zero 

Glycerine  is  recommended  for  use  in  chemical  fire  extin- 
guishers. It  has  no  effect  upon  metals,  but  has  a  tendency 
to  disintegrate  rubber.  It  has  been  stated,  however,  that 
the  continued  usei  of  glycerine  in  water  renders  it  liable  to 
a  decomposition  that  would  develop  compounds  having  a 
corrosive  action  on  metals.  When  using  glycerine  it  should 
be  remembered  that  1  gall,  weighs  lOAlbs.  The  following 
proportions  may  be  used  : — 


Glycerine,  pounds 
per  gallon. 

3k 


Temp,  solution 
will  withstand. 

+  10)  Fah. 
一  10。  Fah. 


Denatured  alcohol  has  advantages  over  both  glycerine 
and  calcium  chloride  as  a  non-freezing  element  in  water  solu- 
tions, for  it  has  no  injurious  effect  on  either  metal  or  rubber. 
A  solution  of  about  50  per  cent,  is  inflammable  ;  however,  it 
would  rarely  be  necessary  to  have  a  solution  of  over  30  per 
cent,  alcohol. 


A  20  per  cent. 
30  ，， 
40  ，， 
50  ，， 


freezes  at  +  10°  Fah. 

，，  一 5。  Fah. 

，，  一  20。  Fah. 

，，  一 35。  Fah. 


WORM  AND  SPIRAL  GEARING.^ 

With  Special  Reference  to  Machine  Tool  Design, 
jjy  w,  haughton. 

{Concluded  from  page  259.) 

Now  a  few  w orris  upon  the  conditioiis  necessary  to  success  in 
worm  or  spiral  wheel  drives.  Holding  a  most  important 
place  amongst  these  conditions  is  the  arrangement  made  for 
iakir.g  the  thrust.  Many  machines  still  exist  where  this 
matter  of  thrust  is  ignored  ；  but,  generally  speaking,  some 
provision  is  made,  if  not  in  both  worm  and  wheel,  'it  least  in 
the  worm .  In  most  cases  Uiis  is  all  that  is  necessary,  but  as 
the  angle  of  the  spiral  increases  in  the  wheel  it  becomes 
important  that  some  provision  should  be  made  for  taking  the 
thrust  upon  the  wheel  also  if  the  best  results  are  to  b© 
obtained.  As  the  angle  approaches  45〜 so  does  the  thrust 
upon  the  worm  and  wliocl  become  】nore  nearly  equal,  and  it 
be<  oines  imperative-  to  treat  both  wheels  alike  ia  this  respect. 
In  a  hollow-face  wormwlieel  it  is  very  important  that  there 
should  be  no  side  play,  especially  in  the  direction  of  the 
thrust,  as  t  lie  re  is  a  very  great  tendency,  owing  to  the  hollow 
shape,  for  the  worm  to'  push  the  wheel  over  to  the  side.  If 
this  is  not  attended  to,  and  the  work  upon  the  wheel  be  very 
heavy,  enormous  friction  is  set  up,  and  the  wheel  will  be 
speedily  worn  out,  to  say  nothing  of  the  great  waste  of  power. 

Among  the'  devices  for  taking  the  thrust  are  the  follow- 
ing : Friction;  washers  (sometimes  made  of  best  steel  hardened 
and  ground,  or  mild  steel  case-hardened  and  ground,  some- 
times a  combination  of  steel  and  red  fibre)  are  employed. 
Washers  made  of  white  chilled  cast  iron  are  said  to  have  been 
used  with  good  results .  Then  we  have  ball -thrust  collars, 
and  also  roller-thrust  collars.  For  many  purposes  the 
hardened  and  ground  friction  washers  are  perfectly  satisfac- 
tory, as  are'  also  the  red  fibre  washers  used  in  conjunction  with 
steel.  Where  friction  washers  are  used  there  should  be  three, 
the  ce'ntre  on©  being  loose'  ；  of  the  otlier  two,  one  should  be> 
pegged  to  the  boss  of  tbe  casting,  and  tho  other  to  the  worm . 
This  is  not  always  done.  The  whole  of  the  washers  are  left 
loose,  and  the  frictioni  upon  the  boss  and  the  worm  is  relied 
upon  to  hold  them .  But  it  is  better  to  make  the  motion 
definite'.  In  cases  where  the  duty  is  heavy,  the  loss  in  friction 
with  plain  surfaces  becomes  a  serious  item,  and  it  becomes 
necessary  to  employ  either  ball  or  roller-thrust  collars. 

In  most  cases  ball-thrust  bearings  are  at  once  the  cheapest 
and  best  method  of  taking  the  thrust,  and  are  now  generally 
used.  They  are  in  every  way  satisfactory  if  the  material  is 
all  right,  but  the  races  should  always  be  hardened  and  ground. 
High-quality  carbon  steel  is  necessary  if  both,  the  speed  and 
the  pressure  be  great.  In  cases  where  the  speed  is  low  and 
the  pressure  not  excessive,  mild  steel  case-hardened  and 
ground  is  satisfactory,  provided  the  case-hardening  is  deep 
enough.  In  the  instance  of  the  electric  worm-driven  hoists 
alluded  to  in  Mr.  Libby's  article  before  me'ntioiied,  the  thrust 
was  taken  by  ball  bearings,  tho  ra-ces  being  made  of  low- 
carbon  steel  case-hardened  and  groui;d,  and  he  made  a  point 
of  the  fact  that  the'  balls,  instead  of  being  used  as  received 
from  tho  makers,  were  tempered  by  being  heated  at  a  tem- 
perature of  475"\  He  said  that  for  this  particular  they  had 
found  this  an  advantage  to  the  wearing  quality  of  the  races, 
and  they  got  no  chipped  balls.  Ball-thrust  bearings  are  with- 
out doubt  generally  the  most  satisfactory  mear.s  of  taking  the 
th rust  if  care  bo  taken  to  make  the  size  of  the  balls  somewhat 
proportionate  to  the  pressure.  If  the  balls  are  too  small  they 
are  liable  to  cut  their  way  into  the  race. 

In  cases  wh-ere  the  work  done'  is  very  great  and  the  thrust 
heavy,  ball  bearings  very  soon  wear  out.  In  such  cases  it  is 
necessary  to  substitute  a  roller  bearing.  This  will  stand  a 
much  greater  thrust,  because  the  bearing  is  that  of  a  line  upon 
a  surface,  instead  of  a  point  upon  a  surface,  whicli  is  theoreti- 
cally the  case  with  balls.  One  type  of  roller  bearing  has 
rollers  of  a  taper  section,  sometimes  contained  in  a  notched 
disc,  at  other  times  simply  placed  in;  a  grooved  recess  with 
sides  of  corresponding  taper  to  the  roller.  This  tap^r  typo 
seems  to  he  the  most  correct,  but  is  rather  expensive  to  niako. 
Another  type  has  parallel  rollers.  In  this  case  it  is  essential 
fco  contain  rollers  within  slots,  which  will  keep  the  centre  of 

*  Abstract  of  paper  read  before  the  Birmingham  Association  of  Mechanical 
Kngineers,  February  3xd,  191' 丄 
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the  rollers  radial.  Theoretically  this  type  would  appear  to  be 
wrong,  as  the  outer  edge  of  the  roller  would  revolve  at  a  faster 
rate  than  the  inner,  so  that  it  cannot  have  a  strictly  rolling 
motion,  but  must  slide  to  a  certain  extent.  This  is  so,  and 
yet  the  rollers  are  quite  satisfactory  in  practice,  notwith- 
standing this  theoretical  defect,  and  it  must  not  be  forgotten 
that  ever:  ball  races  which  theoretically  are  free  from  it  in 
practice  become  tarred  with  th©  same  brush.  The  bearing 
of  a  ball  race  is  supposed  to  be  a  point  upon  a  surface,  and 
would  be  so  if  a  material  could  be-  found  to  stand  the  pressure 
and  wear  ；  but  very  soon  a  hollow  is  worn  into  the  material, 
and  its  ball,  like  its  brother  the  roller,  lias  to  da  a  certain 
amount  of  slipping.  Makers  of  ball  races  now  recagnise  this, 
and  make  the  race  with  a  hollow  radius  slightly  greater  than 


Circumference 
of  worm  on 
pitch. 


Circumference 


Lead  of  thread  in  worm 
Fig.  1. 


Lead  of  spiral 
Fig.  2. 


that  of  the  ball.  The'  engineer's  dream  of  a  pure  rolling  con- 
tact is  in  this,  as  in  gear  teeth,  a  dream  only,  without  solid 
foundation  in  fact.  While  speaking  of  the ,  parallel  roller 
thrust,  I  may  mention  that  a  short  time  ago  I  met  with  the 
difficulty  of  the  ball-thrust  races  rapidly  wearing  out  under 
the  very  great  pressure  of  high-speed  drilling.  The  ball 
thrust  was  replaced  by  a  roller  thrust,  and  the  result  was 
highly  satisfactory,  quite  overcoming  the  trouble. 

Almost  as  important  as  the  question  of  thi'ust  is  that  of 
lubrication.  Wormwheels  should  iiever  be  allowed  to  run  dry. 
If  tbe  t&eth  once  get  really  dry  and  commerxe  to  grind,  they 
will  grind  to  powder  in  a  short  half-hour,  wliereas  with  proper 
lubrication  tliey  might  have  lasted  for  years.  Whenever 
possible  the  worm  and  wheel  should  be  enclosed  in  a  tight  case 
capable  of  retaining  tlie  lubricant.  A  worm  and  wormwheel 
should  be  made  to  wallow  in  grease.  The  more  slippery  ai;d 
slithery  the  better- a  thin  oil  is  out  of  place.  The  thrust 
also  should  be  well  lubricated  to  get  the  best  efficiency. 

The  material  of  whicli  the  worm  and  wheel  are  made  is 
important.  The  purpose  for  wliicli  the  wheels  are  to  be  u&ed^ 
and  tbe  speed  at  which  tliey  are  to  rim,  have  to  be  considered 
in  selecting  a  suitable  material.  For  most  purposes  nothing 
is  more  suitable  for  the  wheel  than  clo&e-grained  cast  iroi;, 
and  fairly  hard  mild  steel  for  the  worm.  Gun  metal  is  fre- 
quently employed  in  cases  wliere  it  is  quite  unnecessary,  and 
is  therefore  wasteful  in  expense  ；  cast  iron  is  not  only  cheaper, 
but  is  quibe  as  good  for  the  purpose  if  properly  lubricated. 
Of  course  it  will  soon  wear  out  if  allowed  to  run  dry  ;  but  so 
will  any  material ― evon  gun  metal  or  j^hosphor  bronze  can- 
not do  without  lubricaliou.  If  brass 
must  be  used,  it  should  be  hard  and 
tough.  Phosphor  bronze  answers  to  this 
description,  and  is  therefore  much  used 
for  the  purpose.  Soft  steel  should  never 
be  used  together  for  both  worm  and 
wheel,  owing  to  their  very  great  ten- 
dency to  gall.  This  causes  a  very  great 
loss  ill  friction,  and  no  amount  of  oiling 
will  altogether  compensate  for  the  dis- 
advantage. If  steel  must  be  used  for  ― 
botli,  then  the  wheel  and  1  he  worm 
should    be    case-hardened  ；     the    liardcr  " ' 

the  surface  can  be  】ii;"le  t he  belter.  Tt  is  also  impor- 
tant that  the  surface  of  the  teeth  should  be  as  smooth 
as  possible.  The  latest  is  to  case-harden  the  worm  and  to 
grind  up  the-  thread,  not  only  with  the  object  of  jnaking  it 
smooth,  but  for  the  purpose  of  making  the  1  broad  true  lo 
pitch.  The  slight  distortion  which  takes  place  m  hardening 
IS  thouglit  by  some  to  be  so  important  as  to  warrant  llie 
expense  of  grinding,  involving  th(、  nrcessit y  of  a  spiral  niarliino 
for  piu-poso. 

Mention,  of  lliis  question  of  accuracy  of  pitch  recalls  the 


fact  that  the  difference  wliicli  exists  in  wormwheels  between 
the  normal  pitch  and  the  real  pitch  is  often  ignored  in  prac- 
tice. The  normal  pitch  is  that  measured  at  right  angles  with 
the  thread  or  teeth,  while  the  real  pitch  is  tliat  measured 
upon  the  face  of  the  wheel,  and  also  along  the  cer.tre  line  of 
the  worm  axis.  The  jiitcli  in  botli  these  cases  is  alike,  so  that 
when  the  angle  is  small  the  difference  is  a  negligible  quantity, 
as  it  involves  only  the  slight  thinning  of  the  teeth  ；  but  as 
the  helix  angle  increases  it  be<'onies  imperative  to  take  it  into 
account,  as  with  increasing  angle  the  teeth  become  thinner 
and  thinner  until  there  will  be  no  teeth  left.  In  singk- 
t'hirad  worms  the  angle  is  usually  small,  so  that  it  is  safe 
ignore  the  difference  ；  but  with  double-thread  worms  of  small 
diameter,  or  triple  or  quadruple-thr<*adod  worms,  they  should 
always  be  worked  out  as  a  pair  of  spiral  wheels.  While  upon 
the  question  of  angles,  I  may  mention  that  it  is  always  best 
to  keep  the  worm  as  small  in  diameter  as  possible  consistent 
with  strength.  This  has  a  double  advantage  in  that  it 
increases  the  helix  angle,  which  increases  the  efficiency,  and 
the  circumferential  friction  is  reduced  to  a  minimum. 

I  may  now  summarise  the  various  points  mentioned  as 
follows  ： ― 

1.  Wormwheels  whicli  】iave  their  teeth  out  diagonally 
across  the  face  are  quite  good  enough  for  many  purposes,  and 
are  cheap. 

2.  Wormwheels  with  spirally-cut  teeth,  not  bobbed,  are 
probably  more  efficient  than  wheels  wiih  hollow  laces,  even 
though  these  are  supposed  to  be  more  theoretically  correct. 
There  may  be  less  wearing  surfa<?e,  but  there   is   also  less 


3.  Hollow-face  wormwheels  with  hollow  teeth  arc  better 
made  with  a  considerable  flat  upon  each  side  of  the  hollow. 
Some  designers  think  it  best  to  have  no  hollow  upon  the  top 


of  the  teeth,  but  simply  to  sink  the  hob  iuto  the  face  of  the 
wheel.    There  is  certainly  a  gain  in  cheapness. 

4.  It  is  very  important  to  mount  、vorm\vheds  with  hobbod 
teeth  central  with  the  worm ,  and  it  is  well  to  hob  with  a  hob 
somewhat  larger  than  the  wonii ,  so  thai  the  pressure  of  tlie 
teetli  will  be  tbe  hardest  in  the  centre,  and  thus  】iiiuiniise  the 
side  thrust  and  the  wedging  action  of  the  worm  upon  the 
wheel  te^th. 

5.  Spiral  wlieels  are  very  efficient,  and  for  mmy  purposes 
are  better  than  bevel  or  mitre  wheels. 

6.  The  thrust  is  a  very  important  niatt-or  in  wonmvheels, 
ball -thrust  being  the  best  where  the  pressure  is  not  too  heavy. 
For  very  heavy  thrusts  rollers  should  be  use'l  instead  of  balls. 

7.  Lubrication  is  of  the  utmost  importance.  Whenever 
possible  the  、vorm  and  wheel  should  be  enclosed  in  a  case 
capable  of  retaining  the  lubricant,  and  a  thick  oil  like  cylinder 
oil  should  be  used  for  the  teeth. 

8.  For  heavy  driving  a  small  spiral  angle  should  not  be 
used.  The  best  angles  lie  betweiMi  18。  and  30 \  but  the  efli- 
ciency  increases  with  the  angle  up  to  45^ 

9.  The  diameter  of  wormwheels  should  be  calculated  from 
llu'  real  pitch  and  not  tlio  normal  pitch. 

10.  The  shape  of  wornnvheel  twth  is  generally  found  to 
suit  ail  angle  of  29"  in  the  worin-tliread,  but  if  the  tooth 
number  less  than  30  it  is  usual  to  make  the  lhroa<l  of  the  worm 
40，  angle  to  avoid  undercutting  the  t^th. 

Useful  Hints  and  Formulae  for  Worm  and  Spiral  Wheels. ― To  find 
llio  ;uiglc  of  tootli  in  a  \\ovu\  and  \vliri、l,  make  tlio  diagram 
Fig.  1  to  accurate  dimensions.  This  givep  the  angle  of  the 
worm -ill road.  Subl raci  this  from  00'  for  an^^le  of  wheol 
Wtli.  Both  these  angles  will  be  taken  froiu  the  axis  of  tho 
Avonu  1  nd  wheel. 
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Another  method  to  find  a,;ugle  of  thread :  Divide  the  cir- 
cumference of  worm  on  the  pitcli  lino  by  the  load  of  the  spiral  ； 
this  will  give  tho  tangent  of  the  angle.  Refer  to  table  of 
tangents  for  the  angle. 

Having  tlie  diameter  ami  the  angle  of  a  worm  or  wonii- 
、vheel，  to  find  lead  of  spiral.  Upon  a  horizontal  lino  ere<jt  a 
perpendicular  line  as  high  as  the  circumference  of  the  pitch 
diameter.  Mark  off  the  angle  with  a  protractor  from  the 
perpendicular  line,  and  extend  it  until  the  line  crosses  the 
horizontal  line.  The  length  of  the  horizontal  line  from  the 
perpendicular  lino  to  where  the  angle  crosses  the  horizontal 
line  will  be  the  lead  of  the  spiral  (see  Fig.  2). 

Another  method  is  based  on  the  fact  that  the  lead  of  the 
spiral  is  equal  to  the*  circumference  of  the  worm  or  wheel  on 
the  pitch  line'  divided  by  the  tangent  of  the  angle. 

For  spiral  wheels  having  equal  diameters  to  work  at  a 
given  ratio  it  is  necessary  to  know  what  angles  will  give  the 
correct  pitch  to  each  of  the  wheels.  For  example,  take  a 
two-to-one  ratio.  In  this  case  the  real  pitch  i'ti  the  first- 
motion  wheel  must  be  twice  that  of  the  second-motion  wheel, 
as  it  has  only  half  the  number  of  teeth  in  the  same  diameter. 
To  find  these  angles  make  the  diagram,  Fig.  3，  to  accurate 
dimensions.  This  gives  the  angle  of  the  first-motioa  wheel 
taken  from  tlve  horizontal  line  and  the  angle  of  the  second- 
motion  wheel  taken  from  the  perpendicular  line,  both  being 
with  wheel  axis. 

A  further  method  is  one  in  which  the  larger  figure  of  the 
ratio  divided  by  the  smaller  is  equal  to  the  tangent  of  the 


CHARGING  DEVICE  FOR  OAS  PRODUCERS. 

The  fuel-charging  device  for  gas  producers  shown  in  the 
acconipanying  cuts  has  recently  been  patented  by  F.  G. 
>Sinith,  37，  iluskin  Walk,  Hern©  Hill,  London,  and  J.  S. 
Atkinson.  Tlie  fuel  is  delivered  into  a  hopper  on  the  top 
of  tlie  producer,  which  delivers  it  through  a  revolving  feeder 
which  lias  also  a  inotiou  of  rotation  round  the  vertical  axis 
of  the  producer,  and  this  distributes  it  over  the  bed  of  fuel 
therein  ；  or  the  producer  may  revolve,  the  feeder  remaining 
stationary,  except  for  the  rotation  about  its  own  axis.  The 
feeder  consists  of  a  conirally-sliaped  body  A，  with  troughs  B 
formed  in  it  and  extending  tlirougliout  its  length  ；  the 
capacity  of  these  troughs  increases  from  the  centre  of  the 
producer  to  the  periphery,  giving  an  even  distribution  of 
fuel  over  the  bed.  The  feeder  A  revolves  iu  the  casing  C, 
which  is  open  at  tho  top  to  the  hopper  E  and  at  the  bottom 
to  the  producer.  The  feeder  is  placed  radially  just  above 
the  top  of  the'  producer,  and  is  provided  with  bearings  D  at 
each  end.  The  rotary  motion  of  the  feeder  A  may  be  given 
in  any  suitable  way,  and  for  a  rotating  top  pa'oducer  by  a 
spur  wheel  F  which  is  keyed  to  the  feeder  spindle  and  gears 
into  a  fixed  spur  ring  G. 

Either  the  top  of  the  producer  carrying  the  feeder,  or 
the  body  of  the  producer,  may  be  slowly  revolved  on  a  vertical 
axis  so  that  the  feeder  arrives  successively  over  different 
sections  of  the  fuel  bed.     The  rotation  of  the  feeder  causes 


Fig.  5  —Diagram  Illustrating 
the  great  difference  there 

MAT    BE    BETWEEN    THE  REAI^ 

Pitch  and  the  Normal  Pitch, 

angle  of  the  first-motion  wli^el,  and  vice  versa,  the  smaller 
divided  by  the  larger  equals  the  tangent  of  angle  for  the 
second-motion  wheel. 

To  find  the  real  pit'— 'h  of  a  worm  wheel,  draw  as  in  Fig.  4 
to  accurate  dimer^sions.  This  can  only  give-  approximations, 
but  is  a  good  method  of  checking  the  methods  given  in  Fig.  5， 
and  is  useful  iu  preventing  mistakes. 

The  following  formulae  are  for  wormwheels  of  circular 
pitch  :  ~ - 

Real  pitch  =  normal  pit^kH- cosine  of  angle. 
Cosine  of  angle  二  normal  pitch  +  real  pitch. 
Normal  pitch  =  cosine'  x  real  pitoli. 

Tangent  of  angle  =  circuniferenoe  on  pitch  line  +  lead  of 
spiral. 

Lead  of  spiral  =  circumference  on  pitch  Hn&  + tangent  of 
angle. 

Pitch  diameter  of  wheel  =  real  pitch;  x  number  of  teeth  + 
3-1416. 

For  diametral  pitches  use  tho  following  formulse  : ― 
Real  pitch  =  normal  pitch  x  cosine  of  angle. 
Cosine  of  angle  =  real  pitcli  +  normal  pitch. 
Normal  pitoh  ^  real  pitch  +  cosine  of  angle. 
Tangent  of  angle  =：  circumference  on  pitch  line  +  lead  of 
spiral. 

Lead  of  spiral  =  circumference  on  pitcli  line -r  tangent  of 
angle. 

Pitch  diameter  of  wheel  ：=  number  of  teeth,  divided  by  the 
real  diametral  pitch. 

On  Monday  lasf  the  engine  cylinder  burst  at  the  Acorn 
Spinning  Mill,  Lees,  Oldham.  In  consequence  of  the  break- 
down over  200  operatives  will  be  thrown  out  of  employment. 


Charging  Device  for  Gas  Producers. 

the  troughs  B  to  be  successively  opposite  the  hopper  and 
the  producer,  being  opposite  to  the  hopper  when  they  are 
being  filled  with  fuel,  and  opposite  to  the  producer  ^lien  dis- 
charging the  fuel  on  the  fuel  bed.  The  sides  of  the  feeder 
casing  C  are  a  sliding  fit  against  the  feeder  A,  thus  making 
ail  efficient  gas  trap .  More  or  less  sharp  edges  are  given  to 
the  troughs  B  and  to  the  edge  of  the  casing  C.  Thus  large 
pieces  of  fuel  are  cut  or  broken  up,  so  that  they  cannot  choke 
up  the  feeder  and  arrest  its  moliou.  This  also  ensures  fuel 
of  even  size  being  charged  into  the  producer.  The  apparatus 
tliereforei  acts  as  a  crusher  as  well  as  a  feeder  and  charger.  The 
joint  between  the  top  of  the  producer  and  the  body  of  the 
producer  is  made  gas-tight  by  means  of  a  water  or  sand  seal. 

Mining  Institute  of  Scotland. —- A  general  meeting  of  the 
Mining  Institute  of  Scotland  was  held  a  few  days  ago,  Mr. 
McLaren,  His  Majesty's  Inspector  of  Mines,  presiding.  For 
the  position  of  president  for  the  ensuing  year  Mr.  James 
Hamilton,  Glasgow,  was  nominated.  There  were  nominated 
a  number  of  members  for  the  offices  of  vice-president  and 
councillors.  Mr.  Henry  Briggs,  Heriot-Watt  College,  Edin- 
burgh, read  a  paper  on  testing  for  fire-damp  and  black-damp 
by  means  of  a  safety  lamp.  The  purpose  of  the  paper,  he  said, 
was  to  describe  the  methods  devised  by  himself  of 
detecting  fire-damp  and  black-damp  by  aid  of  a  cheap  and 
simple  addition  to  any  ordinary  safety  lamp,  and  he  gave  an 
account  of  so  mo  experiments  made  in  putting  the  methods 
to  the  test.  In  a  discussion  which  followed  an  interesting 
communication  was  read  from  Dr.  Haldane.  He  stated  that 
Mr.  Briggs'  methods  were  thoroughly  sound  in  principle, 
and  likely  to  be  most  useful  in  detecting  black-damp  with  a 
safety  lamp. 
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PRIME  COSTING  AND  ESTIMATING* 

BY  G.  JAMES  WELLS,  AVH.SC,  A.M.  1  N ST . C. K.,  M.I.M.E. 

The  cost  of  a  system  is  an  investment  which  must  be 
remunerative  to  justify  its  existence.  It  mainly  consists  of 
labour,  for  paper  and  printing  are  fortunately  very  cheap, 
consequently  in  devising  any  system  it  is  very  necessary  to 
reduce  the  clerical  work  to  a  minmuun.  I  lence  the  first  step 
to  take  must  be  the  determination  of  the  exact  information 
that  is  required,  and  the  way  in  wliich  it  may  best  be  recorded. 
The  first  of  these  items  can  only  be  discussed  by  those  who 
have  had  experience  in  estimating,  for  it  is  only  in  that  way 
one  can  obtain  any  notion  of  the  enormous  amount  of  useless 
labour  daily  expended  in  compiling  records  that  will  not 
serve  any  useful  purpose.  Even  in  so  simple  a  matter  as 
recording  the  weight  of  parts,  errors  of  transcription  lead  to 
most  anomalous  results. 

Errors  creep  in  because  prime  cost  clerks  usually  do  not 
know  liow  their  records  are  to  be  used,  and,  consequently  fail 
to  appreciate  the  sort  of  information  that  should  be  recorded. 
Further,  usually,  in  most  establishments  the  system  is  too 
elaborate,  providing  too  many  openings  for  error  without  any- 
one competent  to  pick  them  up  when  they  might  be  rectified. 

The  aim,  therefore,  in  devising  a  scheme  should  be  to  avoid 
all  unnecessary  clerical  labour  particularly  in  the  shop,  and  to 
reduce  the  items  to  be  dealt  with  to  a  minimum,  consistent 
with  providing  sufficient  data  for  the  purposes  of  the 
accountant  and  estimators,  also  the  form  to  be  such  that  the 
】njmager  can  have  placed  before  him  periodically  abstracts 
revealing  at  once  any  falling  off  in  efficiency. 

In  order  to  deal  with  the  problem  intelligently,  it  is  neces- 
sary to  first  settle  the  general  scheme  of  accounts  that  must 
be  kept,  so  that  the  proper  place  and  due  importance  of  each 
detail  of  the  whole  method  can  be  obtained.  Each  under- 
taking exists  in  consequence  of  the  possession  of  capital,  upon 
which  it  expects  by  reasonable  use  to  earn  profits  or  divi- 
dends. In  order  to  earn  profits  orders  must  be  received  and 
executed.  Thus  the  object  of  book-keeping  is  to  record  sys- 
tematically all  the  transactions  that  occur,  so  that  the  posi- 
tion of  the  undertaking  may  be  readily  determined  at  any 
time.  The  starting  point  for  all  systems  is,  therefore, 
" orders  "  and  "  Cash." 

The  whole  scheme  is  shown  in  the  diagram  Fig.  1,  in  which 
the  sequence  of  events  occur  in  the  order  shown,  moving 
downwards  towards  tlie  bottom.  To  execute  the  orders 
received,  wages  must  be  spent,  and  a  certain  quantity  of  raw, 
partly,  or  completely  manufactured  material  worked  up. 
The  materials  come  from  the  storerooms,  and  like  wages  have 
to  be  paid  for  with  cash .  The  management  and  certain 
cliarges  have  to  be  met  in  order  that  there  may  be  a  suit- 
able place  where  tlie  orders  can  be  executed.  Thus,  there 
are  three  main  soiircos  of  cash  expeudituro,  each  of  wliicli 
must  be  charged  against  the  orders  executed  in  order  that 
their  cost  may  be  known  accurately. 

Tliese  several  items  each  find  their  way  ri"  the  workshop  to 
the  prime  costing  (lepartinenl.  At  this  stage  a  certain  per- 
centage is  added  to  the  cost  to  provide  the  sum  required  to 
])ay  interest  on  the  capital  involved  in  the  undertaking.  Tt 
is  not  expected  that  so  far  there  is  much  room  for  differeiu'e 
of  o})iiuon,  but  when  the  details  are  examined — the  best  and 
clieaj)est  way  of  putting  into  practice  this  scheme,  it  will 
be  seen  that  tlie  re  is  nuicli  room  for  variation  in  method. 

Prime  Costing. 

The  value  of  a  1^ih)\v1o(1^;o  (if  prime  cost  is  attested  by  the 
fact  that,  almost  evci'y  inulcft ak iii^'  lias  sucli  a  de])artineiit 
organised  on  a  scale  depeiuling  upon  the  exact  relative  value 
placed  u])on  "prime  cost"  and  the  use  made  of  it.  The 
object  of  the  "  prime  cost'  office  "  is  to  record  all  the  items 
included  in  the  cost  of  production  of  eacli  article  manufac- 
tured, in  such  a  manner  tliat  the  estimating  (le})artinent  may 
('oin])are  the  actual  results  obtained  with  those  anticipated, 
and  thus  leani  if  (1)  tlie  time  allowed  was  sufficient  ;  (2)  the 
amount  of  material  allowed  was  correct  ；  from  which  the 
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actual  possibilities  of  the  shops  can  be  determined  for  future 
use. 

The  drawing  office  should  also  be  able  to  detect  if  any 
changes  in  the  design  of  any  standard  or  stock  design  has 
resulted  in  the  anticipated  saving  in  manufacture.  The 
management  should  be  able  to  learn,  by  comparing  the  cost 
with  the  prices  obtained,  which  articles  ])ay,  and  whi<-h  should 
be  dropped,  unless  some  alteration  in  design,  or  method  of 
manufacture,  can  be  devised  to  reduce  costs  sufficiently  to 
make  it  worth  while  to  continue  their  sale. 

Reineiubering  these  purposes  it  is  possible  to  devise  a 
system  that  will  suit  any  particular  class  of  work,  at  a  inini- 
mnm  of  expense,  which  means  that  tlie  clerical  labour  must 
be  reduced  as  much  as  possible.  There  are  three  principal 
items  to  be  taken  note  of  in  ascertaining  the  prime  cost,  viz. : 
(1)  The  cost  of  labour  :  (2)  the  cost  of  material :  (3)  the  true 
share  of  establishment  expenses  that  must  be  borne  by  each 
order. 

Labour  Costs. ― The  systems  most  g(Mierally  followed  either 
make  tlie  individual  workman  record  daily  the  time  spent 
upon  each  job,  or  employ  a  clerk  to  see  each  man  daily  and 
make  the  record  for  liim.  Sometimes  the  foreman  has  to 
initial  each  card,  to  ensure  in  some  measure  the  reasonable- 
ness of  tlie  several  records  before  they  go  to  the  prune  cost 
office  for  dissection  and  entry  in  the  books . 

The  difficulties  are  great  with  each  method.  The  men 
often  regard  these  cards  as  a  device  intended  priiiiarilv  as  a 
trap  to  discover  the  quickest  workman,  and  thus  elaborate 
private  records  are  made  from  time  to  time  to  ensure  that 
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Cash  Expended 


Management 

Salaries 
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Prime  Cost  of  Work  Done 


Interest  on  Capital 


Customer's  Accounts 
Cash  Received 
Fig.  1. 


there  shall  be  no  discrepances  if  any  comparisons  are  made 
ill  the  office.  To  meet  this  the  second  method  details  a  clerk 
to  see  each  man  and  make  tlie  record,  but  this  is  no  real 
remedy,  for  the  unfortunate  clerk  usually  does  not  possess  anv 
practical  knowledge,  and  so  must  put  down  wliat  lie  is  told. 
Another  difficulty  is  that  men  wlio  have  a  great  variety  of 
jobs  neglect  to  record  any  of  them  until  near  the  end  of  the 
(lay,  aii(]  tlieii  omit  many,  rliai'ging  up  their  (lav  to  one  or 
two  unfortunate  order  numbers  that  in  their  judgment  are 
best  able  to  stand  it. 

The  autlior  in  dealing  with  this  difficulty  lias  always 
required  the  】imn  to  record  the  time  ocvupied,  no 川 aiter  how 
small,  at  once  to  each  order  number,  and  leave  the  liunping-up 
process  to  the  office  to  execute  upon  a  plan  pre-arran'^cd,  so 
til  at  no  injustice  is  done  any  particular  order  number  because 
somebody  may  consider  it  well  able  to  stand  it.  For  this 
purpose  cards,  Figs.  2  and  3，  were  printed,  and  each  man  pn 
arriving  at  the  time  office  received  card  Fig.  *J,  on  which 
lie  was  required  to  record  liis  mnnber  and  machine  number  : 
tlie  order  inimher  :  piece  number  :  and  tlie  time  lie  spent  ii])oii 
it  :  all  of  wliicli  it  must  be  noted  are  numbers  onlv»  no  writing 
of  aiiy  sort  bein"'  necdod.  If  overtime  was  worked  this  was 
tMiteml  sejiarately,  so  that  tlie  proper  twtra  cha ri^cs  could  be 
"mde.  The  workman's  mmiber  ami  t he  iiiachine  number 
ei);ibl(Hl  tlie  ollice  to  t'nter  up  his  、、； rate,  and  tlie  charges 
niade  to  cover  interest  ami  other  cliargos  due  to  capital  cost 
of  tlio  tool.  Then  by  means  of  a  table  the  value  of  the  time 
lould  be  entered  asjainsl  each  item  wlien  tlie  canl  was  ready 
for  the  diarizes  to  bt>  t raiisftMTed  to  the  record  of  each  order. 
For  fitters,  whose  work  naturally  (liflVred,  another  oard.  Fig. 
3，  was  supplied,  and  tliese  two  cards  sufliced  to  satisfy  the 
roquiroiiuMits  of  machinists,  labourers,  fitters,  pattern  makers, 
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moulders  and  smiths.  On  card  Fig.  .3,  charges  were  made 
for  vice,  tools,  &(、.  It  should  be  noted  that  the  overtime  was 
finally  put  on  the  backs  of  the  cards,  also  that  the  charges 
added  to  the  workman's  time  does  not  form  part  of  the  estab- 
lishment costs  proper,  but  only  such  as  are  special  to  that 
individual.  It  should  also  be  noted  tliat  the  total  time,  not 
the  value  booked  up  each  week  by  the  prime  cost  department, 
should  equal  that  posted  by  the  wage  clerk,  a  check  upon 
the  accuracy  of  all  concerned.  An  examination  of  the  forms 
show  that  no  provision  is  made  for  writing,  and  the  reason 
is  quite  obvious. 

Materials. ― The  materials  used  by  the  workmen  are  obtained 
from  the  stores  by  means  of  a  foreman's  requisition.  The 
stores  clerk  enters  upon  it  the  exact  weight  issued  and  cancels 
it  by  initialling.  At  the  end  of  each  day  all  the  requisitions 
are  made  up  in  a  bundle  and  sent  to  the  prime  cost  office,  A 
clerk  here  enters  the  rates  from  the  manufacturer's  invoices 
at  which  the  materials  are  to  be  charged,  plus  a  charge  for 
handling  and  storing  ；  also  the  total  values  of  each  item  on 
the  requisition,  afterwards  the  items  are  transferred  to  the 
accounts  of  the  several  orders  to  which  they  belong. 

As  regards  the  cost  of  】iiaterials,  the  author's  experience 
leads  him  to  think  that  the  invoice  price  of  the  materials  as 
delivered  to  the  stores  in  a  small  works,  plus  5  per  cent,  to 
cover  the  costs  of  handling  and  storing  is  about  the  rate  that 
should  be  charged  in  order  to  make  the  stores  department 
self-supporting,  thus  relieving-  the  establishment  charge  by 
charging  this  item  to  the  individual  orders  concerned. 

Establishment  Costs* ― It  is  usual  to  group  together  under 
the  heading  '-  establishment  costs  "  salaries,  gas,  water,  rents, 
taxes,  office  expenses,  depreciation  and  other  charges  of  a 
non-productive  character,  and  spread  tlieni  over  the  year's 
working,  apportioning  them  between  the  individual  orders 
executed  upon  some  predetermined  method.  There  are  pos- 
sibly as  many  ways  as  shops  of  apportioning  this  charge  to 
individual  orders,  and  for  each  way  probably  very  cogent 
reasons  could  be  given  to  show  that  although  in  some  way 
or  other  the  apportionment  is  not  just,  yet  in  most  instances 
the  results  obtained  are  deemed  good  enough. 

Upon  consideration  the  author  adopted  the  following 
method  of  distributing  the  establishment  expenses  between 
the  orders  in  progress.  Usually  the  staff  in  the  office  are 
entitled  to  a  month's  notice,  so  that  the  total  costs  do  not 
vary  sensibly  during  any  individual  month.  The  rates  and 
taxes  vary  from  year  to  year,  but  for  the  immediate  purpose 
are  quite  easily  estimated.  Hence,  at  the  beginning  of  each 
month  it  is  easily  arranged  that  the  "  prime  cost "  depart- 
ment can  be  notified  that  the  total  cost  of  the  establishment 
for  the  ensuing  month  will  be,  say  £200.  Next  assume  that 
for  the  first  week  in  that  month  the  total  number  of  pro- 
ducers are  100，  then  during  that  week  £50  will  be  expended 
to  keep  the  100  men  employed,  a  charge  of  10s.  per  man  per 
week.  Assume  that  the  time  worked  by  the  man  in  that 
week  to  be  55  hours,  then  the  establishment  charge  per 
hour  will  be  120  pence  +  55，  or  pence  per  hour.  At  the 
end  of  that  week,  say  35  hours  has  been  booked  in  all  against 
a  certain  order  number,  then  the  share  of  the  establishment 
cost  that  must  be  paid  by  that  order  is  35  x  2y*y  =  82^*^^  pence, 
say  6s.  lid.  The  35  hours  is  the  sum  of  all  time  charged  to 
that  order  number  by  all  the  individuals  who  have  contri- 
buted anything  towards  the  completion  of  that  particular 
order. 

Suppose  now  that  the  foreman  engage  20  more  men  the 
next  week,  so  that  overtime  is  avoided,  then  the  rate  will  be 
reduced,  thus  the  establishment  charge  would  be 

50  X  240  50 
10- X  5T  ^  27  pence, 

a  little  less  than  2d.    Thus  for  35  hours  work  the  share 

，  50 
the  establishment  charges   would  equal       x  35  pence, 

5s.  5d. 

The  changes  in  the  value  of  this  fraction  at  once  indicate 
certain  facts  to  the  observant  manager.  If  the  cost  increases 
it  shows  (1)  that  the  costs  of  】nanagement  have  increased,  if 
the  number  of  hands  and  hours  worked  are  unaltered  ;  or  (2) 


of 


or 


if  the  cost  of  management  is  unchanged,  then  it  is  clear  that 
they  are  short  of  work  in  the  shops,  for  the  product  meii- 
liou rs  is  less. 

This  system  makes  no  distinction  between  the  grades  of 
workmen  employed,  it  places  them  all  at  the  same  rate  ；  but 
this  is  no  real  injustice  to  any  concerned,  for  the  boys,  pupils, 
&c.,  naturally  cost  more  for  supervision  than  the  workman, 
and  should  be  charged  pro  rata,  which  is  actually  done  by 
this  scluMiie. 

System  in  Prime  Cost  Office. —  The  duties  of  the  prime  cost 
department  are  now  quite  plain.  Each  morning  finds  two 
bundles,  one  containing  the  time  cards,  the  other  the  store 
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requisitions  ；  each  of  these  has  to  be  priced  and  transferred 
before  the  day's  work  is  done,  for  it  has  to  be  clearly  under- 
stood that  each  day's  work  must  be  completed  iu  that  day. 
It  cannot  be  too  strongly  insisted  upon  that  prime  costs  to 
be  of  use  must  be  true  records,  and  after  a  lapse  of  24  hours 
it  is  wonderful  how  difficult  it  is  for  the  majority  of  men 
to  explain  or  recall  what  they  actually  did,  thus  leading  to 
compromising  in  details  ；  hence  the  author  strongly  insists 
that  each  day's  work  must  be  completed  on  the  day,  and  no 
arrears  left  to  handicap  the  due  performance  of  the  next 
day's  duties. 

Iu  order  to  reduce  the  clerical  work  to  the  smallest  limits, 
the  author  favours  the  method  of  sub-dividing  each  customer's 
orders  into  a  group  of  orders,  each  individual  order  being 
treated  as  a  complete  unit  in  itself.  This  sub-division  should 
be  done  upon  a  uniform  plan,  so  that  the  work  of  the  estimat- 
ing and  drawing  offices  is  facilitated  as  much  as  possible.  In 
tendering  for  contracts  it  is  often  necessary  to  group  together 
certain  units,  in  order  to  find  the  combination  that  offers  the 
lowest  prime  cost.  The  drawing  office,  in  its  work  of  design- 
ing, as  the  result  of  experience,  modifies  a  certain  detail  in 
order  to  reduce  the  labour  cost,  and  it  wants  to  see  if  in  the 
shops  the  expected  gain  is  realised  or  not.  Processes  that  are 
costly  in  one  shop  may  be  in  another  relatively  inexpensive, 
and  these  individual  characteristics  should  be  clearly  shown 
by  the  prime  cost  records. 

When  the  ])ricing  of  the  time  sheets  is  completed,  then  the 
謹 oimts  are  transferred  to  the  accounts  for  the  respective 
orders  in  a  book  (see  diagram  Fig.  4)  by  siniplv  entering  up 
the  man  s  number,  the  uiacliiue  number,  the  number  of  hours, 
and  the  amount.    On  the  opposite  page  is  entered  up  the 
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material  details.  At  the  end  of  each  week  the  hours  are 
totalled,  and  the  establishment  costs  entered  up,  thus  every- 
thing is  completed  as  one  goes  along.  The  time  and  iimteHal 
sheets,  sorted  into  tlieir  order  numbers,  are  tied  together  and 
filed.  When  the  order  is  completed,  then  these  weekly 
bundles  are  tied  up  together  and  filed  away  under  their  order 
number  in  case  of  need,  the  prime  cost  account  is  then  closed, 
and  an  abstract  is  made  and  entered  upon  a  card  and  sent  to 
the  estimating  department,  who  enter  upon  it  their  estimated 
cost,  recording  in  their  files  tlie  amounts  for  reference  in  the 
next  similar  tender  they  have  to  make  ：  the  card  is  passed  on 
to  the  accountant's  department,  where  the  customer's  invoice 
is  prepared,  and  the  matter  closed. 

The  author  claims  that  the  system  here  outlined  is  capable 
of  recording  the  truth,  with  a  minimum  expenditure  upon 
clerical  labour  and  consumption  of  stationery,  and  where 
necessary  can  be  elaborated  to  include  smaller  details,  but 
on  the  whole  it  is  submitted  that  this  scheme  gives  as  much 
information  as  can  usually  be  made  use  of  satisfactorily,  and 
at  the  same  time  gives  the  data  readily  for  reporting  weekly 
to  the  iiianager  the  total  expenditure  upon  every  order  in 
progress,  thus  enabling  him  to  follow  expenditure  and  income 
continuously.  It  is  only  in  this  way  that  a  business  ran  be 
intelligently  controlled  and  dividends  earned. 

The  diagrams  and  forms  sliow  how  the  various  accounts  are 
interlocked  with  each  other,  and  mutually  check  each  other 
so  that  no  error  or  slip  can  remain  long  undetected,  especially 
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if  the  weekly  balance  is  carried  out,  and  when  once  the  system 
is  started  properly  there  is  no  difficulty  in  obtaininj^  this 
result  without  additional  appreciable  cost. 

Estimating. 

The  work  of  the  estimating  department  is  to  ascertain  tlie 
cost  of  production  based  upon  experience,  if  available,  supple- 
mented by  good  guessing.  In  the  business  of  estimating  it  is 
necessary  to  find  (1)  the  amount  of  raw  material  needed  ； 

(2)  tlie  time  requisito  for  the  work  done  on  the  raw  material  : 

(3)  the  amount  of  charges  that  must  be  added  to  meet  the 
cost  of  delivery,  maintenance,  &c"  required  by  the  contract  ； 

(4)  the  share  of  the  establishment  cost  that  will  bo  incnrrod 
in  executing  the  contract. 

Obviously  therefore  the  work  of  estimating  is  very  similar 
to  that  of  prime  costing,  save  that  the  time  sheets  and  stores 
requisitions  must  be  guessed.  This  business  of  guessing  is 
made  easy  if  the  prime  costs  are  arrurately  recorded  on  a 
suitable  basis  for  use.  Frequent  collfiboration  is  iiecessary 
between  the  departments  concerned,  so  that  all  work  done 
in  the  shops  is  suitably  split  up  into  separate  orders,  to  assist 
tho  estimators  in  guessing  their  answers  to  future  enquiries. 

Materials.  ― The  amount  of  raw  material  required  is  usually 
calculated  from  tho  drawings  without   iinu*li  difficulty,  ami 


the  results  obtained  】Tiay  be  usually  treated  without  any  cor- 
rections as  finished  weights.  When  there  are  no  drawings  of 
tlie  work  proposed  then  guessing  in  some  form  or  other  must 
be  done.  If  there  are  no  precedents  available,  an  approxi- 
mate design  】nust  be  made  so  that  the  principal  dimensions 
are  known,  then  by  guessing  the  details  an  approximation  can 
be  made.  If  precedents  are  available,  tlien  a  curve  can  be 
constructed  which,  after  being  smoothed,  can  usually  be  relied 
upon  to  assist  in  obtaining  a  fairly  truthful  guess.  Curves 
of  weights  and  costs  should  be  laid  down  and  kept  constantly 
up  to  date. 

As  each  successive  article  is  made,  its  weight,  &c.，  should 
be  spotted  upon  the  curve,  thus  in  time  the  average  weight- 
as  well  as  the  maximum  and  ininimiini  variations  from  it  will 
be  well  known,  and  any  unusual  deviation  would  automati- 
cally call  attention,  and  enquiry  would  be  made  to  learn  the 
cause  of  the  discrepancy. 

Guessing  in  many  instances  proceeds  along  the  lines  of  a 
stress  formula.  For  example,  a  steam  cylinder  usually  con- 
sists of  a  barrel  and  two  covers,  with  a  steam  chest.  The 
strength  of  tlie  cylinder  is  determined  by  the  formula 

t^p!  + 1'; 

and  assuming  tliat  tlie  safe  stress  (/)  remains  the  same,  and 
that  the  maximum  pressure  (ji)  would  be  the  same  for  a  series 
of  sizes,  then  it  is  clear  that  the  thickness  {t)  would  increase 

proportionately  to  the 
D"te  G"" 屮 icted  S!3th  A'ov.,  1920,  radius  01，  diameter  of 

the  cylinder.  Conse- 
quently if  the  cylinder 
had  to  be  twice  the 
diameter  of  the  nearest 
precedent  available, 
and  the  stroke  increas- 
ed one-half,  then  the 
weight  of  the  large 
barrel  "would  be  eix 
times  that  of  the 
smaller.  Similar 
reasoning  would  also 
allow  the  cover 
weights  to  be  guessed 
quite  accurately 
enough. 

In  bridgework,  roof 
construction,  &c.，  for- 
mula? for  weights  in 
terms  of  stress  are  fre- 
quently useful  for  esti- 
mating the  amount  of 
raw  material  needed. 
Prof.  Claxton  Fidler 
gives  an  account  of  the  derivation  of  such  formulap  for  use  in 
bridge  design.  In  machines,  however,  such  fonmila?  cannot 
be  generally  used,  for  the  deteninnatioa  of  the  proportional 
dimensions  does  not  depend  upon  the  intensity  of  the  stress 
alone,  so  that  the  estimator  】mist  use  such  data  as  may  he 
available,  and  afterwards  tost  his  result  in  every  way  that 
the  prcced^Jits  recorded  will  allow,  supplomentod  by  any 
stress  fonnuliv  applicable  to  that  class  of  work . 

Time. ― This  item  of  time  is  at  first  sight  one  that  appears 
should  bo  readily  calculated  by  tlie  drautjhtsinan  from  the 
drawings  which  show  the  surfaces  wliich  require  tooling. 
Castings,  however,  do  not  usually  come  from  tlie  foundry  with 
the  core  holes  exactly  concentric,  as  rattling  and  drawing  the 
patterns  cause  considerable  variations  in  tlie  amount  of  metal 
that  must  be  removed.  Whilst  in  the  machine  shop  time  is 
lost  in  setting  the  work  true,  wait  ins:  for  the  crane,  also 
labourers  in  most  si i ops  have  a  habit  of  being  busy  at  a 
distance  away  just  at  the  time  their  assistance  is  required, 
and  factors  to  allow  for  these  losses  of  time  are  verv  difficult 
to  introduce  into  any  fonnulje  for  guessing.  Probably  on 
tho  wliolo  the  plan  of  makin*^  tlie  foreman  guess  is  as  good 
as  any  other. 

Charges  for  Completion. ― The  third  item  is  an  important 
one,  for  carriage  is  an  item  that  easily  mounts  up,  if  care  has 
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not  been  taken  to  discover  the  best  route.  Not  only  is  it 
important  to  know  the  weight  of  individual  parts,  }mi  their 
size  must  be  detennined,  Fof  example,  tlie  stern  post  of  a 
large  steamer  may  weigh,  say  50  tons,  but  the  rate  per  rail 
for  that  article  may  be  very  exceptional  if  its  dimensions  are 
such  as  to  foul  both  roads,  and  so  necessitate  special  trafTic 
arrangements  whilst  it  is  being  transported.  Another  difli- 
culty.  when  shipping,  is  to  pack  the  goods  in  such  a  manner 
that  tlie  weight  per  cubic  foot  is  sufficient  to  ensure  the  mini- 
iiiiini  rates  per  ton.  Crane  capacities  must  not  be  lost  sight 
of,  otherwise  extra  costs  will  be  incurred  in  handling.  Any 
such  extras  are  very  irritating,  especially  if  the  tender  had  to 
be  submitted  with  a  very  small  margin. 

Many  contracts  exact  onerous  terms  of  engineers,  and 
much  money  has  to  be  laid  out  upou  the  work  before  any 
payment  becomes  due.  The  clauses  relating  to  the  mode  of 
payment  require  careful  consideration,  so  that  interest  on  all 
the  sums  outstanding  may  be  included  in  the  estimate.  It  is 
the  practice  in  many  cases  to  withhold  sums  up  to  25  per  cent, 
of  the  contract  for  six  or  more  months  after  the  plant  has 
been  put  into  operation  ；  in  such  cases  interest  upon  this  out- 
staudiiig  sum  must  be  added,  together  with  from  4  to  8  per 
cent,  for  maintenance  of  the  plant  for  the  term.  Some  con- 
sulting engineers  frame  their  specifications  as  though 
contractors  are  glad  to  lay  out  capital  in  the  execution  of 
their  customer's  work  for  six  to  twelve  months,  and  maintain 
the  plant  free  of  cost,  whereas  the  purchaser  cannot  evade  the 
charges,  however  craftily  the  specifications  are  worded,  if  the 
estimator  does  his  work  properly. 

Establishment  Costs. ― The  、  proportion  for  establishment 
charges  is  quite  easy,  being  an  average  value  per  hour,  and 
5  per  cent,  on  value  of  the  materials.  In  addition  to  the 
preceding"  items,  guided  by  experience,  some  percentage  nuist 
be  added  to  cover  the  cost  of  incidentals,  such  as  bad  castings, 
wasters,  Ac.  A  certain  proportion  of  such  events  occurring 
in  every  establishment  with  which  the  author  has  had 
acquaintance,  and  in  spite  of  the  best  system  possible,  he  feels 
confident  that  such  luxuries  will  never  wholly  disappear. 

It  is  the  experience  of  the  author  that  only  some  5  per 
cent,  to  8  per  cent,  of  the  tenders  prepared  are  successful  as 
a  rule.  Of  course  where  there  is  some  special  line  which  is 
universally  required,  then  a  much  larger  number  of  tenders 
will  be  accepted,  but  these  】iionopolies  are  very  few  and  far 
between. 


LOSS  OF  MINERAL  AREAS  IN  SOUTH  STAFFORDSHIRE. 

At  a  meeting  of  the  South  Staffordshire  and  Warwickshire 
Institute  of  Mining  Engineers  held  at  the  University,  Edmund 
Street,  Birmingham,  on  the  19fch  ult.,  a  paper  was  read  by 
Mr.  Isaac  Meachem  on  "  The  loss  of  mineral  areas  in  South 
Staffordshire/'  The  author  said  the  question  of  our  national 
coal  supply  had  for  some  years  been  a  matter  of  deep  interest. 
Its  exhaustion  appeared  to  be  so  rapid  that  to  some  extent  a 
feeling  of  alarm  had  been  raised.  The  Royal  Commission  on 
Coal  Supplies  had  held  its  sittings,  taken  evidence,  and  made 
its  report.  One  part  of  the  work  of  the  Commission  bad  been 
to  enquire  into  the  question  of  waste  in  working,  loss  of  coal 
in  barriers,  and  support  to  buildings  and  other  properties. 
In  connection  with  the  question  of  waste,  there  was  one 
feature,  relating  more  especially  to  the  loss  of  coal  left  as 
support  to  the  surface,  which  had  not  received  the  attention 
that  it  deserved,  and  was  but  lightly  touched  upon  by  the 
Com  mission  ；  yet  it  concerned  the  South  Staffordshire  district 
to  a  serious  extent.  Despite  all  the  care  taken  to  protect 
buildings  from  damage,  damage  was  often  alleged  ；  and  the 
mine-owner  was  compelled  either  to  pay  extortionate  com- 
pensation, or  to  fight  out  his  case  in  the  law  courts. 

In  the  South  Staffordshire  district  the  mineral  outcrops 
were  unusually  extensive  in  proportion  to  the  area.  Early 
mining  operations  were  all  in  the  shallow  mines  round  those 
outcrops,  so  that  a  large  proportion  of  the  area  of  the  coalfield 
was  broken  ground,  ready  to  receive  the  rain  and  pass  it  into 
the  mines.  Under  the  a、gis  of  the  South  Staffordshire  Mines 
Drainage  Act,  a  scheme  had  now  for  some  years  been  worked 
by  a  Board  of  Commissioners  with  the  guidance  of  a  capable 
engineer.    The  Commissioners,  however,  had  been  but  partly 


successful  in  their  task  ；  and  it  would  appear  that  under 
present  conditions  many  million  tons  of  valuable  minerals 
would  be  irretrievably  lost,  unless  another  scheme,  more  far 
reaching  and  powerful  than  the  present  one,  were  formulated 
and  adopted.  Upwards  of  40,000,000  tons  of  coal  and  iron- 
stone were  in  the  earth,  which  would  l)e  utterly  lost  unless 
some  scheme  was'  devised  and  s(;t  to  work  to  rescue  them. 
The  loss  of  this  mineral  wealth  was  a  serious  matter. 

The  question  of  right  of  support  was  a  serious  one,  as  com- 
paratively small  properties  required  a  considerable  area  of  mine 
for  support,  the  area  increasing  with  the  depth  of  the  mine. 
To  support  a  property  of  an  acre  in  area  required  nearly  3Gi 
acres  of  mine,  and  if  there  were  but  three  seams  of  coal,  each, 
say,  4ft.  thick,  the  amount  of  coal  lost  would  be  600,000  tons. 
The  recent  judicial  decision  in  the  case  of  the  London  and 
Noi'th- Western  Railway  Company  v  the  Ilowley  Park  Coal 
and  Cannel  Company,  in  which  it  was  laid  down  that  the  rail- 
way company— and  as  a  natural  result  canals  also ― are  entitled 
to  lateral  support  outside  the  prescribed  limit  of  40  yards,  had 
added  to  the  difficulty  of  the  working  of  mines,  as  all  were 
aware  who  were  concerned  in  the  working  of  mines  near  to 
railways  or  canals.  That  decision  would  also  have  the  effect 
of  forcing  mine-owners  to  leave  valuable  minerals  in  the  earth 
in  order  to  avoid  litigation. 

The  question  now  was,  could  anything  be  done  to  lessen  or 
stay  this  enormous  loss  of  mineral,  both  in  the  areas  lost  in 
support  of  the  surface  and  in  respect  of  the  areas  submerged 
by  water  ？  His  view  was  that  if  property  should  be  threatened 
with  damage  or  destruction  by  the  working  of  minerals  under, 
or  subjacent  to,  the  property,  the  property  threatened  should  be 
valued  by  independent  valuers  appointed  by  the  Government, 
and  also  the  portion  of  the  mines  required  for  the  support  of 
the  property  to  be  valued.  This  valuation  should  be  made  on, 
say,  two-thirds  of  the  value  of  sale-tons  at  the  low  rate  of 
1,200  tons  per  acre.  If  the  value  of  the  mines  on  this  basis 
exceeded  the  value  of  the  surface  property,  then  the  mines 
under  and  subjacent  to  the  property  should  be  worked,  and 
the  surface-property  owner  compensated  for  the  damage  done 
to  the  property.  Such  damage  should  be  estimated  by  the 
aforesaid  values,  and,  in  case  the  property  were  completely 
destroyed,  the  full  value  of  it  should  be  paid. 

For  the  purpose  of  assessing  the  amount  to  be  paid  by  the 
mine-owner  or  lessee,  as  the  case  might  be,  the  area  of  the 
mine  necessary  for  the  support  of  the  property,  and  the  radius 
of  such  area  from  the  property  to  be  supported  to  be  not  more 
than  half  the  depth  of  the  seam  should  be  estimated.  An 
estimate  based  on  the  result  of  the  previous  year's  working 
should  be  made  of  the  profits  per  acre  on  the  area  indicated 
above.  The  mine-owner  should  pay  a  sum  not  exceeding  one- 
third  of  the  profits,  as  estimated  on  that  area  as  his  share,  if 
the  property  were  totally  destroyed  ；  but  if  the  property  were 
only  damaged,  then  such  a  proportion  of  that  sum  as  the 
amount  of  compensation  for  damage  bore  to  the  value  of  the 
property.  The  remainder  of  the  compensation,  if  any,  should 
be  paid  by  the  State  as  the  share  of  the  community  generally. 
By  some  such  means  expensive  litigation  would  be  avoided, 
and  property  owners  compensated,  and  that  without  crippling 
the  mine-owner.  The  rights  of  the  community  generally  in 
their  share  of  the  national  wealth  would  be  met,  as  it  would 
profit  by  employment,  by  trade  generally,  by  the  rates  and 
taxes  paid,  and  by  the  benefiting  of  contingent  industries 
through  the  working  of  minerals  which  would  otherwise  be 
lost. 

As  to  the  freeing  of  mines  from  water,  if  the  State  appointed 
a  committee  of  experts  to  assess  the  value  of  the  minerals 
submerged,  at,  say,  two-thirds  of  the  market  value,  the  State 
should  advance  a  sum  of  money  not  exceeding  one-third  of  such 
value,  for  the  purpose  of  freeing  the  mines  from  water.  A  rate, 
which  should  not  exceed  6d.  per  ton,  should  be  imposed  on  all 
minerals  raised  from  the  hitherto  submerged  area,  the  remainder 
of  the  cost,  if  any,  to  be  the  contribution  of  the  community 
generally.  Thus  the  money  would  be  used  absolutely  for  the 
purpose  required,  the  interest  and  sinking  fund  being  the  addi- 
tional national  wealth  recovered  to  the  nation.  If  some  such 
scheme  could  be  devised  for  the  South  Staffordshire  district, 
the  benefit  derived  therefrom  would  be  enormous  ；  and  the 
fear  of  an  early  exhaustion  of  the  minerals  in  its  area  and  con- 
sequent industrial  ruin  would  be  postponed  for  some  generations. 
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JOURNAL  BEARINGS  FOR  ROLLING  STOCK. 

A  DESIGN  of  journal  box  for  railway  rolling  stock,  in  wliicli 
and  roller  bearings  are  employed,  has  recently  heen 
patented  by  J.  A.  Perkins,  Omaha,  Douglas,  Nebraska,  U.S.A. 
The  general  construction  of  the  bearing  is  clearly  shown  in 
the  sectional  views.  A  roller  raceway  is  employed,  comprising 
a  body  member  E  having  a  bearing  surface  concentric  with 
the  journal.  Interposed  between  tlie  journal  and  the  race- 
way E  are  a  plurality  of  solid  rollers  F，  mounted  in  a  cage  11 
provided  with  a  plurality  of  ribs  G  forming  roller  spaces  having 
reduced  guiding  recesses  at  the  ends  thereof  for  tlie  reception 
of  cups  H  carried  at  the  i oiler  ends  and  having  interposing 
balls  J,  to  prevent  friction  and  consequent  wear  upon  either 
the  journals  or  raceways,  or  upon  the  rollers  themselves  at  the 
ends  thereof,  and  to  permit,  because  of  the  radial  movement 
possible  to  the  roller  ends,  automatic  adjustment  of  the  roller 
bearings  to  fliametrical  differences  in  the  journals,  raceways, 
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Journal  Beabtngs  for  Bolling  Stock. 

and  rollers,  and  to  structural  inequalities  and  imperfections 
therein,  and  permitting  also  independent  end  movement  of 
the  rollers.  To  take  the  impact  of  the  cage  against  the  shoul- 
ders of  the  journal,  annular  rings  of  fibre  K  are  provided,  as 
shown . 

In  view  of  the  fact  that  the  external  diameter  of  the 
journal  is  not  as  great  as  the  internal  diameter  of  the 
assembled  bearings,  the  rollers  clear  the  journal  when  beneath 
the  same,  and  bear  directly  upon  the  track  M，  this  release 
from  the  journal  being  possible  because  of  the  radial  move- 
ment of  the  rollers  in  the  cage.  The  release,  and  subsequent 
engagement,  being  gradual  because  of  the  slight  difference  in 
the  radii  of  the  bearings  and  of  the  track  and  raceway  block, 
permits  the  journal  and  rollers  to  clear  themselves  of  scale 
or  other  matter,  and  permits  also  the  lowermost  rollers  to 
adjust  themselves  previous  to  another  cycle  of  movement 


Fatal  Steam  Pipe  Explosion. ― An  explosion  occurred  about 
six  o'clock  on  Saturday,  the  9th  inst,，  at  Messrs.  Ellis  and 
Everard's  stone  quarry  at  Bardon  Hill,  Leicestershire.  A 
number  of  men  were  standing  in  the  boiler-liouse  just  prior 
to  commencing  work,  when  one  of  the  steam  pipes  burst.  The 
men  scrambled  to  get  out  of  the  building,  but  two  of  them 
took  a  wrong  turning,  and  so  lost  tlieir  lives.  One  died 
almost  immediately,  and  the  other  was  so  badly  scalded  that 
he  died  about  five  hours  later.  Immediately  the  pipe  burst 
the  boiler  attendant  shut  the  boiler  stop  valve'  and  injured 
himself  in  so  doing,  though,  happily,  only  slightly. 

New  Battle  -  Cruiser.— The  Admiralty  have,  we  learn,  provi- 
sionally accepted  the  tender  of  Messrs.  John  Brown  &  Co. 
for  the  construction  of  tlie  battle-cruiser  for  which  finan- 
cial provision  is  made  in  the  Navy  Estimates  for  1911-12. 
The  contract  is  for  hull  and  niacliiuery.  Very  few  authentic 
particulars  of  the  design  of  the  new  ship  have  been  allowed 
to  appear,  but  it  is  understood  that  she  will  be  the  largest, 
the  fastest,  the  best  protected,  ami  the  most  powerfully  armed 
ship  of  the  type  in  the  world.  The  vessel  will  probably  have 
a  length  of  between  670ft.  and  680ft.  between  perpendiculars, 
and  the  designed  load  draught  about  28,000  tons.  The 
estimated  sliaft  liorse-power  for  the  designed  speed  of  28  knots 
will  be  betAveen  90,000  and  100,000. 


BY  PKOF.  G.   \V.  OSBOUN  HOWE,  M.Sc,  M.I-E.E. 

It  is  not  my  intention  to  describe  in  detail  any  of  the 
apparatus  employed  in  the  various  so-called  systems  of  radio- 
telegrapliy,  but  rather  to  explain,  in  as  simple  a  way  as  pos- 
sible, the  general  principles  underlying  all  these  systems,  and 
to  indicate  the  directions  along  which  improvements  have 
been  made  during  the  last  few  years. 

Before  considering  the  question  of  radio-telegraphy  itself, 
one  should  have  a  clear  idea  of  what  is  meant  by  an  e】(M'trical 
oscillation,  for  electrical  oscillations  constitute  the  alpha  and 
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the  omega  of  radio-telegraphic  communication.  We  are  all 
familiar  with  examples  of  mechanical  oscillations  such  as 
occur  with  the  pendulum,  the  vibrating  reed,  and  the  violin 
string.  If  we  examine  these  well-known  phenomena  a  little 
more  closely,  we  find  that  in  every  case  there  is  a  continual 
transformation  of  energy.  At  one  inoment  the  oscillating 
mass  is  moving  rapidly,  and  possesses,  therefore,  a  store  of 
kinetic  energy  depending  on  the  mass  and  its  velocity.  The 
next  inoment  the  moving  mass  is  brought  to  rest,  its  kinetic 
energy  having  been  all  expended  in  overcoming  gravity,  or  in 
stretching  or  compressing  a  spring.  The  energy  has  not  been 
lost,  however  ；  it  is  stored  in  the  spring,  or,  in  the  case  of 
the  pendulum,  stored  as  tlie  potential  energy  of  the  bob, 
which  is  now  at  its  highest  point.  The  next  moment  this 
static  energy  is  once  more  retransformed  into  kinetic  energy 
as  the  heavy  mass  is  set  into  iiiotion,  and  so  the  transforma- 
tion goes  on  until,  failing  a  continual  supply,  the  emn'gv  is 
all  dissipated  in  tire  unavoidable  frictional  losses,  and  the 
oscillation  is  damped  out.  The  rate  at  which  it  is  damped 
out  is  called  the  decrement  of  the  oscillation.  We  see  that 
the  two  essentials  to  mechanical  oscillation  are ~ {a)  kinetic 
energy  associated  with  motion  :  and  、h、  static  energy 
associated  with  displacement. 

Now  the  electrical  oscillation  is  in  every  respect  analosrous 
to  the  mechanical.  It  is  the  elect rioity  which  oscillates  or 
moves  backwards  and  forwards.  At  one  moment  the  elec- 
tricity is  in  motion,  producing  wliat  we  call  an  electric 
current,  at  the  next  nioineiit  the  elect ririty  is  at  rest,  and 
for  a  moment  there  is  no  current,  but  merely  a  stationary 
cliarge.  When  the  electricity  is  in  motion,  tlie  current  pass- 
ing round  a  coil  of  wire  produces  tlirougli  ami  around  ihe  foil 
a  magnetic  field,  and  this  magnetic  field  represents,  or  is  the 
manifestation  of，  a  storage  of  energy  in  tlie  etlier.  Just  as 
the  kinetic  energ}-  of  the  moviug^  mass  is  proportional  to  it* 
mass  and  to  the  square  of  its  velocity,  so  the  energy  of  the 
magnetic  field  is  proportional  to  what  is  called  the  inductance 
of  tlie  coil  and  to  the  square  of  the  electric  current. 

In  circuit  with  the  coil  is  some  form  of  condenser,  often 
one  or  more  Leyden  jars,  consisting  simply  of  two  metal  plat<**= 
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separated  by  air,  glass,  or  oil,  or  some  other  insulating 
material.  The  result  of  the  current  is  a  transfer  of  electricity 
from  one  plate  to  the  other  until,  when  the  current,  and  with 
it  the  inaguetic  field,  finally  falls  to  zero,  all  the  energy  which 
a  moment  ago  was  stored  in  the  magnetic  field  is  now  stored 
in  the  space  between  the  two  plates  as  aii  electric  or  electro 
static  field.  There  is  at  this  momeiit  a  large  pressure  dif- 
ference or  potential  difference  between  the  two  rnetal  plates, 
and  tlie  potential  difference  causes  a  current  to  flow  tlirougli 
the  coil  in  the  reverse  direction,  until,  a  iiionient  later,  ilie 
condenser  is  completely  discharged,  and  all  its  energy  is  once 
again  stored  in  the  magnetic  field  of  the  coil,  only  to  be  once 
again  re-stored  iu  the  condenser  in  the  reverse  direction. 
Here,  again,  the  oscillation  will  be  gradually  damped  out, 
the  frictioual  resistance  of  the  mechanical  analogies  being 
replaced  by  the  electrical  resistance  of  the  circuit. 


From 
T ransformpr 


7 


Aerial 


FlG- 


Earth 


Fig,  5. 


The  frequency  of  the  】iiec;liaiiical  oscillations ― i.e.,  the 
number  of  oscillations  per  second ― depends  on  two  things, 
viz.,  the  mass,  of  the  moving  part  and  the  yield  or  dis- 
placement, fjy  of  the  spring  to  unit  force.  In  the  electrical 
oscillation,  the  frequency  depends  on  the  two  analogous 
quantities,  viz.,  the  inductance,  L,  of  the  coil  and  the 
capacity,  K,  of  the  condenser,  by  which  we  mean  the  electrical 
displacement  or  quantity  of  electricity  transferred  from  one 
plate  to  the  other  by  the  application  of  unit  potential 
difference."^ 

If  the  plates  of  the  condenser  in  Fig.  1  be  pulled  further 
apart  we  merely  decrease  its  capacity  and  increase  the  fre- 
quency of  the  oscillation.  No  fundamental  difference  is 
made  by  using  the  earth  as  the  lower  plate  of  the  condenser 
(see  Fig.  2).  Figs.  3  (a),  (b),  and  (c)  show  successive  altera- 
tions to  the  shape  of  the  upper  plate  and  its  distance  from 
the  earth  or  lower  plate,  until  it  has  ultimately  degenerated 
into  a  mere  continuation  of  the  wire  of  which  the  coil  is 
made.  Similarly,  by  decreasing  the  number  of  turns  in  the 
coil  (Fig.  3  (d)  )  we  decrease  its  inductance  and  still  further 
increase  the  frequency.  The  limit  is  reached  when  our  oscil- 
latory circuit  has  become  a  vertical  straight  wire.  The  upper 
part  of  the  wire  acts  as  one  plate  of  the  condenser,  while  the 
lower  part  fulfils  the  functions  of  the  coil.  The  two  func- 
tions of  the  wire  gradually  merge  into  one  another,  and  only 
at  the  extreme  ends  can  the  wire  be  considered  either  a  pure 
condenser  or  a  pure  inductauce.  A  plain  vertical  wire  will 
therefore  have  a  natural  frequency  of  oscillation,  which  can 
be  shown  to  be  75  million  divided  by  the  height  of  the  wire 
in  metres.  This  gives  the  number  of  complete  double  swings 
per  second.  The  natural  frequency  of  a  given  vertical  wire 
can  be  reduced  by  increasing  its  iuductance ― i.e.,  by  inserting 
a  coil  of  wire  at  its  foot  as  iii  Fig.  3  (c). 

To  set  up  oscillations  iu  any  of  these  circuits,  the  circuit 
is  broken  by  means  of  a  spark-gap,  and  the  condenser  is  con- 
nected to  the  high-tension  terminals  of  a  spark  coil  or  of  an 
alternating  current  transformer  (Fig.  4).  This  charges  up 
the  coiuleuser  and  raises  the  potential  difference  across  the 
spark-gap  to  a  very  high  value  (5,000  to  30,000  volts)  many 
times  per  second.  If  the  distance  between  the  spark  balls 
be  suitably  adjusted,  the  tension  in  the  air-gap  will  succeed 
in  breaking  it  down,  and  the  oscillatory  circuit  will  be  com- 
pleted through  the  spark.      The   condenser  will  discharge 
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through  the  spark  and  the  iiiduciaiicc,  and  llie  electricity 
will  surge  backwards  and  forwards  iu  the  way  we  have  already 
coiisidored. 

This  must  all  occur  during  the  very  short  interval  that 
the  spark-gap  is  bridged  by  the  spark,  for  wlieu  the  spark 
ceases  the  circuit  is  opened,  and  no  further  oscillation  is  pos- 
sible until  the  condenser  is  once  more  charged,  and  tlie 
j)olcutial  difference  raised  once  again  to  llie  value  required  to 
break  down  the  spark-gap. 

ill  Marconi's  earlier  stations  the  aerial  was  set  oscillating 
in  this  way  (see  Fig.  5).  This  was  called  working  with  a 
plain  aerial,  but  is  now^  more  generally  known  as  a  pre- 
cliarged  aerial.    It  is  little  used  at  the  present  time. 

There  is  an  important  difference  between  the  oscillations 
set  up  in  such  a  circuit  as  that  shown  iu  Fig.  4，  and  that  set 
up  iu  the  aerial  in  Figs.  3  (d)  and  5.  In  Fig.  4  the  dis- 
turbance is  confined  to  the  immediate  neighbourhood  of  the 
circuit,  and  the  energy  alternates  between  the  magnetic  licld 
of  the  coil  and  the  electrostatic  field  of  the  condenser  with 
only  one  source  of  loss,  viz.,  that  due  to  the  resistance  of  tlie 
circuit.  In  Figs.  3  (d)  and  5，  however,  where  tlie  electric 
and  the  magnetic  fields  alternately  occupy  the  same  space, 
the  disturbance  is  more  far-reaching,  and  the  train  of  oscilla- 
tions occurring  with  each  spark  causes  a  train  of  waves  in 
the  ether  to  spread  out  from  the  aerial  in  all  directions,  like 
the  ripples  from  that  point  in  a  lake  where  a  stone  has  just 
entered  the  water.  These  pulses  or  waves  carry  with  theui, 
and  are  the  manifestations  of,  energy,  so  that  the  oscillations 
in  the  aerial  are  damped  out  more  rapidly  than  would  be  the 
case  were  the  only  loss  of  energy  that  due  to  resistance. 

The  arrangement  shown  in  Fig.  5  was  soon  given  up  in 
favour  of  another  arrangement  known  as  a  coupled  aerial, 
and  shown  in  Fig.  6.  This  figure  may  be  taken  as  represent- 
ing cliagraminatically  the  sending  apparatus  of  almost  every 
radio-telegraphic  station  in  commercial  use  at  the  present 
day.  Here  we  have  two  oscillatory  circuits ― one  called  the 
primary,  containing  an  inductance,  L 丄 a  condenser,  K，  and 
a  spark-gap,  G，  exactly  as  ia  Fig.  4  ；  and  the  other  the  aerial 
itself  with  a  coil  or  inductance,  at  the  base  exactly  as  in 
Fig.  3  (c).  The  coils  and  L.  are  coupled  together ― i.e" 
tliey  are  placed  so  near  that  the  magnetic  field  produced  by 
a  current  in  passes  to  a  certain  extent  through  the  turns 
of  L^.    Li  and       constitute  the  primary  and  the  secondary 
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of  a  transformer,  and  the  oscillatory  currents  occurriug  in  Lj, 
whenever  a  spark  passes  at  G,  induce  electromotive  forces 
ill  L,,  and  set  up  oscillations  in  the  aerial,  especially  if  the 
two  circuits  are  adjusted  to  have  the  same  natural  frequency. 
This  latter  operation  is  called  tuning  the  circuits,  aud  is 
exactly  analogous  to  the  adjustment  of  a  violin  string  until 
it  has  the  same  natural  frequency  of  vibration  as  the  corre- 
sponding string  iu  the  piano. 

Each  spark  causes  a  damped  oscillation  iu  the  circuit, 
Li，  K,  G  (Fig.  6)，  and  this  causes  a  somewhat  similar  oscilla- 
tion in  the  aerial,  from  which  electro-magnetic  waves  are 
radiated  in  every  direction  over  the  earth's  surface.  The  total 
time  occupied  by  the  aerial  iu  seuding  out  tlie  train  of  waves 
may  be  from  而 to  -^-^-^^  of  a  second,  as  shown  in  Fig.  7， 
where  tlie  oscillatory  current  is  represented  as  making  about 
six  complete  oscillations  before  being  completely  damped  out. 
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Nothing  further  will  liap])oii  until  the  next  spark  occurs, 
which  in  Fig.  7  is  supposed  to  be  one-thirtieth  of  a  second 
later. 

Let  us  now  turn  from  the  sending  apparatus  and  follow 
the  damped  ti'ai"  of  waves  which,  as  the  result  of  the  spark, 
has  been  sent  out  from  the  aerial,  and  is  travelling  in  all 
directions  through  the  ether  with  the  velocity  of  light ― viz., 
300,000  kilos,  per  second. 

Every  vertical  conductor,  whether  lightning  conductor, 
rain-water  pipe,  or  radio-telegraphic  aerial,  encountered  by 


depending 

Fig.  8. 

the  electro-magnetic  wave  has  electromotive  forces  induced 
in  it,  and  extracts  a  little  energy  from  the  wave.  If  the 
vertical  conductor,  which  we  have  already  seen  to  be  an 
extreme  form  of  oscillatory  circuit,  be  tuned  so  that  its 
natural  frequency  is  equal  to  the  frequency  of  the  passing 
wave,  the  effects  of  successive  impulses  will  be  cumulative, 
and  the  oscillatory  current  produced  in  it  will  be  large  com- 
pared with  the  curi'eiit  which  would  be  produced  were  the 
aerial  not  tuned  to  the  received  wave. 

To  complete  the  coiinnunication  between  the  two  stations, 
it  only  remains  to  detect  the  presence  of  this  nuuute  high- 
frequency  current  in  the  receiving  aerial.  The  most  sensi- 
tive and  probably  the  most  widely  used  method  is  shown 
diagraniinatica.lly  in  Fig.  9.  The  currents  in  the  coil  L^,  at 
the  foot  of  the  aerial,  induce  currents  in  the  circuit,  K,  L4 , 
which  is  tuned  to  have  the  same  frequency  and  loosely  coupled 
with  L^.  The  tuning  is  carried  out  by  means  of  tlie  adjust- 
able condenser,  K，  which  is  varied  until  the  best  results  are 
obtained.  After  what  has  been  said  it  will  be  readily  under- 
stood that  in  transferring  the  energy  from  the  aerial  to  the 


them  to  pass  through  t  he  telephone  receiver.  The  cell 
B  is  sometimes  used  to  improve  the  action  of  the  detector, 
but  it  is  not  essential.  Whenever  high-frequency  current 
passes  through  the  detector,  the  point  of  contact  is  heated, 
thermal  electromotive  forces  are  produced,  and  a  small  cur- 
rent is  sent  through  the  te】(j]>licme  receiver.  This  current 
ceases  as  soon  as  the  point  contact  ret  urns  to  its  normal 
temperature.  The  sounds  tlius  produced  in  the  telephone 
receiver  constitute  the  signal. 

Having  thus  glanced  at  the  receiving  station,  let  us  nc»w 
return  to  the  sending  station,  and 
consider  the  various  points  a  little 
more  in  detail.  With  the  ever  in- 
creasing number  of  radio-telegraph 
stations,  it  is  essential  to  avoid,  as  far 
as  possible,  interference  with  other 
stations,  and  since  the  waves  emitted 
by  an  ordinary  aerial  radiate  equally 
in  every  direction  over  the  earth's 
surface,  the  receiving  apparatus  should 
be  very  discriminating  and  respond  to 
those  waves  intended  for  it,  while  re- 
maining relatively  unaffected  by 
waves  possibly  far  more  powerful, 
but  sent  out  by  other  aerials.  To 
make  this  possible  it  is  essential  that 
the  waves  sent  out  by  every  station 
should  be  of  such  a  nature  that  discrimination  is  possible. 

Now  we  have  seen  that  to  discriminate  against  any  wave 
which  we  do  not  wish  to  receive,  we  must  tune  our  receiving 
apparatus ― both  aerial  and  secondary  circuit ― to  some  other 
frequency,  either  higher  or  lower,  than  that  of  the  disturbing 
wave.  If  the  sending  station  with  which  we  wish  to  roin- 
niunicate  is  sending  with  exactly  the  same  wave-length  as  the 
disturbing  station,  we  shall  tune  out  both  stations  at  the 
same  time,  unless  one  is  much  stronger  than  the  other,  but 
if  the  wave-lengths  differ  it  may  be  that,  when  tuned  up  to 
the  required  station,  the  interfering  station  is  tuned  out ― 
I.e. J  if  not  inaudible  it  is  so  soft  as  to  cause  no  trouble.  The 
sharpness  of  tuning  which  can  be  obtained,  or  the  amount  by 
which  the  two  sending  stations  must  differ  in  wave-length  to 
allow  of  the  tuning  out  of  one  of  them,  depends  entirely  on 
the  nature  of  the  train  of  waves  sent  out  as  tlie  result  of  each 
spark.  If  it  be  a  well-sustained  train ― i.e.,  if  the  clamping 
or  decrement  be  small ― very  sharp  tuning  will  be  possible, 
but  if  it  be  very  rapidly  damped  out  the  disturbance  will  be 
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loosely-coupled  tuned  circuit  K，  L^,  there  will  be  a  weeding- 
out  of  all  electro-magnetic  disturbances  which  have  not  the 
correct  frequency. 

The  detector  shown  is  of  the  niim'ral  contact  type,  con- 
sisting simply  of  a  piece  of  zincite  in  contact  with  a  piece  of 
pyrites.  Many  other  minerals  can  be  used,  but  notliing 
seems  to  exceed  these  two  in  sensibility.  A  telephone 
receiver  is  placed  in  series  with  the  detector  across  the  ter- 
minals  of  tlie  condonser  K.  Tlio  teloplione-roanvor  is  slumtt、（l 
by  a  condenser  of  such  a  capacity  that  it  acts  as  a  roiuliu  lor 
to  the  high-frequency  oscillations,  enabling  them  to  pass 
through  the  detector  without  passing  tlu'oiigh  the  bi^hly- 
iiul lU'tive  telephone  receiver  ；  to  ciirrtMits  of  tolephonic 
frequency    it    must    act    as    an    int>ulator,    thus  forruig 


H-  bui.  12. 

more  of  the  nature  of  an  explosive  shock  than  of  a  train  of 
waves,  and  it  will  be  foiuul  impossible  to  luiie  it  out.  A 
plain  or  pre-charged  aerial  must  always  be  a  great  offeiuler 
in  this  respect,  for,  whatever  tho  nature  of  the  suhso<nu»ut 
train  of  waves,  it-  always  comniencos  witli  a  sudden  shock  of 
no  definite  froqiienrv,  wliereas  in  tlie  (*ouplo(l  aorial  the  shock 
is  conliued  to  the  prima  rv  circuit  and  I  ho  oscillatorv  current 
is  gradually  built  up  in  tlio  radiating  aerial. 

Consider  now  tlie  0 fleet  of  varviu*;  the  coupling  l>e"、i、t、，i 
the  two  roils,  Lj  and  L:"  in  Fig.  6.  If  the  coupling  be  loose 
― if  the  coils  be  far  apart ― the  transfer  of  energy  from 
the  )>riTiiarv  circuit  to  (he  aerial  will  he  slow,  the  reaction  of 
tlu'  aorial  ()n  ( ho  primary  circuit  will  bo  small,  and  the  cur- 
loiils  will  be  as  shown  in  tlie  oscillogram.  Fig.  10,  where  the 
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upper  curve  represents  the  current  in  the  primary  circuit, 
K，  G,  Lj,  and  the  lower  curve  that  in  the  aerial.  The  lower 
curve  will,  therefore,  indicate  the  nature  of  tlio  train  of  waves 
sent  out  by  the  aerial.  The  transfer  of  energy  boiiig  slow, 
much  of  it  will  be  dissipated  in  the  spark-gap,  and  it  is  im- 
possible with  such  an  arrangerneiit  to  transfer  more  than 
about  30  per  cent,  of  the  primary  energy  to  the  aerial.  If 
we  try  to  improve  the  efficiency  by  coupling  the  coils  and 
more  closely,  and  thus  hastening  the  transfer  of  energy 
to  the  aerial,  a  new  difficulty  arises.  When  all  the  energy 
has  been  transferred  to  the  aerial  the  current  in  the  primary 
oscillatory  circuit  will  have  fallen  to  zero,  but  the  primary 
circuit  is  still  closed  through  the  hot  spark-gap,  wliicli  does 
not  instantly  lose  its  conductivity,  and  the  aerial  coil 
will  now  act  as  the  primary  of  the  transformer  and       as  tlie 
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secondary,  and  the  energy,  or  what  remains  of  it,  will  surge 
back  into  the  circuit,  L^,  K，  G.  This  phenomenon  is  well 
known  in  all  coupled  oscillatory  systems,  and  can  be  easily 
shown  by  suspending  two  peiidiiliuns  from  the  same  flexible 
support.  The  oscillograms,  Figs.  10，  11，  and  12，  were  taken 
under  identical  conditions,  except  that  the  coupling  was  made 
successively  closer.  The  lower  curve  of  Fig.  12  shows,  then, 
the  nature  of  the  waves  emitted  by  the  aerial  with  tight 
coupling.  There  is  no  sustained  train  of  waves  of  one  definite 
frequency,  but  a  succession  of  surges  or  beats.  A  similar 
result  would  be  obtained  from  two  aerials  side  by  side,  spark- 
ing simultaneously,  but  of  different  wave  lengths.    When  we 


little  increase  of  efficiency  to  he  obtained  by  increasing  tlie 
coupling  beyond  this  value.  Most  stations  are  working  at 
present  in  this  way  with  loose  coupling,  ami  coiisof juejit  low 
efficiency. 

丄 II  Fig. 丄 3  it  will  be  noticed  that  when  the  coupling  is 
tight,  tlie  aerial  oscillation  contains  waves  of  three  definite 
frequencies ― one  high  and  one  low,  corresponding  to  the  con- 
stituents of  the  beats ― and  one  of  the  natural  frequency  of 
the  aerial  alone.  This  last  shows  that  during  a  part  of  the 
time  the  aerial  oscillated  freely,  uncoupled  froiti  tJie  primary 
circuit.  The  reason  for  this  can  be  seen  from  the  oscillogram, 
Fig.  14.  In  the  experiment  to  which  Fig.  13  refers,  the 
spark-gap  was  expose(【  to  an  air-blast,  so  that  whenever  the 
aiiiplitiide  of  the  current  in  the  primary  oscillating  rir(，uit 
was  small,  there  was  a  tendency  lor  the  air-blast  to  remove 
the  column  of  hot  air  and  metallic  vapours,  and  thus 
extinguish  tlie  spark.  This  will  obviously  occur  at  a  moment 
when  all  the  energy  is  oscillating  in  the  aerial,  and  will  pre- 
vent it  surging  back  into  the  primary  circuit.  The  aerial 
will  now  continue  to  oscillate  at  its  natural  frequency  until 
the  energy  has  been  radiated  or  dissipated.  In  Fig.  13  not 
only  was  there  an  air-blast,  but  the  electrodes  、二' ere  compara- 
tively large  and  the  spark-gap  short,  so  that  no  part  of  the 
spark  was  far  removed  from  a  large  mass  of  cold  inetal  tend- 
ing to  cool  the  heated  air,  and  condense  the  metallic  vapour, 
and  thus  lower  the  conductivity  of  the  spark.  This  quencli- 
ing  of  the  spark  was  discovered  in  1906  by  Prof.  Max  Wien, 
and  was  afterwards  taken  up  by  the  Telefiniken  Company, 
who  are  using  a  form  of  gap  which  has  a  strong  tendency  to 
quench.  If  the  quenching  of  the  spark  is  perfect,  the  cur- 
rents will  be  as  shown  in  oscillogram,  Fig.  15.  The  gap  acts 
as  a  very  quick-acting  minimum-current  cut-out,  and  opens 
the  primary  oscillating  circuit  at  the  first  opportunity ― viz., 
when  all  the  energy  has  been  transferred  to  the  aerial.  The 
time  during  which  the  two  circuits  are  coupled  is  very  short, 
the  loss  in  the  spark-gap  is  reduced,  and  the  major  portion 
of  the  energy  oscillates  freely  in  the  aerial  and  is  radiated 
as  a  damped  train  of  waves  at  its  natural  frequency.  In  this 
way  it  is  claimed  that  75  per  cent,  of  the  output  of  the 
alternator  is  transferred  to  the  aerial. 

It  is  obviously  advantageous  to  shorten  the  duration  of  the 
spark  as  much  as  possible  by  tightening  the  coupling  between 
tlie  coils  and  L^,  and  thus  hastening  the  transfer  of  energy 
to  the  aerial.  If  this  be  overdone,  however,  the  gap  will  fail 
to  quench  at  the  first  minimum,  and  we  may  get  the  condi- 
tions shown  in  Fig.  16，  or  even  Fig.  14,  with  a  great  loss 


Fig.  14.  Fig. 

remember  that  the  receiving  apparatus  is  really  a  harmonic 
analyser,  picking  out  and  responding  to  waves  of  its  own 
natural  frequency,  it  is  easy  to  see  that  the  best  result  will 
not  be  obtained  when  the  receiving  aerial  has  the  same  natural 
frequency  as  the  sending  aerial.  If  the  magnitude  of  the 
signals  received,  as  the  natural  frequency  of  the  receiving 
apparatus  is  altered,  be  plotted,  curves  are  obtained  similar 
to  those  in  Fig.  13，  where  each  curve  refers  to  a  certain  given 
coupling  in  the  sending  apparatus. 

With  the  ordinary  spark-gap  it  is  thus  seen  to  be  impos- 
sible to  increase  the  coupling  much  above  7  or  8  per  cent, 
without  sacrificing  sharpness  of  tuning,  and  thus  causing 
undue  interference  with  stations  working  at  other  wave 
lengths.    Apart  from  the  question  of  interference  there  is 


15.  Fig.  16. 

both  ill  efficiency  and  in  sharpness  of  tuning.  Wieii  first 
obtained  quenching  by  the  use  of  very  short  spark-gaps,  and 
this  is  the  method  used  by  the  Telefun'keii  Conipanv,  although 
other  】nethods  have  since  been  discovered.  The  spark  is 
made  to  occur  between  the  parallel  faces  of  discs  of  copper  or 
silver,  placed  about  ^ooi"-  apart,  tlie  discs  being  separated  by 
thin  annular  rings  of  mica,  which  also  serve  to  shut  the  spark- 
ing spaces  off  from  the  air.  The  number  of  tliese  discs  iir 
series  depends  on  the  voltage  and  power  required.  This 
form  of  gap  is  undoubtedly  complicated  and  expensive,  not 
only  ill  first  cost,  but  also  in  upkeep,  and  the  increased 
efficiency  is  obtained  by  the  sacrifice  to  a  certain  extent  of 
reliability  and  simplicitv. 

In  addition  to  the  interfertuce  from  other  stations,  there 
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are  the  atmospheric  disturbances  due  to  lightning  flashes 
somewhere  on  the  globe.      Each  flash  sends  out  a  powerful 

electro-magnetic  pulse  of  explosive  suddenness.  It  is  prac- 
tically impossible  to  tune  these  out,  as  any  frequency  they 
may  have  is  quite  indefinite,  and  they  are  often  much  louder 
than  the  signals  being  received.  It  is  here  that  great  im- 
provements have  been  made  by  giving  the  signals  a  clear 
musical  note,  easily  distinguishable  from  the  crackling  noises 
due  to  atmospheric  disturbances.  A  study  of  Fig.  17  will 
show  that  the  pitch  of  the  note  heard  in  the  telephone  receiver 
depends  entirely  on  the  number  of  sparks  per  second,  while 
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Fig.  17. 

the  purity  of  the  note  depends  on  the  regularity  of  the  sparks. 
By  using  a  high  spark  frequency ― i.e,,  a  large  number  of 
regularly  occurring  sparks  per  second ― a  clear  musical  note 
is  obtained,  but,  contrary  to  expectations,  the  telephone 
receiver  shows  no  greater  sensibility  than  with  the  low  spark 
frequency. 

By  using  an  alternating-current  generator  giving  500 
cycles  per  second  as  the  source  of  supply,  and  adjusting  the 
voltage  or  gap  until  we  get  a  spark  every  half-cycle,  a  pure 
Bote,  with  a  pitch  of  1,000  will  be  obtained ― that  is,  a  high, 
piping  note  easily  distinguishable  from  other  sounds.  To 
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Fig.  19. 

ensure  regularity  the  gap  must  be  kept  cool,  and  the  al'"'i'- 
effects  of  each  spark  quickly  removed.  With,  the  orilinarv 
long  gap  tliis  can  be  done  by  means  of  an  air-blast  or  by 
making  the  electrodes  in  the  form  of  large  discs,  and 
rcvolviiig  ,t>hem  by  nieiuis  of  a  motor,  as  is  dono  hy 
the   Marconi   Company  in   their   large  stations.      In  Uio 


short,  quenched  spark-gaps  the  spark  has  to  be  quenched 
about  "aouVoo  second  after  it  has  jumped  across,  so  that  after 
， nVyrr  second  the  gap  should  have  lost  all  traces  of  the  spark. 
The  quenchiug  action  has  thus  to  play  a  double  part,  the 
first  affecting  the  nature  of  each  spark  and  the  resulting 
oscillation,  and  the  second  affecting  the  regular  successiou  of 
sparks. 

One  cannot  but  be  struck  by  the  inefficiency  of  radio- 
telegraphic  communication  when  looked  at  from  the  point  of 
view  of  the  transmission  of  energy.  Iii  some  recent  experi- 
】uents  made  on  ships  of  the  United  States  Navy,  it  was 
found  that  at  a  distance  of  500  miles  the  current  in  the  send- 
ing aerial  had  to  be  30  amperes  to  produce  in  the  receiving 
aerial  the  current  of  40  micro-amperes,  which  was  found  to 
be  necessary  for  good  signals.  This  great  loss  is  mainly  due 
to  the  world- wide  radiation  of  the  energy  from  the  sending 
aerial.  Seeing  that  the  electro-magnetic  wave  is  of  the  same 
nature  as  light,  one  would  naturally  suggest  putting  a 
reflector  behind  the  aerial  so  as  to  throw  the  ray  forward.  It 
must  be  remembered,  however,  that  a  reflector  must  be  large 
in  comparison  with  the  length  of  the  wave,  so  that  whereas  a 
reflector  as  large  as  the  head  of  a  pin  is  quite  efficient  for  light 
with  a  wave-length  of  -^xtoo  mm,，  an  efficient  reflector  for  a 
wave-length  of  6  k  ni.，  or  even  of  300  in.,  is  out  of  the  question. 
Attempts  are  being  made,  however,  to  direct  the  electro- 
magnetic waves  in  the  desired  direction.  Two  methods  have 
been  successfully  employed ― one  due  to  Bellini  and  Tosi,  the 
other  to  Marconi.  -  The  former  is  easily  understood,  and  is 
based  on  well-known  principles.  The  reasons  for  the  direc- 
tive action  of  Marconi's  bent  antenna  have  been  】nudi  dis- 
cussed,  and  several  possible  theories  have  been  worked  out. 
In  the  simplest  form  of  apparatus  employed  by  Bellini  and 
Tosi  two  vertical  antennse  are  employed,  joined  at  their  lower 
ends  by  a  horizontal  insulated  wire,  in  tlic  middle  of  wliicli 
is  inserted  the  secondary  coil  of  the  sending  transformer 
(Fig.  18).  When  the  A  antenna  is  charged  positively  the  B 
antenna  will  be  charged  negatively,  so  that  when  A  is  seud- 


- =■ 三 CF.=Lrlr^ ―  £  二― 


X 


、、■ 


、=x  丫 


FiG.  22. 


Fig.  '23. 


iug  out  a  wave-crest,  B  will  be  sending  out  a  wave-trough, 
and  vice  versa.  Anywhere  on  the  line  C，  D  these  two  waves 
will  neutralise  each  other,  but  if  the  distance  A，  B  be  rightly 
chosen  the  crest  emitted  by  A  will  arrive  at  B  just  as  B  is 
also  emitting  a  crest.  As  the  same  moment  A  is  einitting  a 
trough,  and  the  trough  which  half  a  period  before  was 
emitted  by  B  will  just  have  arrived  at  A.  Heuce,  anywhere 
ill  the  line  A,  B,  produced  in  either  direction,  the  waves 
emitted  by  the  two  autennje  are  additive. 

A  diagram  representing  the  energy  radiated  in  various 
directions  will  be  somewhat  like  Fisr.  19.  With  this  arran^o- 
meiit  the  radiation  is  equally  powerful,  both  in  the  desired 
and  in  the  opposite  direction"  If  we  wish  to  alt^r  the  direc- 
tion, we  】iiust  either  arrange  to  rotate  the  wliolo  aerial,  or 
we  must  duplicate  the  wliole  arrangement  at  right  angles. 
There  will  then  be  four  vertical  aiitennre  used  in  diagonal 
pairs  (Fig.  20).  The  primary  coil  of  the  sending  trans- 
former is  capable  of  rotation,  so  that  it  can  influence  either 
the  secondary  coil  of  A,  R  or  that  of  A\  B\  or  partly  one 
and  partly  the  other. 

Ill  this  way  the  line  of  maxiimun  radiation  can  be  rotat^ni 
, will.  Bellini  and  Tosi  have  gone  a  stop  further,  however, 
ml  liave  clone  awav  to  a  large  extent  with  the  bark  ward 
radiation  as  slunvn  in  Fi<^.  21,  which  shows  the  actual  results 
obtained.    This  has  beeu  attained  by  erecting  an  ordinary 
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vertical  antenna  half-way  between  the  outer  antennae ― i、e" 
immediately  over  the  transformer  coils,  Fig.  22.  This 
antenna  is  earthed  through  a  separate  secondary  coil,  which 
is  acted  on  by  the  same  primary  as  the  other  secondary  coils, 
but  the  best  results  are  obtained  by  slight  modifications,  into 
which  we  shall  not  enter. 

The  radiation  from  this  central  antenna  will  be  uniform 
in  every  direction.  If  now,  just  as  the  crest  of  a  wave, 
emitted  by  the  central  antenna,  reaches  the  outer  antennae 
A  and  B，  the  former  is  emitting  a  trough  and  the  latter  a 
crest,  the  radiation  in  the  direction  A，  B  will  be  strengthened, 
and  that  in  the  direction  B，  A  weakened.  Tlie  whole  action 
depends  on  the  correct  magnitudes  and  phase  relations  of  the 
waves  emitted  by  the  central  and  outer  antennae. 

With  the  Marconi  bent  antenna  (Fig.  23)  the  results 
obtained  are  somewhat  similar,  although  not  so  pronounced. 
The  maxiniiiiu  radiation  is  in  the  opposite  direction  to  that 
in  wliich  the  upper  liorizontal  part  of  the  antenna  points,  and 
this  direction  cannot  be  altered,  but  inust  be  decided  when 
the  antenna  is  erected. 


THE  MATHOT  SUCTION  PRODUCER. 

The  reactions  which  take  place  in  a  gas  producer,  namely,  the 
dissociation  of  steam  for  generating  hydrogen,  and  of  carbonic 
acid  for  producing  carbon  monoxide,  as  well  as  the  generation 
of  steam,  are  endothermic  operations  ；  that  is,  operations 
absorbing  heat.  It  is,  of  course,  essential  for  good  efficiency 
to  abstract  the  minimum  possible  heat  from  the  burning  fuel 
for  performing  these  operations  and  also  to  recover  the  heat 
from  the  gas  generated  by  utilising  it  for  evaporating  water, 
or  for  superheating  the  steam  and  preheating  the  air  required 
for  combustion. 

In  certain  producers  the  steam  is  generated  in  a  compart- 
ment or  vessel  surrounding  the  lower  part  of  the  gas 
generator  by  means  of  part  of  the  heat  liberated  by  the  com- 
bustion of  the  fuel.  This  process  is  detrimental  to  economy 
unless  required  for  preventing  formation  of  clinker  when 
using  certain  coals. 

In  other  cases,  when  working  at  reasonable  loads,  the  gas 
leaves  the  outlet  of  an  ordinary  generator  at  a  temperature 
ranging  from  600°  to  700°  Fah.,  and  for  cooling  this  gas 
before  entering  the  engine  a  large  amount  of  water  is  required 
in  the  scrubber  (from  three  to  four  gallons  per  brake  horse- 
power-hour). Consequently,  much  sensible  heat  is  wasted 
which  could  be  partly  recovered  and  used  to  advantage  in 
generating  steam  and  assisting  the  endothermic  conversions 
of  the  COjj  and  H^O,  at  the  same  time  reducing  the  quantity 
of  water  used  in  the  scrubber. 

The  foregoing  considerations  have  led  Mr.  R.  E.  Mathot, 
the  well-known  Belgian  engineer,  to  work  out  what  he  desig- 
nates a  recuperative  producer.  The  construction  of  the 
generator  is  illustrated  by  the  accompanying  sectional  draw- 
ing in  which  A  is  the  fuel  chamber,  lined  with  brick  and  pro- 
vided with  the  usual  hopper  ；  B  is  a  water  vaporiser  ；  C,  C 
are  pipes  by  which  the  steam  goes  down  from  the  vaporiser  B 
to  the  ashpit  D ;  E  is  a  basket  grate  ；  F  is  an  opening  for 
depositing  ash  and  clinker  ；  G  is  a  gas  chamber  surrounding 
the  brick  lining  of  the  fuel  chamber  ；  H  is  a  dust  collector, 
and  J  is  the  gas  outlet. 

The  grate  is  hung  freely  under  the  firebrick  lining  and  is 
formed  with  a  series  of  flat  horizontal  bars,  stepped  to  form 
the  "  basket  ，，  ；  the  fuel  and  ash  rest  both  on  the  bars  of  the 
grate  and  on  the  heap  formed  under  the  opening  F.  Mr. 
Mathot  states  the  distinctive  features  of  the  producer  as 
follows : ― 

The  basket  grate  affords  an  area  of  air  inlet  about  double 
the  cross-section  of  the  fuel  bed  and  four  times  that  of  the 
free  space  between  the  bars  of  the  ordinary  flat  grate.  This, 
as  well  as  the  shape  of  the  bars  of  the  basket  grate,  Mr. 
Mathot  states,  allows  burning  any  kind  of  low-grade  coal  of 
the  smallest  size  without  unduly  restricting  the  air  passage. 

The  steam  being  fed  to  the  fuel  independently  of  the  air 
and  the  latter  being  always  freely  admitted  in  the  open 
ashpit,  the  proportion  of  steam  to  air  cannot  be  disturbed  by 
cleaning  out  the  ashpit  ;  in  the  ordinary  suction  producer, 


opening  the  ashpit  permit's  a  large  volume  of  air  to  get  in 
witliout  a  corresponding  increase  in  the  steam,  ami  I  he  gas  is 
iinj)()verishe(] . 

The  gas,  instead  of  being  withdrawn  from  the  top,  leaves 
the  generator  shell  at  the  bottom  after  having  pas;sod  around 
the  brick  lining  for  preventing  external  radiation  of  the  heat 
of  the  combustion  zone.  In  passing  down  to  the  exit,  the  gas 
gives  up  sensible  heat  to  the  steam,  which  is  therefore  super- 
heated before  reaching  the  fuel  bed,  allowing  a  greater  quan- 
tity of  steam  to  be  dissociated  without  cooling  clown  the  fire. 
This,  of  cour?e,  gives  a  greater  amount  of  hydrogen  in  the 
gas  and  a  higher  calorific  value.  Mr.  Mathot  informs  us  tliat 
some  tests  made  with  his  producers  have  shown  the  fbl lowing 
chemical  composition  and  heat  value  compared  to  those  of 

the  ordinary  type  of  suction  producer : ― 

Ordinary  Matliot 

Type.  ProdiK-'or. 

Per  cent.  Per  cfnt. 

CO.,    6  7 

CO    23  24 

H    15  22 

N    52  49 

B.t.u.  per  cubic  foot    132  157 

The  ashpit  being  always  open  and  the  fire  visible  from  tlie 
outside,  supervision  and  cleaning  are  possible  at  any  time. 
The  fire  can  be  poked  and  the  ash  and  clinker  removed  while 
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Mathot 's  Suction-gas  Producer. 

the  engine  is  at  work  without  impairing  the  quality  of  the 
gas,  since  steam  and  air  are  always  supplied  in  the  same 
proportions. 

Ill  an  ordinary  producer  a  sudden  dropping  of  incan- 
descent matter  in  the  water  of  the  ashpit  causes  an  increase 
of  steam  witliout  a  corresponding  increase  of  air,  with  the 
consequence  that  an  excess  of  liydrogen  is  put  in  the  gas, 
which  may  cause  difficulties  at  the  engine.  This  does  not 
take  place  with  the  Mathot  producer  because  the  air  enterinsf 
the  ashpit  is  saturated  with  the  superheated  steam  coining 
down  the  tubes  C  and  any  additional  steam  occasionally  pro- 
duced by  clinkers  dropping  in  the  water  escapes  through  the 
openings  of  the  ashpit. 

With  almost  all  ordinary  types  of  producer,  when  the 
engine  slows  down  or  the  load  drops  suddenly,  the  rate  of 
gasification  does  not  decrease  accordingly,  and  an  excess  of 
gas  may  escape  in  the  engine  room.  This  does  not  take  place 
with  the  producer  under  discussion,  it  is  said,  because  any 
si^rplus  of  gas,  being-  in  contact  with  the  air  of  the  open  ash- 
pit,, burns  slowly  as  it  escapes  the  fire  without  causing  any 
explosion  or  smell. ― "  Power." 
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THE  PROTECTION  OF  PUMP  VALVES. 

In  connection  with  pumping  installations  few  matters  cause 
more  trouble  and  annoyance  than  tliose  arisin<^  out  of  i.lic 
defu-ient  working  of  pump  valves.  Whether  nuule  of  hard  or 
flexible  material  these  valves  have  frequently  to  be  discarded 
before  the  body  is  worn  out,  owing  to  the  enlargement  of  the 
central  hole  as  a  result  of  wear  caused  by  the  vertical  move- 
ment of  the  valve  on  the  stud.  A  general  idea  of  the  kind  of 
trouble  developed  in  this  way  is  illustrated  in  Fig.  1，  wliere  it 
will  be  seen  the  valve  is  rendered  useless,  as  in  the  condition 
shown  portions  of  \.\io  lioles  in  the  c^ratiii*^  would  be  exposed 


Fig.  j. 


and  the  vacuum  in  the  pump  seriously  impaired,  if  not  alto- 
gether destroyed.  Various  methods  have  been  resorted  to 
with  a  view  to  overcome  the  difficulty  arising  from  this  local 
wear.  Fitting  the  valves  with  separate  bushes  has  been  tried, 
but  the  result  has  not  been  satisfactory.  Even  when  the  bushes 
are  vulcanised  into  the  rubber  the  trouble  soon  recurs,  and 
once  the  busli  becomes  loose  the  hole  rapidly  wears  and  allows 
the  bush  to  fall  out,  with  the  result  that  the  valve  is  often 
destroyed  after  very  short  service,  the  effect  of  this  state  of 
things  being  illustrated  in  Fig.  2. 

To  remedy  these  well-known  and  very  objectionable  fail- 
ings of  flexible  valves  as  they  are  ordinarily  fitted  the  De 進 a- 
tine  Company,  Ltd.,  of  95，  Neate  Street,  London,  S.E.，  have 
introduced  some  distinct  improvements  in  valve  construction 
which  deserve  the  attention  of  all  pump  makers  and  eiigineers- 
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in-(*liarge  who  arc  responsible  for  the  satisfactory  nuuiiiig  of 
pump  installations.  Tlie  improvoiiients  in  question,  whicli 
are  constructed  in  acconlaiue  with  Hart  &  Fiegeliaivs  patent 
and  are  the  result  of  long  experience  and  experiment,  havo 
solved  the  trouble  in  a  very  satisfactory  manner.  As  will  Ih、 
seen  from  Figs.  3  and  4，  the  bush  is  cnibodded  and  vulcanised 
into  the  valve  in  such  a  way  that,  it  is  claimed,  it  oaiuiot. 
under  any  circuiustaiu'cs  work  loose  and,  while  preventing 
wear  on  the  central  hole,  allows  the  valve  to  bed  itself  nicely 
on  tlio  scalini^.  In  tlio  case  of  flexible  valves  tlic  arms  of 
these  anchor  bushes  aro  liingtul  so  as  to  allow  llu>  valve  to 
" saiK'er  ，，  readily  (see  Fig.  3).      Willi  liai d  、'alv，>s,  again, 


there  is  just  suiTicuuit  flexibility  with  the  wire  loops  (as  in 
Fig.  4)  to  prevent  the  beat  on  the  seating  or  guard  from 
cracking  the  valve,  wliifli  it  is  liable  to  do  with  the  old 
method  of  metal  bushing.  The  new  busli  has  been  adopted 
])y  a  number  of  well-known  engineering  firms  and  corpora- 
tions, iiicliuliiig  amongst  others  the  Metropolitan  Water 
Hoard,  aii<l  the  iiiiuiicipal  corporations  of  Brit^hton,  Bourne- 
iiioutli,  and  Astoii  Manor. 

The  above  reiiia rks  in  regard  to  this  method  of  bushing 
valves  suggest  a  reference  to  the  firm's  special  valves  for  air 
pump  ； m'l  ollior  purposes.      These  valves  are  made  of  the 


Fig.  3. 


well-known  patent  material  called  "  Dermatine,"  which  has 
attracted  much  attention  owing  to  its  great  durability  and 
other  qualities.  Amongst  other  uses  it  has  been  largely 
applied  to  belts,  which  are  extensively  used  in  various  parts 
of  the  world,  and  which,  owing  to  their  uniform  width  and 
thickness,  it  is  claimed,  enable  them  to  well  withstand  heat, 
cold,  damp,  or  steam,  while  they  are  at  the  same  time  of  great 
tensile  strength  and  durability,  do  not  slip  on  the  pulleys, 
and  are  practically  iion-stretching.  "  Denuatine  "  belting 
is  made  of  the  best  long  staple  flax  3-ply  warp,  and  the  very 
strongest    cotton  duck    weft.      The  flax   yarn    is  specially 


Kui.  1. 


selected,  aiul  the  whole  woven  to  stnml  hard  wear.  The 
fabric,  after  a  special  preparation,  is  incorporated  in  "  Dorma- 
tino.'*  A  spet  ial  feature  of  tho  Wlting  is  that  it  is  sown  with 
several  rows  of  special  stioiig  tlm'ad,  so  as  to  render  laininat- 
iii;',  a  rommon  failing  with  many  bolts,  aii  impossibility. 
Otlier  import aut  applications  of  "  Dermatine "  to  whiih 
reference  may  briefly  be  "ladt*  aro  hoso,  and  cup,  ram,  and 
pump  riiii^s.  ••  IVi'matine  "  lioso  is  extensively  used  l)y  loral 
authorities  for  llusl'ii、g，  sewage  punipini;,  fire  brigade,  and 
other  purposes,  though  these  by  no  means  exhaust  its  utility. 
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THE  SUPPLY  AND  TRANSMISSION  OF  POWER  IN  SELF- 
CONTAINED  ROAD  VEHICLES  AND  LOCOMOTIVES.* 

BY  J.   C.  MACFA]ILANE  AND  H.  lU'lUJE, 

Electric  Vehicles. 
At  the  present  time  the  popular  means  of  driving  heavy 
commercial  vehicles  in  this  country  is  by  the  petrol  engine, 
and  this  is  fairly  satisfactory  where  long  non-stop  runs  have 
to  be  made  through  level  country.  The  inflexibility  of  the 
petrol  engine  iiiates  it  a  difficult  】imtl,er  to  design  heavy 
vehicles  to  withstand  the  continual  starting  ami  stopping  that 
is  necessary  in  city  traffic,  where  in  nearly  every  case  (depend- 
ing on  the  number  of  stops)  the  energy  consumed  during 
acceleration  is  considerably  more  than  that  required  to  get 
from  point  to  point  at  constant  speed .  This  necessitates  a 
large  engine,  generally  three  to  four  times  tlie  size  that 
would  be  required  to  drive  tlie  vehicle  on  the  level,  which, 
when  running  at  high  speed  and  developing  low  power,  must 
be  very  inefficient.  Other  disadvantages  of  the  petrol  engine 
for  this  service  arise  out  of  the  multiplicity  of  parts,  all  liable 
to  get  out  of  order,  due  to  shock,  vibration,  and  the  continual 
variation  in  engine  speed. 

The  authors  have  no  doubt  that  the  remedy  lies  in  adopt- 
ing secondary  batteries  as  a  source  of  power  for  heavy  vehicles 
of  all  kinds  for  city  traffic,  more  especially  if  complete  regene- 
rative control  is  adopted  and  the  batteries  are  maintained  by 
the  makers.  The  reasons  for  this  are  briefly  as  follows,  ami 
are  applicable  to  any  electrically-driven  vehicle :  (1)  The 
absence  of  shock  and  vibration  greatly  reducing  the  wear  and 
tear.  (2)  The  reduction  of  rates  following  on  the  supply  of 
current  for  battery  charging  from  municipal  stations.  (3) 
From  the  owner's  point  of  view  there  are  many  advantages, 
some  of  which  are  :  Lower  cost  of  insurance  and  freedom 
from  insurance  limitations  ；  instant  readiness  of  vehicle  and 
less  depreciation,  resulting  in  less  time  in  the  repair  shop,  so 
that  a  larger  percentage  of  vehicles  are  kept  running.  This 
involves  a  reduction  in  capital,  rates,  rent,  and  taxes, 
insurance,  supervision,  and  establisliment-  charges.  In  the 
case  of  omnibuses,  due  to  better  lighting  and  other  public 
advantages,  the  takings  are  bound  to  be  considerably 
augmented,  and  further  additions  to  revenue  might  be 
obtained  from  novel  forms  of  advertisement  and  electric  signs 
on  the  vehicles. 

The  conditions  being  so  favourable  to  electric  'buses,  there 
must  be  reasons  why  these  have  not  made  headway.  One-  of 
these  is  unquestionably  that  of  weight  as  laid  down  in  the 
police  regulations.  Hitherto  traction  batteries  for  a  6-ton 
vehicle  have  weighed  about  2  tons  (consuming  energy  at  well 
over  1  unit  per  mile,  i.e.,  2  units  per  mile  for  charging  pur- 
poses), and  it  was  therefore  impossible  to  construct  omnibuses 
carrying  a  sufficient  number  of  passengers  to  be  remunerative. 
A  more  important  reason,  however,  was  the  unsatisfactory 
working  of  the  battery  itself,  which  now  appears  to  be  pre- 
ventible  with  proper  care  as  exemplified  by  the  fact  that  there 
are  some  10,000  electric  vehicles  of  all  kinds  constructed 
annually  in  America.  It  has  been  recognised,  however,  that 
the  battery  is  the  weakest  link  in  the  chain  of  the  electrically- 
dri-ven  vehicle,  and  one  of  the  objects  of  this  paper  is  to 
describe  a  system  which  to  a  great  extent  removes  the  weak- 
nesses of  the  battery  and  considerably  strengthens  the  position 
of  the  battery  vehicle  from  other  points  of  view. 

System  which  Eliminates  Battery  DiHicuIties. ― Apart  from  minor 
alterations  in  the  battery  itself,  most  of  the  improvement  has 
been  obtained  by  raising  the  vehicle  efficiency,  with  a  conse- 
quent reduction  in  the  size  of  the  battery  for  a  given  mileage. 
Resulting  from  this,  the  initial  and  upkeep  costs  are  reduced 
in  almost  direct  proportion  to  the  reduction  in  the  size  of 
' the  battery,  but  more  important  still,  the  ratio  of  the  live 
to  the  dead  load  has  been  increased  almost  as  the  square  of 
I  the  reduction  in  battery  weight.      Some  of  the  methods  that 
the  authors  have  adopted  to  bring  about  this  result  comprise  : 
, (a)  Braking  entirely  by  regeneration,  the  battery  absorbing; 

the  energy  returned,    (h)  A  controller  in  the  shape  of  a  very 
I  efficient  rotary  transformer  or  automatic  electric  valve  (ojily 
transforming  half  the  power  supplied  to  the  wheel  motors) 
t  which  automatically  limits  the  current  that  can  be  drawn 
' from  or  returned  to  the  battery,  displacing  the  usual  series- 
parallel  type  of  controller,    -(c)  A  motor  with  special  shunt- 
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field  windings,  liaving  a  torque  speed  characteristic  sijnilar  to 
a  series  iiioi.or. 

The  scheme  as  applied  in  ilio  (h'iviiig  of  heavy  electric 
vehicles  is  shown  in  Fig.  1.  The  automatic  electric  valve 
A  B，  used  as  a  controller,  possesses  the  further  property  of 
acting  as  a  power- limiting  device  between  the  battery  and 
the  motor.  The  action  of  this  machine  under  full -speed  con- 
ditions is  as  follows :  The  upper  half  A  of  the  armature  acts 
as  a  motor,  and  is  coupled  directly  across  the  battery.  The 
lower  lialf  of  the  machine 】{  acts  as  a  generator  ami  is  couplod 
in  series  with  the  driving  motor  C,  so  that  the  latter  is 
receiving  across  its  terminals  twice  the  battery  voltage.  Tlie 
motor  C  is  pi'ovidefl  with  two  shunt-field  wiiulings,  one  of 
wliicli  D  is  cotinected  across  the  battery,  pi'ovi<li""r  a  constant 
excitation,  and  the  other  E  across  tlie  terminals  of  H.  Tlie 
winding  E  is  arranged  so  as  to  assist  the  wimling  I)  during 
the  acceleration  period,  and  to  oppose  D  when  running  at 
full  speed.  The  part,  B  of  the  electric  valve  is  provided  willi 
a  variable  and  reversible  excitation  by  the  winding  F  and 
controlled  by  the  regulator  G.  When  the  regulator  arm  is 
over  to  the  right,  say,  B  adds  its  voltage  to  that  of  tlie 
battery,  but  when  the  regulator  arm  is  to  the  left  tliis  voltage 

is  subtracted  from  that  of 
the  battery.  With  the 
regulator  arm  in  the  mid- 
position  B  is  not  excited. 
An  additional  whiding  II 
is  also  provided  on  the  field 
of  B  in  series  with  the 
driving  motor  C，  which 
opposes  the  winding  F 
when  B  is  acting  as  a 
generator  delivering 
power  to  C. 

The  advantages  of  this 
arrangement  are  as  fol- 
lows : During  the  period 
of  negative  acceleration  ， 
when  the  motor  is  return- 
ing energy,  the  field  of  the 
motor  is  strengthened  so 
that  the  electrical  brak- 
ing tendency  is  largely 
increased,  whereas  when 
the  motor  is  being 
accelerated  and  is  ro- 
tating rapidly  its  field 
strength  is  diminished 
so  that  acceleration  is 
facilitated.  The  design  of  the  motor  is  such  that  due  to  the 
action  of  the  field  winding  E  the  torque  produced  is  nearly 
proportional  to  the  square  of  the  current  passing  through  the 
motor  armature.  Thus,  when  starting  or  liill-climbiiig,  with 
the  controller  "  full  on/'  the  torque  is  four  times  that  on  the 
level,  with  only  two  and  a  half  times  the  normal  current  in 
the  arinataire.*  Moreover,  by  means  of  the  series  winding  on 
B  the  current  to  the  motor  C  is  always  kept  within  safe  limits 
when  it  is  driving  as  well  as  when  it  is  braking. 

The  entire  control  is  carried  out  by  means  of  a  foot-pedal 
and  a  single  reversing  lever  which  is  also  employed  to  start  up 
the  machine  A  B.  The  pedal  controls  the  reversing  field 
regulator  G,  and  when  in  the  "  off  "  position  the  arm  is  over 
to  the  extreme  left,  and  if  allowed  to  come  quickly  to  this 
position  a  very  powerful  braking  effect  is  produced,  wliich 
continues  even  after  the  vehicle  has  been  brouglit  to  rest. 
The  latter  effect  is  obtained  by  arranging  the  resistance  of  the 
regulator  G  so  that  B  gives  a  back  electromotive  force  slightly 
in  excess  of  the  voltage  of  the  battery,  producing  a  negative 
current  of  no  power  through  the  armature  of  the  driving 
motor,  and  giving  a  torque  in  the  backward  direction.  This 
torque  is  arranged  to  be  of  such  a  magnitude  that  it  holds  the 
vehicle  on  a  comparatively  steep  downward  gradient,  and  yet 
lias  not  sufficient  power  to  cause  the  vehicle  to  start  bark- 
wards  oil  the  level.  If,  however,  the  vehicle  is  facing  uphill 
with  the  controller  in  the  "off"  position  it  is  necessary,  in 
order  to  prevent  the  vehicle  from  moving  backwards,  to 
depress  the  controller  pedal  slightly  and  give  tlie  (Irivingj 

*The  C-R  losses  thron^ho^it  aro  therefore  kept  low.  resulting  iu  a  liigh 
efficiency  even  afc  low  speeds.  Resides  veducing  tlie  losses,  this  arrangement  is 
valuable  because  the  electvio  valve  can  be  made  smaller. 


Fig.  1.— Diagram  op  Connections 
Battery  Vehiclk. 
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motor  a  positive  torque,  tending  to  drive  the  vehicle  uphill. 
This  torque  can  be  arranged  to  keep  the  vehicle  stationary 
on  the  hill,  thereby  dispensing  with  the  use  of  any  mechanical 
brakes. 

It  will  be  readily  seen  that  a  vehicle  equipped  witli  sudi  a 
system  has  the  advantage  that  the  speed  is  adjusted  auto- 

<n  Bddtery  output  in  %. 
(Z)  *   •'  amperes. 
(3)  Mobor  -. 
<^>    "    torque  in  lbs.  feet. 


2         4,       6         8        lO  IZ 

Speed  of  'bus  Ernies  per  hour 


Fig.  2.— Battery  Vehicle  Characteristics.  Controller  Pedal  "  Full  On." 

matically  to  the  gradient  of  the  road.  In  fact,  the  speed  is  a 
definite  function  of  the  torque  required  to  drive  the  vehicle. 
The  above  statement  applies  to  all  positions  of  the  controller 
pedal.  Fig.  2  shows  the  electrical  characteristics  of  the 
system  for  maximum  power  position  of  the  controller  as  a 
function  of  the  vehicle  speed . 

Due  to  the  economical  , 
acceleration,  regeneration,  high 
torque  per  ampere,  and  other 
causes,  it  is  possible  to  obtain 
a  higher  efficiency,  and  there- 
fore reduced  l)attei,y  weight 
and  size  (i.e.,  about  half 
the  energy  consumption  and 
weight  for  the  same  number 
of  passengers  and  mileage 
as  in  previous  battery  omni- 
buses). Further,  as  the  vol- 
tage of  the  battery  is  only 
half  that  of  the  motor,  the 
number  of  cells  can  be  re- 
duced without  additions  to  the 
weight  of   other  parts.  This 

admits  of  a  further  reduction  in  the  weight.  Also,  as  the 
discharge  rate  of  the  battery  is  limited,  the  capacity  is  greater 
under  working  conditions,  i.e.,  the  ampere-hour  efficiency  is 
liigh.  Further,  it  is  obviously  not  necessary  to  use  two 
motors  or  a  double  commutator-driving  motor  to  obtain 
economical  speed  control  ；  tlierefore  a  further  increase  in 
order  in  the  efficiency  of  the  system  is  obtained.  Thus  the 
energy,  initial  and  upkeep  costs  are  reduced,  and  the  ratio  of 
live  to  dead  load  is  very  inuch  i increased .  . 

The  control  is  very  simple,  the  whole  operation  being 
effected  with  one  foot-pedal.  It  is  fool-proof,  and  any  pre- 
arranged maximum  battery  currents  are  obtained  for  definite 
vehicle  speeds.  Pressing  down  the  pedal  increases  the  speed  ； 
raising  tlie  pedal  reduces  the  speed,  and  at  the  same  time 
applies  regenerative  braking.  The  acceleration  or  retarda- 
tion is  proportional  to  the  rate  of  forcing  down  or  raising  the 
pedal,  and  these  have  been  arranged  as  a  maximum  to  get  up 
speed  from  standstill  in  about  one  and  a  half  to  two  bus- 
lengths,  and  to  brake  to  a  standstill  from  full  speed  in  the 
same  distance.  . 

One  brake  ran  be  dispensed  with  if  police  regulations 
permit,  and  it  is  not  even  necessary  to  use  any  meolianical 
brake  when  driving  in  the  ordinary  course.  The  system  of 
hraldng  reduces  the  tendency  to  skid  on  <.n-easy  roads,  and  as 
the  rontroller  always  returns  to  the  braking  position,  this 
action  brings  the  vehicle  to  a  standstill  if  anything  happens 
to  the  driver.  .  . 

An  omnibus  constructed  at  Chelmsford  and  equipped  with 
the  system  outlined  above  is  now  running  in  London,  and 


tions,  and  when  loaded  with  34  passengers  it  has  a  total 
weight  of  5  tons  18  cwts.  It  is  fitted  with  a  28-cell  battery 
weighing  19  cwts.  including  acid  and  terminal  coimectors, 
having  a  capacity  of  500  ampere-hours  on  a  5-hour  discharge 
rate.  The  battery  is  mounted  in  front  in  the  position  usually 
occupied  by  the  petrol  engine. 

Fig.  3  shows  the  outline  of  the  chassis  of  the  latest  design 
of  omnibus,  to  which  is  fixed  the  automatic  electric  valve  and 
motor,  all  in  one  case  and  marked  A,  B,  C.  The  case  is  hung 
to  the  chassis  frame  by  means  of  suspension  hooks  and  eyes 
and  is  stayed  to  the  sides  of  the  chassis  by  rods.  The  motor 
drives  direct  through  the  cardan  shaft  to  the  worm-reduction 
gearing  mounted  on  the  usual  construction  of  live  axle.  The 
regulator  G  is  fixed  on  one  side  of  the  electric  valve,  while 
the  starter  K  is  mounted  on  the  other  side.  The  foot  pedal 
L  and  the  starting  and  reversing  lever  M  are  linked  up  to 
the  regulator  and  starter  respectively  by  means  of  rods,  as 
shown.  The  dimensions  of  the  battery  over  cells  when  packed 
clf)sely  are  49iii .  by  31  in .  by  1 6|iii. 

Energy  Consumption. —  A  loaded  omnibijs  (6  tons  weight) 
was  run  from  Chelmsford,  a  distance  of  6  miles  out  and 
G  miles  home.  There  were  one  or  two  fairly  steep  hills  to 
be  negotiated.  The  readings  were  taken  with  the  controller 
pedal  on  the  "full-on"  position  the  whole  of  the  time,  the 
omnibus  speed  only  varying  due  to  the  contour  of  the  road. 
The  average  speed  was  just  under  13  miles  per  hour,  the 
average  current  consumption  on  the  outward  journey  was 
125  amperes,  and  on  the  back  journey  115  amperes,  making 
a  total  average  of  120  amperes.  The  ampere-hours  per  inile, 
therefore,  work  out  at  just  under  10，  and  as  there  are  28  cells 
giving  a  discharge  of  120  amperes  at  about  53  volts  the 
energy  consumption  per  mile  was  equal  to  0  53  of  a  unit,  or, 
in  other  words,  88  watt-hours  per  ton-mile,  and  the  average 
horse-power  required  to  drive  the  vehicle  at  a  speed  of  12^ 
miles  per  hour  was  just  under  SI  h.p.      It  will  therefore  be 


Fig.  3.— Plan  of  Chassis.   Battery  Vehiclk. 

seen  that  as  the  battery  lias  an  average  capacity  of  500 
ampere-hours  tlie  total  rauge  of  the  velii<'le  is  50  miles. 

Comparative  Cost  of  Running  Electric  and  Petrol  Omnibuses  in 
London. ― The  following  items  in  the  cost  of  ruiunng  are 
common  to  both  types,  although  not  necessarily  equal  in  each 
type — i.e.,  tyre  maintenance,  drivers,  conductors,  body  up- 
keep, traffic  expenses,  washing,  rent,  rates,  water,  gas  and 
lighting,  depreciation,  taxes,  supervision  and  establishment 
charges.  Other  items  that  are  widely  different  in  cost  are  aa 
follows  ： ' ~ 


EliH'trio 
Vehicle 
i Pence  per 
'Bus-mile). 

Petrol  Vi'hiclP 
( Pence  per 
'Bnsiuile). 

Battery  maintenance...        ...  ... 

2-00 

Power  or  petrol        ...        …  ... 

0-50 

1-J5 

Chassis  maintenance...        ...  ... 

010 

100 

山 I'icating  oil  and  paraffin...  … 

0,01 

0-2-2 

Vehicle  lightinf^        ...        …  … 

0-10 

Insiiranco  (not  including  thin!  party 

risk)        ...         ...         ...  … 

010 

020 

Wasliing  and  preparing  for  running 

017 

090 

2-88 

3-67 

Deprociation  (explained  below)  ... 

0-72 

103 

Comparative  cost  ...        …  ... 

3 -CO 

4-70 

conforms  iu  all  points  with  the  Metropolitan  Police  Rcgula-         As  regards  the  above  comparative  cost  the  important 
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Fig. 丄一 Diagram  of  Connections. 
Petrol  Electric  Vehicle. 


figures  are  quite  definite,  those  for  the  petrol  vehicle  being 
obtained  from  the  best  actual  practice.  On  the  other  side 
the  battery  maintenance  and  power  figures  are  already  fixed 
by  the  battery  manufacturers  and  the  electric  supply  coin- 
panies  respectively.  In  comparing  the  chassis  niainteiiaiice 
in  the  two  cases  the  niaintenaiife  of  the  engines,  gear  box, 
clutches,  and  】iiechaiii('al  brakes  are  to  be  set  against  a  low- 
voltage  electrical  equipment  consisting  of  two  machines,  a 
starter,  and  a  shunt  regulator.  On  a  basis  of  30,000  bus- 
miles  per  annum,  a 
sum  of  £13  per  bus 
per  annum  is  allowed 
for  the  electrical  equip- 
ment, gearing,  &c.，  a 
figure  very  much  on 
the  high  side  when  it 
is  remembered  that 
there  is  no  wear  on 
mechanical  brakes  and 
the  retardation  is 
uniform. 

The  preceding  table 
shows  roughly  that  the 
electric  omnibus  is  the 
cheaper  to  run,  and 
when  items  of  cost 
which  are  common  to 
both  types  are  re- 
viewed, the  case  for 
the  electrical  vehicle 
is  still  better.  Taking 
these  in  detail,  the 
cost  of  tyre  mainte- 
nance, drivers,  and 
body  upkeep  is  un- 
doubtedly less,  and  the  following  argument  will  show  that  rents, 
rates,  supervision,  establishment  charges,  and  depreciation  are 
less.  Out  of  a  fleet  of  petrol  vehicles  a  large  percentage  (as 
seen  by  the  maintenance  figure),  roughly  *25  per  cent.,  will 
be  out  of  commission,  and  more  space  in  the  garage  and 
larger  repair  shops  are  required  as  compared  with  the  elec- 
trical omnibus.  This  also  means  a  greater  capital  expendi- 
ture per  bus-mile. 

As  regards  depreciation,  the  two  cases  have  to  be  com- 
pared on  the  same  capital  basis,  for  although  the  electric 
vehicle  will  be  rather  more  expensive  when  the  battery  cost 
is  included,  the  battery  makers  maintain  this  at  its  full  value, 
and  thus  depreciation  of  the  electric  vehicle  is  undoubtedly 
less  than  the  petrol  vehicle.  Suitable  figures  for  these  are 
10  per  cent,  and  15  per  cent,  per  annum  respectively,  making 
the  figure  for  tlie  depreciation  of  the  electric  bus  0  72  and 
the  petrol  bus  1.03  per  bus-mile.  It  would  appear,  therefore, 
that  the  electrical  omnibus  can  be  run  for  at  least  Id.  per 
bus-mile  less  than  the  petrol. 

Petrol  Electric  Vehicles. 

There  are  two  conditions  necessary  and  essential  to  suc- 
cessful battery  traction  for  heavy  road  vehicles.  In  the  first 
place,  the  charging  stations  must  be  within  a  definite  range, 
and  secondly,  the  battery  should  always  be  kept  under  tlie 
supervision  of  the  makers,  otherwise  the  cost  of  its  main- 
tenance would  be  prohibitive.  It  is  obvious,  therefore,  that 
the  electrical  vehicle  is  unsuitable  for  travelling  long  dis- 
tances or  working  in  outlying  districts. 

It  is  suggested  that  the  all -electric  system  modified  by 
reducing  tlie  battery  to  one-fifth  the  capacity,  and  by  addin"^ 
a  9  li.p.  air-cooled  engine,  would  meet  the  case -  Fig.  4 
shows  the  arrangement,  ami  the  method  of  operation  is  very 
similar  to  that  of  the  all-electric  system.  The  engine  X  is 
coupled  to  the  electric  valve  A  B  and  takes  tlie  average  load, 
tlie  peaks  being  supplied  by  the  battery  V,  which  also 
absorbs  the  energy  returned  during  braking.  When  the 
output  of  the  battery  is  equal  to  that  of  the  engine  (a  con- 
dition which  holds  during  middle  portion  of  the  acceleration 
period,  ami  when  climbing  hills)  A  carries  no  current,  result- 
ing ill  a  very  high  overall  efficiency,  about  86  per  cent., 
through  the  electric  transmission  gear.  In  order  to  make 
the  battery  respond  to  the  varying  loads  without.  a])))recial)le 
variation  of  the  engine  speed,  the  part  A'  has  a  held  windyjg 


wliicli  gives  it  a  falling  electromotive  force  when  tlic  motor 
(leinaiids  large  powei*  and  a  rising  elertroiiiotive  force  when 
the  motor  is  regenerating. 

Besides  acting  as  ati  equaliser,  other  important  functions 
of  the  battery  are  :  (/■/)  To  start  up  the  engine  from  tlie 
driver's  seat,  a  very  great  coiiveiiieiice,  and  to  supply  current 
to  the  sparking  coils,  (h)  To  enable  tho  vehicle  to  run  to  a 
garage  in  the  event  of  an  engine  breakdown .  (c)  To  liglit 
the  vehicle  and  to  provide  curreTit  for  electric  signs  aiul 
advertisements.  {(/)  To  allow  of  electric  breaking  down  to 
any  speed . 

The  engine  runs  practically  at  constant  speed,  and  has 
only  to  supply  the  average  power  required  to  drive  tlie 
vehicle.  It  is  well  known  that  to  d rive  a  6-ton  loaded  vehicle 
on  the  level  at  12  miles  per  hour,  9  b.li.p.  is  required.  Now, 
when  running  at  about  half-speed  uphill,  in  this  system  the 
"rear  ratio  automatically  changes,  enabling  the  full  9  li.p.  to 
be  utilised  ；  the  torque,  therefore,  under  this  coiidition  is 
twice  that  developed  on  the  level.  Further,  with  the  aid 
of  the  battery,  the  motors  are  enabled  to  develop  an  addi- 
tional 9 】i.p.，  making  a  total  of  18  h.p.  at  this  speed,  thus 
giving  four  times  the  normal  running  toi'que.  A  petrol 
vehicle,  however,  running  up  the  same  hill  at  half-speed  on 
the  top  gear  would  have  to  be  equipped  with  a  36  h.p.  engine 
oil  the  normal  full-s])eed  basis,  because  at  half-speed  it  wouM 
only  just  be  able  to  develop  the  18  h.p.  required.  It  may 
be  argued  that  an  earlier  change  of  gear  would  enable  a 
smaller  engine  to  be  used,  but  even  this  will  not  】iecessarily 
compensate  for  the  falling  off  of  power  due  to  loss  of  com- 
pression and  inefficient  action  of  the  carburetter,  and  it  is  a 
fact  that  36  h.p.  to  40  h.p.  engines  are  actually  fitted  to  such 
vehicles. 

In  the  proposed  petrol-electric  system  the  engine  power 
necessarily  is  not  large,  and  its  speed  being  constant,  air- 
cooling  for  the  engine  is  possible,  with  its  attendant  advan- 
tages― i.e.,  simplicity,  reduction  in  space  and  weight,  and 
the  absence  of  freezing  troubles.  A  governor  is  used  to  keep 
tlie  engine  speed  constant,  thereby  removing  all  sources  of 
shock  and  inertia  stress,  due  to  the  manipulation  of  tlie 
spark  or  sudden  variation  of  the  engine  speed  when  clutching 
or  changing  gear,  and  allowing  an  engine  design  with  high 
initial  compression.  The  load  factor  being  approximately 
100  per  cent"  the  consumption  of  petrol  will  not  be  more 
than  half  that  of  the  ordinary  petrol  vehicle,  the  engine  of 
which  works  on  the  average  at  only  one-third  full  power. 

The  operation  is  as  follows  :  The  starting  switch  is  put 
over  either  in  the  forward  or  reverse  position,  as  required, 
ami  the  engine  is  thus  started  up  and  begins  to  fire,  charging 
the  battery  at  normal  current.    The  pedal  is  then  depressed 


tr&in  wires* 


"averse     " pL, 


KiG.  5,— Diagram  of  Connections.   Oil  Electric  Motor  Coach. 

ami  the  motor  is  fed  by  the  combined  power  of  the  engine 
and  battery,  the. opposing  series  coil  on  A  allowing  the  bat- 
tery to  give  its  share.  On  reaching  full  speed  the  power 
absorbed  by  the  motor  falls  to  the  average ― i.e.,  9  b.h.p. ― 
wliich  is  given  by  the  engine  while  the  battery  floats.  On 
raising  the  pedal  the  motor  returns  energy  to  the  battery, 
and  in  so  doing  tends  to  raise  the  speed  of  the  machine  A  B, 
ami  the  governor  meanwhile  cuts  off  the  power  from  tlie 
engine.  When  the  regeneration  has  ceased  the  engine  con- 
tinues to  cliarge  the  battery.  Due  to  economical  acceleration, 
liigli  torque  per  ampere,  and  regeneration,  the  efliciencv  of 
llie  system  is  very  high,  and  also  one  luechauical  brake*  can 
be  dispensed  with. 
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Comparative  Weights, ― In  order  to  obtain  a  comparison 
between  the  petrol-eleciric  and  the  petrol  vehicle,  the  case 
of  the  34-passenger  omnibus  will  again  be  considered.  The 
weight  of  the  modern  petrol  vehicle  complete  with  lubriraiing 
oil,  petrol,  and  water  is,  including  passengers,  5  tons  18  cwt. 
The  weight  of  the  petrol-electric  vehicle  constructed  on  the 
above  system  is,  including  passengers,  5  tons  5  cwts. 

Cost  of  Running. ― The  engine  is  designed  to  give  [)  li.p., 
which  should  be  large  enough  to  give  a  mean  speed  of  12  miles 
per  hour.  The  petrol  consumption  of  such  an  engine  would 
be  about  0'75  pint  per  brake  horse-power  per  hour,  and 
therefore  the  vehicle  would  travel  approximately  14  miles 
with  a  gallon  of  petrol,  making  a  cost  of  075d.  per  mile  for 
power,  taking  petrol  at  lO^d.  per  gallon.  With  regard  to 
the  battery,  a  suitable  capacity  would  be  50-ampere  hours 
at  a  1-hour  rate  (i.e.,  one-fifth  of  the  capacity  of  the  all- 
electric  battery)  capable  of  giving  discharges  of  225  amperes 
for  5  mins.,  and  providing  for  that  time  an  additional  16  h.p., 
making  the  total  power  available  25  h.p.  at  any  speed,  if 
required.  This  battery  is  only  discharging  at  the  average 
rate  of  17|  amperes,  which  is  one-third  of  its  normal,  and 
therefore  the  life  in  vehicle-miles  is  three  times  that  of  the 
all-electric  vehicle  battery,  the  maintenance  figure  for  which 
was  2d,  per  mile.  Compared  on  the  same  basis,  the  】iiaiii- 
tenance  figure  for  this  battery  should  be  one-fifteentli  part 
of  2d.,  i.e.,  0'134d.，  but  owing  to  the  fact  that  the  discharge 
rates  are  sometimes  high  the  figures  will  be  increased  to 
0'35d.  per  vehicle-mile. 

The  following  table  gives  the  comparative  cost  of  those 
items  which  are  widely  different  in  the  petrol-electric  and  the 
petrol  systems.  Depreciation  is  assumed  for  the  petrol 
vehicle  at  15  per  cent.,  against  12  per  cent,  of  the  ])etrol- 
electric  vehicle.  It  would  appear  that  the  petrol-electric 
vehicle,  constructed  on  the  above  lines,  would  cost  less  to  run 
than  the  present  vehicle  by  at  least  l^d.  per  mile. 


Petrol -elec- 
tric Vehicle 
(Pence  per 
'Bus-Mile), 

Petrol  Vehicle 
(Pence  por 
'Bus-Mile). 

Battery  maintenance  

0.35 

Petrol"  

0.80 

1. 

25 

Chassis  maintenance,  including  engine 

and  transDiission  gear   

0.50 

1. 

00 

Lubricating  oil  and  paraffin   

0.10 

0. 

22 

Vehicle  lighting  

0. 

10 

Washing  and  preparing  for  running... 

0.50 

0. 

90 

2.25 

3. 

47 

Depreciation   

0-9 

1. 

03 

Compjirative  cost   

3.15 

4. 

50 

Oil-Engink  Elkctkic  System  for  SunuiiUAN  Railways. 
Many  railway  companies  luivc  been  looking  into  tlic  (jiu'slioii 
of  electrifying  their  suburban  lines,  to  meet  more  successful!}' 
the  competition  of  traincars  and  omnibuses  ；  but  the  com- 
))；) nies  liave  been  unable  or  disinclined  to  face  tlie  eiiorinous 
outlay  involved  in  the  installation  of  generating  station, 
sub-stations,  third  rails,  &c.，  and  for  existing  lines,  apart 
from  the  cost  of  converting,  the  coiuj^lication  of  concluctinj^ 
rails  or  overhead  wires  at  large  junctions  ami  lerniini  is 
generally  objectioiia bio. 

It  is  suggested,  thereiore,  that  a  self-contained  electric 
train  with  complete  regenerative  braking  would  meet  the 
case,  and  it  will  be  si i own  as  far  as  possible  that  the  capital 
outlay,  a  J)  art  from  the  cost  of  a  generating-  station,  would 
only  amount  to  approximately  two-thirds  of  that  required 
where  the  power  has  to  be  transniitted  from  generating 
stations  and  fed  to  the  train  by  conducting  rails. 

The  trains  would  he  niarle  up  of  any  number  of  motor 
coaches  and  trailers  on  the  multiple  luiil  system,  a  diagram 
of  connections  for  such  being  illustrated  in  Fig.  5,  from  whirli 
it  will  be  seen  tluit  it  is  possible  to  d rive  from  any  niotor- 
coHcli  ill  the  usual  manner, and  t  liat  only  three  relay  train  wires 
are  necessary.  T\w  iiiotor-coacli  is  0(|1»1|)|>0(1  with  a  spirit  or  oil 
engine  and  electrical  (Mjiiipmont  similar  lo  llwit  jusl  (lesrril)t»'l， 
but  to  provide  in  suburhan  t  rains  tlir  very  hivi^v  a<l«lit ional 
power  required  during  acceleration,  ； » nd  to  absorb  the  ret ur?i- 


able  energy,  a  larger  proportion  of  battery  is  carried  on  the 
train.  The  question  may  be  raised  that  the  battery  will 
make  the  equipment  very  heavy,  but  it  will  be  seen  later 
that  this  is  not  necessarily  the  case.  Allowing  this  to  be  so, 
however,  the  possibility  of  recovering  at  least  75  per  cent, 
of  the  energy  stored  in  the  train  minimises  the  objection  to 
additional  weight. 

In  order  to  determine  the  size  of  the  battery,  the  accelera- 
tion and  retardation  rates  will  be  assumed  constant  ami  of 
equal  period,  also  the  speed  after  acceleration  is  finished  will 
be  assumed  constant  until  retardation  begins. 

Let 

D  =  average  distance  }>et\veen  stations  in  feet. 
^  =  time  of  acceleration  or  retardation  in  seconds, 
Vav  =  average  speed  between  stations  in  feet  per  second. 
V,„.j^  =  maximum  constant  speed  attained  between  the 
stations  in  feet  per  ^>econd. 
M  =  mass  of  train  in  tons. 
The  distance  to  be  travelled  at  constant  speed 

D 


2t  V,. 


The  total  distance  traversed  D 
D 

、v: 


-2t 


V     +  V  f 

mux  '       max  " 


ipoo- 
800 


6O0- 


400- 


•  ZOO 


Engine  B.H  P 


20 


ZOO- 

>loo- 

600  - 


■40     to     8©  100 ~ 120 x-to 
Time   m  seconds. 


800L 

Fig.  6.— Power  Cuaut.   Oil  KLt:<  tiuc  Train. 

The  a\'erage  power  re(|uire(l  to  arrelerate  t lit*  t rain  is 
ol)taiiietl  by  dividing  the  stored  energy  at  ！ naxiimuii  speed  by 
the  time  taken  to  store  this  energy,  and  when  reduced ― 

M  V3     .  V 
Average  horse-power  =  ，_  。  t^T^V —— • 

l'^"8  D  (、二 、― Vnv 

If  we  now  differentiate  the  last  equation  with  repanl  lo 
V，,i;ix  as  variable,  and  equate  the  result  to  zero,  we  fin<l  that 
the  average  horse-i)o\ver  required  to  acceleraU*  the  train  is 
;i  miuimuiu  when  the  niaxinunii  speed  attained  by  the  train 
between  the  stations  is  50  per  cent,  greater  than  the  average, 
vi/..，  when  V,,,,^^  =1-5  、'； "，  an  interesting  and  important 
result . 

Using  the  above,  tlie  size  of  the  engine  and  battery 
required  to  operate  a  t rain  011  any  ^iven  schedule  can  now  be 
cslinuiled,  ami  it  may  be  of  interest  to  coiiipare  the  cost 
figures  for  two  hypotJietioal  rases  of  elettrio  tract  ion.  one  on 
a  series  parallel  control  ooutiinious  eWtricity  thini-rail 
system,  and  the  other  on  tlie  system  suggested  above.  The 
(•omparismi  will  oiilv  he  made  with  tlie  direct -current  system, 
as  it  is  well  known  to  be  at  the  present  time  tlic  most  ecoiio- 
niical  from  all  points  of  view  for  suburban  traffic.  The 
11*^11  res  are  based  011  a  service  with  a  schedule  speed  of  2:) 
iiiilos  per  l，our,  including  stops,  with  1  mile  between  the  stop? 
and  10  miles  of  double  track.  A  rj-ininute  service  is  inain- 
taiiiod  oju'h  way  for  18  hours  per  day,  and  a  *Jl-iinmite  servict' 
on  Sundays.  A  suilahle  luunber  of  trains  lo  employ  is  11' 
，"irli  roiisistiiig  of  Iwo  HOf t .  iiiolor-coaolies    and  one 
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trailer  coach.  The  cost  of  such  a  service  on  the  series  parallel 
system  has  been  worked  out,  very  completely  by  Mr.  Ilobari,"^' 
and  we  have  reproduced  these  figures  for  comparison  wiili 
the  proposed  system  in  the  accompanying  tables : ― 


Capital  Outlay  and  Weight  Table, 


Third-rail  Diroct- 
ouirent  System. 

Oil-cIectric  SyHleui. 

Weight 
per  Train 
in  Tons 

Cost  of 
11  Trains, 

Weight 
jier  Train 
in  Tons. 

Cost  of 
11  Trains, 
&c. 

Car  bodies  and  trucks  ... 
Electrical  equipments  ... 

Engines   

Batteries   

Assembling  

Sub-stations   

Tracks  and  feeders   

Tools,  buildings,  *fcc  

90 
24 

O  O           O  O  O 〇 
O  O           00  O  O  O 

tf^    — -  --, 
CO  CO        1  o  o  o  o 

IQ  CO                      CO  f-H 

90 
12 
6 
10 

S         o  o  o  o  o 
o         o  o  c  o  o 

Totals   

114 

175,500 

118 

122,500 

Annual  Charges  for  11  Trains, 

Per 
Gent;  on 
Capital. 

Total. 

Per 
Ceufc.  on 
Capital. 

Total. 

Rolling  .stock   

Sub-stations   

Track  and  feeders   

Drivers' and  inspectors' wages 

Power  

Interest  on  capital   

8 
G 
5 

O  O  o  o  o  o 

1— '  to 

o  c  o  o 
o  o  o  o 

Total   

Total  per  train-inile  ... 

47,620 
18.8d. 

Cc 叫 

p.  o 

The  weiglit  of  the  tliird，rail  continuous-electricity  train 
was  1 14  tons,  and  this  figure  will  be  used  in  estimating  the 
engine  power  and  battery  size.  The  diagram,  Fig.  6，  shows 
a  complete  chart  of  tlie  average  power  required  during  the 
various  periods  over  the  whole  cycle  of  operations  between 
station  and  station,  including  the  standing  time.  The  full- 
line  curve  shows  the  actual  power  required  at  the  wheels, 
ami  the  dotted  curve  shows  the  power  required  when  all  losses 
(except  that  of  the  battery,  which  is  sliuwn  chain  dotted)  are 
taken  into  consideration.  The  horizontal  straight  line  across 
the  diagram  shows  the  average  brake  horse-power  required 
to  be  developed  by  the  engine  in  order  tliat  the  train  may 
complete  the  cycle  of  operations  in  the  desired  time. 

As  tlie  power  is  split  up  into  two  locomotives,  the  size  of 
each  engine  will  be  100  h.p.，  and  each  battery  will  be  required 
to  discharge  at'  the  average  rate  of  360  h.p.  over  41  sees,  out 
of  every  2'4  niins.  The  details  of  tlie  engine  and  battery,- 
weights,  and  costs,  &c.，  are  given  in  the  table  along  with  the 
weights  and  costs  of  the  electrical  equipment,  which  includes 
the  electric  valve,  motors,  controlling  gear,  and  cables. 

The  capital  outlay  and  annual  charges  have  been  given 
in  the  at'conii)anying  tables  alongside  those  of  the  third-rail 
system  in  order  to  make  a  comparison,  and  items  such  as  the 
capital  outlay  for  car  bodies  and  trucks,  tools,  and  buildings, 
&('.，  should  be  coniinoii  to  botli  systems.  The  capital  cost 
for  the  electrical  equipment  for  the  proposed  system,  as  well 
as  the  cost  of  the  engine,  battery,  and  assembling,  have  been 
estimated  separately . 十 

Wit'li  regar(】  to  the  iiiiniial  cluirges  on  tlie  rolling  stock, 
it  may  be  stated  that  the  iiiaiiitenance  of  the  controller  ami 
of  the  third-rail  has  been  set  against  that  of  the  engine,  and 
an  entire  addition  lias  been  made  to  the  annual  charges  above 
that  of  tlie  1  liird-rail  system  for  the  battery  inainieTiaiic<\ 
The  latter  figure  has  been  estimated  on  the  assumption  thai 
both  batteries  are  completely  used  up  per  annum  per  train. 

*  "  Electrical  Engineer,"  Vol.  46,  p.  575.  1910. 

十 The  power-cost  is  estimated  on  a  consumption  of  0"8  pint  of  oil  per  brake 
horse-power  hour  at  id.  per  gallon,  ullowing  for  '25  ]>er  cent,  idle  ruuniuy. 


INDUSTRIAL  AND  TRADE  NOTES. 

Clyde  Shipbuilding  Consolidation.  ~ -  Tho  policy  of  coiLsolidation 
which  lias  recently  l)0(?n  api)a rent  in  the  C'Jydo  sliipbuiklijif^;  intltis- 
try  hna  l)(、('u  curried  a  step  i'lirtlior  by  tho  acquisition  of  tl"'  old- 
(\stal)li.sli('(l  .sliipya rtl  at  J'ort  (iliusgow  k'lmiging  to  A.  RoiUioA'  and 
C/o.  by  Jlu.ssoU  iSc  Co.  lliusiSc'll  tfc  Go.  hav"  for  many  yoars  Innm 
tho  largest  producers  on  the  Clyde,  and  this  alxsorption  materially 
onlninccs  their  position.  Tho  business  of  A.  Rodger  &  Co.  wa.s 
ostablLshcd  22  years  ago,  and  negotiations  have  been  proceeding 
tor  soiii<、  time  i'or  tho  loC'On.stnK^tion  of  the  concern. 

A  New  Substitute  for  Hemp. ~ The  Jiritisli  V ice-Cony ul  at  Jjcip/Jg 
reports  the  discovery  of  a  new  substitute  for  hemp  lor  the  textile 
and  cord  ijulustriaSj  in  the  ii bre  of  the  hop  vine,  from  which 

、v(>od(ui  and  gujiiniy  substances  are  separated.  The  treatment 
is  .said  to  (lifter  but  slightly  from  that  of  hemp,  and  to  liave  tho 
iith  aiitago  tliiit  tho  prclimijiary  treatniciit  can  bo  ujidertak (！ n  hy 
tho  liop-growt>r  hiiiLscll".  Jt  i.s  thought  thatj  although  tho  process 
as  a  wiiole  Ls  Jiiore  troiible.soirie  than  in  the  ca^  of  iienip,  the 
cheapneiis  of  tho  raw  material  will  more  than  compensate. 

British  Chamber  of  Commerce  for  Portugal. ― A  British  Cluunljer 
of  Ooiiuiu'rce  luxii  recently  been  cvstablushecl  at  Lisbon,  tho  oljjoctvS 
of  which  are  to  consider  all  questions  co  a  netted  with  the  trade, 
oommeroe,  and  manufactures  oi  the  British  Empire  so  far  as  they 
relate  to  British  commercial  interests  in  Poi'tugal,  and  to  assist 
mcmbertj  or  other  British  subjects  engaged  m  trade  withj  or  com- 
mercial tMiterpiise  in,  Portugal  to  attain  objects  of  commercial 
advantage,  and  to  promote  the  interests  of  British  trade  axid 
coiuiiiorce  in  Portugal.  The  secretary  of  the  Chamber  is  Mr.  G. 
J.  C.  Henriquesj  97,  Hua  da  Magdalena,  Lisbon, 

Gas  Plant  for  an  Electricity  Generating  Station. ―  The  gas-produc- 
ing plant  and  other  machinery  which  the  Accrington  Corporation 
is  installing  in  the  electricity  generating  station,  to  cost  £32；400, 
consists  of  gas- producing  plant,  gas  engines,  and  extra  high- km- 
！ 61011  generators,  main  generating  switchgear,  extra  high-teiiijiou 
nuiiiLs,  and  sub-station  equipment.  The  gas  plant,  which  coiishsts 
of  two  units,  each  of  1)1)01)  li.p.j  will  be  used  for  dealing  witk 
the  steady  night  and  day  load,  while  the  existing  steam  plant  will 
bo  employed  on  the  peak  load.  By-product  recovery  is  al^o 
arranged  for,  and  as  the  steady  load  increases  more  gas  plant 
w  ill  1)0  added. 

Midland  Iron  and  Steel  Wages  Board. ― The  annual  meeting  of  tho 
Midland  Iron  and  Steel  Wages  Board  was  held  at  Birmingham 
on  the  4th  inst.  The  report  stated  that  the  Board  consisted  of 
53  firms,  comprising  28  in  South  Staffordshire  and  Shropshire, 
three  each  in  North  Staffordshire,  Laiica.sliire,  North  and  South 
Wales  and  Cheyhiroj  and  Derbyshire,  and  five  in  South  York- 
shire. From  DeceiuIxT  3rd,  1910,  to  February  4th ^  1911，  the  rate 
paid  for  puddling  was  8s.  (3d.  per  ton.  Under  the  sliding  scale 
the  rate  had  been  varied  to  8s.  9d.  from  February  4th  to  Api'ii 
1st，  1911,  and  had  remained  at  that  figure  up  till  February  3 id 
last,  when  the  period  covered  by  the  annual  report  ended. 

American  Tinplatc  Production. ― According  to  an  American  Con- 
.sula r  ieport,  tlic  output  ol'  the  tinplate  mills  in  the  United  States 
has  sliowii  a  rapid  rise  in  the  past  two  decades.  In  1892  tho 
total  output  of  American  mills  was  18，8"3  tnn.s,  in  1900  it  liad 
risen  to  302,(305  tons,  and  iii  1910  it  ro ached  72o,()(M)  tons,  making 
the  United  States  the  world's  chief  producer  ol"  tinplatc.  The 
total  world  output  for  tho  latter  year  \vi\s  1^475^000  toius,  the 
other  leading  producers  being  the  United  Kingdom  with  GOO,()(JO 
tons,  unci  Germany  with  5(),U(>()  tons.  Tho  export  and  import 
statistics  indicate  that  this  grow tli  in  tl"'  Amoric-a n  output  con- 
tin，R'(l  during  1911,  and  that  tlie  American  inakors  succccdcr!  in 
iilling  a  large  part  of  tlu*  lionie  demand  formerly  supplied  l>y 
foreign  makers. 

A  Mountain  Railway. ——TIk'  railway  which  has  Loeii  in  course  of 
constniction  liy  Sir  John  Jackson,  Ltd.,  bet^vecMi  Chile  and 
Bolivia  lia.s  just  been  completed.  Tho  railway  covers  a  distance 
()t  27 o  miles,  crossing  the  Andes  from  Ai'ica  to  I^as  Pa«,  tho 
capital  of  Bolivia.  It  is  one  of  the  highest  railways  in  the  world, 
being  at  an  altitude  of  14/KX)ft.  above  sea  level.  This  a】titiKl(、 
as  Mell  a-s  the  difficult  nature  of  the  country,  rondcrod  tho  con- 
struction of  the  lino  very  difficult.  Tho  contract  wa.s  for 
£2,Uon,(l( Id.  a nd  tli(、  tiu\o  allowed  for  its  execution  was  tliroe 
.years,  hut  the  work  lias  pr(>*i;r('ssed  so  rapidly  that  five  months 
have  y('t  to  olap.se  Ijctore  that  time  lias  cxpirod.  The  lino  is  of 
gr(':»t  iinportanco,  iiia.smuch  as  it  shortens  the  distance  to  the 
_l》a('ilir  coast  from  [.as  Pas  l>.v  about  400  inilos. 

Proposed  Reconstruction  of  the  Thames  Ironworks. ― A  ineetin;:;  of 
prcfiMTiico  .sh;m、lml(lt'i's  of  llu-  Thames  Ironworks  was  h，、kl  in 
L (川 （loii  on  Friday  last  lor  llir  purpose  of  passing  resolutions  to 
he  placod  beforo  tho  First  Lord  of  tli(、  AduiiraUy.  It  was  stated 
that  tho  First  Lord  had  t、xpmsst、（l  his  rcadincvss  to  placo  orders  on 
the  Tlimm'js  p rovicled  the  company  was  .satisfactorily  I'efcnistnicted, 
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and  assurances  given  that  the  new  management  was  of  a  first- 
class  order.  There  was  an  offer  before  the  Receiver  of  £300,000 
for  the  purchase  of  the  company's  effects,  lock,  stock,  and  barrel. 
The  properties  of  the  company  had  how  ever  been  valued  at  £800,000.  with 
other  effects  amounting  to  £200/X)0.  The  first  resolution  to  be 
proposed  asked  the  receiver  not  to  sanction  this  project.  The 
second  resolution  asked  the  preference  slni reholders  to  a、ss('Ks 
tlHMH.solvos  at  the  rate  of  5s.  in  tlie  £  for  the  purpose  of  rarryin<x 
tho  reconstruction  into  effect.  The  first  resolution  wa.s  carried 
unanimously,  and  the  second  was  carried  by  14  votes  to  12. 

Turbine  Contract  for  John  Brown  &  Co. ― Messrs.  John  Brown  and 
Co.,  Clydebank,  havi^  according  to  "  The  Glasgow  Herald/'  r<i- 
ceived  the  contract  for  the  turbines  of  4ne  of  the  two  Chilian 
battle-ships  which  have  】)e€n  ordered  from  Messrs.  Sir  W.  G. 
Armstrong,  Whitworth,  &  Co"  Ekwick.  The  turbines  will 
develop  a  shaft  hoi\se-])()\ver  of  37,000，  which  is  expected  to  pro- 
duce a  speed  of  about  22  knots.  The  displacement  of  the  vessels 
will  be  about  23,000  tons.  The  tur bines  will  be  in  three  engijio- 
rooms,  the  low  pressure  in  the  centre  and  the  high  pressure  in  tho 
wings  on  the  sides.  In  the  new  Chilian  battle-ship  an  interest- 
ing departure  will  be  made.  Combinations  of  turbine  and  recip- 
rocating machinery  have  been  ooinmoii  within  recent  years,  but 
in  the  Chilian  \'ossol  there  will  be,  in  all  likelihood,  a  combination 
of  Parsons  and  Erown-Curtis  turbines.  The  vessel  willj  of  course, 
hiive  four  shafts  ；  but  while  the  low-pressure  turbines  will  be  of 
tlio  Parsons  type  the  high  pressure  will  he  Brown-Curtis. 

Bill  for  Nationalisation  of  Railways  and  Canals. 一 The  Labour 
Party  Bill  for  the  nation alisation  of  railways  and  canals,  which 
has  been  presented  by  Mr.  Will  Thorne,  M.P.,  has  just  been  pul)- 
lished.  According  to  the  memorandum,  the  objects  of  this  Bill 
are:  To  confer  upon  the  Board  of  Trade  powers  to  acquire  the 
OAvnership  of  railways  and  canals,  certain  powers  of  user  of  the 
property  so  acquired,  and  for  leasing  it,  and  to  prevent  the  pro- 
perty falling  into  private  ownership  again.  The  scope  of  the 
Bill  is  limited  to  England  and  Wales.  Under  one  of  the  clauses 
the  Board  of  Trade  is  to  use,  manage,  and  conduct  all  or  any  of 
the  said  property  or  properties  for  the  national  advantage,  while 
another  clause  states  that  "the  Board  of  Trade  may  depute  all 
their  powers  under  the  Act  to  a  Board  of  Control."  It  is  pro- 
posed that  the  purchase  moneys  shall  be  raised  by  the  Board  of 
Trade  by  the  issue  of  coiusols  or  by  the  creation  of  nationalisation 
bonds,  bearing  interest  at  3  per  cent,  or  such  other  interest  as 
may  be  arranged. 

South  African  Trade. ― His  Majesty's  Trade  Commissioner  for 
South  Africa  (Mr.  R.  Sothern  Holland)  reports  that  the  pii])lishe(l 
figures  of  trade  for  the  year  1911  afford  striking  evidence  of  pros- 
perity. The  total  value  of  mercliandise  imported  (exclusive  of 
Government  .stores)  increased  from  £25^900,000  in  1907  to 
£36,400,000  in  1911.  The  United  Kingdom's  sliare  in  these 
imports  rose  from  £14,80(3,000  in  1907  to  £21,300,000  in  1911. 
Even  better  results  would  be  shown  if  the  value  of  the  Govern- 
ment stores  imported  were  added.  Export  returns  are  no  k'ss 
satisfactory.  Their  total  value,  inclusive  of  diamonds,  but  exclu- 
sive of  specie,  amounted  in  1907  to  £48,200,000,  and  in  1911  to 
£.)8,8f>0,000.  The  share  of  the  United  Kingdom  was  £43,300,000 
ill  1(J(J7，  ;uid  £.53,oOO,fK)0  in  1911.  As  regards  imports,  all  classes 
of  mining  and  electrical  inacliin<?ry  and  】uaterial  .show  decreases. 
These,  however,  indicate  simply  the  approaching  cojuplt^tion  of 
important  development  works.  The  magnitude  and  prosperity 
of  the  mining  industry  is  atkvsted  I)y  tho  record  output  of  gold 
lor  the  year,  amounting  to  £3-3,0(X_l/)(K). 

The  Manchester  Chamber  of  Commerce  and  the  Trades  Disputes  Act. ― 

- At  tilt.'  la.st  ineeting  of  the  Chainltrr  tlio  niinute.s  of  a  joint  nioct- 
ing  of  the  Executives  of  the  Chemical  and  Kngimvi'ing  Section's 
along  with  rcpresentati\-e  cotton  manufacturers  recorded  tiie 
views  of  tlio  Joint  Conunitit'o  on  the  Trados  Disputes  Act  Aineiul- 
inciit  Bill ― a  meiusuro  which  had  been  prepared  by  the  Trades  Di.s 
putes  Act  Reform  League ~ were  presented.  The  Bill  propost^s, 
among  other  things,  to  restore  the  right  of  action  against  trade 
unions  for  acts  donv  in  their  name ― a  rijxlit  uliich  、vas  tak("i 
iuvay  by  the  law  of  IDOfi.  It  also  proposes  to  dofiiu*  nioro  cIosoIn" 
tlio  pickctiiiLj;  wliicli  may  ，'(、  (，； _c'iis，'<l  as  p, 、； iceful.  The  ('o"miitt('，' 
rocordod  (1)  ivgi'ct  that  tho  (J()、'（、i'iim(>nt  had  not  so  fa r  appointed 
a  Spwial  CQiuniii^sion  to  enquire  into  the  Trades  Disputes;  At t 
of  1906j  as  suggested  by  tho  Association  oi"  ('hiuul><?rs  of  Coin 
inorce  at  their  】m、(、ting  in  Dublin  in  September  last ；  and ― with- 
out committing  tliomsclvtvs  to  details ― approved  g(、m、r:、ll,v  of  ihv 
Bill,  particularly  as  to  (a)  tho  iinimiiiity  of  trade  unions  irom 
actions  lor  torts,  and  {h)  pickoting. 

Imperial  Wireless  Telegraphy  ― Marconi's  、Virtl"-、、  Telojxrapli  Com 
))jui\.  l,t<J.,  .state  that  tln\\  lia\o  ivroivod  the  a('('i、ptan('<、  1  lom  ihv 
P(>stiiia»si<、i'- (;(、m、ral  of  its  trnns  Wk  tho  r《m'、ti'u('ti<>n  of  all  tlu' 
l(tii«i  (listiinco  wireless  stations  which  will  Ik'  "'(piirt.il  u  itliiii  tli<' 
next  few  years  for  the  Imperial  wireless  scbemo,  and  wliitli  "ill 


be  erected  for  the  purpose  of  conducting  a  commercial  telegraph 
service.  The  construction  of  the  following  stations  will 
be  proceeded  with  forthwith :  England,  Cyprus  or  Kg'ypt, 
Aden,  Bangalore  (India),  South  Africa,  Singapore,  while 
others  will  follow  in  the  near  future.  The  company 
will  operate  the  stations  on  account  of  tlu»  GovoninuMit 
for  tlie  first  six  montlis^  when  the  Government  will  enter  into 
possession.  Tl 化 payment  tor  each  .station,  (^x(liisi\  <'  of  sit(*,  Ituild- 
iiiKs,  and  maeliinery  foundations,  will  l>e  £60，000，  and  the  coin- 
pa  ny  will  for  the  term  of  the  agreement  (wliicli  will  be  in  force 
28  years  from  tlio  opening  of  the  first  three  stations)  receive  10  per 
cant,  of  the  gross  receipts  of  all  the  long-dista nee  messages.  The 
Government  may  end  the  agreement  after  18  yeans,  but  in  that 
event  would  lose  the  right  to  tho  use  of  the  company's  patents. 

Zinc  Refining  Industry  in  Japan.  一  A  recent  icport  on  zinc 
refining  in  Japan,  by  H.  M.  Vice-Consul  at  Osaka,  states  that, 
although  zinc  ore  is  mined  in  many  localities  within  the  Japanese 
Empire,  it  has  hitherto  been  found  impossible  to  attempt  to 
refine  it  on  a  commercial  scale  owing  to  tho  difficulties  of  tho 
process.  Chief  among  those  is  tho  higli  temperature  rt'quiivd  and 
the  inability  of  Japanese  furnace- makers  to  construct  .siiit;il>!<» 
furnaces.  Consequently  the  greater  part  of  tlio  zinc  on*  prodiUM'd 
in  Japan  has  been  exported,  chiefly  to  Belgium.  Tho  <»x ports 
amounted  to  14,793  tons  in  1 簡， 18,200  tons  in  lUU'J,  22,loI  toii^s 
in  1910,  and  22,73o  tons  in  1911.  The  domaifd  J'or  rofinod  zinc 
has,  on  the  other  hand,  been  entirely  supplied  by  imports,  wli icli 
amounted  to  8,828  tons  in  1908,  8,493  toiis  in  lixiu.  10,341  t^)ii.s  iu 
1910,  and  11,408  tons,  valued  at  £315,000,  in  1911.  Within  tlu; 
last  year  or  two,  however,  improved  prooe.sse*s  have  heeii  invented 
for  the  refining  of  zinc  ore,  among  them  one  discovered  in  Japan 
by  which  the  temperature  is  materially  reduced  and  tlio  period 
for  which  the  ore  is  exposed  to  intense  heat  shortt^ncd  hy  several 
hours.  Several  projects  for  retining  zinc  in  Japan  hav(、  aorord- 
ingly  been  conceived.  None  of  them  ha、s  so  far  ri^aclicd  tho  point 
of  producing  refined  zinc  in  coiniuerfial  qiiantitit\s,  hut  no  efforts 
will  be  spared  to  make  the  industry  an  important  one  in  Japan. 

The  Workmen's   Compensation  Act  and   Frivolous   Claims. 一 At  tlie 

annual  meeting  of  tlic  Kniployers*  Friability  A>、s，u;m<<'  C"rpora- 
tioii,  Lord  Claud  Hamilton  made  soiih^  interesting  obsorvatioii.s 
on  the  working  of  the  Worlviiion's  Compi^nsatioii  Act.  Ho  said 
the  average  cost  of  a  death  to  the  company  in  1908  was  £13-5.  8s., 
in  1910  it  was  £111.  8s. ，  and  last  year  it  was  £113.  4s.,  so  that 
the  average  showed  a  tendency  to  decrease.  Pornianont  (lisahle- 
ment，  however,  told  a  different  storv.  In  1908  the  average  cost 
was  £104.  6s.,  in  1909  it  wa.s  £112,  'in  1910  £123.  4s. ，  while  la.st 
year  it  was  £142.  5s.,  while  tho  average  cost  of  temporary  dis- 
ablement rose  from  £4.  Is.  in  1908  to  £5.  3s.  last  year.  Figures 
showing  the  relation  of  accidents  and  claims  to  "vvages  insured 
showed  a  steady  increase.  One  reason  was  that  throughout  the 
country  there  、va、s  a  certain  type  of  solicitor  who  took  u|)  caws 
spoculativoly,  and  who  enconratiod  workiron  to  l)rin«i  frivolous 
claims  in  the  hope  of  winning.  If  tliey  won,  the  solicitor  got  lii.s 
share  of  the  damage,  and  if  they  lost  the  lawyer  stood  tho  &)iot. 
This  00 n duct  put  a  very  strong  temptation  before  worknu'ii. 
Another  reason  wa«s  that  in  certain  districts  coiinty  court  jiidgt^s 
g;m'  decisions  not  hasod  on  tho  evidc^nco  Itcforo  thom,  lint  ratlicr 
on  .seiitiin(*ntal  grounds,  and  he  liad  known  in  certain  (H.stricts 
whore  it  、vas  hopele^s-s  to  win,  and  instanced  oiu»  town  wlicro 
claims  against  the  c-oinpany  w ere  ^itoatiily  rising  lor  this  n'a«so".' 
Then  the  judge  retired,  and  ever  simo  thon  decisions  liad  been 
given  on  the  evidence  submitted,  with  tho  ro^ult  that  there  was 
a  diniiiiution  in  the  daniagei?  against  oiiiplovors  and  in  tlio  claitiib 
iiiacle. 

Strike   of   Engineers  at  Messrs.   Cammell    Laird's,    Birkenhead.  ―  ( )n 

the  ground  that  Moi^i's.  Caimiiol!,  Laird.  A:  (，(、..  the  liirkoiilicad 
.shipbuilders,  had  rofiusinl  to  ad\  aiice  、vagos  by  l^s.  wtvklv,  the 
L'ligineer's  and  im'nil>or.s  of  otluT  kimlml  trader  in  tho  tiriu's  t^n- 
pl<)>  inont  went  on  strike  la-st  、v(vk.  Tlio  inon  contoiul  that  re- 
rc'itlv  til  ore  ha^  Ikvii  an  iulvaiice  in  、vagcs  in  virtually  all  "nii- 
l"'tiiig  (-out  res,  and  that  centres  where  wago^  liavo  l»eoii  low  it  than 
in  tho  Morsoy  district  are  now  catch iiiji  up.  It  is  :，lso  arguwl 
that  tho  voliuiio  of  work  now  paii8iii«i  lliron^h  tho  vard  of  Cam- 
mell, Laird.  <^  C<>.  w a r rants  an  inert' ；， m>  U'ing  givon.  It  iis  fur- 
ihvv  pointrtl  (tut  that  tho  MtMsoy  lU、j):"r(、r*、'  AsMwiation  ha6 
agreed  to  an  ； ul\  aiico  of  'Js.,  and  ihv  humi  rojit^'iid  tluit  t here 
f^houlcl  hv  no  (lifforeiitiatioii  bet w con  cla^isi**  ot  、vi'rk.  'Die  em- 
ployers' case  is  that  there  is  an  essential  distinction  lM»tween 
repair  work  and  now  coiLstructioi"  ；、 nd  thoy  would  l»o  liandi- 
oapl)o(l  i>y  haviii^r  to  pay  liiplior  rati 、-、  tlian  "Im、、、  h<'r，》.  Tlu*  pr(^ 
soiit  Hirkrnhoad  rat<»s  ot  .'C»s.  \'ov  ； \  .^S  hour  wtvk  ； ir*»  lii^lior  than 
tlioso  in  t"r('"  in  Ba now.  rqiml  to  tlioso  on  the  Tyiu*.  aiul  hvss 
than  tlu 、？ s«、  on  tl"、  C'lydo.  (，:、"mi('ll  Laird  s  I'liiploye^  at  Hirkon- 
lu'ad  mim""r  nearly  8. '*(*<».  ot  w  bom  alwMil  »n  ari、  involved  in 
t  lio  tlisi»uto.     I  n  a  puMibhod  s>taU、im'iit,  tlu'  fir  in  say  the  priii 
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oiplo  involved  is  of  vital  iniportanco,  not  merely  to  tlio  firm  Imt 
to  tlm  wliole  of  tlie  ]\l(、rs<、>'  di.strict.  1  f  it  is  to  )>e  recogniisi'd  that 
wages  ai'o  to  ho  higluu-  in  that  district  tliaii  in  all  ut,li(、r.s，  tli(、 
sliipbuildijig  industry  on  tho  Mersey  is  dooniod.  J 1  uiilair  (U 卜 
foreiitiatiou  is  to  Ije  made  agjiiiist  them  the  firm  say  thoy  will  I)o 
o])liged  to  recognise  that  the  Mersey  is  no  more  suitable  for  'ship- 
til  an  tho  Tliamos,  and  make  arr;uip;oniont.s  acrordiiigl'v. 
Mineral  Production  of  the  United  Kingdom  In  191 1. ― The  followinj^ 
tii])lo,  showing  tho  output  of  ((utaiii  niiin'rjil.s  in  tlie  United  King 
do  in  at  mines  worked  under  the  Coal  and  Metalliferous  Mines 
R<、gulation  Acts  during  the  year  1911,  with  comparative  fijz;ii】(w 
for  tlie  i)roc(、diiig  y (、： ii'，  are  extracted  from  an  nd vaiire  proof 
(sul)jeft  to  correction)  of  tho  Miims  and  Quarri(»s  Rcpoi-t 
aiul  Statistics  for  1911  : — 


1910, 

19]  1. 

Tons. 

Tons. 

Coal   

2(14,417,588 

271.S7S.924 

2.4S4,OU0 

2,4S2.S4(i 

7.!»7!»,75() 

7,S8(),Hi>S 

Copper  ore  anrl  ooppoi'  precipitate   

4.1(iO 

3,244 

B.ir>4 

l,8r»i.sr>i 

1,82:^,70；-) 

5,4()7 

4,0S7 

(>,()24 

"，； ur> 

11,238 

17,652 

In  addition,  "2,720  tons  of  undressed  tin 

ore  wore  obtained 

111  1910,  and  1,721 

tons  in  ]911. 

It  must  】)(}  borno  in  mind  tliat  tlie  above  figures  do  not  in  all 
oases  roprosent  the  total  production  of  tho  minerals  for  the  year. 
Lai-go  (quantities  of  several  important  niiiioral.s  are  obtained  from 
quarries  undor  tho  Quarries  Act  and  from  other  op  on  workings, 
the  returns  from  which  are  not  yet  available.  Tlie  totals  for  coal 
and  for  the  ores  of  copper,  lead,  and  zinc  may,  however j  1"、 
reo;arded  as  sul)stanti;illy  complete. 

Eight  Hours  and  Bonus  Systems  in  Shipyards. ― A  conference  of 
the  Shipbuilding  Employers'  Federation  and  of  the  trades  signa- 
tory to  the  National  Agreement  met  at  Edinburgh  on  the  8th 
inst.  to  discuss  two  important  questions  to  workers  in  the  indus- 
try in  the  federated  area.  One  wa.s  a n  appt^al  from  the  central 
conference  to  the  grand  conference  on  the  part  of  the  joiners 
employed  at  Barrow  shipyard  to  terminate  a  preiiiiuiu  bonus 
system  recently  introduced,  and  the  other  v  as  a  movement  to 
secure  an  eight-hours  day  in  shipyards.  Tlie  bonus  system  at 
Barrow  was  taken  first,  and  after  a  lengthy  discussion  an  amicable 
arrangement  was  arrived  at.  The  Barrow  firm,  it  appeared^  had 
offered  the  joiners  a  bonus  for  increasing  their  output  of  work. 
Tho  system  was  immediately  opposed,  and  a  settlement  was 
attempted  throiigh  tlie  niedium  of  negotiations  with  tlie  employers 
and  by  local  conferences.  These  efFortvS  failed,  and  thus  the  ques- 
tion ultimately  reached  the  grand  conference.  The  attitude  of 
the  Shipyard  Trades  Committee  was  that  the  bonus  system  intro- 
duced into  a  single  yard  constituted  a  breach  of  custom  under 
the  National  Agreementj  and  therefore  the  men's  representatives 
sought  to  have  it  discontinued.  After  the  whole  situation  had 
heen  reviewed,  the  employers  agreed  to  withdraw  the  system,  and 
thus  the  matter  ended  without  further  trouble.  The  considera- 
tion of  the  eight-hours  day  question  was  discussed  well  into  the 
overling.  At  8  o'clock  the  conference  en  clod,  when  the  following 
official  report  was  given  to  the  Press  by  tlu、  joint  secretaries :  "  A 
grand  conference  between  represontative.s  of  the  Siiipbuildiiifj; 
Employers'  Federation  and  of  the  various  trades  signatory  to  the 
National  Shipyard  Agreement  Avas  held  to-day.  The  principal 
subject  disc  used  was  a  request  for  a  reduction  of  hours,  and  this 
has  been  adjourned  for  further  fonsideratioii  at  a  suliseqiient 
grand  conference.  Various  other  .subjects  were  brought  fonv;u'(l， 
luit  wore  of  a  miiiior  nature,  and  dealt  with,  some  l)eing  ad- 
journed.   There  is  no  necessity  for  details  in  tliese  cases.'' 

A  Permanent  Exhibition  of  Inventions. ― Many  appliances  un- 
doubtedly fail  to  prove  successful  to  their  inventors  or  beneficial 
to  the  public  owing  to  the  diiiic*ilty  of  their  securing  adequate 
consideration.  The  occasional  exhibitions  that  are  held  do,  it  is 
true,  afford  some  opportunity  in  this  diroctioii,  but  unless  an 
appliance  is  fairly  well  developed  and  pretty  well  known  it  often 
fails  to  receive  in  such  displays  the  prominence  its  excellence 
deserves,  or  runs  a  risk  of  being  so  overshadow  ed  as  to  fail  to 
attract  the  attention  of  those  who  would  be  interested.  This 
regrettable  difficulty  must  have  often  been  impressed  on  capital- 
ists, inventors,  and  patentees.  Many  ideas  luuloubtt'dly  sink 
into  obscurity  through  】aek  of  financial  support,  for  genius 
and  capital  arc  seldom  found  in  combination.  For  this  reason  the 
Permanent  Exhibition  of  rnventions,  which  has  l)een  opened  at 
Holhorn  Bars,  London,  E.C.'  will,  we  think:  m(M、t  a  long- fVlt  want- 


in  tlio  f'(>inim、ma】  ami  ('iigiii<"'ring  world.  It  has  I>oon  .specially 
(H';^anisf*(l  lo  hriiiji;  U>g«'U"'r  these  two  parties  to  tlio  a'l vaT)ta^j;o 
of'  hotli.  J t.s  roiitral  position  in  tlio  City  of  Tiondon,  and  its 
(jl».j('(tt.s,  is  sure  to  scciiro  a  、vi(l('  attendance  of"  visitors  from  tho 
ongineeriiig  world  and  thu.s  accord  to  inventors  tho  opportunity 
oF  oriticissm  and  publicity  which  are  the  finst  avenues 
to  c'oninKM'cinl  success.  The  staff  i.s  orjj;anisf'(l  on  linos 
which  ]'m'('iit()rs  »s<、（>king  puhlicity  will  fiiul  oxfccdinf^ly  ad  van - 
t:'，ni,s.  Tlie  cxlii bition  conipriso.s  an  inf.('rmatio】i  hurcau  Avhoro 
pai'tic'ular.s  ol"  .spcciiication.s  of  exhibits,  as  w  oil  as  prims  and  oilier 
(IctaiLs  respecting  liriti.sh  and  Fon'ign  patents,  aro  conveniently 
iilod  ami  at  tho  disposal  of  visitors  for  reference.  As  <^af;li 
oxliihit  lias  a.  referoncc  nunihor  njiy  iiPKotiatioiis  rospoftin^  it  may 
I»o  curried  on  if  dcsiicd  with  tho  .strictest  socrocy.  Anotlicr  depart- 
in("it,  replete  、vith  tho  most  】m)(】（'i'n  (、(jiiipm<'ni>，  is  (l(、voto(】  to  tlio 
making  of  niodt'ls,  so  that  iiitendi iijj;  cxliihitors  may  huvt^  tlu^ni 
made  at  reasonable  rates.  A  third  is  doNotcfl  to  the  sale  and 
(exploitation  of  patents  at  liome  and  ahi'oad.  Not  tho  l<»a.st 
important  feature  of  the  exhibition  is  the  installation  of  an 
Inventors'  Society  and  Club,  fitted  、vith  ovcry  nio(lt"'ii  fonvciiience 
lor  the  Ix'uofit  of  its  inonil)ors  on  ('Xfoodinfi;ly  reasonaljlc  teriii.s. 
'I' lie  exhibition  and  its  accossorios,  in  fa('t，  present  so  many  ad  van- 
tagf's  to  a  largo  section  of  the  engineering  world  that  we  douM 
not  it  will  1)6  、vi(lely  appreciated.  Any  porson  interested 
and  desiring  fullor  information  ran  obtain  tlie  .sinnc  on  a])plioatian 
to  Tho  Orj/aiiiscr,  London  IVrmanent  Kxliibitioii  of  I  ii\  cntions. 
ll..ll)()ni  Bars,  f.ondon,  E.C. 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  12™. 

Aluminium  ingot   05/-  per  rwt. 

，，         wire,  aooording  to  sizes,   from  I()2/«  ，， 

"        sheets        ，，            ，，                      ，，  120/-  ，， 

Antimony                                              £27/-/-  £27/10/—  per  ton 

Brass,  rolled    7J(1.  per  lb. 

，，    tubes  (brazed)    OJd.  ，， 

，，       ，，     (solid  drnwn)   8d.  " 

，，       ，，     wire  ,   7|d.  " 

Copper,  Standard   £64/7/6  per  ton. 

Iron,  Cleveland   50/7 " 

，， Scotch    5fi/"i  ，， 

Lead,  English    £16/3/9  ，， 

，， Foreign  (soft)    £15/17/0  ，， 

Mioa  (in  original  cases),  small   fid.  to  2/-  per  lb. 

"           ，，           "       medium   2/0  to  4/—  ，， 

，，            ，，            ，，       large    4/6  to  8/0  ，， 

Quicksilver   £8/12/()  per  bottle. 

Silver   27d.  per  oz. 

Spelter    £20/10/-  per  ton. 

Tin,  block   £192/10/- ，， 

Tin  plates    13/7^  ，， 

Zinc  sheets  (Silesian)    £29/10/-  ，， 

，，          (Stettin  ；  Vieille  Montagne)   £29/5/-  ,, 


New  Enginccr-in-Chicf  of  the  Post-Office. —The  Postmaster- 
General  has  appointed  Major  O'Meara,  C.M.G.,  R.E.，  to  be 
engineering  special  commissioner  charged  with  the  duty  of 
exaniiuiiig  ami  reporting  upon  the  telegraph  and  telephone 
systems  of  Europe.  Major  O'Meara  has  been  engineer-in- 
cliief  of  the  Post-office  since  April,  1907，  but  unfortunately 
the  state  of  his  health  is  not  such  as  to  enable  him  to  retain 
this  office.  Mr.  W.  Slingo,  one  of  the  assistant  engineers- 
iu-chief  of  the  Post-office,  has  been  appointed  to  be  engineer- 
in-chief  in  succession  to  Major  O'Meara.  " 

The  Testing  and  Certifying  of  Steam  Boilers  in  Russia.— The 

Commercial  Intelligence  Branch  of  tlie  Board  of  Trade  states 
that  a  law  has  come  into  force  in  Russia  giving  power  to 
Russian  Boiler-owner  Associations  to  take  over  from  the 
Government  inspectors  the  testing  and  certifying  of  steam 
boilers.  Steam  boilers  in  the  control  of  these  associations  are 
subject  to  only  half  of  tlie  Government  boiler  tax.  Under 
this  law  10  associations  have  been  formed,  and  have  by  mutual 
agreement  divided  European  Russia  into  a  number  of  spheres 
of  action .  The  associations  are  as  follows :  St.  Petersburg 
Association,  Northern  Association  (St.  Petersburg),  Baltic 
Association  (Riga),  Warsaw  Association,  Moscow  Association, 
Volga  Association  (Saratov),  Southern  Association  (Kharkov), 
Kiev  Association,  Odessa  Association,  Baku  Association. 
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NEW  PATENTS. 

Specifications  of  the  jollowhuj  are  now  published^  and  we  shall 
he  pleased  to  forward  copies  post  free  on  rexeipt  of  10 d.  Address 
" Mechanical  Engineer,^ ^  53,  Ne/w  Bailey  Street,  Manchester. 

MECHANICAL  1911. 

Ilotary  engines.    McDonakl.  1160. 
Textil'o  iK'Hiiig.    Maxwell  X'  Cliristio.  1.300. 
Valve  inofliaiiism  of   iiitci'iial-conihiistioji  (Mi<i;iiie.s.       Coats  ； 
CauuMoii,  1499. 

Valve  inefhanism  for    intornal  coin  bust  ion   t'ngiims.  Hoiiiliard. 
38/51. 

Kotary  \'alve  nnH-luiiiisni  I'm'  intoi-nnl-roiiil^iistioii  f'n^ies.  Saiiclu*/ 

a n ( I  Haradat.    40(11 . 
Pre\'enti(>n  of  foal  dust  <'>q)h).si('"s  in  coal  mines.    AVarr.  42*27. 
Multiple  effect  evaporating  apparatus.    Lillie.    420 1 . 
Fire-bars  for  use  w  itli  foiTut^atetl  furnaces.    Morgan  A'  Smith. 

4429. 

Briq uettt'  iiiacliiiicrv.    Y*':i<l(m  '、'  Yoadon.  4449. 
Chili II  o;ratt'  stoIaTs.     B:il)('ock  &  Wiloox,  Ltd.  44"8. 
Multi-.sta*<e  fpiitrifu^iJil  pumps.    Akt.- (Jos.  Brown,  Boveri^  et  Cie. 
4478. 

Fluid- pressure  tiirhiiies.     Kiii^ht.  4500. 

Starting  gear  for  internal-combustion  engines.    Cowey.  4712. 
Signalling  and  speed-f*oiitioIlin<i"  apparatus  for   railway  trains. 

Dammond.    4882.  * 
Pistons  of  rotary  engines.    Call.  4913. 

Ventilatino;  fans  or  iH'()])ellors.    C  Whittaker  &  Co.,  and  Tatter- 

sall.  41)81. 
Split  belt  pulleys.    Nybei'g.  r)038. 
Internal-combustion  engines.       Wright.  5100. 
Frictioiial  gearing.    Will  in  ni  Beardmore  &  Co.,  ami  Br('"il>iu'g. 

5891. 

Hand-<)pt'rat<*(l  I'f'mlinjj;  ami  ciittiiig  tools.    Jones.  6134. 

Valve   niecha  nism    for    intenial-coinhustion    engines.      Soc.  des 

Eta])lissements  Lyonnais  Rochet-Schneider.  6447. 
Scraper  for  cleaning  econoniiser  tubes.    Moverley.    6469.  « 
Lubiicant  axle-l)oxes  for  railway  rolling  stock.    Soc.  Geiierale 

Dianioiul'Calypsol,  and  Piorronno.  6040. 
Moans  for  burning  liquid  fuel.    Tolloniache.  0828. 
Liquid  f iH'l  humors.     Altiiiaiiii.  7084. 

Trannva.v  rails  with  roniovahlc  faces.    Steel,  Poocli,  A:  Tozcr,  Ltd. , 

Ailott,  and  Watson.  7711. 
Petrol- air  gas  generators  or  producers.    Rowel  I  &  Kowell.    7f)l  1 . 
Coal-cutting  machines.    And  or  son,  Boyos,  &  Co.,  Anderson,  ami 

Shield.  8954. 

CombiiK'd  steain-i4;eiiei'atoi's  and  ^as  i^roduoors.    Smith.  9085. 
Positive  reversing  motion  for    machines    for   milling  double  ()r 

multiple  helical  wheels.    David  Brown  &  Sons  (Hiuldorsfiold), 

Ltd.,  and  i3io\vn.  10280. 
Feed-water  heating  fuel  oconomi.sers.    Burkill.  11176. 
Method  of  c'lt'aiiiiig  the  combustion  clianihers  of  iTitornal-coni})ns- 

tion  engim^s.    lliclia ids.  1223G. 
Method  of  and  apparatus  for  treating  ores.    Mills.  12305. 
Steam  suporlieators.    Fowler  A:  Anderson.    1 2834. 
Rock  drills.    Pnrcell.  1246o. 
Internal- comlmstior  enf^ines.    Voitch.  12072. 
Hotary  injector.    ZiicktM'inaiui.    1 3200. 
l^aiiw  ay  si^iialliiifi  apparatus.    Hums,    13354 . 
Steam  traps.    (，lt、laml  S:  St('、、ai't.  13458. 

Steam  superheaters.       l<\'r{^iis.son  Superlieater.s,  Ltd.,  and  Fer- 
gussoii.  13()()0. 

Two-stroke     intcMnal-conihustion     pn<j;iii('s.      Alhioii    ^lotor    Ca  r 

Coiiipiiiiv,  and  Alim'av.     1 5. 
TachomctcM's'.    Willo.  14417. 
(jlr()()vt>(i  ])ulley.s,    Bright.  14907. 

Pioduction  of  oil  ga's.     Hnrdon,  Bmdmi,  A:  T^urdon.    1  ")o2n. 

Liquid  transmission  of  i>()\vor.     !iarl>c'y.  1-V)7H. 

Reversing     means     for     4-f'yc'ie     intenial-comhustion  engim's. 

Diisenhury      Chapiu^U.  "loOOO. 
Valvo  <ioar  for  steam  ('ii;j;iims.    Sallingre.  10030. 
Cooling    appa ra ins    tor    int<Tnnl coinhtistioii  (Miuiiios.      Soc.  M. 

(iouda rcl  ^loiuiossoii.  ]('M'2. 
Carbiirotters  for  internal-comhustion  oiiginos.    Holino.  1(>3()8. 
l\>int-slnftiiip;  den'icos  for  railway  and  tramway  lines.  Hasliagwi. 

172()G.  " 
Automatic  tim'(、t  latho.s.    Potter.  17428, 

C'nrlmrotters   for   iiitornal  ooinl)iistion   iMi<:iuos.       Soyitiour  ami 

K  "iglit.    1 778"). 
Explosion  ("if^iims.     Do  Diiiy.  18,>'2;"i. 
Automatic  car  couplers.    Willison.  18809. 
Wind  motors.    Gillotin.  H)l.")">. 
Screw  propt'Iloi's.    vSiiiion .  1!")97. 

ioi*  the  t'Xpansion   and    licat iii-j;    of    j^xsps.  I'ajoie. 

202.52. 


Multi-cylinder  internal-combustion  engines.    Anzani.    21251 . 
Construftioii  of  the  cylinders    of    internal  foiiihustion  engines. 

Jaonisdi.  2211(). 
Apparatus  for  tlio  nianiifaoturo  (A'  lin'(|ii('tt!'s.    Som'«'k.  1**2224. 
Ca rbiircttinK  api)arat.i.s.    (In rnei . 
C'lniplcts  for  inctal  cast'ii*^.    Hecscmaiin.  22918. 
Bal!  i»(*arinKS.    lienz  &  Co.  24349. 
Heating  and  ventilating  apparatus.    1  lifi".    24 GOG. 
Power- applying  median  ism  i'oi'  <ri\s  j^eiiorators.    Schmidt.  20000. 
Valves  for  intonial  r'oinl)ustion  oiij^inos.    】>arkpr.    2022 1 . 
Wrcnche.s.    Crolla  tV  Sclimitz.  270!)!'. 
I{<,tary  oiiKine.s.    Call.  28379. 

. .l('Mnino;s.    28834.  ' 


ELECTRICAL  1911. 

FJeftrio  current  distributing  svsU'ins.    Morz  &  Hunter,  4004. 

Klectric  coiniections  and  .switch  control.    .Joel.  4019. 

A iitoniatic  tch'gi'apli  transmitters.    Jiidd.  Fraser,  and  Eastern 

Tolei^rai)h  Company.  4050. 
Vapour  electric  apparatus.    Leblanc.  4266. 

Control  of  i'loct  fie  rco;  ilator.s.    Akt.  (u'.s.  Hrown,  Boveri,  et  Cie. 
491.",. 

Elec-tric  wall  pluf^s.    M  utyn.  5980. 
FJeotric  lu-aters.    Moniiot.  80' 丄 3. 

Direct-current  electric  machines.    Carriok,  and  Greenwood  and 

Batley,  Ltd.  8589. 
;\【edianism  for  timing  electro-magneto  machines    for  explosion 

motors.    Soo.  Rene  Oillet  et  Cie.  9948. 
； Means  for  electrif-aliy  indicating  or  recording  the  】）（>sition，  time, 

and  sj^oed  of  trains  on  railways.    Jont'S  ]\l illor.  1119；!. 
Kloftric    switches.      British    Thonison-Hoiistoii    Company,  and 

Wallace.  12919. 
Portable  electric-  fuse  wire  carrier.    Chaso.    1  -").104 . 
Arc  lamp  electrodes.    British  Tlioni.son-Honstoii  Company.  13124. 
Kh'ftric  motoi'  control  systems  and  aparntiis  therefor.      H riticsh 

Tiioni-son-Hou.ston  Company.  lo:il?'J. 
Earthing  devices  for  elec  t  i  icul  oirt-iiits.      Siemons  Bros.  Dviiamo 

AVorks.    im)7.  ' 
Safety  device  for  clt^ctric  cables.    Sienion.s  Schuckertwerke  Ges. 

17046. 

Terminals  for  elect rio  storage  batteries.    Oklham.  17612. 
TiMnsniitter  for  wireless  tele<^ra})l(y.    Dilcliain.  】8271. 
Direc't-ourront  motors.    Vlaniinok.    2< )298. 

Circuits  for  tole])lu)no  systems.    Siemens  Bros.  &  Co.    23 164. 
Storage  battery  electrodos.    Huhhell.  21(392. 
Storage  battery  eieotrodo.s.    Hul»l)*^ll.    21 784. 
Alternating- f,Mrr("it  electro  iiiaj2;n*'ts.     ]^ail)()nr.  LM977. 


Eloftric 


I9fl. 

•Tfodt'S.  I'njxv 
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Tariffs  for  Electrical  Energy. ―  At  a  recent  meeting  of  the 
Edinburgh  section  of  the  Institute  of  Electrical  Engineers  Mr. 
W.  W.  Lackie,  Glasgow,  read  a  paper  on  "Tariffs  for  Electrical 
Energy,  with  Particular  Reference  to  Domestic  Tariffs."  He 
said  that  owing  to  the  ever-changing  aspects  of  the  subject, 
and  to  the  growth  of  exact  knowledge  with,  regard  to  the 
various  factors  concerned,  the  methods  of  charging  still  invito 
f rosh  consideration  and  trcatinoiit.  After  deUing  witli  tlie 
systems  of  charging,  Mr.  Lackie  said  thai  with  the  probloni 
of  black  smoke  and  atmospheric  pollution  in  one's  mind  it 
was  incumbent  to  devise  a  scheme  which  would  enable  the 
domestic  consumer  to  get  a  supply  of  electricity  for  heating, 
cooking,  &c.，  at  a  lower  rate,  without  boing  put  to  the  expense 
of  separate  wiring,  with  a  separate  meter,  &c.  It  was  now 
admitted,  lie  said,  that  the  domestic  chimney  was  mainly  re- 
sponsible for  atmospheric  pollution.  Mi:ui('ipalities  must, 
therefore,  as  a  branch  of  their  activities  in  connection  with 
tlie  general  movement  towards  public  health,  recognise  the 
importance  of  nursing  their  electrical  iuidertakins.'S  by  encour- 
aging the  use  of  electrical  energy  for  all  domestic  purposes. 

Aeronautical  Society  of  Great  Britain, ― As  the  result  of  the 
ballot  for  the  olection  of  the  first  Assoiiato  Follows  of  this 
Society,  the  following  have  been  elect<*d  ：  II. 】《arbor,  Griffith 
Brewer,  Captain  A.  D.  Garden,  R.E.，  T.  W.  K.  Clarke.  J. 
W.  Dunne,  R.  L.  Howard  Flanders;,  Prof.  A.  K.  Huntinp- 
ton，  Leo  Jezzi,  J.  H.  Ledeboer,  Archibald  R.  Low,  W.  0. 
Manning];,  Morvvu  O'Gorinan,  Alexander  Ogilvio,  F.  Handlev 
Pa  1:0,  Prof.  J.  E.  Petavel,  F.R.S.,  Horace  L.  Short,  Captain 
M.  F.  Suet-er,  R.N.,  Lieut.  N.  F.  Usborne,  R.N.,  Lieut.  C. 
M.  Wat^^rlow,  R.E.,  E.  T.  Willows. 
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Prime  Costs  and  Estimates. 

Prime  costing  aud  estimating  are  important  departments  in 
most  engineering  works,  and  though  occasionally  related, 
their  objects  and  methods  in  many  ways  differ  considerably. 
Prime  cost  aims,  or  should  do,  at  an  accurate  determination  of 
what  is  the  actual  cost  of  a  job  in  the  shop  to  serve  as  a 
check  oil  the  estimate,  which  is  a  more  or  less  approximate 
guess  at  what  the  cost  is  likely  to  be.  With  care  the  first 
permits  of  almost  exact  calculation.  It  cannot  do  more  than 
this,  and  can  only  affect  the  profit  or  loss  of  work  in  hand 
ill  so  far  as  it  provides  the  management  with  a  means  of 
ascertaining  current  costs  and  thus  of  preventing  leakage  of 
material  or  labour,  or  suggests  improvements  in  organisation 
to  those  who  correctly  interpret  the  figures.  To  the  bulk 
of  iiiider-managers  and  foremen  engaged  in  practical  work- 
shop supervision  the  filling  up  of  the  time -forms  and  schedules 
is  apt  to  appear  a  waste  of  time  or  an  elaboration  of  system 
designed  to  find  occupation  for  the  office  staff,  while  the 
workman  often  suspects  the  system  as  a  check  on  his  tally 
to  dodge  wliic'li  without  discovery  is  meritorious  rather  thau 
otherwise.  Between  this  couteinpt  and  suspicion  detailed 
time-work  "  forms  are  apt  to  get  filled  up  with  a  perfuuc- 
toriiiess  that  in  many  cases  greatly  depreciates  tlieir  value 
for  subsequent  use  iu  the  office  and  probably  justifies  to  some 
extent  the  contention  that  it  is  a  waste  of  time  and  an 
addition  to  establishment  charges  which  could  very  well  be 
dispensed  with.  Oertainlv  the  ascertainin^ut  of  prime  cost, 
unless  well  done,  is  better  left  alone,  but  its  value  in  a  works 
where  varied  classes  of  work  is  done  needs  no  demonstrating 
to  those  who  are  familiar  with  general  management  or  are 
called  upon  to  prepare  estimates  for  new  work .  It  not  only 
permits  of  comparisons  between  different  meu,  different  tools, 
and  different  management,  but  often  forms  a  more  reliable 
basis  iu  whole  or  in  part  when  fresh  estimates  are  required 
than  was  probably  available  in  tlie  past.  The  uncertainty  as 
to  when  such  iiifonnatiou  may  be  required  and  the  imperative 
need  that  it  should  be  accurate  as  far  as  possible  are  the 


346 


THE   MECHANICAL  ENGINEER. 


[March  22,  1912 


factors  which  make  prime  costing  in  some  form  necessary. 
Systems  vary  considerably  with  the  nature  of  tlie  work 
and  the  extent  to  which  reference  is  required,  and 
it  is  impossible  to  lay  down  any  hard  and  fast 
outlines  for  them  or  to  assert  any  one  is  superior  to 
the  rest.  What  any  system  should  give,  however,  for 
the  principals  is  an  accurate  record  for  each  contract  of 
the  cost  of  labour  and  material,  with  sufficient  detail  to  enable 
responsibility  for  past  errors  in  estimating  to  be  rightly 
apportioned  and  future  ones  to  be  avoided.  Notwithstanding 
its  unproductive  aspect, ，  therefore^  more  attention  might  often 
be  profitably  bestowed  on  prime  costing,  as  was  shown 
by  Mr.  G.  James  Wells  in  a  paper  read  before  the  Manchester 
Association  of  Engineers  and  reproduced  in  our  last  issue  (see 
page  326  ante).  This  may  be  admitted  without  endorsement 
of  the  precise  details  of  the  system  he  suggested.  In  some 
ways  it  is  characterised  by  simplicity,  and  educational,  in  so 
far  as  it  shows  the  benefits  to  tlie  management  not  only  for 
future  reference  but  for  daily  shop  control  when  thoughtfully 
interpreted.  On  one  point  some  managers  will  probably  differ 
from  Mr.  Wells.  Alluding  to  the  filling  in  of  particulars  of  work 
on  time  sheets,  he  suggests  a  system  of  reference  riiimbers 
exclusively  for  denominating  machine  tools  used  and  particu- 
lars of  work  done  as  simpler  for  both  workman  and  book- 
keeper. In  the  abstract,  simple  figures,  uo  doubt,  present  ad- 
vantages over  the  distorted  caligrapliy  with  which  clerks  have 
occasionally  to  wrestle,  but，  on  the  other  hand,  they  easily 
open  the  door  to  mistakes,  for  figures  are  often  hieroglyphic  in 
appearance  and  a  slight  mistake  in  a  single  symbol  might  create 
errors  in  accounts  which  would  be  automatically  corrected  by 
handwriting,  however  crude,  while  the  number  of  reference 
figures  that  would  be  required  for  the  separate  items  of  orders 
in  some  shops  would  multiply  the  possibilities  of  mistake.  This, 
however,  is  a  criticism  which  does  not  affect  the  value  of 
accurate  system  of  prime  cost  accounts.  They  cannot  of  course 
counteract  the  evil  of  bad  estimating,  but  if  carefully  applied 
they  can  confine  the  "  guessing  "  on  which  estimating  must 
always  to  some  extent  depend,  within  narrower  limits  and  by 
so  doing  bring  probability  more  within  the  range  of  certainty. 
Prime  costing  in  short  is  a  means  to  a  valuable  end,  i.e., 
correct  estimating,  which  in  its  turn  is  a  means  to  the  final  end 
of  all  manufacturing  establishments,  viz.,  the  obtaining  of 
orders  and  the  making  of  profit. 


Roller  and  Ball  Bearings. 

The  lesser  frictional  resistance  of  roller  and  ball  bearings  as 
compared  with  plain  journals  is  well  known,  and  experience 
has  shown  their  use  to  be  often  worth  the  extra  cost.  There 
are,  however,  numerous  matters  in  connection  with  their  design 
and  working  which  have  only  been  evolved  slowly  and  at  great 
expense,  and  opinions  on  some  of  them  still  differ. 
For  this  reason  we  welcome  the  paper  by  Prof. 
Goodman  recently  read  to  the  Institution  of  Civil 
Engineers.  It  records  results  of  investigations  wliicli  have 
been  conducted  by  him  for  a  number  of  years  and  embodies 
data  and  conclusions  which  will  doubtless  prove  of  great  value 
to  those  who  are  interested  either  in  the  design  or  working  of 
these  appliances.  The  tests  were  made  mainly  with  n  view  to 
determine  the  effect  of  speed,  lubrication,  aiu!  。、ui|watmv， 
as  well  as  endurance.  The  full  detailed  record  of  tlit'm  would 
require  more  space  than  we  can  afford,  but  n  sumiiia ry  of  his 
main  conclusions  are  worth  noting.  Wit  liin  cortaiii  limits 
the  tests  of  the  roller  bearings  appear  to  show  that  1  ！ n'lr 
behaviour  may  be  expressed  by  certain  general  laws ― fustly, 
that  the  friction  is  greater  at  low  than  at  high  loads,  but  is 
more  coustaiit  than  iu  plain  journals  ；  secondly,  that  the  fric- 


tion where  there  is  pure  rolling  is  nearly  constant  at  all  speeds, 
except  when  there  is  end  thrust,  in  which  case  the  friction 
decreases  as  the  speed  increases  ；  thirdly,  temperature  does 
not  afifect  the  friction  unless  end  thrust  is  excessive  ；  fourthly, 
there  is  very  little  difference  between  "starting-effort"  and 
running-effort, ，，'  while  lubrication  has  little  effect  on  a  well- 
designed  roller  bearing,  and  in  cases  where  excessive  wear 
occurs  it  is  usually  due  to  the  rotating  parts  and  casing  not 
being  hardened  and  well  finished.  The  frictional  resistance 
of  roller  bearings  is  of  a  complex  character  and  made  up  of 
many  separate  resistances,  llolling  pure  and  simple  appears 
to  be  quite  independent  of  speed,  and  hence,  when  there  is  no 
end  tlirustj  i.e.,  sliding  friction,  the  resistance  of  a  roller 
bearing  remains  constant  at  all  speeds.  In  ordinary  bearings 
temperature  we  know  does  affect  the  friction  because  the 
viscosity  of  the  lubricant  gets  less  as  the  temperature  rises, 
but  ill  a  roller  bearing  this  obviously  has  little  effect  unless 
end  thrust  becomes  excessive  and  brings  sliding  friction  into 
play.  The  reason  why  the  "  starting-effort  ''  is  always  greater 
than  the  "  running-effort  •  in  a  plain  bearing  is  that  the  lubri- 
cant is  squeezed  out  when  the  bearing  is  at  rest,  so  that  the 
friction  is  between  metal  and  metal  until  an  oil  film  becomes 
established  between  the  two  surfaces,  whereas  in  a  roller 
bearing  this  action  does  not  occur.  Theoretical  con- 
siderations would  suggest  that  large  rollers  would  give  less 
friction  resistance  than  small  ones,  but  it  would  appear  that 
the  difference  is  not  very  great  for  they  were  so  masked  by 
other  disturbing  causes  in  the  author's  experiments  that  no 
definite  conclusions  could  be  drawn.  The  investigations  of 
ball  bearings  were  free  from  most  of  the  troubles  experienced 
with  roller  bearings,  as  the  question  of  end  thrust  was  practi- 
cally eliminated,  and  Prof.  Goodman  found,  speaking 
generally,  that  the  frictional  resistance  was  much  lower  than 
with  rollers,  owing  doubtless  to  the  fact  that  all  the  motion 
approximated  to  a  purely  rolling  character,  though  in  some  of 
the  early  types  of  ball  bearings  and  even  in  certain  modern 
examples  this,  owing  to  bad  design,  does  not  pertain  to  the 
extent  it  ought  to  do.  In  comparisons  of  the  relative 
advantages  of  roller  bearings  and  ball  bearings  the  advocates 
of  the  [oriuer  often  couteud  thai  the  advantage  of  the  latter 
is  counterbalanced  to  a  great  extent  by  its  lower  load-carrying 
capacity  for  a  given  area  of  surface,  inasmuch  as  balls  only 
bear  on  a  spot,  whereas  rollers  bear  on  long,  narrow  strips  of 
greater  area,  but  while  there  is  an  element  of  truth  iu  this, 
tlie  disadvantage  is  more  imaginary  than  real,  because  balls 
are  usually  ot  harder  material  than  rollers  and  capable  of 
withstanding  a  higher  pressure  per  unit  area  of  bearing  sur- 
face. It  might  be  suggested  of  course  that  rollers  could  be 
made  of  equally  hard  material,  but  experience  shows  that  if 
this  is  done  the  rollers  are  liable  to  break  transversely.  The 
demerits  of  four-point  bearings  where  balls  are  user!  have  been 
previously  noted  and  discussed,  and  the  tests  made  confirm 
the  generally-accepted  opinions  with  regard  to  their  defects. 
Three-poiut  bearings  gave  better  results,  and  are  fre- 
cjuently  used  in  order  to  take  an  end  thrust  as  well  as  a 
rndial  load,  but  the  tests  show  they  ;ne  not  altogether  satis- 
factory and  that  where  an  end  thrust  has  to  be  met  it  is 
better  to  use  a  separate  bearing.  In  conclusion,  Prof.  Good- 
man expresses  the  belief  that  there  are  very  few  instances 
in  whirh  roller  or  ball  hearings  may  not  be  used  to  advauUge, 
ami  considers  that  the  extra  first  cost  is  soon  repaid  by  the 
reduction  of  friction  and  the  saving  of  oil.  Such  bearings 
ro(|uire  far  less  attention,  are  more  **  foolproof,"  and  as  the 
wear  is  extremely  small,  do  not  upset  the  aligimieiit  of  the 
shaft.  To  ensure  success,  however,  ball  bearings  must  not  be 
overloaded,  and  must  be  carefully  fixed  in  the  first  iustauce. 
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ELECTRIC  DRIVING  IN  TEXTILE  FACTORIES. 

At  a  receut  meeting  of  the  lluddersiield  Tecliuical  College 
Textile  Society,  au  interesting  lecture  oii  this  subject  was 
delivered  by  Mr.  John  Shaw,  of  Manchester. 

Some  lU  years  ago,  he  said,  the  advocates  of  electrical  driv- 
ing for  textile  mills  tirst  begau  their  campaign  in  tliis  country. 
Since  that  date  the  pioneers  had  by  tlieir  strenuous  ami  per- 
sistent efforts  overcome  tlie  early  opposition  and  difficulties, 
and  had  demonstrated  the  justice  of  their  early  claims  by 
having  set  to  work  successful  installations  in  all  parts  of  tlie 
kingdom  and  in  all  branches  of  the  industry.  He  could  cou- 
tideutly  assert  that  electric  driving  by  polyphase  induction 
motors  had  firmly  established  itself  as  the  best- known  means 
for  transmitting  unaltered  the  regularity  of  speed  from  the 
prime  mover  to  the  driven  machine.  It  was  seven  years  since 
the  first  contract  was  given  lu  the  United  Kingdom  for  the 
complete  electrical  driving  equipment  for  a  new  mill,  viz.,  the 
Acme  Spinning  Company's  mill  at  Peudlebury,  Many  im- 
portant contracts  had  since  been  carried  out  by  various  iirins, 
and  to-day  statistics  showed  that  upwards  of  bO,000  b.h.p.  in 
motors  had  been  installed  in  this  kingdom  alone.  The  earliest 
installatious  were  all  carried  out  on  the  so-called  group  system 
of  driving,  and  the  motors  were  consequently  ot  large  indi- 
vidual capacity.  The  reason  for  the  adoption  of  that  course 
was  obvious  ；  capital  cost  had  to  be  kept  down.  Greater  sub- 
division of  mills  into  smaller  sections  had  always  been 
advocated  by  electrical  engineers,  in  order  to  provide  closer 
supervision  and  greater  control  over  the  output,  and  it  was 
interesting  to  note  that  in  the  seven  years  the  average  size  per 
motor  had  dropped  from  45  li.p.  in  1905  to  just  over  20  li.p. 
in  1911. 

Since  the  main  characteristic  of  polyphase  induction  motors 
was  to  reproduce  exactly  the  turning  moment  with  which  the 
main  generator  was  driven,  it  followed  that  a  shaft  so  driven 
had  the  same  regularity  of  speed  as  the  main  engine.  That 
method  of  procedure  had  necessarily  involved  reconsideration 
and  special  designing  of  millwriglitiiig  work  to  be  used  in 
connection  with  these  motors,  by  reason  of  the  fact  that  the 
shafts  were  required  to  run  at  higher  speeds  than  obtained  in 
the  mechanically-driven  mills.  Speeds  increased  and  shaft 
and  pulley  diameters  decreased,  bearing  centres  merely  being 
the  determining  limit  of  both  speed  and  size  of  shaft.  The 
largest  diameter  of  shaft  in  the  Acme  Spinning  Company's 
mill,  which  contained  1,350  h.p.  in  motors,  was  3in.,  transmit- 
ting 200  h.p.  at  a  speed  of  585  revs,  per  minute?  and  driving 
cotton  mules.  In  another  large  mill  containing  over 
1,700  h.p.  in  motors,  300  h.p.  was  being  transmitted  through 
a  shaft  3Ain.  diam.  running  at  a  speed  of  585  revs,  per  minute, 
driving  cotton  and  doubling  frames.  The  same  thing  applied 
also  to  other  branches  of  the  industry,  such  as  woollen, 
worsted,  jute,  flax,  &c.，  particularly  as  regards  the  spinning 
and  twisting  sections.  In  two  different  woollen  mills  line 
shafts  2^ in.  diam.,  were  ruuning  at  585  revs,  per  minute, 
driving  woollen  mules,  one  transmitting  175  b.h.p.,  and  the 
other  150  b.h.p.  Both  mills  were  of  shed  construction,  and 
the  shafts  were  carried  from  the  roof  gutters.  The  first  drive 
was  installed  on  the  understanding  that  should  any  difficulty 
arise  due  to  vibration,  the  motor  should  be  taken  down  and 
the  rope  pulleys  and  ropes  provided  free  of  cost  to  the  pur- 
chaser for  driving  the  shaft  at  ordinary  speed.  Both  drives 
had  been  running  with  perfect  success  for  over  two  years. 

Experience  had,  the  author  said,  proved  it  to  be  equally 
essential  in  obtaining  good  results  that  the  shafting  should  be 
right  as  well  as  the  motors  and  electrical  equipment.  More 
troubles  had  been  experienced  in  electrical  installations  due 
to  those  details  than  from  any  other  cause.  Work  which 
might  be  good  enough  to  run  at  300  revs,  to  350  revs,  would 
not  be  satisfactory  when  running  at  580  revs,  or  725  revs., 
although  by  giving  clue  attention  to  all  the  details  it  was  just 
as  easy  to  make  it  satisfactory  and  capable  of  running  without 
vibration  and  with  a  minimum  amount  of  friction  loss.  Bear 
ing  on  the  friction  loss  in  shafting  at  those  high  speeds,  one 
shaft  installed  in  1905,  transmitting  150  h.p.  at  485  revs., 
Sin.  diam.  to  2iin.  in  13  bearings,  and  with  25  ropes  on  loose 
pulleys,  rail  for  4min.  20secs.  after  current  was  shut  off 
from  the  motor.  The  natural  result  of  the  adoption  of  such 
line  shaft  speeds  was  to  reduce  the  diameters  of  the  driving 


pulleys,  making  tliem  more  nearly  the  same  size  as  the  machine 
pulleys.  The  lecturer's  experience  proved  to  him  that  tlie 
smaller  the  ratio  between  driver  and  driven  pulley,  the  better 
and  sweeter  the  drive,  and  the  smaller  the  slip,  with  con- 
sequent longer  life  to  the  driving  belt  or  rope. 

Subdivision  of  mills  into  sections  or  departments  had,  of 
late  years,  been  carried  out  to  a  nuich  greater  extent  tlian 
originally  obtained.  Whether  it  was  commercially  sound  to 
carry  it  so  far  as  to  drive  each  machine  by  its  own  motor  he 
was  not  prepared  to  say.  In  his  opinion,  based  on  the  results 
of  experience  with  both  the  group  and  indivifliial  driviiig  of 
textile  machines,  each  case  required  consideration  on  its  own 
merits  ；  while  it  might  be  riglit  to  adopt  imlividual  driving  in 
one  case,  it  Jiiiglit  be  equally  wrong  to  adopt  it  in  aiiotSie?'. 

By  far  the  majority  of  electrical  installations  were  for  the 
conversion  of  old  mills  to  the  newer  driving  method,  and 
naturally  the  question  arose  as  to  the  time  lost  in  making 
tlie  alterations.  Necessarily,  there  was  some  time  lost  in 
each  instance)  as  it  was  almost  impossible  to  carry  through  a 
complete  reorganisation  of  all  the  driving  arrangements  of  a 
large  mill  without  interfering  with  its  working.  In  four  mills 
recently  converted,  one  containing  over  1,800  h.p.  in  motors, 
the  second  1,100  h.p.,  the  third  1,700  h.p.,  and  the  fourth 
1,300  h.p -，  the  average  total  stoppage  of  the  mill  due  to  the 
substitution  of  electrical  for  mechanical  driving  was  one  day 
in  each  case. 

A  very  great  proportion  of  the  benefits  derived  from  elec- 
trical transmission  was  dependent  on  the  regularity  of  turning 
of  the  prime  mover  driving  the  electric  generator.  The  steam 
turbine  was  a  prime  mover  which  provided  a  turning  momeuL 
of  practically  perfect  regularity.  It  was  peculiarly  well 
adapted  to  the  requirements  of  electrical  driving,  although, 
owing  to  its  speed  of  rotation,  necessary  to  obtain  good 
economy,  not  well  adapted  to  driving  by  any  other  known 
means.  When  considering  such  delicate  fabrics  as  were  found 
in  textile  mills  of  all  descriptions,  the  advantage  of  such  a 
turning  moment  was  self-evident.  Its  economy,  steam  con- 
sumption, and  first  cost  were  at  least  equal,  if  not  superior, 
to  those  of  the  best  reciprocating  sets,  and  present-day  practice 
was  towards  the  adoption  of  the  turbine  for  all  industrial  pur- 
poses. Practice  favoured  the  adoption  of  large  units  from 
1,000  kw.  to  5 , 000  kw.  capacity.  It  was  a  significant  fact  that, 
of  the  total  of  50,000  li.p.  of  motors  installed  in  textile  works, 
probably  more  than  one-half  was  driven  from  the  mains  of 
either  corporations  or  public  supply  companies.  Wherever 
it  was  possible,  there  was  no  doubt  that  taking  power  from 
an  outside  source  was  commercially  sound.  Instead  of  sinking 
capital  ill  non-producing  boilers  and  engines,  consumers  might 
invest  that  capital  in  producing  machinery,  and  be  re- 
lieved of  all  anxiety  and  worry  as  regards  the  maintenance  of 
their  power  source  and  the  keeping  of  it  abreast  of  the  times. 
Capital  locked  up  in  producing  machinery  was  much  more 
remunerative  than  the  same  amount  sunk  in  boilers  and 
engines. 

Even,  however,  in  those  cases  where  an  outside  supply  was 
not  available,  the  steam  turbine  held  its  own  in  competition 
with  other  methods  of  generating  power.  Apart  from  its 
superior  turning  moment,  so  valuable  in  connection  with  tex- 
tile work,  it's  cost  to- day  was  no  more  than  that  of  the  steam 
engine.  Its  applicability  and  facility  of  providing,  without 
loss,  steam  for  heating  for  siu'li  places  as  required  it,  was 
unequalled.  Further,  the  steam  turbine  lent  itself  peculiarly 
well  to  those  cases  where  the  existing  engines,  already  over- 
loaded, were  required,  owing  to  exigencies  of  trade,  to  provide 
power  for  extensions. 

Institute  of  Marine  Engineers. ― The  annual  meeting-  of  the 
Institute  of  Marine  Engineers  was  held  on  March  loth.  The 
annual  report  showed  a  membership  of  1 ,284  at  the  end  of 
the  session,  an  increase  of  56  on  the  previous  session.  The 
ballot  for  office-bearers  and  members  of  council  for  session 
1912-1913  resulted  as  follows :  President,  Mr.  Summers 
Hunter  ；  lion,  secretary,  Mr.  Jas.  Adanison  ；  1 讓. treasurer, 
Mr.  Alex.  11.  Mather.  Members  of  council  :  Messrs.  J. 
Clark,  J.  Falcon,  J.  Gravell,  J.  McLaren,  and  J.  Peacock. 
The  other  members  of  council,  who  did  not  retire,  are : 
Messrs.  J.  Blackett,  K.  C.  Bales,  P.  T.  Campbell,  W.  E. 
Fareuden,  J.  Hallett,  W,  Veysey  Lang,  J.  T.  Milton,  H. 
Ruck-Keene,  J.  H.  Silley,  and  F.  M.  Tinipsou. 
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THE  BALANCING  OF  LOCOMOTIVES.— V. 

liV  JAS.  DUNLOP. 

Yarbow-Schlick-Tweedie  Balancing. 

The  system  of  balancing  generally  known  by  the  hyphenated 
title  above  has  only  a  limited  interest  for  locomotive  engi- 
neers. When  4-cylinder  compound  locomotives  were  intro- 
duced on  the  French  railways  some  26  years  ago  all  the 
possibilities  of  the  system  were  investigated  and  put  in  prac- 
tice, but  the  conditions  of  locomotive  operation  are  so  variable 


driver  coupling  pin.  The  other  end  of  the  eccentric  rod  is 
jointed  to  an  eccentric  formed  on  the  coupling  pin  of  the 
main  driver.  The  coupling  rod  is  placed  outside  the  eccentric 
rod,  as  shown.  Fig.  44  shows  a  detail  of  the  reciprocating 
block  and  its  slide  bars,  also  the  swing  link  connection.  The 
inclination  of  the  slide  bar  centre  line  and  its  position  shown 
below  the  trailing  axle  is  explained  by  the  fact  that  the  inside 
cylinders  are  inclined  to  the  driving  axle  and  the  slide  bar 
centre  is  on  a  prolongation  of  the  inside  cylinder  centre.  This 
also  explains  the  use  of  the  swing  link  on  the  trailing  coupling 
pin,  as  otherwise  the  eccentric  might  have  been  formed  on 


Fig.  43.— Inside  2-cyhndeb,  Four-coupled  Driver  Locomotive, 

that  any  advantages  the  system  possesses  were  more  than  dis- 
counted by  the  inconveniences  of  operation  the  use  of  the 
system  involved.  To  be  in  strict  order,  any  discussion  of  the 
system  should  be  left  until  the  balancing  of  4-cylinder  engines 
is  being  dealt  with,  but  it  happens  that  for  exhibition  pur- 
poses an  inside  2-cylinder  engine  with  four  coupled  drivers 
was  built  with  its  reciprocating  parts  balanced  on  this  system. 
This  engine  is  illustrated  in  Fig.  43,  from  which  it  will  be 
seen  that  in  addition  to  its  four  coupled  drivers  the  engine 
was  provided  with  an  additional  pair  of  independent  drivers 
operated  by  outside  cylinders.  As  in  the  case  of  the  engine 
illustrated  in  Fig.  19，  the  independent  driving  wheels  were 
only  used  intermittently  at  starting  and  when  working  on 
inclines,  in  fact  both  engines  were  built  by  the  same  firm, 
Messrs.  Krauss,  of  Munich.  The  engine  was  exhibited  by 
them  at  the  Paris  Exhibition  of  1900，  and  was  illustrated  in 
the  technical  press  at  that  time,  but,  beyond  stating  the 
balancing  was  a  modification  of  the  Yarrow-Schlick-Tweedie 
system,  no  description  was  given  in  sufficient  detail  to  enable 
engineers  generally  to  umlerstaiid  exactly  how  the  balance 
was  produced. 

To  those  who  have  recollections  of  the  floods  of  mathe- 
matical symbols  and  formula;  let  loose  in  discussions  that  have 
taken  place  over  this  system  the  following  grapliical  demon- 
stration will  no  doubt  be  acceptable.  For  one  thing,  it  will 
dispel  all  ideas  that  any  special  knowledge  is  required  to 
understand  the  system. 

In  the  first  place,  the  system  takes  no  account  whatever  of 
the  wheels  or  of  any  balance  weights  in  the  wheels,  the  inside 
reciprocating  parts  of  the  engine  on  each  side  being  balanced 
by  a  reciprocating  cast-iron  block  connected  to  tlie  rod  appear- 
ing through  a  slot  in  the  casing  seen  beluTid  the  trailiim 
driver.  This  rod  is  jointed  to  an  eccentric  rod ,  tlie  end  of 
which  is  supported  by  a  short  swing  link  ou  the  trailing 


■WITH  Yarrow-Schlick-Tweedie  Recipkocating  liAL.vNct  Weigh Tb. 

that  pin  and  the  connecting  rod  of  the  reciprocating 
weight  jointed  to  it  direct.  To  understand  clearly 
the  manner  in  which  these  parts  balance  the 
inside  reciprocating  parts  it  is  necessary  to  refer  to  the 
cross-section  drawing  of  the  engine  as  illustrated  in  Fig.  45. 
Project  downward  the  centres  of  the  cylinders  and  of  the 
reciprot-atiiig  balance  weights  as  shown.  At  right  angles 
across  these  centres  draw  the  line  A  B，  cutting  the  balance 
weight  centres  at  C  and  D.  Tliroiigli  D  draw  D  E  at  an 
angle  of  45〜 cutting  the  cylinder  centres  at  F  and  G.  Join 
C  F  and  C  G.  Then,  if  C  D— the  distance  between  the 
centres  of  the  balance  weights ― represents  to  any  scale  the 
weight  of  one  set  of  inside  reciprocating  parts,  C  F  and  C  G， 
wliich  are  equal,  represent  to  the  same  scale  the  amounts  of  the 


Fig.  ".—Detail  ok  Reciprocating  Balance  Wkight.  Yarkoav-Schlice* 
TwEEDiE  System  of  Balanoino. 


reciprocating  balance  weights,  and  the  angle  between  them  is 
tlie  angle  betAveen  the  cranks  to  which  they  must  be  attached. 
This  angle  is  about  3S。，  which  is  too  small  for  coupling  rods 
to  operate  satisfactorily,  so  the  designer  decided  tliat  the  least 
an  trie  of  coupling  cranks  he  would  risk  was  5lV\  as  indicated 
at  II  and  J.      To  ensure,  however,  that  the  reciprocating 
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balance  weights  would  move  as  if  coupled  to  cranks  at  38°  he 
provided  the  eccentrics  on  the  main  coupling  pins,  the  centres 


portioning  of  tlie  Yarrow-Schlick-Tweeclie  system  of  balancing 
as  carried  out  on  this  engine.  From  the  fact  that  the  recipro- 
cating balance  weights  are  at  the  opposite  end  of  the  engine 
to  that  at  which  the  cylinders  are  placed  it  will  be  recognised 
that  inertia  effects  are  eliminated  in  just  the  same  way  as  in 
the  engine  illustrated  in  Fig.  29.  One  good  feature,  whether 
intentional  or  not,  is  that  the  placing  of  the  coupling  cranks 
at  56°  effected  a  very  considerable  economy  in  the  amount  of 
balance  weight  used  in  the  wheels  to  balance  the  inside  revolv- 
ing parts,  as  may  be  seen  from  the  comparatively  small  seg- 
mental weight  at  the  rim  of  tlie  main  d riving  wheel.  It  is 
very  doubtful  whether  the  complete  balance  of  the  recipro- 
cating parts  and  the  consequent  immunity  from  "  hammer 
blow could  ever  warrant  an  extended  application  of 
balancing  mechanism  such  as  described,  on  inside 
cylinder  engines  where  the  disturbing  forces  are  acting  at  only 
short  distances  from  the  longitudinal  centre  plane  of  the 
engine. 

Fig.  46  illustrates  a  peculiar  construction  of  balanced 
locomotive  in  which  the  reciprocating  weights  mutually 
balance  each  other.  Probably  the  correct  term  to  use  is 
oscillating  weights,  as  the  cylinders,  instead  of  being  placed 
parallel  to  the  longitudinal  centre  plane  of  the  engine,  were 
placed  transversely  and  provided  witli  oscillating  vane  pistons 
fixed  on  shafts  passing  through  the  centres  of  the  cylinders, 
the  shafts  being  provided  with  double-armed  rocking  levers  at 
their  outer  ends.  To  the  ends  of  these  levers  connecting  rods 
were  attached  to  operate  the  driving  wheels  as  shown.  It 
will  be  seen  the  moving  parts  really  balance'  each  other  longi- 
tudinally, but  the  upward  and  downward  inclination  of  the 
connecting  rods  produced  a  certain  amount  of  "  pitching  "  due 
to  steam  reactions.    This,  however,  would  not  be  of  sufficient 


Fig.  45.~Baxancing  Diagram.  Inside  2-cylinder  Locomotive  with 
Reciprocating  Balance  Weights.  Yarrow-Schlick-Tweedie  System, 

of  the  eccentrics  lying  on  the  lines  C  F  and  C  G  as  shown. 
That  is  the  whole  explanation  of  the  arrangement  and  pro- 


FiG.  46.— Balanced  Locomotive  with  Oscillating  Vane  Pistons  and 

OPPOSITELY  MOVING  CONNECTING  RODS. 

amount  to  condemn  the  arrangement.  The  really  weak 
feature  was  the  cylinder  and  piston  construction,  with  its 


Fig.  47— Inside  2-cylinder  Foub-coupled  DbiyerICramptonILocomotite.    Transmits  rrs  -'  Hammeb-blow "  through  its  Springs. 
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AREA   OP   SEGMENTS   OF   A  CIRCLE. 
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attendant  difficulties  in  the  way  of  ensuring  steam  tightness 
between  the  rocking  shafts  ami  tlie  cylinder  abutments,  also 
between  the  ends  of  tlie  pistons  and  the  ends  of  the  cyliiulers. 
This  engine,  of  wliifh  several  were  built,  was  cotisi  ructed  by 
Messrs.  Thwaites  Bros"  of  Bradford,  in  1848. 

Fig.  47  illustrates  a  somewhat  similar-looking;  engine,  but 
in  this  case  the  inside  cylinders  are  of  the  usual  construrtion, 
placed  parallel  to  the  longitudinal  centre  plane  of  the  engine, 
and  inclined  upward  to  an  intermediate  crank  shaft  from  a 
position  low  down  at  the  sniokebox  end.  As  t  liis  engine  has 
only   leading   aiul   t railing  coupled  wheels   and    no  driving^ 


wheels,  in  the  usual  acceptation  of  tlie  term,  tlie  balancing  is 
necessarily  difFerently  carried  out  to  what  it  would  be  on  an 
ordinary  4-(H)upl<nl  inside  ovlindtM*  iMigino.  So  far  as  the 
various  inside  and  outside  revolving  parts  are  con<*orned  the 
procedure  is  as  usual,  but  such  remainder  of  the  inside 
revolving  parts  as  is  not  balanred  by  the  outside  cranks  and 
parts  of  coupling  rods  attached  to  them,  if  attempted  to  be 
balanced  by  weights  in  the  wheels  would  prod  in  e  rather 
peculiar  results.  In  tlie  first  place,  the  downward  force  of 
tlie  inside  parts  if  oounteraited  by  weights  in  the  wheels  pro- 
<lu<  ing  an  upward  force  could  only  be  so  counteracted  through 
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the  springs.  In  the  second  place,  the  upward  force  of  the 
inside  parts  would  not  bo  affected  in  any  way  whatever  by 
weights  in  tlie  wheels,  and  these  weights  conse(|ueiil ly  would 
produce  an  altogether  uiiiiecessary  liammer  blow  "  on  the 
rails.    To  balance  this  remaindei-  of  the  inside  revolving  parts 


Fig.  48.— Insidk  2-ctlinder  Eight-coupled  Driveu  Cuampton  Locomotive. 

it  is  therefore  necessary  to  make  the  outside  cranks  purposely 
heavy  or  use  tail  weights  on  the  inside  cranks.  As  regards 
the  reciprocating  parts,  the  balance  weights  for  these  would 
necessarily  be  tail  weights  on  the  inside  cranks,  as  by  that 
means  it  would  be  ensured  that  the  "  hammer  blow  ，，  on  the 
rails  would  be  softened  in  consequence  of  the  fact  that  it 
is,  under  the  circumstances,  transmitted  through  the  springs. 
This  is  the  only  type  of  inside  cylinder  engine  that 
really  requires  tail  weights  on  the  inside  cranks,  any  other 
engines,  whether  2-cylinder  or  4-cylinder,  having  tail  weights 
oil  their  inside  cranks  are  balanced  with  no  regard  whatever 
to  dead  weight  on  the  rails.  The  only  reason  that  has  been 
offered  for  the  practice  of  using  such  weights  in  ordinary 
engines  is  that  it  relieves  the  crank  axle  of  the  centrifugal 
effect  due  to  weights  in  the  wheels.  Sucli  a  reason  for  load- 
ing a  crank  axle  with  dead  weight  is  simply  preposterous.  If 
an  axle  is  of  such  dimensions  that  the  centrifugal  effect  of  the 
various  inside  and  outside  weights  stresses  it  beyond  tlie  usual 
safe  limit,  such  axle  has  no  right  whatever  to  be  on  the 
engine.  This  engine  as  a  type 
is  known  as  an  inside  cylinder, 
intermediate  crank  shaft, 
coupled  Crampton  engine,  the 
only  example  of  wliich  with 
a  greater  number  of  coupled 
wheels  is  an  8 -coup led  driver 
engine  built  for  an  Indian 
branch  railway  in  1865  by 
Messrs.  Sharp,  Stewart,  &  Co.， 
of  Manchester.  This  latter 
engine  is  illustrated  in  Fig.  48 
and  shows  the  balance  weights 
at  one  side  of  all  the  wheels. 
As  a  concluding  example 


crescent  form ,  in  addition  to  providing  the  greatest  balancing 
rnoineiit  for  a  given  weight,  is  also  the  one  that  j)rovi<les  tlie 
least  abrupt  cliaiige  of  section  and  coiiseq ueiitly  is  the  most 
satisfactory  to  use  from  the  steelfounders'  point  of  view. 

AuEA  AND  Balancing  Moment  of  Crescents. 

Area  of  orescent  A  li  (-  E  A  =  area  of  segment  AB  C  D  A  一 
area  of  segment  A  E  C  D  A* 
Balancing  moment  of  crescent 

二  its  area  x  distiince  of  its  centre  of  gravity  from  0, 
― area  of  segment  A  li  (J  D  A  X  distance  a. 
Balancing  moment  of  crescent  — 
Arou  of  crescent 
distance  of  its  centre  of  gravity  from  (J. 
Note. ― This  geometrical  equivalent  is  exact,  and  is  to  be 
used  in  preference  to  any  trial  and  error  method  of  suspension 
of  templets. 


Centre  of  Gravity  of  a  Segment. 
Distance  of  centre  of  gravity  from  centre  ： 


chonp 
12  area 


_  of  inside  2-cylinder  coupled 
driver  engines,  Fig.  49  illustrates  an  engine  built  in  con- 
siderable numbers  many  years  ago  for  the  Great  Northern 
Railway  when  Mr.  Sturrock  was  the  locomotive  superin- 
tendent. Tliese  engines  were  known  as  the  Sturrock  steam 
tender  loccmiot'ives,  tlie  tenders  as  well  as  the  engines  being 
provided  with  driving  cylinders  and  having  six  wheels  coupled 
by  separate  outside  cranks  in  the  same  way.  The  engines 
and  tenders  undoubtedly  set  up  the  ((  in  and  out  of  phase  " 
effect  previously  noted  in  the  case  of  independent  driver 
engines.    That  this  effect  is  a  pronounced  one  may  be  under- 


FiG.  49.— Inside  2-cylinder  Locomotive  with  Inside  2-cylinder  Engine  on  Tender. 

CeJiirifngal  Force.  Speed  tJi  Miles  per  Hour. 
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Fig.  50  — Crf.kcent  Segment,  and  Sectob  Forms  op  Balance  Weights. 


of 


stood  by  anyone  who  has  watched  the  efforts  of  the  drivers 
" double-headed  "  trains  to  get  their  engines  into  step, 
they  term  it. 

The  forms  given  to  the  balance  weights  in  the  wheels 
locomotives  】nay  be  varied  as  the  designer  chooses,  but  the 
most  usual  forms  are  illustrated  in  Fig.  50.      Of  these  the 


as 


of 


Hardening  Platinum. ― A  new  hardening  ingredient  for 
platimim  has  been  found  by  W.  C.  Ileraeus  in  the  metal 
osmium.  When  iron  or  copper  is  present,  the  hardening  effect 
of  the  osmium  is  considerably  neutralised.  The  alloying  of 
the  platiiuini  and  osmium  must  be  carried  out  away  from  the 
oxidising  effects  of  the  atmosphere,  as  osmium  is  highly 
oxidisable  and  gives  off  poisonous  fumes.  Platinum  alloyed 
with  more  than  20  per  cent,  of  osmium  produces  a  brittle  alloy. 
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MULTI-STAGE  CENTRIFUGAL  PUMP  FOR  HYDRAULICALLY 
OPEKATING  CRANES. 

The  employment  of  multi-stage  high-pressure  centrifugal 
pumps  for  hydraulically  operating  cranes  and  similar  appa- 
ratus working  with  temporary  interruptions  has  hitherto  been 
extremely  difficult  owing  to  the  expenditure  of  energy  during 
the  period  of  running  idle  being  extremely  high,  differing 
only  very  little  from  that  required  for  full  load.  These  losses 
of  energy  were  caused  by  the  fact  that  hitherto  when  working 
with  a  small  load  or  during  the  intervals  or  interruptions  in 
the  working,  a  throttling  valve  arranged  in  the  delivery  or 
pressure  conduit  throttled  the  pressure  fluid  before  it  entered 
the  apparatus  to  be  operated,  or  cut  the  same  off  altogether  so 
that  it  was  necessary  for  the  pump  constantly  to  maintain  in 
the  pressure  or  delivery  pipe  in  front  of  the  throttling  slide 
valve,  a  pressure  which  was  equivalent  to  the  pressure 
required  for  maximum  power. 

A  method  and  means  for  the  control  or  operation  of 
apparatus  of  the  class  referred  to  above,  which  is  claimed  to 
be  quick  and  efficient  in  operation,  has  been  patented  by 


M uLTi-STAfiR  Centrifugal  Pump  foti  Operating  Cranes. 

Messrs.  Brown,  Boveri,  &  Co"  Baden,  Switzerland,  and  con- 
sists in  effecting  a  by-pass  connection  either  from  one  or  more 
stages  of  a  multi-stage  pump  to  control  the  driving  motor  or 
from  a  single  stage  by  means  of  a  stepped  piston  similarly  to 
control  tlie  motor  or  by  both  methods  combined.  It  is  based 
on  the  well-known  characteristic  and  excellent  property  of 
high-pressure  centrifugal  pumps  which  consists  in  that  they 
are  able  to  obtain  maxiitunn  speed  in  a  few  seconds  provided 
that  the  revolving  masses  are  already  in  motion,  and  with  tlie 
arrangement  illustrated  it  is  possible  to  decrease  the  normal 
number  of  revolutions  or  speed,  or  to  reduce  the  normal  】）res- 
sure  to  a  suitably  adjustable  fractional  value  during  tlie 
working  intervals  or  during-  periods  of  small  load,  by  whirli 
means  the  expenditure  of  energy  is  reduced  in  approximately 
direct  or  equal  proportion  ；  that  is  to  say,  it  is  no  longer 
necessary  for  tlie  pump  to  produce  a  higher  pressure  tlian  is 
required  for  operating  the  crane  or  other  similar  apparatus. 
The  centrifugal  pump  a  is  directly  driven  by  the  steam 
turbine  &.  All  the  stages  I.，  11"  III.,  IV. ，  V.，  VI.  of  the 
piunp  are  tapped  by  】iieaiis  of  the  conduits  to  ('"，  which 
pass  to  valves  to  (^。，  the  conduit  containing  the  valve 
(1、  also.  A  pipe  e  passes  from  the  valves  to  a  cyliiuler  f  and 
thus  communicates  witli  one  side  of  a  piston  h  moving  in  this 
cylinder  and  controlled  on  the  other  side  by  tlie  aotion  of  a 


spring  g •  The  rod  i  of  the  piston  h  operates  the  main  inlet 
valve  k  of  the  steam  turbine  h.  These  elements  f ,  (j ,  1"  and 
i  form  a  pressure-regulating  device. 

Ill  normal  operation,  that  is  to  say  with  full  load,  the 
pressure  of  tlie  first  stage  of  the  pump  acts  on  the  piston  h  by 
way  of  the  conduit  (？ \  valve  which  is  opened,  and  the 
pipe  e.  The  dimensions  of  tlie  spring  g  are  so  calculated  that, 
in  this  particular  case  tlie  inlet  valve  I-  allows  a  quantity  of 
steam  to  flow  into  tlie  turbine  which  is  just  sufficient  for  the 
normal  working  of  the  centrifugal  pump.  If  now  stage  II.  of 
the  pump  is  brought  into  cominuuication  with  the  cylinder  ,， 
for  instance  by  opening  the  valve  <P  (the  valve  r/'  being 
automatically  closed  at  the  same  time),  so  that  a  higher  pres- 
sure acts  on  the  piston  h,  then  the  latter  completely  shuts  off 
the  steam  to  the  turbine  and  therefore  regulates  the  same 
until  the  number  of  revolutions,  i  j' . ,  the  speed  has  decreased 
to  such  an  extent  that  in  the  stage  II.  of  the  pump  tliat 
pressure  prevails  which  previously  prevailed  in  stage  I.  The 
pump  therefore  produces  in  two  wheels  the  same  amount  of 
pressure  which  it  previously  produced  in  eac^h  separate  wheel 
so  that  the  pressure  at  the  outlet  pipe  branch  only  amounts 
to  half  of  the  previous,  that  is,  normal  pressure.  If  stage 
III.  is  tapped  and  the  valve  opened,  this  pressure  is 
reduced  to  one-third  of  the  normal  pressure,  whilst  if  the 
valve  is  opened,  it  is  reduced  to  one-fourth  of  the  normal 
pressure,  and  so  on. 


HINTS  ON  MARINE  ENGINE  DETAILS. 

At  the  Institute  of  Marine  Engineers  on  Monday,  March  4 tlx, 
a  paper  on  "Details  of  a  Marine  Engine"  was  read  by  Mr. 
W.  Veysey  Lang  (Member  of  Council).  Mr.  John  McLaren, 
vice-president,  occupied  the  chair.  The  author  took  as  his  sub- 
ject the  ordinary  marine  engines  of  a  cargo  steamer,  develop- 
ing from  1,000  i.h.p.  to  2,000  i.h.p.,  of  the  triple-expansion, 
surface  condensing  type.  In  the  course  of  tlie  paper  he  said 
lie  considered  that  in  many  cases  a  size  smaller  engine  and  a 
size  larger  boiler  or  boilers  would  be  a  great  improvement 
upon  the  usual  practice.  He  had  proved  this  by  lining  down 
the  high-pressure  cylinder  from  24iu.  to  22iin.,  or  from  27in. 
to  25in.,  and  the  result  had  been  a  decided  economy  in  fuel, 
while  the  speed  was  hardly  affected. 

Liners  in  tlie  high-pressure  and  middle-pressure  cylinders 
were  most  essential ― in  the  low  pressure  they  were  negligible. 
The  cylinder  liner  should  undoubtedly  be  harder  than  the 
piston  rings.  In  his  opinion  it  was  important  that  the  pistoa 
rings  should  over-run  the  cylinder  wall  at  either  end  of  the 
stroke  and  so  prevent  "  ridging,"  Cylinder  clearances  of 
l^in.  and  fin.  were  excessive.  For  cylinder  lagging  he  pre- 
ferred a  good  mortar  non-conducting-  composition,  put  on 
when  the  cylinders  were  under  steam  and  the  steel  sheets  put 
on  afterwards.  The  inaiu  feature  in  the  piston  or  steam 
packing  ring  was  suitability  of  metal.  In  piston  rings  which 
relied  upon  outward  pressure  by  inclined  surfaces,  such  sur- 
faces soon  became  clogged  and  failed  to  act.  Rings  which 
were  set  out  by  steam  or  water  pressure  could  not  possibly 
give  an  equal  pressure  duriug  tlie  stroke  and  barrelling 
ensued.  Strong  springs  exerting  considerable  outward  pres- 
sure caused  g^eat  friction  and  loss  of  power,  as  well  as 
abnormal  wear  of  the  cylinder  wall.  '  For  the  plain,  flat 
low-pressure  ring  he  preferred  volute  springs  to  the  D  type. 
The  lengths  of  the  crank  journals  aiicl  pins  were  governed  by 
tlie  length  of  engine  centres  and  were  usually  as  short  as 
possible.  Increased  diameter  would  in  some  degree  make  up 
for  a  more  desirable  lengtli,  and  in  this  respect  the  crank  pin 
was  frequently  found  to  be  ^iii .  1  archer  in  diameter  than  the 
journal  ends.  He  firmly  believed  in  the  《lo、velling  of  built 
shafting. 

For  the  thrust  bearing  he  jneferred  a  solid  thrust  carriage, 
with  heavy  horse  shoes  bolted  down  on  botli  sides,  ami  capable 
of  slicrlit  adjustment  by  screws  at  both  ends,  the  bearing  faces 
to  be  loose  on  white  metal  shoes,  carried  on  brass  studs  and 
adjustable  by  liners.  With  water  circulation  arranged  in  the 
shoes  such  a  thrust  would  pive  no  anxiety  or  trouble.  Among 
otlier  points  discussed  by  Mr.  T.ang  were  stern  tubes,  con- 
densers, pumps,  tanks,  valves,  drainage,  packing,  rods,  kc. 

Messrs.  W.  McLaren,  T.  G.  ITawtliorn,  F.  Timpson, 
and  W.  Walker  took  part  in  tlie  short  discussion  which 
ensued,  and  which  was  adjourned  to  Monday,  March  】Sth. 
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THE  DIESEL  OIL  ENGINE  AND  ITS  INDUSTRIAL  IMPORTANCE.* 

BY  DK.  KUDOLl'H  DIKSEL. 

Since  its  first  appearance  about  14  years  ago  the  Diesel 
engine  has  been  built  by  the  thousand  iu  the  best  factories  of 
all  industrial  countries,  and  lias  beeu  set  up  in  the  most 
remote  corners  of  the  world.  It  has  been  proved  to  be  a  most 
reliable  engine  wlien  properly  built,  the  working  of  which  is 
quite  as  safe  as  that  of  any  other  system  of  prime  mover  ； 
and  iu  general  it  is  eveu  more  simple,  since  it  does  not  require 
any  auxiliary  apparatus,  and  since  the  fuel  in  its  natural  ami 
original  form,  without  having  previously  undergone  any 
transforming  process,  is  directly  converted  into  work  in  the 
cylinder  of  the  engine.  As  early  as  1897，  when,  after  four 
years  of  difficult  experiments,  the  author  liad  put  the  first 
engine  into  working  order  in  the  factory  of  tlie  Augsburg 
Works,  experts  who  examined  this  engine  expressed  the 
opinion  that  it  gave  better  heat  utilisation  than  any  known 
kind  of  heat  engine.  From  experience  gained  subsequently 
by  working  many  engines,  by  gradual  improvements  in  the 
construction  aud  manufacture,  and  by  increasing  the  sizes, 
the  results  have  beeu  still  further  improved,  and  to-day  the 
thermal  or  indicated  efficiency  reaches  48  per  ""cent,  in  this 
engine,  and  the  effective  or  brake  efficiency  readies,  in  some 
cases,  35  per  cent,  of  the  heat  value  of  the  fuel.  Fig.  1  shows 
the  heat  utilisation  for  1  b.h.p.  hour  in  the  different  kinds  of 
prime  movers  known  to-day. 

The  Diesel  engine  converts  the  heat  of  the  natural  fuel 
into  work  in  the  cylinder  itself,  without  any  previous  trans- 
forming process,  and  utilises  it  as  far  as  the  present  standard 
of  science  permits  ；  it  is  therefore  the  simplest  and,  at  the 
same  time,  the  most  economical  prime  mover.  These  two 
facts  explain  its  success  ；  it  lies  in  the  new  principle  of  the 
internal  working  process  and  not  in  constructional  improve- 
nieuts  or  alterations  of  older  types  of  engines.  There  is  no 
doubt  that  the  careful  working  out  of  all  the  constructional 
details  also  plays  a  great  part  in  the  practical  success  of  tlie 
Diesel  engine,  as  in  any  other  ；  but  they  are  not  the  essential 
points,  and  above  all  they  do  not  constitute  the  great 
importance  of  this  engine  to  the  world's  inchistry. 

A  further  reason  for  this  importance  is  that  the  Diesel 
engine  has  broken  the  monopoly  of  coal,  and  has  solved  the 
problem  of  using  liquid  fuel  for  power  production  in  its 
simplest  aud  most  general  form  -  It  has  become  for  all 
natural  liquid  fuels  what  the  steam  engine  and  gas  engine  are 
for  coal,  but  in  a  much  simpler  and  more  economical  way. 
The  truth  of  this  statement  was  strikingly  proved  at  the 
Turin  Exhibition  of  last  year.  At  this  Exhibition,  a  steam 
turbine  aud  a  large'  Diesel  engine,  both  made  by  Franco  Tosi, 
of  Milan,  and  set  up  on  the  same  stand,  were  worked  together 
with  the  same  liquid  fuel.  The  boilers  belonging  to  the  plant 
were  fitted  with  Kortiiig  nozzles  for  burning  crude  oil.  The 
difference  between  the  two  plants  was  therefore  this  :  for  the 
working  of  the  steam  engine  the  whole  boiler  plant  with  its 
chimney,  fuel  supply  apparatus,  purification  plant  for  feed 
water  with  feed  piiinps,  extensive  steam  pipes,  condensation 
plant  with  water  pmiips  and  an  enoniiuus  water  ooiisuniption, 
had  to  be  provided,  witli  the  final  result  of  consuming  2^  or 
more  times  the  fuel  per  horse-power  required  by  the  Diesel 
engine  standing  beside  it.  The  latter,  being  an  entirely 
independent  engine  without  any  auxiliary  plant,  took  up  its 
crude  fuel  automatically  and  consumed  it  direct  in  its 
cylinders  without  any  residue  or  smoke. 

Thus  the  Diesel  engine  has  doubled  the  resources  of  man- 
kind as  regards  power  production,  and  has  made  new  and 
hitlierio  unutilised  products  of  nature  available  for  motor 
power.  Tlie  Diesel  engine  has  thereby  exercised  a  far- 
reaching  influence  on  the  liquid-fuel  industry,  which  is  at 
the  present  time  improving  more  rapidly  than  was  previously 
conceivable.  Owing  to  the  interest  which  petroleum  pro- 
ducers have  taken  in  this  important  question,  new  petroleum 
sources  are  continually  being  developed,  and  new  oil  districts 
discovered.  Moreover,  it  has  been  proved  by  recent  geologi- 
cal researches  not  only  that  there  is  probably  on  the  globe  as 
much,  or  perhaps  even  more,  liquid  fuel  than  coal,  but  also 
that  it  is  more  conveniently  distributed  as  regards  its  geogra- 
phical position.      These  facts  have  gradually  silenced  those 

X  Al)sfcL-acfc  of  iiapcr  read  before  the  Institution  of  Mechanical  Kngineers, 
March  15tb,  191-2. 


who  objected  to  too  great  a  development  of  tlie  Diesel  engine 
for  fear  of  insunicieut  stores  of  liquid  fuel.  Any  such  anxiety 
may  be  relieved  by  the  fact  that  the  world's  production  of 
crude  oil  increases  at  present  3),  times  more  quickly  than  ihe 
production  of  coal,  and  that  the  ratio  of  increase  itself  is 
steadily  getting  higher.  Further,  that  40  per  cent,  of  the 
))resent  iu'o(lu(,tion  of  mineral  oil  is  already  sufficient  to 
supply  the  whole  of  the  naval  and  mercantile  fleets  of  the 
world  with  powei*,  if  l-hey  w (； re  worked  by  Diesel  engines.  It 
may  safely  be  asserted  that,  with  the  continual  developiueiit 
of  new  oil  districts,  the  production  of  mineral  oil  will  increase 
niu(，li  more  quickly  than  the  demand  for  newly-built  engines. 

As  early  as  the  year  1899  the  author  utilised  in  his  engine 
the  by-products  of  coal  distillation  and  coke  plants,  sucli  as 
tar  and  creosote  oils,  with  the  same  satisfactory  results  as 
with  natural  liquid  fuels,  but  at  that  time  the  quality  of 
these  oils  was  generally  too  inferior  for  their  use  in  tlie  Diesel 
engine,  and  it  was,  moreover,  subject  to  continual  variations. 
The  difficulties  were  then  chiefly  the  following  : ― 

(1)  Muddy  deposits  of  solid  hydrocarbons,  especially 
naphthalenes,  which  made  the  working  of  the  fuel  pumps 
difficult,  filled  up  the  pipes  and  nozzles,  and  formed  a  hard 
crust  at  the  nozzle  mouths.  These  solid  hydrocarbons  also 
made  higher  ignition  temperatures  necessary. 
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-THEORETICAL    HEAT   CONSUMPTION   PER    H.  P-MOun  ^ 

Fig.  1— Heat  Consumption  of  Different  Heat  Engines  per  B.H.P.  Hour. 

(2)  Continuous  change  in  quality  and  composition  of  the 
crude,  uncleauecl  tar- oils  ；  with  each  cask  fresh  variations 
appeared  even  iu  cases  where  the  works  guaranteed  the  use 
of  the  same  coal,  and  the  carrying  out  of  the  same  distilling 
process,  so  that  it  was  impossible  to  make  scientific  observa- 
tions for  drawing  any  definite  conclusions,  or  making  logical 
experimental  arrangeiueiits.  The  characteristics  of  crude 
tar-oils  were  not  then  exactly  known  even  to  the  producers  ； 
for  instance,  nobody  imagined  that  differences  in  tlie  distil? 
ling  temperature  and  variations  in  the. nature  and  position  of 
the  retorts  gave  entirely  different  tar  products  even  when  the 
same  coal  was  used .  It  is  only  in  recent  years  that  the 
chemical  industries  interested  iu  the  matter  have,  by 
improved  methods  of  fractioning  and  refining,  combined  with 
more  careful  selection  of  the  material,  succeeded  in  supplying 
fuel  of  a  constant  and  regular  quality,  without  the  drawbacks 
of  the  crude  tar-oils  used  previously.  These  products ― the 
tar  and  tar-oils ― are  thus  to-day  definitely  brought  into  the 
sphere  of  activity  of  the  Diesel  engine. 

From  what  has  been  just  stated,  it  will  be  seen  that  the 
Diesel  engine  is  having  an  increasing  influence  on  two  other 
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industries ― the  manufacture  of  gas  and  coke ― the  by-products 
of  which  have  become  so  import  ant  for  power  production  that 
an  enormous  business  is  at  present  connected  with  them .  It 
is  especially  noteworthy  that  every  town  gasworks  with  a 
modern  installation,  and  every  cokeworks,  can  be  completed 
with  an  electric  power  generating  plant  by  using  its  tars. 
This  will  have  an  excellent  effect  on  many  municipal  and 
national  works.  As  tar  and  tar-oils  are  from  three  to  five 
times  better  utilised  in  the  Diesel  engine  than  coal  in  the 
steam  engine,  a  much  better  and  more  economical  utilisation 
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of  coal  is  obtained  if，  instead  of  being  burned  under  boilers 
on  grates  in  a  wasteful  way,  it  is  first  transformed  into  coke 
and  tar  by  distillation.  Coke  is  used  in  metallurgical  and 
other  general  heating  purposes  ；  from  a  part  of  the  tar  the 
valuable  by-products  are  first  extracted,  and  undergo  further 
processes  in  the  chemical  industry,  whilst  the  tar-oils  and 
combustible  by-products,  and  a  great  part  of  the  tar  itself, 
are  burned  in  the  Diesel  engine  under  extraordinarily  favour- 
able conditions. 

The  proper  development  of  the  utilisation  of  fuel,  which 
has  already  been  started,  and  is  now  making  rapid  progress, 
is  therefore  the  following  :     On  the  one  hand  liquid  fuel  in 
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Diesel  engines,  and,  on  llie  other  hand,  gas  fuel  also  in  the 
form  of  gasified  coke  in  the  gas  engines  ；  solid  fu?l  as  little  as 
possible  for  steam  j^ower  generation,  but  only  in  the  refined 
form  of  coke  for  all  other  lieating  and  inetallurgical  purposes. 
The  list  of  fuels  applicable  to  the  Diesel  engine  is  not, 
however,  exhausted  witli  these  liquid  fuels  mentioned  】ire- 
viously.  It  is  known  that  brown  coal  or  lignite,  tlio  ]u*o(hu"- 
tiou  of  which  is  about  10  per  cent,  of  the  pit  coal  prodiu'l  ion, 
also  yields  tars  by  distillation,  and  these  tars  when  distilled, 
Avhen  worked  up  on  paraffin,  produce  the  so-called  para flhi 
oils  as  bv-products.      Not  all  kinds  of  brown  coal,  however, 


are  suitable  for  this  process  ；  but,  in  any  case,  these  oils  have 
been  produced  in  such  quantities  that  so  far  they  have  satis- 
fied a  good  part  of  the  German  demand  for  liquid  fuels  for 
Diesel  engines.  To  these  must  be  arldecl  other  products,  such 
as  shale  and  similar  oils ― profluced  not  iii  great  but  in  suffi- 
cient quantities  to  be  of  importance  for  power  generation. 
Some  countries ― France  and  Scotland  for  instance ~ possess 
them  in  considerable  quantities,  and  they  are  used  in  a  good 
many  Diesel  engine  plants.  It  is  not  generally  known  that 
it  is  also  possible  to  burn  fat  vegetable  oils  and  animal  oils  in 
the  Diesel  engine  without  any  difficulty. 

It  has  been  proved  that  Diesel  engines  can  be  worked  on 
earth-nut  oil  without  any  rlifficulty,  and  the  author  is  in  a 
position  to  publish,  on  this  occasion  for  the  first  time,  reliable 
figures  obtained  by  tests  ：  Consumption  of  earth-nut  oil, 
240  grammes  (0'531b.)  per  brake  horse-j)ower  hour  ;  calorific 
power  of  the  oil,  8,600  calories  (34,rJ4  Ji.Th.U.)  per  kilo- 
grainine,  thus  fully  equal  to  tar  oils  ；  hydrogen,  1 1*8  per  rent. 
This  oil  is  almost  as  effective  as  the  natural  mineral  oils,  and 
as  it  can  also  be  used  for  lubricating  oil,  tlie  whole  work  ran 
be  carried  out  with  a  single  kiiul  of  oil  produced  directly  on 
the  spot.  Thus  this  engine  becomes  a  really  independent 
engine  for  the  tropics,  ' 

Similar  successful  experiments  have  also  been  made  in  St. 
Petersburg  with  castor-oil  ;  ami  animal  oils,  siicli  as  train-oil, 
have  been  used  with  excellent  results.  The  fad  that  fat  oils 
from  vegetable  sources  can  be  used  may  seem  insignificant 
to-day,  but  such  oils  may  perliaps  become  in  course  of  time  of 
the  same  importance  as  some  natural  mineral  oils  and  the  tar 
])rod ucts  are  now.    Twelve  years  ago  the  latter  were  not  more 
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developed  tliau  the  fat  oils  are  to-day,  aud  yet  how  important 
they  have  since  become. 

The  author  thinks  that  a  sunuiiary  of  tiie  whole  develop- 
ment of  the  Diesel  engine,  and  of  the  general  poiuts  con- 
nected therewith,  witli  illustrations  of  a  few  engines  which 
mark  stages  in  its  evolution,  may  be  of  interest.  Several  of 
these  have  already  been  published  separately  in  the  technical 
Press,  but  the  series,  as  a  whole,  in  its  historical  connei^tion  is 
quite  new,  and  a  certain  number  of  the  photographs  liave  not 
been  previously  published.  Figs. '」 and  3  show  small  illustra- 
tions of  the  principal  movements  in  the  4 -stroke  ami  2-stroke 
cycle  engines,  with  the  correspond ing  V-ulirator  diagrams  in 
Figs.  4  and  5，  because  these  will  constantly  be  referred  to 
in  the  paper."* 

Foi'R-sTHoKE  Cycle  Engine. 

Vertical  Stationary  Engines. — The  first  experimental  Diesel 
engine,  Fig.  6,  constructed  iu  1893,  had  the  piston  fitted  with 
a  piston  rod  and  external  crossluad,  the  i  vHinJer  having  no 
water  jacket  ；  t he  cam  shaft  was  a rraiiged  very  low.  and  the 
valves  were  actuated  by  means  of  long  rods.  The  starting 
storage  chamber  consisted  of  a  wrought -iron  pipe  with  riveted 
flanges,  and  there  was  no  air-supply  pun、p，  the  fuel  being 
injected  dirertly. 

A  later  pattern.  Fig.  7，  built  in  1895-96,  liad  a  similar 
base  to  that  sliown  in  Fig.  6.  but  it  had  a  water-jacketed 
cylinder  and  the  cam  shaft  was  placed  hii:lior  up.  But  the 
luost  iiu  Hurt  ant  dilTorenro  fr(»ni  tlie  old  pattern  was  in  the 
«iir-su]i]ilv  piini]),  the  necessity  for  whirli  was  only  ro4-oi:nisefl 
after  several  years*  experimenting,  as  without  it,  a  smokeless 
roiubustion  could  not  be  effected.  This  air  pump  is  single 
actings  h\\\  t ho  author  previously  ns»^<l  a  sppn'al  vertical  rom- 
pound  air  juiiup  driven  from  a  transmitting  shaft.  The  first 
French  and  Belgian  engines  were  nearly  of  the  same  type  ^ 
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that  shown  in  Fig.  7，  but  had  no  air  pump  ；  they  were  also 
of  better  and  more  coiiipact  construct  ion. 

Tlie  first  reliable  Diesel  engine,  Fig,  8,  of  18  li.p.,  was 
finished  in  1897  at  Augsburg,  after  about  four  years' 
laborious  experimenting.  It  was  a  vertical  engine  having  the 
piston  connected  to  an  external  crosshead  and  worked  on  the 


lionse-power.  This  type  ot"  engine  was  used  exclusively  as  a 
stationary  [)lant  for  various  industrial  purposes.  A 
2-cyliii(ler  M.A.N,  engine  of  this  type  of  2f)0  h.p.  or  】！25  Ii.p. 
per  cylinder  was  built  in  1902.  Another  2-cylirKler  160  h.p. 
engine  of  the  same  type,  desi^nied  by  the  Diesel  Engine  Com- 
pany, London,  was  built  by  Carols. 


Fig.  6  - 


-First  Expebimental  Diesel 
Engine,  1893. 


Fig.  7.— Later  Expeiumkntal 
Pattern.  1895-6. 


Fig.  8.— Fikst  Complete  Engine,  18  H.P,,  1897. 
Showing  Brakk  and  other  Testing  ApPARATire. 


4-stroke  cycle.  The  illustration  shows  the  engine  with  the 
testing'  brake  attached,  and  with  the  other  testing  apparatus 
exactly  iu  the  state  in  which  it  was  used  by  the  iiunierous 
commissions  of  engineers  and  experts  who  came  from  diffe- 
rent countries  to  examine  the  engine.  This  type  was  for 
about  10  years  the  exclusive  and  almost  stereotyped  pattern 
for  all  Diesel  engines  which  were  built  in  various  countries. 

In  the  following  year,  1898，  a  single-cylinder  engine  of 
20  h.p.  to  25  h.p.  was  built  at  the  Augsburg  Works.  This 
engine  had  almost  all  the  characteristic  details  of  the  experi- 
mental engine  just  mentioned,  the  only  difference  being  that 
the  experimental  engine  had  the  cylinder  connected  to  the  base 
by  an  inclined  column  iu  front,  whilst  the  later  pattern  had 
the  well-known  A-frame  wliicli  the  author  employed  on  his 
first  experimental  engines.  No  further  alterations  have  been 
made.  The  engine  had  still  the  external  crosshead  and 
guides,  and  the  petroleum  pump  was  actuated  by  the  cam 
shaft  ill  exactly  the  same  way  as  in  the  experimental  engine, 
Fig.  8.  The  air  pump  was  cast  on  the  base  in  exactly  the 
same  way,  and  was  driven  in  both  cases  by  rocking  beams 
from  the  crosshead.  The  lubrication  of  the  cylinders  was 
effected  by  means  of  Mollerup  appliances,  and  the  valve  rods, 
the  regulator,  and  all  the  details  were  identical  in  both 
engines.  Except  for  alterations  in  unimportant  details  of 
construction,  the  only  changes  since  made  were  that  tlie 
dimensions  and  the  numbers  of  cylinders  were  enlarged. 

A  2-cylinder  engine  of  60-76  h.p.  was  made  in  1899,  in 
which  all  tlie  details  of  Fig.  8  are  still  to  be  recognised.  The 
only  alteration  which  was  made  in  the  year  1901  Avas  the 
abandonment  of  the  external  crosshead  and  adoption  of  the 
trunk  piston  shown  in  Fig.  9.  A  comparison  of  this  engine 
with  that-  illustrated  in  Fig.  8  shows  that,  with  tlie  exception 
of  the  omission  of  the  crosslieacl,  no  alterations  of  any 
iuiportaiu'e  have  been  made.  Vertical  4-stroke  cycle  engines 
of  from  10  h.p.  to  250  h.p.  per  cylinder  were  constructed  after 
this  pattern,  and  units  up  to  1,000  h.p.  were  obtained  by 
combining  several  cyliiulers.  These  engines  ran  at  com- 
paratively low  speeds,  from  160-200  revolutions,  acrording  to 
their  size,  and  were  of  very  heavy  conatruction.  Their 
weight  was  originally  from  280  kg.  to  350  kg,  (Gl7-7711bs.) 
per  horse-power,  and  later  from  240-300  kg.  (529-GGllbs.)  per 


A  3-cyliii(ler  engine  of  the  same  type,  Fig.  10，  was  made 
by  Sulzer  Bros,  in  1906.  The  two  latter  engines  show  a 
slight  alteration  ；  the  petroleum  pump  is  driven  from  the 
vertical  instead  of  from  the  liorizontal  ram  shaft,  as  was  the 


Fig.  9— TiiUNK  Piston  Type.  70  to  90  H.P..  1001 ; 
Cylinder  1:V75in.  Diasi.  ；  26  6-2  in.  Stroke  ；  150  r.p.m. 

case  ill  the  previous  engines.  The  engines  built  by  Sulzer 
Bros,  ami  by  Carels  have  also  a  rotating  stuffing-box  for  the 
fuel  needle.  This  arrangement  was  first  built  in  Sweden  on 
the  author's  instructions,  and  worked  successfully.    The  well- 
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knowu  500  h.p.  3-cylinder  engine  of  Carels  was  exhibited  at 
Liege  in  1905. 

The  author  has  purposely  referred  to  this  type  of  engine  to 
show  that  these  engines,  which  have  been  built  in  various 
factories  and  in  various  countries,  still  remain  almost  an  exact 
copy  of  the'  old  experimental  engine,  Fig.  7.  Only  in 
America  was  the  design  simplified,  or  rather  cheapened,  from 
the  commencement  by  the  director  of  the  American  Diesel 


Fig.  10— Theee-cylinder  300  H.P.  Engine,  1906. 

Engine  Company,  Colonel  E.  D.  Meier.  In  America  tJie 
engines  were  built  without  crossheads  from  the  beginning,  an 
idea  which,  as  already  mentioned,  was  followed  in  the  year 
1901  by  the  European  works  after  the  American  engines  with 
trunk  pistons  had  proved  successful.  The  Americans  also 
built  from  the  commencement  a  closed  base  frame,  and  this 
construction,  as  will  be  seen  later,  has  also  been  recently 
adopted  in  the  European  high-speed  engines,  but  in  a 】iiore 
refined  and  better  form.  Moreover,  the  American  engines 
had  no  valves  in  the  cylinder  covers,  but  tliey  were  placed  in 
a  chamber  cast  at  the  side  of  the  cylinder,  which  necessitated 
the  fuel  needle  being  placed  horizontally  between  the  suction 
and  exhaust  valves.  Finally,  the  Americans,  instead  of 
driving  the  air-supply  pump  direct  from  the  engine,  always 
set  it  up  independently  and  drove  it  either  by  a  small  extra 
engine,  by  a  transmission  si i aft,  or  by  an  electric  motor,  in 
the  manner  in  which  air  pumps  are  now  set  up  in  many 
Diesel  engine  plants  on  board  ship.  All  these  alterations 
were  made  with  the  object  of  cheapening  the  manufju'tiire, 
which  is  the  cardinal  feature  in  American  practice. 

A  remarkable  fact  is  that  the  first  Diesel  engines,  built  in 
1897-1898，  are  still  working,  without  any  change  in  their 
fuel  consumption  ；  also  the  first  English  engine  built  by  the 
Mirrlees,  Watson,  it  Yaryan  Co.  at  Glasgow,  according  to  tlio 
author's  design  of  14  years  ago,  is  still  working. 

As  the  central  electric  stations  took  up  the  Diesel  engine 
very  early,  the  necessity  for  quicker-running  engines  arose. 
This  need,  and  the  iinproveiuent  in  methods  of  construction 
and  utilisation  of  materials,  caused  the  gradual  inlrodiu'timi 
of  the  new  quicker-running  4 -stroke  cycle  engines,  、vith  speeds 
of  from  300  up  to  600  revolutions.  These,  however,  were 
still  exclusively  vertical.  The  main  difference  in  const rm'tio" 
as  compared  with  the  first  type  was  that  the  bearings  of  the 
crank  shaft  were  connected  with  the  cylinders  by  means  of 
light  steel  columns  instead  of  by  heavy  cast-iron  A-shaped 
frames,  so  that  tlie  cast-iron  pedestal  of  the  machine  became 
a  light  crank  case,  relieved  from  great  strain  ;  in  addition, 
the  thickness  of  all  the  castings  was  diminished.  By  this 
means  the  weight  of  the  engines  was  reduced  to  about  oue- 


fourtli  to  oue-fifih  of  the  weight  of  the  old  types,  or  to  about 
50  kg.  (llOlbs.)  per  horse-power.  Engines  of  this  kind  are 
now  built  up  to  about  700  h.p.  ami  are  especially  suitable  for 
driving  dynamos,  blowers,  and  centrifugal  pumps,  and  also  as 
auxiliary  engines  on  board  large  vessels,  <fcc. 

The  first  of  these  high-speed  4-stroke  cycle  engines  made 
by  the  M.A.N,  had  no  alterations  in  the  valves,  the  needle,  or 
the  gearing,  nor  in  the  driving  and  tlie  position  of  the 
petroleum  and  aii'-supply  pumps,  &c. 

In  a  4-stroke  cycle  high-speed  engine,  Fig.  11，  made  by 
Messrs.  Sulzer  Bros,  iu  the  year  1909  the  only  difference, 
except  the  box-pattern  frame,  between  it  and  the  arrange- 
ment of  the  old  type  consisted  in  the  position  of  tlie  air- 
supply  pump,  which  was  iu  this  case  fitted  to  one  end  of  the 
engine  and  driven  direct  from  the  crank  shaft.  Iu  a  later 
4-stroke  cycle  high-speed  engine  of  350  h.p.  made  by  Messrs. 
Sulzer  Bros,  in  1911  the  air-supply  pump  was  also  driven 
from  the  crank  shaft,  but  was  fitted  between  the  cylinders  on 
the  box-pattern  base  in  a  neater  way.  Iu  this  case  also  no 
radical  alteration  has  been  made. 

These  latter  kinds  of  engines  】iiay  be  regarded  as  tlie  final 
and  permanent  type  of  the  vertical  4-stroke  cycle  engine  for 
stationary  purposes,  both  for  high  and  low  speeds.  With 
this  and  similar  types  the  development  of  the  4-stroke  cycle 
engine  reached  a  definite  state  of  development.  When  in  the 
last  decade,  through  rapid  development  of  the  French  sub- 
marines, an  urgent  need  for  a  reliable  submarine  engine  was 
felt,  these  4-stroke  cycle  engines  were  further  reduced  in 
weight  by  using  steel  and  brass  castings,  with  still  thinner 
walls,  and  they  have  also  recently  been  fitted  with  reversing 
gear.  The  author  will  return  to  this  point  later  when 
discussing  iiiariiie  engines. 

Small  Engines.  ― This  suiinnary  of  tlie  developiuent  of  the 
vertical  4-stroke  cycle  engine  would  not  be  complete  without 
a  reference  to  the  small  engines  which  have  recently  been 
built  in  accordance  with  the  author  s  designs.  The  officially 
recognised  consuuipticm  for  a  5  h.p.  engine  is  240  graiiuiies 
(0'531b.)  per  brake  horse-power,  which  is  therefore  not  luiicli 
more  than  with  the  old  large  engines  of  inediuni  horse-power. 
At  present  the  author  is  endeavouring  to  simplify  ami 
streugtlien  this  small  engine,  wliirli  will  t  hen  be  suitable  for 
small  manufacturers  and  for  farmers,  who  are  not  especially 
skilled  in  mechanical  work . 

Horizontal  Stationary  Engines. ― After  vertical  engines  】iad 
solely  beeu  used  for  about  12  years,  horizontal  4-stroke  cycle 
engines  were  built.  The  author  is  uncertain  whether  this 
type  was  a  real  necessity,  or  whether  it  was  originally  only 


Fig.  11.— Four-stroke  Cycli:  HioH-spEKn  Kngine.  1909. 
SiiowiNa  Box  Fraaik  and  Am  l*rM p. 


const  met  ed  for  jmrposos  of  competition  to  bring  out  some- 
thing new  ;  it  is.  however,  not  his  intention  to  compare  the 
merits  of  the  two  types.  The  first  horizontal  engines  were 
practically  ouly  vertical  engines  laid  on  their  sides  without 
any  independent  structural  innovations  ;  all  the  valves  were 
fitted  in  the  cylinder  cover,  in  oxartly  the  same  way  as  was 
done  in  the  old  vertical  engine,  shown  in  Fig.  8.  The  valves 
were  actuated  by  a  small  cross  shaft,  which  was  itself  driveu 
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by  means  of  gears  from  another  shaft  parallel  to  the  cylinder 
axis.  The  air  pump  was  fitted  in  exactly  the  same  way  as  in 
the  old  vertical  engine. 

Gradually  the  designers  freed  themselves  from  tlie  tradi- 
tion of  the  vertical  engine,  and  some  details  were  altered  in 
such  a  way  that  they  were  more  suitable  for  the  horizontal 
position,  and  a  type  of  engine  was  tli us  obtained  which  is 
hardly  distinguishable  from  the  horizontal  gas  engines.  In 
the  engine  made  by  the  Swiss  Locomotive  Works,  Wiiiter- 
thur，  the  inlet  valves  are  no  longer  placed  in  the  cover,  but 
on  the  side  of  the  cylinder  as  in  gas  engines,  and  are  directly 
driven  from  the  longitudinal  cam  shaft.  A  cross  cam,  shaft  is 
no  longer  used .  Only  the  fuel  and  exhaust  valves  are  left  in 
the  cover,  while  the  air  compressor  is  here  arranged  in 
another  way. 

These  designs  are  to-day  very  often  used  for  smaller  plants 
of  20  h.p.  and  more,  especially  by  gas  engine  manufacturers, 
who  took  lip  the  construction  of  Diesel  engines  on  their  own 
account  on  the  expiration  of  the  patents,  and  who  preferred 
to  keep  to  the  old  types  of  horizontal  gas  engines.  But  the 
M.A.N,  built  such  horizontal  Diesel  engines  for  very  high 
horse-powers  as  double-acting  4-stroke  cycle  engines  with  two 
or  four  cylinders  arranged  tandem.  The  largest  engine  of 
this  kind  so  far  is  a  double-acting  4-stroke  cycle  tandem  twin 
engine,  of  1,600-2,000  h.p.  or  400-500  h.p.  per  cylinder,  with 
a  speed  of  150  revs,  per  minute  ；  tliis  engine  is  working  iu 
the  corporation  gasworks  at  Halle,  using  water-gas  tar  as 
fuel.  It  was  constructed  on  the  lines  of  the  well-known 
Niirnberger  large  gas  engine  for  blast-furnace  gas. 

(To  be  continued,) 


REVERSING  MOTION  FOR  MACHINES  FOR  MILLING  DOUBLE 

HELICAL  WHEELS. 

The  accompanying  illustrations  show  a  machine  for  milling 
double  lielical  wheels,  fitted  with  an  improved  positive  revers- 
ing motion,  the  invention  of  D.  Brown  &  Sons,  Ltd. ，  Park 
Gear  Works,  Lockwood,  Huddersfield.    Fig,  1  is  a  plan  view, 


Reversing  Motion  for  Machines  for  Milling  Double  H:elical  Wheels. 

and  Fig.  2  a  front  view  of  the  machine.  Figs.  3  to  6  are 
details  of  the  reversing  motion. 

Referring  to  the  illustrations,  the  blank  A  to  be  cut  is 
secured,  in  the  ordinary  way,  to  a  face  plate  B.  The  cutter 
C  is  carried  in  a  slide  D  which  is  traversed  across  the  face  of 
the  blank  A.  This  blank  is  rotated  in  one  direction 
until  the  cutter  has  reached  the  centre  of  the  blank, 
and  in  the  opposite  direction  during  the  latter  half 
of  the  travel  of  the  cutter.  For  obtaining  an  accu- 
rate   and    positive    reversal    of    motion    of    the  blank 


when  the  c  uUei'  lias  readied  tlie  centre  tliereol",  a 
wheel  \^  is  employed  provided  with  a  recessed  peripheral 
portion  F，  the  opposing  interior  faces  G  and  H  of  which  are 
toothed  to  form  two  opposing  toothed  wheels  with  a  space 
between  tlieiii.  Tlie  wheel  K  has  at  one  point  in  its  periphery 
an  opening  1)  formed  in  each  of  its  opposintr  toothed  portions, 
and  secured  to  this  wheel  over  the  opening  F  is  a  plate  J 
having  at  its  ends  half-circular  openings  K  and  L  each  pro- 
vided with  teeth  and  forming  seiiii-circiilar  racks  extending 
from  the  ends  of  the  openings  in  the  two  taotlied  portions  of 
the  bifurcated  wheel  E  to  form  as  it  were  continuations  of  the 
toothed  portions,  the  teeth  iu  tlie  recesses  K  L  being,  how- 
ever, outside  of  or  at  a  greater  distance  from  the  centre  of 
the  wheel  E  than  the  toothed  portions  G  and  H,  as  will  be 
understood  from  Fig,  5.  The  wheel  E  is  revolubly  mounted, 
to  be  capable  of  endwise  or  sliding  movement,  on  a  shaft  con- 
nected by  gearing,  portions  of  wliich  are  indicated  at  M，  with 
the  shaft  carrying  the  face  plate  B,  so  that  rotary  motion 
of  the  wheel  in  either  direction  is  communicated  to  the  blank. 
Meshing  with  one  or  other  of  tlie  toothed  surfaces  G  or  IT  of 
the  wheel  E  is  a  pinion  N  fast  on  a  shaft  R  driven  by  gearing 
from  a  part  of  the  machine,  and,  as  will  be  understood,  the 
wheel  E  is  driven  in  one  direction  or  the  other,  according  to 
which  of  the  toothed  portions  G  or  H  the  pinion  N  is  in  mesh. 
Tlie  pinion  N，  as  will  be  seen  from  Fig.  G,  has  its  teeth  con- 
tinued out  as  O  beyond  the  periphery  of  the  wheel  E，  and 
when  the  latter  wheel  has  been  rotated  in  one  direction  r  early 


Reversing  Motion  for  Machines  for  Milling  Double  Helical  Whekls. 
to  the  extent  of  a  revolution,  the  gap  or  opening  P  in  the 
particular  toothed  surface  with  which  the  pinion  has  been 
meshing  will  come  opposite  to  the  pinion  and  the  portion  O 
of  the  pinion  will  run  into  mesh  with  the  teeth  in  the  recess 
K  or  L  adjacent  that  end  of  the  opening  P. 

The  action  of  the  pinion  on  the  curved  rack  witli  which 
it  engages  causes  the  wheel  E  to  itiove  laterally  on  its  shaft 
and  the  opposite  toothed  surface  of  the  wheel  to  be  brought 
into  position  to  mesh  with  tlie  pinion,  so  that  when  the  por- 
tion O  of  the  pillion  leaves  the  curved  rack  K  or  L  the 
pinion  engages  the  opposite  toothed  surface  and  drives  the 
wheel  E  and  consequently  the  blank  A  in  the  opposite  direc- 
tion, in  which  the  blank  continues  to  rotate  until  the  pinion 
arrives  at  the  opposite-  end  of  the  opening  F  and  the  portion 
O  of  the  pinion  runs  into  mesh  with  the  other  curved  rack, 
whereupon  the  wheel  E  is  again  moved  laterally  on  its  shaft 
and  the  direction  of  rotation  of  the  blank  A  is  again  changed. 
The  wheel  E  and  curved  racks  K  and  L  and  the  gearing  by 
which  the  wheel  is  driven  and  by  which  it  transmits  motion  to 
the  blank  are  all  suitably  proportioned,  according  to  the 
shape  of  tooth  to  be  cut  and  the  speed  at  which  the  cutter  C 
is  traversed  across  the  face  of  the  blank.  The  reversing 
mechanism  is  also  applicable  to  grinding  and  other  machines 
in  whicli  a  reversal  of  motion  with  extreme  accuracy  is 
required.  '， 

Northampton  Institute  Day   Students'  lOth  Annual  Dinner. ― 

The  lOtli  annual  dinner  of  tlie  Northampton  Institute 
(Engineering)  Day  Students  took  place  on  Saturday  last,  Mr. 
E.  L.  M.  Eintage  in  the  chair.  An  excellent  musical  pro- 
ram  me  was  gone  through.  Dr.  Walmsley  during  the  even- 
ing distributed  the  Engineering  Society's  premiums  for  papers 
read  during. the  past  session.  The  function  was  in  every  way 
a  record  success.  " 


358 


THE   MECHANICAL  ENGINEER. 


[March  22，  1912 


A  DISASTROUS  BOILER  EXPLOSION  IN  AMERICA. 

The  accompanying  photographs,  reproduced  from  our  con- 
temporary "Power,"  show  tlie  remains  of  the  boiler  which 
exploded  at  tlie  quarry  of  the  Royal  Marble  Company,  near 
Knoxville,  Tenn.,  on  February  5th,  killing  the  fireman  and 
his  brother,  who  happened  to  be  present  at  the  time.  The 
boiler  was  of  the  locomotive  type,  carried  on  skids,  and 
furnished  steam  to  operate  rock  drills  at  the  quarry. 

On  January  28th,  1912,  the  boiler  had,  it  is  stated,  been 
inspected  by  a  well-known  Ameriran  insurance  company  and 
pronounced  safe  for  lOOlbs.  pressure. 

Fig.  1  is  a  general  view  of  the  quarry  and  the  adjoining 
field  after  the  explosion,  showing  the  location  of  the  boiler- 
house  and  where  the  main  portion  of  the  boiler  landed,  350ft. 
from  its  original  location  ；  the  front  part  landed  150ft.  in 


the  coils  of  the  spring  were  pressed  one  upon  the  other  and 
tlie  valve  could  not  open  under  any  pressure. 

When  the  valve  was  tested  with  water  at  a  pressure  of 
1301bs.  per  square  inch  after  the  explosion,  not  a  drop  came 
past  the  valve,  wliich  was  supposed  to  be  loaded  to  lOOlbs. 

A  fusible  plug  had  been  put  in  the  boiler  about  one  "lonth 
before  the  explosion,  and  upon  examination  the  fusible  metal 
in  the  plug  showed  that  it  had  melted,  but  the  face  of  the 
plug  in  the  boiler,  it  is  said,  was  scaled  over  and  prevented 
it  from  dropping  out. 


THE  PERIODICAL  EXAMINATION  OF  BAKERS'  STEAM  OVENS. 

At  the  meeting  of  tlie  National  Association  of  blaster  】5akers 
held  at  Swansea  during  the  past  month,  Mr.  J.  Hilditch, 
H.M.  Inspector  of  Factories,  at  the  invitation  of  the  presi- 
dent of  the  association,  made  some  observations  on  the  work- 
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Fig.  1. ― Explosion  of  a  Locomotive  Boileu. 
Location  marked  1  shows  where  boiler  originally  stood  :  2.  where  main  part  of  boiler  was  hurled  ；  3,  where  front  of  boiler  was  found  ；  and  4  where  the 

bodies  of  the  two  firemen  were  found. 


the  opposite  direction,  near  which  also  were  found  the  bodies 
of  the  fireman  and  his  brother.  At  one  corner  of  the  boiler- 
house  there  stood  an  electric-light  pole  carrying  two  trans- 
formers. Both  of  these  were  destroyed,  one  being  hurled  a 
distance  of  120ft.  A  man  passing  the  boiler-house  at  the 
time  of  the  explosion  was  struck  by  a  barrel  used  for  supply- 
ing water  to  the  boiler,  and  was  hurled  a  distance  of  75ft. 


Fig.  2.— Main  J'aut  or  IUuleb  atter  Kxplosiok. 

Fig.  2  shows  the  boiler  in  its  final  position,  and  Fig.  3  is 
a  view  of  the  front  plate  showing  liow  the  crown -sheet  tore 
from  the  stay-bolts  and  braces.  This  piece  landed  on  several 
men  working-  in  tlie  pit  and  iiioro  or  less  injured  all  of  tlieni. 
Fig.  4  is  another  view  of  the  same  piece. 

Fig.  5  shows  the  safety  valve  that,  was  on  the  boiler.  It 
will  be  observed  that  the  valve  had  heon  screwed  down  \intil 


iug  of  bakers'  steam  pipe  ovens.  He  said  his  Department 
had  thought  that  the  iiieetingf  of  the  Council  at  Swansea 
would  provide  a  suitable  opportunity  of  bringing  to  tlie  notice 
of  the  trade  the  necessity  for  a  periodical  examination  of 
steam  ovens.  He  did  not  know  what  the  practice  was  gene- 
rally, but  locally  he  believed  nothing  was  done.  A  consider- 
able number  of  explosions  had  occurred  in  different  parts  of 
the  country  during  the  】ast  few  years  and  in 
1910  he  thought  the  Board  of  Trade  inves- 
tigated 14.  Some  of  these  were  attended 
with  injuries  to  the  workpeople,  and  in  one 
or  two  cases  to  the  occupiers  themselves. 
According  to  the  Board  of  Trade  Returns,  it 
was  found  that  the  cause  of  some  of  these 
explosions  was  overheating — he  was  simply 
i^iving  the  findings  of  the  Board  of  Trade 
after  investigation ― and  a  limitation  of  the 
temperature  at  which  these  ovens  were 
worked  was  recommended.  Another  tiling 
recoMunended  was  that  the  care  of  these 
ovens  should  be  entrusted  to  skilled  and  ex- 
perienced men .  The  Board  of  Trade  also 
recommended  the  use  of  coke  fuel  instead 
of  coal,  and  that  the  banking  up  of 
li res  at  night  should  be  prohibited.  Of 
course,  the  latter  point  did  not  arise 
where  there  was  continual  working  of  the 
oven  ;  some  ovens  were  worked  for  coiifectioiierv  by  day  and 
for  bread  bv  night,  aiul  there  the  question  would  not  arise. 
He  presumed  in  other  cases  the  general  practice  was  to  bank 
up  the  fires  at  night.  Another  reroininendation  was  that  a 
ilose  watch  should  be  kept  for  any  defert  in  the  tubes  or 
brickwork  of  the  furnace  rhaiul)er.  Defective  brickwork 
tended  to  iiurease  the  length  of  tlie  tube  exposed  to  the  fire, 
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witli  resultant  overheating  of  the  tube  and  increased  pressure 
therein.  Clinkers,  adherent  to  the  firebricks,  quickly 
destroyed  the  furnace  chamber,  hence  the  furnace  should  be 
cleaned  out  when  baking  was  finislied.  Prompt  repairs 
should  be  made  when  needed,  and  there  should  be  frequent 
inspection  and  examinations  by  competent  persons  ；  which  as 
a  rule,  could  best  be  secured  by  insurance.  All  explosions  of 
tubes  should  be  reported  to  the  Board  of  Trade,  whether 
accompanied  by  personal  injury  or  not.  The  Board  of  Trade 
had  nothing  to  do  with  insurance  ；  they  were  merely  con- 
cei  ned  with  the  question  of  having  these  steam  ovens 
examined  by  a  coin petent  person,  and  it  was  for  the  occupier 
of  the  factory  or  workshop  to  decide  as  to  the  competency  of 


Fig.  3.— Front  of  Boiler. 

the  workman.  Taking  Swansea  as  a  district,  it  might  be 
possible  to  appoint  a  competent  engineer  to  undertake  the 
whole  work  and  agree  with  him  to  do  it  for  a  certain  price 
instead  of  insuring.  This  was  a  matter  for  themselves 
entirely. 

The  President  said  he  was  sure  all  tlie  members  desired  to 
welcome  Mr.  Hilditcli,  and  looked  upoji  his  presence  as  a 
recognition  of  tlie  National  Association  on  the  part  of  tlie 
Home  Office.  He  wished  to  ask  Mr.  Hilditch  what  guarantee 
bakers  had  that  the  tubes  put  into  tlieir  ovens  liad  been  tested 
to  the  extent  guaranteed  on  the  contract  ？ 

Mr.  H.  J.  Matthews  said  most  of  the  accidents  that 
occurred  were  attributable  to  the  fact  that  the  tubes  had  been 
allowed  to  become  covered  with  clinkers  in  some  parts,  with 


Fig.  4.— View  showing  Ripped  CrowniShf.et. 

the  result  that  the  other  parts  got  an  excessive  amount  of 
heat,  and  consequently  an  excessive  amount  of  pressure.  If 
tubes  were  properly  made  and  tested  there  would  be  little 
fear  of  any  explosion. 

Mr.  J.  Jordan  (Manchester),  relating  his  personal  experi- 
ence, said  that  after  making  enquiries  about  insurance  he  got 
into  touch  with  the  builders  of  the  ovens  and  arranged  for 
two  inspections  per  annum  of  each  oven  for  half  a  guinea. 
The  report  of  the  builders'  inspectors  was  accepted  by  the 
Board  of  Trade.  He  tried  banking  the  fires,  and  found  it  did 
not  suit;  he  could  keep  the  furnaces  cleaner  and  get  more 
regular  heat  by  letting  them  go  out,  then  cleaning  them,  and 
lighting  them  again  about  two  hours  before  the  men  started 
baking.  Cleanliness,  in  his  opinion,  played  an  important 
part  in  the  success  of  a  steam  oven. 


Mr.  J.  H.  Merrett  (Cardiff)  said  tliey  were  all  agreed  that 
tlie  cause  of  explosions  required  looking-  into,  but  did  not 
think  all  steam  tubes  should  be  condennied  because  there  had 
been  a  few  explosions.  Ho  thought  the  Government  should 
insist  upon  tubes  of  a  certain  standard  only  being  used 
in  ovens,  lie  had  never  heard  of  an  explosion  taking  place 
wliere  the  best  quality  tubes  had  been  in  use  ；  on  the 
colli i-ary,  all  the  explosions  in  liis  own  locality  had  occurred 
where  {-heap  tubes  liad  been  used  in  the  construction  of  the 
ovens. 

Mr.  G.  C.  Bell  (SlieffieUl)  asked  wliether  it'  was  not  desir- 
able to  insist  upon  a  definite  uuniber  of  tubes.  Contractors 
frequently  restricted  tlie  tubes  to  as  few  as  possible,  aiul  the 
fewer  tlio  tubes  the  greater  the  amount  of  pressure,  and,  of 
<'ourso,  tlie  greater  the  risk.  If  it  were  possible  to  insist 
u))()ii  a  sufiTicient  number  of  tubes  l)ei"g  put  in,  the  risk  of 
explosion  would  be  considerably  reduced. 

Mr.  J.  T.  Walker  (Penartli)  remarked  that  lie  formerly 
liad  an  aversion  to  steam  ovens  until  he  became  convinced 
t hat  they  were  essential  if  tlie  baker  wished  to  be  up  to  date. 
To  obviate,  as  far  as  possible,  the  risk  of  explosion,  lie  went 
to  tlie  expense  of  having  his  ovens  built  with  double  rows  of 

tubes.  At  the  present 
time  they  were  work- 
ing well,  and  the 
fire  had  to  be  pushed 
to  only  half  the  ex- 
tent necessary  where 
only  a  single  row  of 
tubes  was  used  to 
carry  the  heat  into 
the  baking  chamber. 
The  cost  of  fuel  was 
also  considerably  re- 
duced. He  wished 
to  know  how  it  was 
possible  to  inspect 
ovens  from  a  fur- 
nace only  Gin.  wide? 
The  only  way,  in  his 
opinion,  to  properly 
inspect  the  tubes  of 
steam  ovens,  was  to 
pull  the  oven  down 
from  top  to  bottom, 
and  this  was  an 
impossibility.  His 
contention  was  that 
the  Government 

Fig.  5.— View  of  Spring  Safety  Valve,  showing    Ought      to      1  n  S  i  S  t 

SPRING  COILS  CLOSED  AND  INCAPABLE  OF  FURTHER      that  all         S  t  6  a  HI 

COMPRESSION.  ，         1  ，  , 

ovens    should  be 

built  of  a  certain  type  of  tube,  and  under  Government  inspec- 
tion. 

Mr.  J.  Leighton  (London)  thought  the  reason  minor 
explosions  were  not  always  reported  was  that  the  Department 
insisted  upon  an  inspection,  followed  by  an  enquiry,  with  the 
probability  of  a  fine,  and  snia】l  bakers  hesitated  to  report  an 
explosion  unless  some  injury  was  caused. 

Mr.  W.  T.  Callard  (Leicester)  said  this  was  a  matter  to 
wliirli  he  had  given  a  considerable  amount  of  attention,  and 
a  considerable  amount  of  personal  observation,  and  he  had 
failed  to  find  any  man  more  qualified  to  test  the  average 
bakers'  oven  than  the  baker  himself.  He  differed  strongly 
from  the  view  taken  by  Mr.  Walker  that  the  only  way  of 
inspecting  a  steam  oven  was  by  pulling  it  down.  His  experi- 
ence was  tliat  steam  ovens  were  always  better  if  their  ii))})€r 
rows  of  tubes  were  occasionally  brushed  off,  and  the  dirt  dis- 
lodged. The  steam-heating  principle  had  been  demonstrated 
beyond  all  question  as  being  the  type  best  adaptable  to 
modern  requirements,  but  at  the  same  time  it  was  a  slow- 
heatiug  principle,  and  this  drawback  was  overcome  by  the 
number  of  tubes  put  into  the  oven.  The  matter  of  the 
quality  of  tubes  would  be  iiiuch  better  dealt  with  by  the 
Department,  but  at  the  same  time,  it  was  true  that  explosions 
did  not  always  depend  upon  defective  tubes.  Given  au  oven 
with  excellent  tubes,  if  a  man  tried  to  explode  the  tubes 
under  certain  conditions  he  could  do  so.  He  had  adopted  a 
plan  for  some  considerable  tijiie,  a  rather  rough-and-ready 
plan,  but  one  worth  the  attention  of  the  Department.  It 
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was  tliat  all  steam  ovens  should  be  about  once  a  quarter 
heated  to  about  60。  or  70。  more  tlian  the  average  baking 
capacity.  lu  other  words,  if  a  man  heated  liis  oven  for  ordi- 
nary work  up  to  500。  or  520°  he  should  heat  them  to  580°  or 
600。.：;：  Of  course,  he  would  do  that  under  careful  conditions 
of  firing,  and  he  might  rely  upon  it  that  there  was  nothing 
much  the  matter  with  ovens  tliat  would  stand  a  test  of  that 
kind.  He  wished  to  point  out,  however,  that  under  condi- 
tions of  improper  firing  it  was  quite  possible  to  explode  the 
oven  without  going  up  to  580°  or  600°  He  again  warned  the 
Department  against  trusting  to  any  form  of  boiler  inspector. 

Councillor  G.  Cox  (Hastings)  asked  whether  an  inspection 
of  the  tubes  by  the  Government  when  the  oven  was  in  course 
of  construction  would  be  any  safeguard  ？  In  his  opinion, 
there  was  far  more  danger  in  the  erection  of  a  new  oven  than 
when  it  had  been  in  operation  for  some  years. 

Replying  to  some  of  the  points  raised,  Mr.  Hilditch  said 
tliat  tliough  clinkers  on  the  bars  were  all  right  as  a  protection, 
when  they  became  vitrified  they  adhered  to  the  bar —— that  was 
when  the  tube  was  used  as  a  bar ― and  in  getting  rid  of  them  the 
tube  was  often  damaged.  Personally,  he  thought  the  bars 
should  be  kept  as  clean  as  possible.  With  regard  to  a  penalty 
for  not  reporting  failures  raised  by  one  of  the  speakers,  this 
was  a  matter  that  did  not  concern  his  Department  ；  it  was  a 
question  for  the  Board  of  Trade.  He  did  not  invite  bakers 
to  subject  themselves  to  penalties  at  all,  and  they  need  not 
be  afraid  of  reporting  explosions  of  all  kinds.  As  they  were 
aware,  tliey  were  bound  to  report  explosions  if  injury 
was  caused,  and  it  would  assist  the  Home  Office  and  the  Board 
of  Trade  if  all  explosions  were  reported  so  that  thorough 
investigation  should  be  made  with  a  view  of  finding  out 
whether  the  lap-welded  tubes  or  the  solid-drawn  tubes  were 
the  best.  Some  speakers  seemed  to  be  under  the  impression 
that  it  was  the  policy  of  the  Department  to  condemn  the 
steam  ovens,  which  was  absurd.  The  steam  oven  had 
undoubtedly  come  to  stay,  and  it  was  for  the  Department, 
with  the  assistance  of  the  trade,  to  see  what  could  be  done  to 
obviate  injury  to  life  and  limb.  With  regard  to  examina- 
tion, he  could  quite  see  that  bakers  could  not  have  their 
ovens  torn  to  pieces  once  a  year.  The  Act  required  that 
every  steam  boiler  should  be  examined  once  in  14  months. 
He  agreed  it  was  a  difficult  matter  to  examine  all  the  tubes 
without  taking  the  oven  to  pieces  in  many  instances,  but  he 
should  like  to  point  out  that  destruction  naturally  took  place 
on  the  part  of  the  tube  exposed  to  furnace  heat,  and  this 
was  the  part  that  should  be  tested  first  of  all.  He  did  not 
mean  to  say  that  tubes  did  not  fail  further  on,  but  that  was 
b)'-  excessive  pressure  generated  at  the  back  end  ；  it  was  at 
the  back  end  where  the  tube  was  exposed  to  the  fire.  The 
insurance  companies  had  iheii'  experienced  officers.  He 
wanted  to  make  it  quite  clear  that  the  Department  did  not 
want  the  bakers  to  insure  ；  they  only  suggested  that  this 
would  probably  be  the  most  convenient  course  for  them.  If 
bakers  insured  with  boiler  companies  they  were  insured  against 
damage  to  property  and  against  damage  to  Hie  and  limb. 
Their  inspectors  were  all  practical  men,  as  far  as  lie  knew  ; 
at  anyrate,  all  lie  had  met,  and  he  did  not  agree  witli  those 
members  who  thou gl it  tlie  inspection  was  done  in  a  perfunc- 
tory way.  With  regard  to  statistics  relating  to  explosions  of 
the  different  types  of  oven,  straight  tube  and  curved  tube, 
and  their  frequency  on  tubes  used  as  firebars  or  otherwise,  lie 
was  sorry  he  had  none,  but  the  Secretary  could  easily  obtain 
the  information  by  applying  to  the  Board  of  Trade.  As  to 
the  suggestion  that  tlie  Government  or  tlie  Board  of  Trade 
should  give  a  guarantee  tliat  a  certain  oven  was  safe  when  it, 
was  put  in,  lie  could  say  straight  away  tliat  the  Government 
would  not  do  anything  of  the  sort.  He  had  seen  it  suggested 
in  a  report  of  one  of  his  colleagues  that  the  tubes  should  be 
subjected  to  a  water  test  of  A\  tons  per  square  incli  before 
being  accepted,  and  bakers  could  insist  wlien  ordering  tubes 
upon  a  certificate  to  the  effect  that  the  tubes  had  been  tested 
up  to  that.  With  regard  to  tlie  brushing  of  tubes,  he 
thought  it  would  be  better  it.  they  were  taken  out,  as  it 
gave  a  chance  of  detecting  any  defective  tube.  Tf  it  were 
possible  to  get  an  oven  designed  from  which  it  would  be 
practicable  to  get  out  the  tubes,  it  would  be  most  useful  in 
川 ore  respects  tlian  one.  TTe  wished  it  to  be  iiiulorstood  tlie 
Department  did  not  insist  upon  these  examinations  ；  the 
Department  only  wished  them  to  consider  the  best-  means  to 
adopt  to  prevent,  if  possible,  any  likelihood  of  explosions. 

*  This  may  be  so.  but  to  tost  n  tube  with  sten-m  iivessiwe  to  see  if  it  will  Imrst  is 
a  dftiigeroiis  way  of  ascevtaiuing  its  stinnigth.— En.  M.  K. 


With  the  increasiug  use  of  steam  ovens  explosions  were 
increasing.  There  were  14  reported  in  1910,  as  compared 
with  five  in  1909. 

The  President,  in  thanking  Mr.  Hilditch,  said  lie  might 
rely  upon  the  trade  doing  everything  possible  to  ensure  the 
safety  of  the  workers,  and  tlie  suggestions  made  during  the 
course  of  the  discussion  would  receive  tlie  attention  of  the 
Council  at  an  early  dale. 

CLELAND  &  STEWART'S  STEAM  TRAP. 

A  DESIGN  of  steam  trap  on  the  expansion  principle  that 
automatically  adjusts  itself  when  the  steam  pressure  varies  is 
shown  in  the  accompanying  illustrations.  There  is  mounted 
on  the  valve  spindle  F  a  sliding  sleeve  L  witli  each  end 
conical  or  tapered,  and  this  sleeve  is  cut  or  split  】cnigitudiiia】ly 
into  a  number  of  pieces  in  such  a  manner  that  when  the 
pieces  are  pressed  from  the  ends  they  move  closer  against 
one  another  and  grip  tlie  spindle  F.  They  are  held  in  place 
by  an  open  wire  hoop  at  the  middle.  This  sleeve  L  is 
enclosed  in  a  grip  box  K  through  which  the  valve  spindle 
passes.  Rings  M  are  provided  to  press  against  each  end  of 
the  split  sleeve.  At  the  back  of  these  rings  are  springs. 
These  rings  M  and  springs  are  all  inside  the  grip  box  K 
and  surround  the  valve  spindle  F.  There  is  a  screwed  cap  O 
on  the  end  of  the  grip  box  which  when  screwed  up  causes  the 
split  sleeve  L  to  close  and  grip  the  valve  spindle  F  as  it  first 
compresses  the  springs  which  in  turn  push  the  rings  M 
closer  together,  and  these  rings  moving  up  the  tapered  ends 
of  the  split  sleeve  L  force  its  parts  closer  together,  and  so 
reduce  the  diameter  of  the  hole  in  the  sleeve. 


CLE  LAND  &  Stewart's  ^team  Trap. 

The  action  of  the  trap  is  as  follows  :  The  contraction  of 
the  trap  shell  G  causes  the  split  sleeve  L  to  open  the  valve  D 
against  the  stop  C  and  when  the  steain  pressure  rises  and 
the  expanding  casing  G  of  the  trap  with  its  sleeve  L  can  close 
the  valve  D  no  further  than  the  seat  E  it  draws  the  split 
sleeve  or  grip  L  up  longitudinally  on  the  valve  spindle  F，  and 
when  the  steam  pressure  falls  again  the  contracting  casing  G 
carries  the  split  sleeve  L  back  along  tlie  spindle  F  after  it  has 
opened  the  valve  D.  Wlien  the  trap  is  cold  its  valve  D  is 
open  to  the  limit  stop  C  or  fullest  extent.  When  low-pressure 
steam  is  turned  on,  the  air  and  water  from  the  pipes  is  dis- 
charged through  tlie  trap,  and  when  the  water  begins  to  get 
hot  the  expansion  begins  to  close  tlie  valve  D  gradually  until 
all  water  and  air  is  discharged  and  the  steam  is  then  trapped. 
If  the  pressure  of  the  steam  rises  the  expansion  is  then  more 
than  sufficient  to  close  the  valve  D,  then  the  sleeve  L  has  to 
move  a  little  outwards  along  the  valve  spindle  F  until  it 
eventually  adjusts  itself  to  the  altered  conditions.  When 
steam  is  shut  off  after  working  at  high  pressure,  the  trap 
contracts  more  than  sufficient  to  open  tlie  va】ve  D  back 
against  its  stop  C，  then  the  sleeve  L  has  to  slide  inwards  to 
its  original  position  on  the  valve  spindle  F  or  on  whatever  it 
may  be  fixed  to  operate  the  valve  D,  and  it  is  therefore  ready 
again  to  deal  with  low  or  liigh-pressure  steam.  So  tliat 
whilst  the  sleeve  L  grips  tlie  valve  spindle  F  f i^htlv  enoufrli 
to  open  the  valve  D  against  any  steain  pressure  in  use  it  does 
not  grip  so  tightly  tliat  the  force  of  expansion  or  contraction 
of  the  】netal  trap  G  cannot  slide  it  along  the  spindle  to  a  new 
posit  ion  after  tlie  valve  has  come  against  its  abut  nieiits  C  or 
E  at  either  oiul  and  leave  the  sleeve  L  at  suoli  a  position  as 
corresponds  with  the  heat  from  tlie  particular  steain  pressure 
that  tlie  trap  may  be  dealing  with  at  that  particular  time. 
The  special  feature  of  the  desijjn  of  trap  illustrated,  which  is 
the  joint  invention  of  J.  Clelland  ami  J.  〔、.  Stewart,  Short 
Strand  Engineering  Works,  Belfast,  is  limiting  the  】iiovenient 
or  travel  of  the  valve  to  the  amount  of  movement  it  lias 
wlien  draining  ordinary  low-pressure  steam,  and  this,  work- 
ing in  conjuiu'tion  with  a  slidiii*;  crip  L  on  the  valve  spindle 
F  operated  by  the  trap  shell  movement  causes  the  automatic 
adjustment  of  the  trap  under  all  steam  pressures.  A  is  the 
inlet  and  H  the  outlet.  B  is  a  strainer  to  prevent  e:rit 
petting  into  the  valve  casing.  Prongs  are  provided  on  the 
valve  to  abut  against  the  stop  C  and  still  allow  wat^r  to  pass. 
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ON  THE  WIDER  ADOPTION  AND  STANDARDISATION  OF 
WATER-TUBE  BOILERS.* 

BY  E.  M.  SPEAKMAN. 

Ten  or  fifteen  years  ago,  no  broad  technical  questions  absorbed 
the  attention  of  marine  engineers  to  the  extent  which  that  of 
the  water-tube  boiler  did,  and  probably  few  liave  been  more 
keenly  discussed.  The  subject  grew  in  interest,  aud  criticism 
of  their  adoption  continued  to  become  more  intense  from  the 
time  of  the  decision  to  instal  Belleville  boilers  in  H.M.  cruisers 
" Powerful  "  and  "  Terrible,"  till  the  appointment  by  the 
Admiralty,  in  1900，  of  a  committee  of  independent  engineers 
to  investigate  and  report  on  the  status  and  future  of  naval 
boilers.  Partly,  perhaps,  owing  to  the  final  verdict  of  this 
committee  being  rather  of  the  nature  of  a  recommendation 
to  wait  and  see  what  the  results  of  experience  with  newer 
and  modified  designs  should  be,  and  partly  to  fresh  interests 


Fig.  1. 

arising  in  other  sections  of  propelling  machinery,  public  inte- 
rest in  the  water-tube  boiler  lias  recently  somewhat  flagged. 
This  is  probably,  to  a  large  extent,  attributable  to  the  greatly 
increased  reliability  and  freedom  from  the  troubles  ami 
breakdowns  which  characterised  the  boilers  of  earlier  years, 
and  which  thereby  attracted  much  attention  from  the  tech- 
nical Press.  Except  for  cases  of  culpable  misuse,  nearly  all 
the  difficulties  that  originally  arose  with  water- tube  boilers 
were  due ― (1)  To  bad  design  arising  from  inexperience  ；  (2)  to 
inferior  workmanship  and  the  employment  of  unsuitable 
tubing  ；  and  (3)  from  a  desire  to  press  the  advantages  of 
reduced  weight  and  capability  to  withstand  forcing  to  an 
undue  extent. 

The  efficiency  of  the  water-tube  boiler  of  12  years  ago, 
notwithstanding  its  defects,  was  distinctly  good,  and  the 
improvements  that  have  taken  place  in  the  last  few  years  have 
been  mostly  in  the  direction  of  reliability  and  durability —— tliat 
is,  in  better  mechanical  design,  coupled  with  use  of  better 
material  and  improved  proportions,  which,  although  adding 
somewhat  to  the  weight,  have  not  appreciably  increased  the 
thermal  efficiency  in  comparison  to  the  extent  to  which  the 
troubles  have  been  removed. 

Concurrently  with,  and  as  a  result  of,  improvement  in 
mechanical  design,  there  has  been  a  constant  tendency  for  the 
various  types  of  the  last  decade  to  become  standardised  into 
more  reasonable  shapes  and  proportions,  the  Thornycroft, 
Normand,  Reed,  and  other  designs  being  now  largely  merged 
into  the  prevailing  Yarrow  type-  which  alone  has  retained  its 
original  characteristics.  Of  the  various  large  tube  boilers, 
the  Babcock  &  Wilcox,  Belleville,  and  Niclausse  still  remain, 
but  in  an  improved  form.  Practically  all  the  above,  with  the 
exception  of  the  Babcock  &  Wilcox,  are,  at  the  present  time, 
naval  boilers  only,  and  their  general  adoption,  both  in  the 
large  and  small  vessels  of  the  various  navies  of  to-day,  is  shown 
in  Table  I. 

Throughout  the  merchant  service  the  cylindrical  boiler  is, 
of  course,  still  generally  adopted,  and  for  all  ships  in  which 

*  Paper  read  before  the  lustitution  of  Engineers  anci  Shipbuilders  in  Scotland, 
February  20th,  1913, 


the  weight,  of  boilers  is  a  relatively  small  fraction  of  the  total 
displacement,  no  other  type  seems  likely  to  displace  it.  There 
are,  however,  distinct  signs  that,  for  certain  special  services, 
the  wider  ado])!  ion  of  water-tube  boilers  would  be  a  welcome 


TABLE 


Tyju;  of  boiler  adopted. 

Nation. 

Lfirf(o  u'fir 

i  f)rpofio 

vessels. 

vessels. 

craft. 

Yarrow. 

Yam,  、、- • 

Yarrow. 

BfU"'"(k  and 

Whites  Forster. 

WiI(H,X 

Franro*   

RcIIcvillo. 

Lagrafel-D'AIlest 

Normand. 

Nidaussc. 

Du  Tempio, 

White-Forster. 

8chulz ― 

8chulz ~ - 

Schuiz— 

Thornycroft. 

Thornyoroft. 

'l'li(irnycTf)ft. 

It.ilv*t   

Babcofk  and 

Cylindrical. 

Tliorii.vwjft. 

Wilcox. 

Belleville. 

Japan   

Niclausso. 
Bellcvillo. 

Miyabara,  &o. 

Yarrow. 

Miyaljcara. 

United  States*  . . 

Jialxock  and 

Baboof'k  and 

Nonnaiid  and 

AVilcox. 

\\'ilc()x. 

other  express 

types. 

*  Vory  fow  small  orui^ors  have  been  built  by  those  Powers  in  the  last 
10  yoai's. 

t  Italy  is  adopting  Yarrow  l)oilor.s  in  the  latest  battle-ships,  as  are  also 
Russia  and  Spain. 

Referring  to  Table  I.，  it  is  significant  that  only  one  Power- 
has  so  far  adopted  a  standard  ty])e  of  boiler  ；  the  German 
Admiralty  apparently  rightly  regards  a  boiler  as  a  steam  pro- 
ducer of  a  certain  efficiency  in  relation  to  its  weight,  and  as 
such  it  is  independent  of  size  or  type  of  ship. 

The  reasons  for  and  against  the  wider  adoption  of  water- 
tube  boilers  in  vessels,  to  which,  while  appeariiif^  applicable 
at  first  sight,  they  liave  not  yet  been  applied,  are  nnicli  the 
same  as  those  quoted  15  years  ago  in  making  comparisons 
with  cyliiulrioal  boilers,  but  it  should  be  remembered  that  the 
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conditions  now  met  with  are  very  different.  As  a  steam  pro- 
ducer the  water-tube  boiler  is  now  of  proved  reliability, 
durability,  and  efficiency,  instead  of  being  a  doubtful  quantity, 
and  its  light  weight  and  great  capacity  for  steam  pio(lm'tio"n 
in  relation  thereto  strongly  recommend  it  in  】nany  cases 
besides  those  of  naval  work."  Compared  with  their  dimensions 
15  years  ago,  the  size  of  ships  on  many  services  is  now 
approaching  a  commercial  maximum ― even  if  that  be  only 
temporary— either  iii  length  or  draught  of  water,  aud,  again, 
oil  limited  dimensions,  i.e.,  weight,  there  is  a  constantlv 
increasing  demand  for  speed.  For  the  bulk  of  mercantile  ton- 
nage,  much  of  wliicli  is  in  relatively  slow  vessels,  the  water- 
tube  boiler,  unless  more  efficient  than  the  cylindrical  type,  and 
no  more  costly  either  originally  or  in  maintenance,  cannot  he 
considered  commercially,  and  We if  it  complied  with  these 
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conditions,  other  practical  circumstances  arise,  peculiar  only 
to  the  nature  of  the  service  on  which  such  vessels  are  employed, 
that  would  tend  to  limit,  if  not  to  exclude,  its  adoption.  For 
all  vessels  comprised  in  the  cargo-carrying  and  low-speed  types, 
the  weight  of  machinery  is  very  small  in  relation  to  the  dis- 
placement. It  is  only  when  this  ratio  becomes  higli  that  the 
introduction  of  water-tube  boilers  should  be  carefully  studied, 
and  it  is  just  in  these  cases  that  limitations  affecting  the  ship 


Fig.  4. 


as  a  whole ― length  or  draught  of  water,  for  instance ― are 
seriously  beginning  to  be  felt.  Their  scope  for  wider  adoption 
consequently  is  still  somewhat  circumscribed. 

In  Table  II.  is  given  a  list  showing  the  percentage  of  boiler 
weights  to  normal  displacement  for  a  number  of  typical 
vessels.  The  weight  referred  to,  in  order  to  exclude  all  vari- 
ables except  the  generator  portion  only,  consists  of  the  boiler 
complete  with  water  to  normal  working  level,  lagging,  aud 
firebars,  but  no  uptakes  or  mountings.  It  will  be  seen  at  a 
glance  that  it  is  only  in  tlie  cases  in  wliich  tlie  percentage 
forms  a  large  proportion  of  the  displacement,  the  saving  in 
weight  due  to  installing  water-tube  boilers  would  be  justified. 
A  few  examples  of  uaval  vessels,  all  of  wliich  are  fitted  with 
Yarrow  boilers,  are  added  for  comparison.  From  the  same 
table  will  be  seen  the  types  of  vessels  in  whicli  the  percentage 
weight  is  exceptional,  tlie  maximum  condition  being,  of  course, 
oblaiiied  in  vessels  of  tlie  destroyer  type,  when  the  horse-power 
per  toil  of  displacement  may  be  as  much  as  27.  In  small 
cruisers  it  may  be  as  】nuch  as  8，  but  the  fiiiure  rarely  exceeds 
4，  even  for  niercliant  vessels  of  high  speed  aud  small  size. 
Til  the  fastest  Atlantic  liners  this  falls  to  about  2  ;  in  slow 
tarrying  vessels  it  may  be  only  one-tenth  of  this.  With  the 
exception  of  river  steamers,  in  which  shallow  draught  is  essen- 
tial, these  figures  indicate  that  only  in  very  hi^li-speed 
Atlantic  liners  and  fast  Channel  steamers  would  tlie  liglit 
weight  of  water-tube  boilers  tend  to  counterbalance  rertain 
practical  objections  to  them.  In  the  former  case  the  enormous 
growth  of  length  and  breadth  has  only  been  accompanied  by 
a  relatively  small  increase  in  (Iraii^it  of  water,  and  at  the 
present  day  there  are  a  large  number  of  vessels  on  the  Europe 
to  New  York  service  which  are  unable  to  take  full  advantage 
of  the  draught  to  wliich  they  inisrht  safely  be  loaded,  on 
account  of  the  depth  of  water  at  their  ports  of  departure. 


Channel  steamer "~ - 

Turbine  

Reciprocating  . . 

Turbine*   

Paddle   

Reciprocating  . . 
River  steamer ~ - 

Turbine  

Reciprocating  . . 
Merchant  steamer  … ， 

，， " ..t! 


Combined  cargo  and  ( 
passenger  ( 


Passenger     steamer, ] 
turbine  [ 

Atlantic  liner,  turbine 


Battle-ship 
Cruiser  . . . 
Destroyer  . 


19.45 

17.7 

16.4 

18.0 

10.9 

18-65 
9.0 
2.15 
3.31 
3.62 
3.45 
4.67 
4.8 
f  7.2 
"i  8.5 

5.8 

11.0 

11.0 
5.4 


22,000 
3,000 
2,000 
900 
450 


18 
10 
10 

5 
4 


Yarrow 


220 
220 
220 
220 
220 


TABLR  II. 


Type  of  Ship. 


Speed. 


21 

750 

12 

1,000 

10 

9,000 

12 

9,000 

12 

9,000 

13 

12,000 

14 

10,500 

15 

10,700 

17  (at  sea) 

20,000 

18  (trial) 

17,000 

17-5(trial) 

15,200 

20 

10,500 

25-5 

36,000 

23 

60,000 

*  In  a  similar  vessel  to  this,  now  under  construction,  but  fitted  with 
five  Babcock  boilers,  the  proportion  of  weight  of  boilers  has  been  reduced  to 
8-5  per  cent. 

卞 Note  influence  on  percentage  weight  due  to  higher  pressure  used  for 
quadruple  in  place  of  triple-expansion  machinery. 


Fig.  3. 
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installed  in  fast  mercantile  ships  if,  as  seems  easily  possible, 
they  can  be  so  modified  in  minor  ways  as  to  render  them 
thoroughly  serviceable  for  the  practical  and  economical 
requirements  involved,  while  simultaneously  considerably 
reducing  the  above-mentioned  objections.  These  points  may 
be  considered  in  detail. 

Type  of  Boiler. ― The  Boiler  Coinniittee,  appointed  by  the 
Admiralty  in  1900，  investigated  no  less  than  36  different 
types  of  water-tube  boilers,  only  tliree  of  which  now  find  a 
place  in  modern  British  practice.  These  types  are  :  (1)  Yar- 
row, applied  to  large  and  small  vessels  ；  (2)  Babcock  and 
Wil(，ox，  applied  to  large  vessels  only  ；  (3)  White-Forster, 
applied  to  small  vessels  only.  With  the  possible  exception  of 
the  German  Navy,  where  the  Scliulz  boiler,  as  illustrated 《- in 
Fig.  1,  is  now  universally  adopted  in  battle-ships  and 
destroyers,  the  British  Navy  has  attained  a  degree  of  stan- 
dardisation ill  boiler  practice  not  found  elsewhere.  The 
United  States  Navy  Department,  while  adhering  to  Babcock 
and  Wilcox  boilers  for  big  ships,  adopts  several  types  for 
destroyers,  as  does  also  the  French  Admiralty,  which  retains 
botli  Belleville  and  Niclausse  boilers  for  battle-ships.  This 
divergence  in  practice  is  not  easy  to  understand.  The  incon- 
sistency displayed  in  the  case  of  the  four  principal  navies 
enforces  the  idea  that  the  separate  authorities  are  willing  to 
accept  pros  and  cons  entirely  at  variance  with  those  of  the 
others,  the  reliance  on  individual  views  and  corresponding 
policies  being  based  presumably  on  the  developed  service 
opinion  of  many  years'  growth.  For  wider  adoption  this 
hardly  facilitates  the  choice  of  prospective  users,  and  it  is,  in 
the  author's  view,  somewhat  surprising  that,  after  so  many 
years  of  use,  a  closer  consensus  of  opinion  has  not  been  more 
generally  achieved. 

Obvious  disadvantages  would  seem  to  be  involved  in  those 
types  wherein  excessively  curved  tubes  or  forms  of  tube  baffling 
are  adopted,  on  account  of  difficulties  of  manufacture,  of  clean- 
ing internally  and  externally,  and  also  of  rapid  repair.  There 
is  the  further  great  objection  that  any  considerable  curving 
towards  the  firebars,  Figs.  1  and  3，  tends  to  reduce  the  com- 
bustion space.  On  this  basis  straight,  or  nearly  straight, 
tubes  would  seem  to  be  necessary,  and  in  spite  of  apparent 
success  in  other  types,  practical  experience  of  both  strongly 
emphasizes  the  objection  to  sharp  bends. 

Fig.  2  shows  two  half-sections  of  typical  Yarrow  boilers,  one 
of  the  1  'jin.  tube  type  as  used  on  large  vessels  with  coal  fuel, 
the  other  with  l^in.  tubes  designed  for  oil  burning.  The 
simplicity  of  this  design  for  manufacture  and  cleaning  com- 
pared witli  Figs.  1，  3，  and  4  is  undeniable.  In  Fig.  3  is 
shown  the  Normaud  boiler,  as  used  in  the  United  States 
cruiser  "  Chester"  ；  Fig.  4  shows  a  variation  of  the  Du 
Temple  type,  as  fitted  to  her  sister  sliips  "  Salem  "  and  "  Bir- 
mingham." The  extreme  curvature  of  tlie  tubes  and  the  tube 
baffling  adopted  not  only  lessen  the  combustion  space  for  given 
overall  dimensions,  but  also  prevent  the  best  use  being  made 
for  the  heating  surface  installed. 


OF  COAL  PER  SQUARE  FOOT  OF  GRATE  PES  HOUR. 
Fig.  6. 

Capacity  for  Steam  Production. ― Generally  speaking,  a  large 
boiler  is  prupui'timially  more  economical  than  a  small  oue, 
and  a  double-ended  boiler  more  so  than  a  single-ended  one. 
Experience  has  shown  that  for  Atlantic  and  long-distance  work 
an  equivalent  evaporation  of  11  times  from  and  at  212。  Fall. 

*  The  German  Admiralty  oil  fuel  boiler  is  of  the  ordinary  three-drum  type. 


For  the  time  being  the  practical  limit  is  about  34ft.  By  ilie 
substitution  of  Yarrow  boilers  for  Scotch,  a  fast  ship  800ft.  by 
90ft.  might  carry  nearly  1,500  tons  more  cargo,  or  have  her 
draught  reduced  by  12in.  In  Channel  steamers  the  same  con- 
siderations apply  :  length  is  limited  on  the  French  routes, 
draught  on  the  Ostend  route,  and  liigli  speeds  are  essential  on 
all.  Ill  fact,,  oil  tlie  limited  maximum  dimensions  permissible 
ill  each  case  the  attainment  of  a  higher  power  on  less  weight 

it)  20  ._30   40  50   60  70 


Fig.  5. 


and  ill  less  space  is  tlie  only  means  of  obtaining  a  miK'li  faster 
ship. 

Now,  although  the  water  tube  boiler  niiglit  appear  to  offer 
the  solution,  there  are  various  practical  difficulties  still  con- 
fronting its  adoption.  The  greater  initial  cost,  might  alone  be 
considered  sufficient  objection  if  it  were  not  for  the  advantages 
its  light  weight  confers.  But  its  liability  to  prime  in  the  event 
of  condensers  leaking,  the  teiiclem'y  of  the  tubes  to  become 
choked  externally  more  rapidly  than  those  of  the  cylindrical 
type,  and  the  difficulty  of  the  necessarily  frequent  tube  clean- 
ing, together  with  the  distinctly  and  rather  unnecessarily 
drastic  survey  requirements  demanded,  are  also  features,  as 
far  as  continuous  merchant  service  work  is  concerned,  that  do 
not  commend  it  to  shipowners  and  their  marine  superinten- 
dents. Further,  there  is  the  possible  slightly  lower  efficiency, 
compared  with  tlie  large  cylindrical  boiler. 

Against  all  this  there  is  the  fact  that,  for  the  same  hourly 
steam  production,  which,  other  things  being  equal,  is  the  true 
criterion  of  merit,  tTie  3-d rum  type  of  water-tube  boiler 
weighs  less  than  half  what  the  cylindrical  boiler  does.  When 
this  proportion  of  saved  weight  forms  5  to  10  per  cent,  of  the 
complete  displacement  of  the  ship,  it  becomes  an  important 
question  as  to  whether  the  alleged  disadvantages  are  not  more 
than  counterbalanced  in  view  of  the  saving  in  llie  ship  as  a 
whole.  It  is  not  suggested  that  an  average  naval  boiler  should 
be  installed  without  change  into  merchant  vessels,  but  there 
are  features  connected  with  the  design  thereof  that  strengthen 
the  idea  that  water-tube  boilers  as  used  iu  warships  may  be 
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can  be  attained  wlien  burning  from  231bs.  to  261bs.  of  coal 
per  square  foot  of  grate  per  hour.  A  figure  as  high  as  12  has 
been  reached  when  burning  201bs.  In  Channel  steamers, 
where  economy  is  of  less  importance,  in  order  to  reduce  their 
size,  boilers  are  forced  so  as  to  burn  from  321bs.  to  381bs.  per 
square  foot,  when  the  evaporative  value  falls  to   about  10. 


over,  and  the  boiler  front  modified  to  allow  the  oil  fuel  appa- 
ratus to  be  installed,  with  the  result  shown  in  Fig.  8.  These 
trials  are  specially  interesting  in  view  of  the  efficiencies 
obtained  at  high  rates  of  combustion.  With  coal  an  equiva- 
lent evaporation  exceeding  11  times  was  obtained  wlieii  burn- 
ing 501bs.  per  square  foot,  10  5  times  at  601bs -，  and  9*45  times 


These  figures  represent  steam  productions  of  2401bs.,  2701bs., 
and  3501bs.  per  square  foot  respectively.  Unfortunately,  elabo- 
rate evaporation  trials  of  large  cyliiulriral  boilers  are  seldom 
carried  out  at  varying  rates  of  combustion,  so  that  in  Fig.  5 
a  favourable  average  mean  line  has  been  drawn  through  a 
series  of  spots  to  show  tlie  tendency  of  cylindrical  boiler 
evaporation.  The  conditions  under  which  they  are  designed 
to  work  are  such  that  much  additional  combustion  reduces 


at  701bs.,  the  latter  being  double  the  average  full  power 
amount  of  United  States  naval  practice.  With  oil  fuel  the 
same  boiler  exceeded  an  evaporative  value  of  15  times  when 
burning  up  to  10*51bs.  of  oil  per  cubic  foot  of  combustion 
space  ；  when  burning  151bs.  the  evaporation  was  13  times, 
which  is  equal  to  16*451bs.  of  steam  per  square  foot  of  heating 
surface  per  hour.  The  relative  efficiencies,  Fig.  7,  when 
burning  coal  at  701bs.  per  square  foot,  and  the  equivalent 

： III. 


Number 

Type. 

Pressure 
lbs. 
per  square 
inch. 

H.S.  sq.  ft. 

d 

1  1 

Weight  of 
generator 
complete, 
with  water, 
tons. 

Lbs.  of 

steam  per 

hour, 
from  and  at 
212°  Fah. 

Cylindrical. 

D.E  

215* 

(i.iiOU 

W.) 

170 

45,000 

2 

S.E  

215* 

3.500 

85 

90 

20,000 

D.E  

loot 

(i,500 
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S.E  
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95 

(觸 

6 

S.E  
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58 

GG 

20.000 

7 
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75 

76 
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8 
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50 

40 
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28,000 

10 
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92 
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5,000 

85 
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47,000 

12 
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00,000 
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cubic  foot. 

13 

'rii'imym'ft  

250 

4,500 
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14 
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(i.OOO 

麵 
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2：!() 

S..")0() 
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per  sq.  ft. 

per  ton  of 

H.S. 

boiler. 
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5.71 

222 

8.93 

；}92 

8.4 
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7.79 
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8.95 

:m 
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31() 

2*»0 

!).；{：1 

IJiOO 
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1.800 

9.25 

1,840 

11-0 

II.  J 
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Remarks. 
LxB 


fl 
1 
1 
1 
1 
1 
1 
1 
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Coal -fuel. 


Oil  fiu-l. 


Note. ― The  above  are  service  or  trial  results  and  not  tcsl-hou.si'  fi^'uirs. 
>\  Iicre  necessary,  for  local  conditions  of  workiii'j.    A  considerabk;  dilToirnct 
_Hmv(l('ii，s  tiraught,*  clo.sed  stokeholdt  conditions,  or  under  natural  tlraught. 
foived-drauf^ht  conditions. 

t  heir  efficiency,  owing  to  the  liigli  proportion  thai  even  a  little 
more  bears  to  the  designed  amount. 

In  Fig.  r)  are  also  given  a  series  of  evaporation  rurves  of 
typical  water-lube  boilers,  together  with  their  rate  of  steam 
prorliu'lion  per  square  foot  of  grate.  Alt  liou^li,  as  ini^lit  1"、 
ex})ecied,  the  evaporation  falls  ofT  at  higher  rates  of  rom- 
bustioii,  especially  in  cases  of  cont  racted  c-omhustion  chambers, 
the  average  inieniiediate  values  at ,  say,  from  3()ll)s.  to  \ 01  bs. 
per  square  foot,  range  about  11，  and  that  for  a  properly  pro- 
portioned boiler  at  GOlbs.  per  square  foot  should  not  fall 
bolow  10  times.  In  F'v^.  6  are  —en  tlie  curves  of  steam  pro- 
duction corresponding;  to  the  boilers  iu  Figs.  3  ami  '1.  In 
Figs.  7  ami  8  are  given  the  evapo rat  ion  curves  of  a  half-sect  ion 
of  a  Babcock  &  Wilcox  boiler  for  the  Uiutetl  States  b;i(tlo- 
ship  "  Utah  '，  ；  the  foniier  refers  to  a  series  of  ooal-fired  tests, 
after  which  the  firebars  were  removed,  the  aslipuus  bricked 


Tla-  (lata  have  horn  corm*tc(l  to  tlir  di'siixiit'd  pri'.sMin'  t»f  tlu-  ，》"ilcrs.  and. 
in  rvaj)<>rativo  value, (》f  course,  exists  lx»t、m'u  boik'rs  u urking  imdiT 
All  \\u:  data  j^iveii  of  torpedo-boat  destro.ver  boilers,  of  coun>t\  are  uiulcr 

amount  in  oil,  are  60  per  cent,  and  72  6  per  cent,  respectively- 
Fig.  9  gives  the  evaporation  curves  of  a  Mosher  type  of  boiler 
huill  to  replace  the  cyliiulrical  boilers  of  the  United  Stales 
bait le-ship  "  Kearsar^e."  No  little  difficulty  and  cost  are 
involved  in  romlm'tin 一'  lari;e  series  of  evaporative  trials,  and 
local  conditions  frequently  afTeit  the  readings  to  a  considerable 
extent.  By  massing  a  varying  series  of  curves  together,  and 
hy  (ledufint;  evajiorat ivo  values  for  comparative  est iniatinp 
fro  111  a  geiieral  mean  value  rat  lier  than  from  isolated  instances, 
is  probably  the  best  means  of  obtaining  a  fair  average  value. 
From  the  curves  in  Fi^s.  o  to  9  it  niii:ht  reasonably  l)e  felt 
til;"  for  trial  jmrposes  an  evajxirat ion  of  11  times  wlien  bnrii- 
iii"'  between  .iOlbs.  and  1 01  bs.  of  coal  per  square  foot  of  ^rate 
]UM-  liour,  rising  to  11*5  times  at  2(Hbs.,  could  he  obtained 
from  a  、vell,(l(»sigm、（l  water-tube  Ixiilor.  For  general  service 
at  ( liis  rale  a  value  of  lOlbs.  sliuulil  cert ainlv  be  obtained. 
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The  Weight  of  Boilers.— Tn  Table  TIL  will  be  found  the  dimen- 
sions of  a  few  typical  boilers  and  their  corresponding  weights 
and  steam  production.  Even  if  the  inevitable  discrepancies 
that  must  occur  in  practice  due  to  various  well-known  con- 
ditions be  found  therein,  the  general  deductions  from  this 
list  will  be  found  accurate.  Approximately  the  pounds  of 
steam  produced  per  ton  of  boiler  per  liour  from  and  at  212' 
Fall,  by  the  various  types  are  as  follows  ：  ~~ 

Double-ended ― 3601bs.  per  hour, ― For  relatively  liighlv 
forced  cylindrical  boilers,  such  as  in  Channel  steamers.  ' 

Single-ended —— 3201bs.  per  hour.— For  relatively  liighly 
fon'erl  cylindrical  boilers,  such  as  in  Channel  steamers. 

Double-ended  — 2701bs.  per  hour.  —  For  long-voyage,  large- 
size  vessels  with  lower  rates  of  combustion. 

Single-ended ― 2301bs.  per  hour.— For  long-voyage,  large- 
size  vessels  with  lower  rates  of  combustion. 

For  coal-fired  torpedo-boat  destroyer  boilers— l,8UUlbs.  per 
hour. ― At  full  power. 

In  oil-fired  torpedo-boat  destroyer  boilers— 2, 4001bs.  per 
hour. ― At  full  power. 

No  one  would  suggest  the  torpedo-boat  destroyer  type  of 
boiler  for  a  merchant  vessel.  Suppose  the  steam  production 
in  relation  to  weight  be  halved,  in  order  to  make  proper  allow- 
ance for  tlie  modifications  to  design,  and   permissible  coin- 


LBS.  OF  COAL  PER  SQUARE  FDOT  OF  GRATE  PER  HOUR. 

Fig.  9 

bustioii  as  discussed  below,  the  water-tube  boilers  of  the  3-drum 
type  would  still  weigh  less  than  half  that  of  the  cylindrical. 
As  given  in  Table  II. ，  this  applies  to  the  generator  portion 
complete  and  does  not  include  uptakes  and  funnels,  or,  if 
fitted,  a  Howden  heating  system,  which  can,  of  course,  also 
be  applied.  Roughly  speaking,  a  large  double-ended  boiler 
weighs  '9  tons  per  square  foot  of  grate  surface,  a  single-ended 
boiler  1*02  tons  per  square  foot,  and  a  coal-fired  water-tube 
boiler  '35  tons  per  square  foot.  That  is,  if  increased  in  pro- 
portions and  scantlings  by  50  per  cent.,  to  suit  merchant 
practice,  the  latter  would  only  weigh  one-half  of  the  cylindrical 
unit  for  equal  grate  area  and  steam  production. 

The  approximate  weight  of  an  entire  boiler-room  instal- 
lation with  piping,  pumps,  and  all  accessories  might  be  put 
down  as  ; —— 


For  cylindrical  boilers 
For  Babcock  boilers  . 
For  Yarrow  builors  . 


Tons  per 
yquare  foot 
of  G.S. 


Lbs.  of  steam  per  hour  per 
tun  of  boiler-room  fruiii 
and  at  212^  Fall. 


150  to 細 
450 
490 


It  is  difficult  to  give  in  the  space  available  fuller  informa- 
tion than  that  tending  to  pi'ove  the  point  at  issue  ；  but  in  tlie 
case  of  two  vessels  each  of  2,000  tons ― virtually  sister  ships 
and  fitted  with  the  same  turbines  and  shafting ― the  cylin- 
drical boilers  of  the  one  weigh  3*20  tons,  against  180  tons  of 
the  water-tube  boilers  in  the  other,  the  reiuaiuiug  stokeliold 


weights  being  practically  identical.      In  this  case  i4U  tuns 
represent  7  per  cent,  of  the  displaceirient,  and  about  1 00  tons 
of  wliicli  has  gone  into  additional  deadweight  caj)«acity. 
(To  he  continued.) 


THE  TROLLEY  VEHICLE  SYSTEA\  OF  RAILLESS  TRACTION. 

At  a  meeting  of  the  Society  of  Engineers,  held  on  the  4th 
iust.,  a  paper  on  this  subject  was  read  by  Mr.  Henry  C. 
Adams.  The  trolley  vehicle  system  of  railless  traction,  which 
was  a  comparatively  recent  development  so  far  as  this  country 
was  concerned,  might,  the  author  observed,  be  described  as 
consisting  of  mechanically  propelled  vehicles  adapted  for  use 
upon  roads,  and  moved  by  electrical  power  transmitted 
thereto  from  an  external  source.  The  power  was  obtained 
from  bare  overhead  conductors  erected  and  fixed  in  a  manner 
somewhat  similar  to  that  in  use  for  tramways,  except  that, 
as  there  were  no  steel  rails  for  the  return  current,  a  second 
overhead  wire  was  necessary  for  the  purpose.  The  connec- 
tion between  the  overhead  wires  and  the  vehicles  was  by 
means  of  rigid  trolley  poles  or  flexible  cables.  Installations 
had  been  working  abroad  for  some  years  in  Vienna,  Dresden, 
Erenieii,  Drammen,  Spezia,  California,  and  about  30  other 
places,  there  being  50  miles  in  Italy  alone.  It  was  first 
definitely  suggested  in  this  country  in  1902，  was  now  in 
operation  at  Leeds  and  Bradford,  and  would  shortly  be  work- 
ing at  Dundee  and  Rotherham.  In  November,  1910,  there 
were  15  Bills  deposited  in  Parliament,  and  11  in  November, 
1911.  It  was  understood  that  the  Board  of  Trade  was  con- 
sidering the  question  of  simplifying  and  cheapening  the  pro- 
cedure by  means  of  Provisional  Orders  instead  of  having  to 
proceed  by  Bill,  as  at  present,  so  that  it  was  possible  before 
next  session  the  last  hindrance  to  the  adoption  of  the  system 
would  be  removed. 

There  were  many  localities  where  additional  means  of 
transport  were  urgently  required,  but  the  probable  traffic  was 
not  sufficient  to  warrant  the  outlay  necessary  to  construct  an 
electric  tramway.  Success  had  not  been  obtained  in  the 
smaller  towns  with  motor  omnibuses  ；  it  was  cheaper  to 
generate  power  in  bulk  at  a  central  station  for  trolley  vehicles 
tliaix  to  do  so  separately  for  each  individual  motor  omni- 
bus and  the  wear  of  tyres  and  roads  with  the  lighter 
trolley  vehicles  would  be  less  than  with  motor  omnibuses. 
The  trolley  vehicle  and  motor  omnibus  could  be  steered  with 
equal  facility  in  crowded  narrow  streets.  The  railless  system 
of  traction  was  specially  fitted  to  form  extensions  beyond  the 
termini  of  an  existing  tramway  system,  to  act  as  a  feeder  and 
create  a  traffic,  then,  when  the  time  was  ripe  for  a  track  to 
be  laid,  the  overhead  work  could  be  adapted  for  use  by  tram- 
cars.  A  detailed  description  of  the  various  systems  in 
operation  was  given  in  the  paper. 

The  total  capital  cost  of  the  schemes  was  approximately 
<£3,000  per  mile  of  route,  compared  with  about  £10,000 
per  mile  for  electric  tramways.  The  cost  of  overhead  work 
depended  upon  the  standard  desired  and  the  length  of  cables 
required,  but  for  good  work  might  be  taken  at  from  £1,250  to 
=£1,500  per  mile.  The  vehicles  cost  £700  each.  The  cost  of 
obtaining  Parliamentary  powers  might  vary  from  £400  to 
<£5，000,  dependent  upon  the  amount  of  opposition.  Reason- 
able periods  to  allow  for  repayment  of  the  cost  of  installation 
would  be:  For  the  Bill,  5  years ；  vehicles,  10  to  15  years; 
overhead  equipment,  20  to  30  years  ；  cables,  40  years.  The 
cost  of  working  was  about  5|d.  per  car  mile.  The  receipts 
depended  entirely  upon  local  conditions  ;  they  varied  abroad 
from  5'6d.  to  10'75d.  per  car  mile,  at  Leeds  they  had  been 
10'75d,，  and  at  Bradford  8-25d.  per  car  】iiile，  all  of  which 
figures  showed  a  handsome  profit. 

Trailer  cars  were  run  attached  to  the  omnibuses  abroad, 
but  it  is  doubtful  whether  they  would  be  permitted  in  this 
country.  No  double-deck  cars  had  been  used  at  present. 
Tyre  companies  were  willing  to  maintain  the  tyres  on  trolley 
omnibuses  at  from  Id.  per  car  mile,  dependent  to  some  extent 
upon  the  condition  of  the  roads.  Tyres  had  been  run  for 
28,000  and  24,000  miles  respectively  on  trolley  omnibuses 
abroad.  Any  road  which  now  carried  ordinary  motor-car 
traffic  without'  detriment  could  also  carry  trolley  omnibuses 
without  further  addition  to  the  cost  of  maintenance. 
Attempts  had  been  made  to  obtain  payment  for  the  use  of 
the  roads,  but  in  the  Aberdare  Bill  both  Houses  of  Parlia- 
ment declined  to  iusert  a  clause  requiring  payment. 
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CHINESE  ENGINEERING.^ 

BY  W.  D.  Ji.  DODSON. 

China  has  brought  from  the  past  no  effective  engineering 
ability.  In  their  day,  there  can  be  no  doubt  of  pre-emiuent 
capacity  among  the  builders  of  tlie  old  China.  It  was  a 
narrow,  egotistic  Occident  that  enumerated  the  Seven 
Wonders  of  the  world,  and  omitted  the  work  of  the  Chinese 
engineers  of  antiquity.  Everyone  now  knows  of  the  Great 
Wall,  which  is  found  to-day  extending  from  tlie  sea  out  a 
distance  of  1,500  miles,  up  mountain  and  down,  in  good  con- 
dition,  and  there  are  remnants  beyoud^  which  disappear  in 
the  shifting  sand  dunes.  The  Grand  Canal,  an  engineering 
audacity  for  the  age  of  its  construction,  is  an  industrial 
marvel  izicompaiably  beyond  any  ancient  achievement  of  the 
Occident.  A  system  of  highways  was  once  constructed  in 
China,  radiating  from  Pekiii,  miles  upon  miles  paved  with 
broad  flagstones,  splendid  grades  established,  rock  cuts  made 
around  hills,  and  even  an  occasional  tunnel  driven,  and  this 
system,  comprising  seven  great  trunks,  connected  every  part 
of  the  empire  with  the  capital.  Out  in  Western  China  will 
be  found  to-day  an  occasional  suspension  bridge,  with  chain 
cables.  One  great  Wu，  sung  for  centuries  in  Chinese  tradi- 
tions, irrigated  the  Chengtu  plain  in  the  heart  of  Szechuan 
province,  the  home  of  67,000,000  people,  and  any  man,  who 
will  go  for  days  over  the  caiials  and  ditches  placed  by  the 
engineer  of  the  hoary  past  must  feel  that  the  Occident  has 
overlooked  a  leader  among  Nature's  noblemen.  Arches 
found  at  intervals  over  canals  and  streams  suggest  forgotten 
builders  of  note.  China's  Sorrow,  the  terrible  Hwang  Ho,  or 
Yellow  River,  has  matched  itself  against  engineering  ability 
of  the  greatest  order,  and  often  lost.  A  stream  that  can 
switch  its  debouch  into  the  sea  two  or  three  hundred  miles 
within  as  many  years,  and  which  is  marked  by  the  worst 
types  of  floods,  is  a  worthy  foe  for  any  engineer  the  world 
has  ever  produced,  Occidental  or  Oriental. 

I  hastily  suggest  these  achievements  to  prove  that  China 
has  had  engineering  ability.  She  will  have  again.  But  for 
all  the  years  of  modern,  times,  while  the  Western  world  was 
forging  ahead,  the  Chinese  mind  has  been  repressed.  What- 
ever it  was  that  worked  the  backset  is  seemingly  passing 
away.  Keenest  interest  is  aroused  in  the  minds  of  Chinese 
students  over  engineering  problems.  Those  who  have  taken 
tlie  American  and  European  engineering  courses  have 
developed  into  enthusiastic  and  tireless  workers  upon  return- 
ing home.  In  the  period  since  Caucasians  have  come  in 
contact  with  the  Chinese,  there  has  been  uo  academic  engi- 
neering instruction  until  within  very  recent  times.  The 
Great  Examinations,  the  most  impressive  educational  tests 
ever  known  in  any  land,  were  calculated  to  inspire  knowledge  - 
of  the  literary  classics  only,  and  never  suggested  material 
sciences.  The  Chinese  Civil  Service,  which  stood  upon  the 
educational  system  culminating  in  the  Great  Examinations, 
and  wliicli  made  the  ruling  class  below  the  Imperial  Clan  a 
strict  literary  democracy,  liad  no  place  for  the  work er  in 
material  things. 

For  a  few  years,  since  Chinese  leaders  conceded  I  lie 
supremacy  of  Western  science,  students  were  sent  to  America 
and  Europe,  and  later  a  polytechnic  school  was  established  in 
Shanghai,  and  certain  phases  of  engineering  were  taught  at 
some  of  the  larger  universities.  Chinese  graduates  through 
the  American  and  British  polyteclinic  schools  have  made  most 
progress.  There  is  a  universal  demand  in  China  for  Western 
education.  If  finances  permitted,  the  new  political  order 
soon  to  be  established  would  find  overy  man  with  average 
intellect'  eagerly  absorl)ing  Western  knowledge.  Everything 
in  a  modern  state  affecting  tlie  material  world  will  have  to  be 
acquired.  Transportation,  on  land  and  water,  will  be 
Western.  The  steamboat  is  displacing  the  stately  junk  at  sea 
aiul  on  tlie  river.  The  launcli  beats  tlie  junk  and  sampan 
oil  canal  and  small  stream.  The  railway  is  often  a  pioneer 
for  overland  transportation  for  long  distances,  as  there  are 
large  areas  where  wheeled  vehicles  have  disappeared  for  many 
decades,  except  wlieelbarrovvs.  Electricity,  chemist  rv, 
mechanics,  and  even  organisation  of  aggressive  business  will 
have  to  be  taught,  by  tlie  West.  China  awaits  it  all  eagerly. 
When  tlie  Great  Examination  system  (disappeared ，  in  1907， 
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the  old  China  surrendered.  That  was  the  real  opening  of  the 
door.  Given  opportuuity  to  put  the  political  system  in 
accord  with  these  new  aspirations,  China  will  become  a  superb 
field  for  development. 

A  brief  survey  of  natural  resources  is  opportune.  These 
are  varied  and  abundant.  Mineral  resources  are  almost 
unbelievable.  Much  has  been  published  upon  hasty  surveys 
and  estimates  wliich  is  no  doubt  exaggerated.  But  the 
uncontrovertible  evidence  of  production,  with  range  of  occur- 
rence, favouring  formations  and  superficial  workings  leave  no 
doubt  of  China's  immense  stores  of  minerals.  Baron  Rich- 
tofeii,  the  famous  German  geologist,  placed  estimates  upon 
the  coal  deposits  that  made  the  world  sit  up  and  take  notice. 
He  said  that  Hunau  Province  alone  had  an  anthracite  field 
equal  to  that  of  Pennsylvania.  After  spending  a  long  time 
studying  the  formations  of  Shaiisi  Province,  he  concluded 
that  the  cropping  and  slightly  developed  coal  measures  there 
were  without  an  equal  anywhere.  lu  the  Western  Hills, 
near  Pekin,  Pumpelly  found  coal  mines  which  had  been 
operated  for  perhaps  two  thousand  years,  where  an  extreme 
width  of  one  seam  was  found  to  reach  30ft.  In  Chili  for  a 
considerable  distance  about  Chin  Wang  Tao，  coal  has  been 
niined  for  ages,  and  there  the  big  Chinese  Engineering  and 
Mining  Company  is  now  operating  one  of  the  great  coal  mines 
of  the  world,  with  expensive  modern  machinery.  In  Shan- 
tung an  excellent  soft  coal  has  been  mined  by  the  natives  for 
an  unknown  period,  and  there  the  Germans  are  developing 
several  great  coal  niiiies  on  modern  lines.  In  Manchuria  the 
Japanese  are  making  the  Fushun  collieries  steady  producers, 
with  the  avowed  purpose  of  raising  the  yield  to  five  thousand 
tons  daily.  In  Kiangsi,  Kiangsu,  Honan,  Szechuan,  Hupe, 
Yunnan,  Kwangtung,  and  Kwaiigsi  provinces  good  coal 
deposits  have  been  worked. 

Transportation  for  coal  between  mine  and  world  iiiarket  is 
exceptionally  favourable.  The  Yaiigtze-kiang  lias  a  minimum 
low-water  depth  of  9ft.  to  Haakow,  650  luiles  from  Shanghai, 
and  for  nearly  half  the  year  is  ascended  by  average  coast  and 
light  ocean- going  craft  to  that  pohit.  This  transportation 
line  intersects  the  great  coal  zoue  of  China.  For  ages  coal 
from  Hunan  has  been  taken  by  junk  down  the  Siang  River  to 
the  Yangtze,  and  thence  conveyed  on  the  Asiatic  Father  of 
Waters  to  the  sea  or  consumers  near  seaboard.  Before  tlie 
steamboat  came,  solid  strings  of  juiiks  lined  the  Yangtze  for 
hundreds  of  】niles，  one  side  passing  upstream  and  the  other 
scurrying  down. 

Other  rivers  entering  the  Yangtze  and  the  Grand  Canal 
were  the  old  coal  distributing  lines.  The  Grand  Canal,  built 
primarily  for  movement  of  tribute  grain,  or  tax  grain,  from 
coast  provinces  to  the  capital,  became  a  great  coal  highway. 
But  coal  mining  had  no  hope  until  the  railway  came.  Early 
travellers  in  China  found  coal  not  moving  more  than  100 】i, 
or  30  miles,  from  the  pit  where  mined,  except  by  water. 
Railways  are  now  connecting  the  important  coal-prodiK'iiig 
centres.  The  Ping  Hsiang  colliery,  the  greatest  developed  by 
Chinese  capital  alone,  lias  a  costly  30-mile  railway  connecting 
it  with  the  Siang  River.  Extensive  railway  work  will  within 
a  few  years  open  all.  There  can  be  no  question  but  what  this 
fuel  will  soon  be  in  the  channels  of  trade  ；  and  in  placiii"'  it 
t here  the  modern  engineer  has  a  wonderful  opport unity. 
Many  informed  men  I  met  believe  China  ran  ami  will  in  <hie 
time  duplicate  the  coal  yield  of  the  United  States. 

Iron  occurrence  is  almost  as  general  as  coal.  Hunan  and 
Sliansi  were  the  scenes  of  aiuieiit  Chinese  prodiution, 
especially  Shansi.  In  that  province  I  inspected  the  old,  old 
furnace  type  for  reducing  iron,  and  saw  others  for  the  Hiuiaii 
product  being  used  at  and  near  Hankow.  I  made  a  special 
trip  to  the  Tayeli  iron  mine.  SO  miles  below  Hankow,  ainl 
15 】niles  from  the  Yangtze  River  bank.  Here  a  great  tTop- 
])ing  of  magnetic  and  liematitic-  ores  was  being  mined,  by  the 
Hanyang  Iron  and  Steel  interests,  for  ronsmiiptirm  in  the 
Hanyang  furnaces  and  for  sale  to  the  Japanese  under  a  big 
loan  contract .  Terrace  cuts  were  worked  on  the  sidehill  by 
coolie  hand  labour,  ore  was  dumped  on  to  mere  platforms  and 
(lisclia rgcd  on  to  ore  trains  of  a  small  railway  that  conveyed 
it  to  tlie  river  bank,  where  it  was  dum]>ed  on  to  the  ground. 
Coolie  labom'  drawn  from  the  surrounding  agricnltunil  His- 
trict  was  employed. 

Development  of  China  s  iron  ores  has  not  even  l>c"'mi . 
T  a  yell  was  really  the  only  plaoe  where  modern  needs  were 
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beiug  】net  while  I  was  in  China.  Tnuunierable  districts 
where  Kifhtofen  and  other  learued  travellers  tli rough  China 
found  superficial  workings  of  an  extensive  character  are  yet 
to  be  opened.  At  Tayeli  the  Japanese  hud  made  a  loan  of 
four  to  six  million  taels,  and  were  taking  pay  in  iron  ore,  at 
the  rate  of  150,000  to  200,000  tons  a  year  at  a  phenomenally 
low  figure.  The  Japanese  were  using  this  ore  at  the  Imperial 
Steel  plant  at  Wakamatsu,  in  Japan.  A  shrewd  provision  in 
the  contract  penalising  heavily  where  the  iron  content  went 
below  given  percentages  was  working  to  Chinese  loss,  as  the 
contract  apparently  had  been  based  upon  early  shipments 
when  magnetite  was  handled,  and  the  main  volume  of  ship- 
ments later  was  hematite.  The  Hanyang  Iron  and  Steel 
Company,  since  reorganised  under  another  name,  owned  the 
Tayeli  iron  mine,  the  Pinghsiang  collieries,  and  the  iron  fur- 
naces and  rolling  mills  at  Hanyang.  Good  progress  was 
being  made  in  producing  commercial  pig,  railway  rails,  and 
several  rolling  mill  products. 

Coke  production  was  being  attempted  on  a  large  scale  at 
but  two  points,  the  Pinghsiang  collieries,  in  the  Yangtze 
basin,  and  the  Tongshan  mines,  in  Chili,  the  first  being  the 
work  of  the  Hanyang  Company,  and  the  latter  of  the  Chinese 
Engineering  and  Mining  Company. 

Copper  was  probably  mined  in  Yunnan  and  Kweichau 
provinces  of  China  before  the  Romans  ever  thought 
of  working  the  Rio  Tinto  copper  mines  of  Spain.  This 
metal  was  used  for  the  very  ancient  Chinese  cash  mintage 
in  periods  antedating  the  Christian  era.  Recently  a  French 
syndicate,  operating  from  Tonkin,  or  French  China,  has  con- 
structed a  railway  to  the  heart  of  the  ancient  copper  zone  of 
Yunnan,  and  there  is  prospect  of  important  development 
work  when  the  Chinese  Government  permits  modern  opera- 
tions. Copper  abounds  in  many  parts  of  China,  two  or  three 
of  the  foreign  concessions  having  been  for  such  ores. 

About  one-fifth  of  the  tin  of  the  world  is  mined  in 
southern  China,  largely  Yunnan  Province.  Crude  mining 
methods,  followed  by  cruder  reduction  and  refining,  gives  the 
industry  little  opportunity  to  grow.  Mercury  has  been 
packed  out  of  Kweichau  Province  and  shipped  to  the  world 
for  many  centuries.  Important  cinnabar  deposits  are  still 
found  there,  which  are  also  promising  of  material  develop- 
ment when  properly  opened.  Antimony  ores  are  being  taken 
from  Hunan  Province  to-day  by  the  Germans,  a  concentrating 
plant  being  operated  at  Hankow  to  facilitate  the  trade. 
Manganese  is  being  mined  in  connection  with  the  iron 
industry.  Szechuan  has  deep  brine  wells,  from  a  few  of 
which  natural  gas  is  procured  to  evaporate  the  brine.  A  salt 
iTiarsli  in  the  southern  end  of  Sliansi  Province  is  reputed  to 
have  been  used  by  the  Chinese  for  five  thousand  years,  being 
the  salvation  of  the  inland  nation  before  it  got  a  footing  on 
the  sea.  Every  mineral  that  we  know  is  found  there.  Gold 
is  barely  mined  at  all,  but  this  seems  due  to  absence  of  proper 
encouragement,  for  there  are  many  streams  where  panning 
methods  are  ancient  custom .  One  quartz  mill  was  erected  in 
Shantung,  by  means  of  a  foreign  promotion,  and  dismally 
failed,  for  the  mill  preceded  ore  development.  L.  S.  J. 
Hunt,  the  American,  got  a  concession  from  the  old  Korean 
Emperor  and  built  up  a  great  Oriental  Consolidated  Mining 
Company  property,  having  220  stamps,  which  is  one  of  the 
large  gold  mining  enterprises  of  the  world.  Mineral  forma- 
tions are  very  favourable,  the  area  of  China  immense,  and 
there  is  no  reason  why  it  should  not  become  a  great  gold- 
producing  country  in  the  coming  years.  • 

Foreign  engineers  direct  all  modern  mining  and  reduction 
operations  that  I  observed,  but  were  training  astute,  obser- 
vant Chinese  staffs  for  the  work.  Germans  directed  tlie 
Pinglisiang  collieries.  Under  Mr.  Lee,  a  German  staff  was  in 
cliarge  of  the  Hanyang  reduction  plant  and  rolling  mills.  A 
German-American  engineer  was  in  charge  of  the  Tayeh  iron 
mine.  The  great  plant  of  the  Chinese  Engineering  and 
Mining  Company  had  British  and  German  engineers  in 
charge,  this  being  nearly  entirely  owned  by  British  capital, 
following  a  struggle  with  the  original  Chinese  interests.  In 
Shantung,  German  capital  and  engineers  direct  all  the 
modem  coal  operations  of  that  district.  No  people  of  tlie 
world  are  giving  foreign  engineers  a  more  cordial  welcome 
than  the  Chinese.  , 

Electric  plants  grow  rapidly  of  late.  Light  and  power 
plants  were  going  up  in  the  more  prominent  cities,  the  latest 
under  Chinese  ownership  and  management.,  with  a  foreign 
engineer  iu  charge .      No  hydro-electric  installations  are 


pra<;tical  in  tlie  central  or  iiortlierii  region,  so  all  plants 
generate  with  coal  fuel.  As  a  rule  the  company  getting  tlie 
equipment  contract  has  a  contract  about  furnishing  an  engi- 
neer for  a  given  period.  Germans  and  British,  wiili 
occasional  Dutch  aiul  French,  have  most  of  tliis  work  in  haiul. 

Railway  construction  in  China  has  bBen  fast  for  seven  or 
eight  years,  and  will  be  at  a  far  swifter  pace  when  tlie 
reorganised  country  permits  industrial  development  to  keep 
pace .  The  Imperial  Railways  of  North  China,  a  Governrnejit 
enterprise,  built  by  means  of  a  British  loan,  covers  the  terri- 
tory from  Pekin  to  Mukden,  via  Tientsin  and  Chinwangtao. 
The  main  line  mileage  is  about  five  hundred  miles.  A  British 
engineer-ill-chief  directs  the  operating  department,  construc- 
tion and  maintenance  included.  Most  of  his  staff  are 
Chinese,  A  railway  school  is  maintained  to  train  mechanics 
and  operatives.  Chinese  engineers,  firemen,  conductors,  and 
other  members  of  the  crew  man  all  trains.  Repair  and  new 
construction  work  is  carried  on  in  the  large,  well-appointed 
shops  at  Tongshan,  where  the  Chinese  make  coaches  and 
freight  cars  and  will  even  reconstruct  an  engine.  An  official 
prominent  in  the  company  told  me  that  the  year  preceding 
operating  costs  were  but  28  per  cent,  of  revenues,  which 
astounding  statement  lie  maintained  was  based  upon  fair 
bookkeeping  methods.  Both  freight  charges  and  passenger 
fares  are  low,  there  beiug  three  classes  of  passengers. 

The  Pekin-IIankow  line  was  built  under  a  Belgian  conces- 
sion, with  joint  Belgian  and  French  engineering,  and  all 
equipment  was  drawn  from  those  countries.  The  Shangliai- 
Nankin  line  was  a  British  concession,  where  British  engineers, 
materials,  and  equipment  were  used  exclusively.  Americans 
were  granted  the  Canton-Han kow  concession,  and  opened 
work,  but  not  being  financed,  hawked  the  franchise  until 
Chinese  wrath  was  aroused.  The  syndicate  was  trying  to  sell 
to  a  Belgian  and  French  concern  when  the  Chinese  redeemed 
the  grant  and  have  prosecuted  slow  construction  since  by 
means  of  Chinese  and  British  funds,  with  a  proviso  giving 
British  engineering  preference.  In  Manchuria  everything  in 
connection  with  the  great  South  Manchuria  Railways  is 
Japanese,  except  the  American!  rolling  stock  and  rails,  which 
were  bought  in  this  country,  but  these  would  have  gone  to 
Japanese  factories  had  the  country  been  able  to  provide  them . 
A  joint  German  and  British  concession  was  granted  for  the 
Tientsin-Pukow  line  of  nearly  seven  hundred  miles,  German 
engineers  and  materials  prevailing  at  the  northern  end,  and 
British  at  the  southern.  In  Shantung  two  hundred  and  fifty 
miles  of  main  line  railway  has  been  built  under  German  con- 
cession, everything  being  German  in  the  work.  At  the  time 
I  left,  the  Chinese  were  building,  with  their  own  finances, 
engineers,  and  workmen,  the  Pekin-Calgan  line,  and  were 
making  remarkable  records  in  the  charges  for  cutting  and 
filling  roadbeds,  in  some  instances  running  about  half  the 
charges  for  same  work  on  the  Shanghai-Nankin  line.  The 
most  insistent  demand  being  made  by  the  Chinese  of 
foreigners  at  that  time  was  for  permission  to  have  a  freer 
hand  in  railway  construction,  witli  the  privilege  of  purchas- 
ing materials  and  equipment  in  the  market  offering  the  best 
for  the  least  money. 

Many  lines  of  industry  beyond  the  possible  scope  of  this 
paper  were  observed,  wherein  the  foreign  engineer  and  busi- 
ness manager  were  being  given  free  rein.  Cement  manu- 
facture and  sugar  refining  are  great  industries,  being 
conducted  mostly  under  foreign  guidance,  and  sometimes 
exclusive  foreign  control.  Silk  filiatures,  flour  mills,  paper 
factories,  cotton  spinning  plants,  and  arsenals  were  being 
erected  and  operated  under  foreign  guidance. 

I  have  emphasized  how  engineering  is  largely  determined. 
Most  of  the  loans  inade  there  fix  the  nationality  of  the 
engineers  and  the  purchasing  place  for  material  and  equip- 
nient.  Nearly  all  engineers  pull  for  the  products  of  tlieir 
own  nations,  even  when  not  obligated  to  do  so,  and  especially 
will  they  do  this  wliere  prices  are  nearly  the  same  and  relative 
merits  are  subject  of  debate.  ^ 

•In  enumerating  a  few  resources  of  the  country,  I  have 
omitted  one  of  oversliadowing  moment ― China's  reserve  of 
labour.  There  is  nothing  approaching  this  elsewhere  in  tlie 
world.  Chinese  estimates  of  their  own  population  aive 
410,000,000  to  420,000,000  people  in  the  18  provinces. 
Multitudes  of  the  coolies  are  as  fine  specimens  of  physical 
strength  as  any  race  produces.  Coolie  bearers  of  the  interior 
have  been  pronounced  by  experts  the  third  strongest  class  of 
the  world,  certain  Chilean  miners  being  placed  first,  and 
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Turkish  porters  second.  For  feats  of  fortitude  and  prolonged 
endurauce,  these  Chinese  coolies  liave  no  superiors.  Ways  of 
1  i f'e  and  traditional  customs  seem  to  limit  range  of  initiative, 
but  any  man  who  lias  worked  among  them,  and  adapted 
himself  to  certain  Oriental  principles,  gains  a  very  favourable 
impression  of  their  future.  I  spent  two  years  travelling  over 
China  with  a  demonstration  telephone  plant,  of  the  automatic 
type.  After  my  expert  mechanic  furnisliecl  by  the  factory 
was  taken  ill  and  had  to  return  home,  I  operated  the  plant 
with  a  Chinese  crew  without  serious  difficulty,  and  found 
their  ininds  remarkably  keen  to  master  】neclianical  intricacies. 
Foreigners  who  have  lived  among  them  for  years  declare  them 
marvellous  mechanics.  All  the  machinery  going  to  the 
Orient  is  operated  by  the  Chinese,  witli  only  loose  supervision 
in  most  instances.  For  courage  and  daring,  where  a  cool 
head  and  steady  nerve  are  required,  I  believe  the  Chinese  are 
in  the  foremost  rank  when  given  the  proper  discipline.  In 
handling  machinery  wliich  requires  keen  eyes  and  alert  minds 
they  are  ready  to  sail  on  the  margin  of  danger  to  gain  speed, 
and  seem  to  enjoy  the  hazard  involved.  Certainly  a  race  that 
can  man  the  crazy  junks  which  for  centuries  have  tempted  the 
typhoon -whipped  seas  bordering  China  will  become  great 
navigators  some  day.  I  found  that  amazing  fund  of  labour 
willing,  able,  alert,  and  inclined  toward  progress.  Unless  my 
cliart  of  human  nature  is  wholly  in  error,  Chinese  labour, 
properly  directed  in  the  midst  of  Chinese  resources,  wijl  bring 
forth  results  to  gladden  the  world.  I  can  see  nothing  to 
prevent  those  people  soon  becoming  a  mighty  nation  of 
modern  times. 


LOCOMOTIVE  FIREBOX  WITH  BRIDGE  WALL  AND 
COMBUSTION  CHAMBER. 

Tin:  desirability  of  cfTecling  complete  t(jinbustion  of  fuel  and 
g'ises  in  the  firebox  of  a  locomotive  boiler  is  generally  recog- 
nised, but  difficulties  are  encountered  in  effecting  this  under 
tlie  conditions  oi"  locomotive  construction  ami  operation.  The 
firebrick  arch  and  the  combustion  chamber  are  important 
auxiliaries  in  ensuring  this  complete  combustion,  but  while 
they  are  used  extensively  their  use  is  by  no  means  general. 
The  adniissioTi  of  air  to  the  fire  is  necessary  for  good  com- 
bustion, ])ut  oil  probably  a  large  majority  of  locomotives  a 
considerable  proportion  of  the  trouble  from  leaky  tube  ends, 
cracked  t  ube  sheet's,  &(■.，  is  due  to  the  entrance  of  lar^^e  volumes 
of  cold  air  when  the  fire-doors  are  opened,  this  air  chilling  the 
hot  plates  and  tubes，  and  (if  in  excess)  lowering  the  efficiency 
of  the  combustion. 

An  interesting  modification  in  firebox  construction  which 
has  been  designed  to  facilitate  complete  combustion,  and  which 
incidentally  reduces  boiler  repair  work,  consists  of  placing  a 
firebrick  bridge-wall  just  in  front  of  the  tube  sheet.  The 
products  of  combustion  have  to  pass  over  the  narrow  spa、'e 
above  this  wall,  and  the  space  behind  it  forms  a  c-ombustiou 
chamber  and  spark  trap,  while  the  wall  protects  the  tube  sheet 
from  the  attack  of  currents  of  cold  air  entering  the  five  door. 
The  wall  is  perforated  and  air  is  supplied  to  the  firebox  through 
these  openings,  so  as  to  give  an  ample  air  supply  and  to 
deliver  it  (highly  heated)  at  a  point  where  it  will  act  upon  tlie 
fire  without  striking  tlie  plates  or  tubes.      Tlie  construction 


STEEL  CASTINGS. 

A  LECTURE  on  "  Steel  Castings  ，，  was  delivered  by  Mr. 
Brearley,  of  Sheffield,  to  members  of  the  British  Foundry- 
men's  Association,  in  London,  on  the  8th  inst.  Mr.  Brearley 
pointed  out  that  the  coarse  crystalline  appearance  which  the 
fracture  of  a  steel  casting  was  supposed  to  have  was  not  now 
a  sufficient  distinction  between  castings  and  forgiiigs. 
Examples  of  the  coarse  crystalline  fractures  of  steel  cast  in 
sand  moulds  and  slowly  cooled  were  exhibited,  and  also  illus- 
trated by  lantern  slides,  side  by  side  with  portions  of  the 
same  casting  after  heat  treatment.  The  exposed  fractures  of 
the  latter  were  in  all  respects  imdistinguishable  from  well- 
wrought  forgings.  The  lecturer  spoke  highly  of  the  work- 
shop value  of  careful  observation  of  fractured  and  prepared 
surfaces  with  a  hand-lens  or  any  other  available  magnifying 
outfit,  and  then  showed  by  a  series  of  low-power  photographs 
the  wonderfully  perfect  structure  of  the  interior  of  separate 
crystalline  grains  of  mild  steel.  By  the  same  means  the 
defects  arising  in  and  about  the  crystalline  grains  were 
demonstrated,  and  a  clear  impression  conveyed  of  the  objects 
to  be  attained  by  annealing.  He  thought  it  highly  undesir- 
able that  unannealecl  castings  should  be  brought  into  any 
kind  of  service  where  a  reliable  object  was  called  for,  and 
showed,  quite  apart  from  the  question  of  cooling  stresses,  how 
they  might  be  expected  to  fail,  and  how  the  important  ques- 
tion as  to  wliether  or  not  a  casting  had  been  successfully 
annealed  could  be  determined  by  a  simple  means.  The  main 
object  to  be  accomplished  by  annealing  was,  he  said,  the 
elimination  of  the  coarse  crystalline  striu^ture  due  to  cooling 
from  the  liquid  state,  and  the  substitution  of  a  much  finer 
structure  by  methods  which  varied  with  the  composition  of 
the  steel -  Some  slides  were  exhibited  illustrating  the 
hindrances  which  occurred  in  uncontrollable  ways  to  tlie 
attainment  of  this  object,  and  led  also  to  that  kind  of  rupture 
between  tlie  crystals  known  to  the  found ryman  as  pullinfj . 
The  pulling  of  "letal  as  it  passed  frojn  tlie  fluid  to  tlio  solid 
state  was  illustrated  by  a  few  instances  omin'ing  in  simple 
shapes  usually  cast  in  chill  uioulds.  The  difficulties  he 
indicated  were,  however,  sucli  as  could  bo  ovorconio  l>y 
intellit^e))!  caro  and  doso  observation. 


Disastrous  Locomotive  Boiler  Explosion  in  the  States. —— A  Keutor 
message  from  New  York  says  tliat  14  persons  have  been  killed 
tlii'cmgli  the  explosion  of  a  locomotive  boiler  in  tlio  Soutliorn 
Pacific  Railway's  round  house  at  San  Antonio  (Texas). 
Many  others  were  injured. 


LOCOMOTIV  !■：   i'lKKltOX  WITH  JiltlDCK  W  A  I.I.  AN  [)  CoMlllSTION  ClIAM  hKU. 


referred  to  has  been  applied  to  a  number  of  engines  witli 
satisfactory  results,  as  noted  below.  It  has  been  invented  and 
patented  by  F.  F,  Gaines,  superiiiteii(leiil  of  motive  power  of 
the  Central  of  Georgia  Railw;? y,  Savannah,  Ga.  To  him  we 
are  indebted  for  particulars  and  plans  of  the  firebox,  and  for  h 
recorfl  of  tests  made  witli  one  of  tlie  eiigiiies  thus  equipped. 

The  general  const riK  tion  is  clearly  shown  in  the  accompany- 
ing cut,  which  shows  its  application  to  a  wide  firebox  liaviii*;  a 
total  interior  length  of  lift.  4in.  from  back  plate  to  tube 
plate.  A  cross  frame  carries  the  bridge  wall,  wliioli  gives  a 
rlear  length  of  Sft .  lin.  for  the  firebox  proper  (as  before  its 
modification  and  lengthening)  and  a  combustion  oliainber  24 in. 
wide  between  the  wall  and  the  tube  plate.  The  bottom  of 
t  his  chamber  is  sloped  to  a  spark  hopper  or  cliuto  fitted  with  a 
gate,  as  shown.  The  wall  has  five  -Aiii.  tubes  which  end  at 
enlarged  openings  just  below  the  overhanging  top  of  the  wall, 
so  that  the  air  entering  is  tlirown  into  tlie  hottest  part  of  the 
fire.  Tliese  tubes  extenil  below  the  firebox,  where  thev  are 
turned  to  a  horizontal  position  and  fitted  with  truin])et-sliai>ed 
mouths.  The  open  space  between  (he  bridge  wall  and  the 
<'ro\vn  of  the  firebox  has  a  maximum  lieiglit  of  IG.Un. 

This  firebrick  bridge-wall  ronst ruolioii  has  been  applied  to 
； 1  number  of  engines  in  both  freight  and  jiassenger  service  on 
tlie  Chicago  Great  Western  Railway.  J.  G.  Neuffer,  superiu- 
tendent  of  motive  power,  states  that  it  materially  improves  ihe 
steaniiii*^  canacily  (wIumo  t liore  is  ani]ilo  *;ra(o  surface)  aii<l 
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reduces  the  repair  work  on  the  tubes,  but  the  device  has  not 
been  in  service  for  a  sufficient  length  of  time  to  allow  of  an 
opinion  as  to  what  effect  it  may  have  on  the  firebox  plates. 
These  engines  have  narrow  fireboxes,  42|in.  wide  inside  at  the 
grate,  with  the  usual  mushroom  section  of  the  upper  portion. 
The  inside  length  from  back  plate  to  tube  plate  is  9ft.  4in.， 
while  the  wall  divides  this  into  a  firebox  proper  6ft.  6iii.  lonf( 
and  a  combustion  chamber  20in.  long.  No  information  is 
available  as  to  the  fuel  economy  on  this  road. 

In  regard  to  tlie  question  of  fuel  economy,  however,  we  have 
been  furnished  by  Mr.  Gaines  、vitli  a  record  of  tests  made  on 


engine  demand,  whether  light  or  heavy  ；  and  must  be  so  well 
designed  and  built  as  to  function  under  ilio  most  trying 
conditions  of  vi))rat  ion  ami  jar,  and  in  any  position  less  ilian 
complete  overt  uni.  Its  action  must  not  be  seriously  affected 
by  weather  conditions  and  provision  must  be  made  for  meet- 
ing readily  wide  variation  in  character  of  fuel  supply. 

Increase  in  deinand  】iiay  result  either  froin  arldiiional 
load  or  increase  in  piston  speed.  Tlie  heavy  load  at  low  speed 
results  in  an  intermittent  carburetter  action,  while  at  the 
higher  speeds  the  flow  of  mixture  to  a  inultiple-cyliiuler  motor 
is  nearly  continuous.      So  in  addition  to  respondinir  to  a 


Tests  of  Locomotives  with  Different  Types  of  Fireboxes,    Central  of  Georgia  Eailioay. 


Stops. 

Coal  Consumed. 

Water  Evaporated. 

IvUii  per 

Actual  timo, 
li.m. 

No. 

Time, 
h.m. 

Total, 
lbs. 

Per  1,000 
ton-mile.s, 
lbs. 

Per  hour, 
lbs. 

Total, 
lbs. 

=s 卞— 

t,  m  oi 
coal, 
miles. 

Engine  No.  1,014,     With  Gaines  Firebox. 


6-34 

0 

1-04 

11,950 

93 

1,820 

90,800 

8 

10 

l(i 

74 

(5-42 

8 

1-33 

13,350 

104 

1,991 

109,000 

8 

10 

14 

!)8 

()-12 

7 

0-49 

12,450 

97 

2,008 

105,7r)() 

8 

4!) 

OS 

0-39 

7 

1-12 

14,250 

111 

2,143 

109,800 

71 

14 

04 

26-07 

4-38 

52,000 

101 

1,991 

421,350 

8 

10 

15 

38 

Engine  No.  1,012.     With  Ordinary  Firebox  and  Brick 

Arch. 

7-12 

5 

0-57 

20,400 

159 

2,833 

121,458 

5 

95 

9 

80 

8-04 

5 

1-16 

21,900 

170 

2,715 

124,887 

5 

70 

9 

13 

6-43 

5 

0-45 

19,087 

148 

2,841 

113,095 

5 

93 

10 

48 

7-20 

8 

1-43 

22,500 

176 

3,068 

121,883 

5 

42 

8 

89 

29-17 

4-41 

83,887 

163 

2,865 

481,323 

5 

74 

9 

54 

Engine  No.  1,716.    Newer  engine,  with  Ordinary  Firebox  and  Brick  Arch. 

8-00 

9 

2-33 

S 

(—1 

117 

1,875 

110,400 

7 

36 

13 

33 

7-24 

10 

1-41 

16,500 

128 

2,230 

120,000 

7 

27 

11 

43 

6-50 

9 

1-20 

13,800 

107 

2,080 

102,801 

45 

M 

49 

7-28 

12 

1-42 

15,600 

121 

2,089 

117,160 

51 

12 

82 

29-42 

7-16 

60,900 

118 

2,050 

450,367 

7 

39 

13 

14 

Efficiency  based  on  coal  consumption  per  mile  :    No,  1,014,  100  per  cent.  ；  No.  1,012,  61-96  per  cent.  ；  No.  1,716,  85-58  per  cent. 


the  Central  of  Georgia  Railway,  in  January,  1911.  The  tests 
were  made  in  freight  service  between  Mason  and  Columbus, 
100  miles,  but  a  train  of  18  steel  cars  loaded  with  company 
coal  was  used  for  all  runs,  so  as  to  avoid  complications  due  to 
changes  in  load  and  compopition  of  the  train.  The  weight  of 
train  was  1,286'25  tons.  All  the  engines  were  of  the  consoli- 
dation (2:8:0)  class.  No.  1,014,  with  cylinders  21in  by  32in., 
had  the  construction  shown,  and  a  total  heating  surface  of 
2,987'33  sq.  ft.  No.  1,012  was  identical  with  No.  1,014， 
except  that  it  had  the  original  boiler  unchanged  and  a  brick 
arch  ；  its  heating  surface  was  3,022*29  sq.  ft.  No.  1，7】6 
had  cylinders  22ia.  by  30iii.，  and  its  firebox  had  a  brick  arch  ； 
the  toal  heating  surface  was  3,230  sq.  ft. 

The  same  kind  of  coal  was  used  on  all  engines  and  on  all 
runs.  It  contained  1*55  per  cent,  sulphur,  and  the  analysis 
was  as  follows :  Fixed  carbon,  55'11  per  cent.  ；  volatile  com- 
bustible matter,  30.56  per  cent.  ；  ash,  12.94  per  cent.  ；  mois- 
ture, 139  per  cent.  The  heat  value  (by  the  Mahler- Atwater 
calorimeter)  was  13,179  B.T.U.  per  pound  of  dry  coal,  or 
12,996  B.T.U.  per  pound  of  coal  actually  used.  The  relative 
efficiency,  based  on  coal  consumption  per  mile  and  taking  the 
equipped  engine  No  1,014  as  100  per  cent.,  was  61"96  per  cent, 
and  85'88  per  cent.,  respectively,  for  the  non-equipped  engines 
Nos.  1,012  and  1,716.  The  excess  in  coal  consumption  as  com- 
pared with  the  equipped  engine  No.  1,014  was  15*94  tons  for 
No.  1,012  and  4*45  tons  for  No.  1,716.  A  summary  of  the 
tests  is  given  in  tlie  accompanying  table. ― "  Engineering 
News." 


quantity  change,  the  carburetter  must  also  meet  a  variation 
in  the  character  of  the  demand. 

Until  recently,  effort  was  centred  in  meeting  these 
operative  conditions,  and  but  little  consideration  was  given  to 
cost  of  operation.  With  the  growing  popularity  of  the  auto- 
mobile and  motor  boat,  however,  and  the  advent  of  a  number 
of  carburetters  giving  satisfactory  service,  questions  of  fuel 


SOME  TESTS  ON  CARBURETTERS.* 

BY  GEORGE  、、'•  MUNRO. 

The  carburetter  used  on  vehicle  motors  is  a  inaohine  for 
mixing  liquid  gasolene  with  air  in  such  proportions  that  the 
motor  will  always  be  supplied  with  combustible  mixture 
suitable  for  explosive  burning  behind  the  engine  piston.  For 
satisfactory  service  it  must  respond  automatically  to  the 

*  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 


FK;.  1.— CARiaRKT'lKK  A. 

economy  arose,  demanding  comparative  tests  and  per- 
formance. Here  the  lack  of  established  methods  of  testing, 
the  absence  of  standards  of  comparison,  and  even  a  too 
limited  nomenclature,  prove  troublesome. 

The  Problem  of  Carburetter  Testing. ― The  peculiar  features  of 
tlie  problem  are  that  a  carburetter  is  used  only  in  connection 
witli  an  engine  and  so  si 画 Id  properly  be  tested  in  use  績 
it,  thus  introducing  engine  characteristics  into  all  results. 
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Again,  the  engine  requires  a  carburetter  for  operation,  and 
so  its  perfonnance  cannot  be  determined  free  from  carburet- 
ter factors.  From  this  it  appears  that  the  two  must  be 
tested  together,  and  the  securing  of  a  proper  standard  for 
comparison  of  results  is  most  important. 

As  the  best  possible  performance  of  tlie  engine  marks  also 
tlie  best  possible  carburetter  action,  the  complete  deter- 
mination of  the  engine  characteristics  would  establish  a  basis 
for  comparing  the  behaviour  of  any  carburetter  "which  might 
be  used.  Owing,  however,  to  the  fact  that  the  characteristics 
of  some  carburetters  are  always  superimposed  on  those  of  the 


carburetter  was  also  tested,  tlie  results  of  which  are  omitted 
for  reasons  discussed  elsewhere. 

The  Carburetters, ― The  carburetters,  selected  to  represent 
as  widely  different  types  as  possible,  covered  the  standard 
construction  of  tlie  different  inanufacturers  at  the  time  tliey 
were  loaned  or  donated  for  the  purpose  of  the  investigation. 
The  details  of  carburetter  construction  have  changed  so 
rapidly,  however,  in  the  two  years  since,  that  tlie  results 
should  now  be  interpreted  as  applying  to  the  type  of  instru- 
ment rather  than  to  the  particular  output  of  any  manu- 
facturer. 


Fic.  2.— Carburetter  B. 

engine,  the  limitations  due  to  such  purely  engine  factors 
as  compression,  shape  of  the  clearance  space,  and  friction, 
cannot  be  readily  determined.  However,  if  an  engine  were 
tested  under  the  same  running  conditions  with  a  large  number 
of  carburetters,  some  one  of  them  might  furnish  a  perfect 
mixture  and  the  best  possible  performance  of  the  engine 
would  be  realised.  The  repetition  of  this  process  with  a  large 
number  of  running  conditions  would  ultimately  result  in 
defining  completely  the  engine  performance.  It  is  too  much 
to  expect  that  this  result  could  be  accomplished  by  testing 
only  six  carburetters,  but  lacking  any  other  standard  the 
best  result  obtained  under  each  running  condition  has  been 
plotted  on  each  sheet  of  results  for  comparison. 


，，― 》T〜 ― , 


Fl".  3.— CaRIU  KKTTKK  C. 

Scope  of  the  Work. ― Tlie  six  ('arlmretters  were  tested  under 
identical  engine  coiulitions  through  a  range  of  10  speeds  from 
300  to  1,200  revs,  per  】ninute.  At  each  speed,  tests  were 
run  witli  lOlbs.,  201bs.,  301bs.,  &c.，  net  load  on  the  brake  up  to 
the  imixiimun  which  could  be  carried,  imikiiig  80  tests  wit h 
each  carburetter.  The  impossibility  of  maintaining  all  the 
conditions  and  lark  of  time  made  it  impossible  to  complete 
all  of  tlie  series,  but  a  total  of  401  tests  was  seiured,  witli 
results  so  consistent  as  to  indicate  the  essential  ； u'curacv  of 
the  work .  In  addition ,  the  experimental  work  involved  the 
repetition  of  one  entire  carburetter  series,  due  to  a  broken 
crank  shaft  ami  consequent  changfe  of  engines  after  tlie  work 
with  tlie  first  carburetter  had  been  completed.      A  seventh 


Fig.  4.— ('AUliCUETTEU  D. 

Carburetter  A  (Fig.  1)  is  a  concentric  float-feed,  single- 
jet,  auxiliary  air-valve  carburetter  in  which  the  auxiliary 
air  supply  is  regulated  by  an  adjustable  spring  controlling 
a  light  flat-seat  metal  valve. 

Carburetter  B  (Fig.  2)  is  a  concentric  float-feed,  single -jet 
type  with  floating  ball  auxiliary  air  valves,  in  which  the 
auxiliary  air  enters  by  raising  the  ball  valves  in  their  cages 


Fl';.  5.— CARBL'RETTEn  K. 

ill  response  to  the  suction  caiised  by  increase  of  engine 
demand.  Both  these  carburetters  have  many  points  of  resem - 
blaiice,  and  were  chosen  because  of  the  difference  in  auxiliary 
air  control. 

Carburetter  C  (Fig.  3)  is  of  the  concentric  float-feed  type, 
but  has  no  needle  valve,  the  adjustment  for  fuel  charac- 
teristics being  made  by  changing  gasolene  nozzles.  The 
auxiliary  air  valve  is  controlled  by  two  springs,  one  of  whirl) 
<'onies  into  action  only  under  conditions  of  high  demands. 
Carburetters  A，  B,  ami  C  have  in  oonunon  the  same  general 
design  features  ：  a  gasolene  nozzle  with  constant  level  fuel 
supply  around  wliioli  passes  an  unregulated  air  current,  the 
air  velocity  being  increased  at  tlie  nozzle  tip  by  a  constric- 
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tion  of  the  air  passage  at  that  point.  As  this  device  gives 
a  mixture  too  rich  to  be  explosive  at  all  except  under  the 
conditions  of  lightest  demand,  provision  is  made  for  the 
admission  under  automatic  control  of  additional  air  to  dilute 
the  mixture  to  required  proportions.  The  notable  differences 
consist  of  various  automatic  air  controls,  fuel  controls  to  the 
nozzles,  and  forms  of  the  constant  air  supply  passages.  Of 
these  the  automatic  air  control  was  considered  the  most 
important,  and  was  the  controlling  factor  in  the  selection  of 
these  carburetters  for  this  work . 


Fig.  6.— Carhuretter  F. 

Carburetter  D  (Fig.  4)  is  a  float-feed,  two- jet,  automatic- 
valve  type,  the  automatic  valve  operating  to  keep  one  jet 
from  service  except  under  conditions  of  liigh  demand.  When 
the  demand  increases  beyond  the  capacity  of  the  first  nozzle, 
the  increased  suction  opens  the  valve  above  the  second  jet, 
which  is  of  the  cone  multiple  spray  type,  additional  mixture 
being  thus  secured. 

Carburetter  E  (Fig.  5)  is  a  float-feed,  】iiultiple- jet  type 
with  floating  veiituri  air  tubes  surroundiiig  the  nozzles.  The 


puddle  furnishing  mixture  sufficiently  rich  for  starting  with 
air  supply  wide  open. 

Carburetter  G  is  one  of  the  very  early  machines  equipped 
with  a  lifting  needle  under  control  of  the  throttle.  Its 
behaviour  on  test  leads  to  the  belief  that  it  is  not  represen- 
tative of  the  type  and  so  no  interest  attaches  to  the  results, 
which  are  not  given.  It  is  mentioned  here  only  because  it 
gave  maximum  economy  under  a  number  of  conditimis,  which 
results  have  been  plotted  for  comparative  purposes. 

Testing  Plant. ― The  tests  were  made  on  a  new  Rutenber 
4-cylinder,  4 -cycle,  automobile  engine.  The  cylinders, 
diam.  by  5in.  stroke,  were  equipped  witli  a  single  spark  plug, 
and  the  timer  controlling  the  ignition  system  was  provided 
with  a  pointer  and  scale,  showing  the  ignition  point  with 
reference  to  the  inner  dead  centre  in  degrees  of  crank-shaft 
position.  The  power  was  measured  and  absorbed  by  a  prony 
brake  having  an  arm  of  a  2'1875ft.  radius,  bearing  on  plat- 
form scales.  An  oil  drip  on  the  brake-wheel  rendered  the 
brake  very  sensitive  and  eliminated  all  tendency  of  the  engine 
to  "  hunt."  Speed  was  determined  by  an  indicating  tacho- 
meter carefully  calibrated  for  the  speeds  to  be  maintained. 
The  fuel,  ordinary  stove  gasolene,  had  a  specific  gravity  of 
0723,  and  was  supplied  from  a  vertical  cylindrical  tank 
having  a  gauge  glass  and  scale  properly  calibrated.  The 
cooling  water  for  tlie  motor  was  stored  in  a  large  tank  out  of 
doors,  and  after  use  was  discharged  to  the  sewer .  The 
operation  of  the  plant  was  in  every  way  satisfactory,  and 
conditions  of  speed  and  load,  once  established,  could  be  main- 
tained constant  as  long  as  desired. 

Adjustment.  ―  In  preparing  for  the  tests  the  engine  was 
" tuned  up  ■'  by  adjusting  the  carburetter  for  range  and 
economy  as  follows :  To  maintain  the  maximum  load  at 
1,200  revs,  per  minute  ；  to  give  least  possible  fuel  consump- 
tion under  maximum  conditions  ；  to  run  light  at  300  revs, 
per  minute  or  slower  ；  to  accelerate  properly  when  the 
throttle  was  opened  quickly  ；  and  to  attain  all  intermediate 
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FIG.  7— Results  of  Tests  with  Carhlretter  A.    Best  Performance  Obtained  I'ltow  any  Test  Indicated  by  Soun  Dot. 
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10  50 


FIG.  8.— RESULTS  OF  TESTS  WITH  CARBURETTER  B.       BEST  PKIU  OltM ANCK  OBTAINED  I  ROM  ANY  TESI  INDICATED  BV  SOLIU  DoT. 


jets,  four  ill  number,  are  successively  brought  into  action  as 
the  piston  throttle  is  operated  to  uncover  their  ports,  tlie 
floating  of  the  air  tube  being  intended  to  maintain  constant 
quality  of  mixture  throughout  the  range  of  each  jet. 

Carburetter  F  (Fig.  6)  is  of  tlie  concentric,  float-feed, 
puddling  type,  a  gasolene  puddle  being  formed  in  the  bottom 
of  the  U-sliaped  air  passage  under  conditions  of  light  demand. 
With  increased  demand  the  puddle  disappears  by  evapora- 
tion, the  fuel  supply  being  restricted  by  the  needle  valve. 
No  auxiliary  air  supply  is  provided  in  this  carburetter,  the 


roiiditions  under  throttle  aud  spark  control  without  inisfires, 
backfires,  or  noticeable  Smoke  at  the  exhaust.  This  "tuning 
up  ，，  with  each  carburetter  in  turn  was  done  by  a  man  of 
experience  and  skill,  ami  it  is  believed  that  the  adjustments 
were  uniformly  good. 

The  Tests. 一 After  adjustment  the  speed  was  brought  to 
300  revs,  per  ininute,  the  brake  load  adjusted  to  lOlbs.,  tlie 
cooling  water  regulated  to  give  desired  cojiditions,  and  a 
6-inin.  test  made,  readings  of  fuel  consumption  and  tempera- 
ture of    out-going    cooling    water    being    taken   at  1  min. 
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intervals.  The  temperatures  of  the  room  and  incoming  cool- 
ing water  remained  nearly  constant,  and  were  taken  only  at 
the  beginning  and  end  of  each  test. 

The  tests  were  made  in  the  order  of  increasing  loads  and 
speeds,  that  is,  the  load  was  increased  at  constant  speed  to 
tlie  engine  capacity  when  the  speed  was  increased  by  100  revs, 
per  minute  and  the  load  series  repeated.      At  all  times  the 


After  the  10  load  series  were  completed,  a  "  range  test" 
was  made,  the  carburetter  adjustment  remaining  the  same 
as  throughout  the  economy  tests.  Maintaining  the  maxijiiuni 
load  which  the  engine  would  carry  at  1,200  revs,  per  minute, 
the  speed  was  gradually  decreased  by  throttle  and  spark  to 
the  lowest  point  at  which  the  load  could  be  carried.  The 
results  are  given  graphically  in  Fig.  14. 
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Fig,  0.— Kesults  of  Tests  with  Carburetter  C, 
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engine  was  given  I  lie  most  advantageous  spark  sett  ing, 
ignition  adjustment  being  made  before  each  test.  No  adjust- 
ment of  cooling  \v;il(M'  supply  was  made  (hiring  a  load  series 
unless  tlierc  seemed  danger  that  the  boiliiif^  point  would  In* 
reached  before  the  series  was  ('omluded.  This  shows  in  a 
gradunlly  increasing  temper;"  mt'  of  outgoing:  cooling  \va(t*r 
through  each  load  series. 


The  Results. ― Tlie  results  of  all  t est s  are  giveMi  in  graphical 
i'orm  in  Figs.  7  to  12  inclusive.  The  ^rapliical  met  hod  fol- 
lowed in  ])rosont results  has  tlie  ； ulvantage  of  being  con - 
cisc  and  of  fim"sl"i、g  certain  roiupa risons  in  the  process  of 
presentation  ；  wliereas  tabula! ion  of  the  same  (lata  requires 
a  quite  hewiMeriiv?  mass  of  iifjuros,  from  which  rnnipa risons 
arc  ilrawii  only  with  diflkully.      In  tlie  matter  of  accuracy 
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there  is  some  advantage  in  tabulation,  yet  here  the  gain  is 
not  so  great  as  might  appear.  Take,  for  example,  the  fuel 
coiisuuiption  i)er  hour  which  has  been  plotted  to  tenths  of 
(a  pound,  while  the  fuel  reading  was  originally  m ade  to 
luuuh'edths  of  a  pound  for  a  one-tenth  hour  test,  making  the 
plotting  of  the  same  accuracy  as  the  original  observation , 

An  inspection  of  the  result  sheets  shows  that  for  each 
】oa(l  series  there  might  b&  drawn  a  smooth  curve  wliicli  would 
show  the  performance  characteristic  of  the  carl)iireiter  for 
that  speed.    These  curves  were  not  drawn  in,  as  it  did  not 


oarbureiier  lins  been  indicated  by  l)l;"'k  dots  in  each  case  for 
cojiiparisoii. 

Table  I.  shows  the  niaxiniuiu  liorse-jxnver  developed  ai 
each  speed  with  each  carburetter,  together  with  the  (； orre- 
Kl)on(ling  fuel  (consumption  and  engine  efficiency.  The  best 
performance,  22,2  per  cent.,  corresponds  to  a  fuel  consump- 
tion of  0736  pints  of  gasolene  per  horse-power  hour.  The 
liighost  brake  load,  781bs.,  deinaiids  a  mean  effective  pressure 
of  81bs.  to  tlie  square  inch  for  the  brake  loarl  aloTie. 
Assuming  a  mechanical  efficiency  of  85  per   cent,  for  the 


Table  1. — Maximum  Potoer  and  Engine  Performance  at  each  Speed  unth  each  Carburetter. 
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seem  wise  to  confuse  the  presentation  of  data  with  its  inter- 
pretation, but  to  illustrate  the  characteristics  of  the  various 
carburetters  Fig.  13  has  been  drawn,  giving  the  results 
obtained  from  all  carburetters  at  1,100  revs,  per  minute. 
Comparison  of  these  curves  with  the  results  obtained  from 
the  same  carburetters  at  near-by  speeds  shows  that  they  are 
typical  forms. 

Engine  Performance. -- As  previously  indicated,  the  best 
performance  of  the  engine  has  a  special  interest  in  a  series 
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Brake  toad  in  Pounds 
Fig.  13.— Curves  showing  Cakbujiktxer  Charactkristics  ai  I'Uhj  r.I'.m. 

of  carburetter  tests,  as  it  forms  the  only  available  basis  for 
comparison  of  carburetter  action.  For  this  reason,  as  well 
as  because  of  the  interest  that  naturally  attaches  to  records 
of  engiiio  performance,  the  best  engine  results  at  each  speed 
have  been  shown  graphically  in  Fig.  14,  botli  in  terms  of 
gasolene  per  brake  liorse-power  hour  aii<l  in  per  cent,  tliernial 
efficiency,  based  on  an  assumed  caloriH (；  value  of  *20,70() 
B.Th.U  per  pound  of 'gasolene.  Also  the  best  results  obtained 
with  each  load  at  800  revs,  per  minute  have  been  shown  in 
Fig.  15  ill  the  same  way.  Smooth  curves  have  been  fliawu 
to  assist  the  eye  in  following  the  points  and  to  indicate  1  he 
general  trend  of  results.    The  best  peri'oriiianee  with  any  one 


engine,  the  mean  pressure  on  the  piston  would  be  951bs., 
which  corresponds  closely  with  the  best  that  is  obtained  with 
the  same  fuel  in  stationary  practice,  and  shows  that  con- 
ditions in  the  cylinder  are  not  materially  changed  up  to  seven 
or  eight  cycles  per  second.  Indeed,  the  steady  increase  of 
efficiency  with  speed  indicates  that  speed  does  not  interfere 
with  cylinder  performance  within  the  limits  of  the  experi- 
ments. 

Conclusions. ― A  consideration  of  the  results  obtained  leads 
to  the  following  conclusions  : — 

(c/.)  Under  identical  conditions  of  speed  and  load  an  engine 
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gives  materially  different  fuel  economy  when  served  by  diffe- 
rent carburetters. 

(/')  Carburetter  action  is  the  limiting  factor  iu  engine 
capacity  as  well  as  in  economy. 

{c)  Wide  range  and  perfect  operation  give  110  iiidicalioii 
of  fuel  economy. 

(<7)  Each  carburetter  has  disi inctive  perroriiiaticc  <'harac- 
ieristii'S  which  may  be  dctennined  ami  plotted. 

{<')  The  characteristic  may  be  such  that  a  i-arburetler 
giving  excellent  results  under  some  coiulilions  may  give  very 
poor  economy  over  a  large  part  of  its  range. 

Heiiig  the  limiting  element  of  engine  capacity  and 
cHouomy,  the  rarlnu'etter  is  a  machine  of  great  engineering 
and  econoiuic  importance,  and  as  such  demands  more  scien- 
tific methods  in  its  development  than  have  yet  betMi  applied. 
This  would  necessitate  systematic  testing  and  coniparisou, 
not  only  of  widely  different  types,  but  of  tlie  same  carburetter 
after  minor  changes  iu  design.      A  method  of  testing  car- 
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buretters  which  would  be  independent  of  engine  charac- 
teristics is  much  to  be  desired,  as  then  results  obtained  by 
different  experimenters  in  different  places  could  be  directly 
compared.  Lacking  such  a  method,  it  seems  desirable  that 
ail  engine  be  properly  equipped  and  placed  in  some  laboratory 
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■Fig.  15.— Curves  showing  Best  Performance  op  Engine  at  Each  Load, 
Speed  Constant  at  800  r.p.m.      Best  Peepobmance  with  Single 
Cabburetter  (Carburetter  F)  indicated  by  Solid  Dot. 

for  the  testing  of  carburetters,  thus  establishing,  after  the 
engine  characteristics  became  thoroughly  known,  a  definite 
standard  available  for  reference.  Such  a  standard  would  be 
valuable  only  in  case  carburetters  retain  their  relative  charac- 
teristics when  transferred  to  different  engines,  which  seems 
probable  but  has  not  yet  been  established  experimentally. 

This  would  require  a  large  expenditure,  both  for  plant 
and  for  operation,  and,  undertaken  as  a  commercial  venture, 
would  probably  be  attended  with  financial  loss.  Engine 
builders,  however,  spend  vast  sums  each  year  in  developiug 
and  perfecting  their  output,  and  when  the  dependence  of  the 
engine  on  the  carburetter  is  considered,  it  would  seem  that 
several  engine  manufacturers  might  profitably  unite  in  the 
systematic  improvement  of  the  carburetter. 


"TOP  FEED"  FOR  LOCOMOTIVE  BOILERS. 

In  locomotives  in  which  the  feed  water  is  introduced  at  tlie 
lower  part  of  the  boiler,  troubles  are  sometimes  experienced 
in  the  sha',e  of  grooving  at  the  junction  of  the  front  tube 
plate  and  the  barrel,  as  well  as  the  breaking  of  stays  in  the 
region  of  the  throat  plate.  With  a  view  to  overcome  these 
disadvantages,  Mr.  C.  J.  Churchward,  M.Iust.C.E.,  Chief 
Locomotive  Carriage  and  Wagon  Superintendent  of  tlie  Great 
Western  Railway,  has  introduced  the  arrangement  illustrated 
herewith,  in  which  the  water  is  fed  into  the  boiler  at  tJie 
top.    Referring  to  the  illustration,  it  will  be  seen  that  the 


Tor  Fkki)  Foit  Locomotive  Boii.kks. 

feed  pipes  A  are  carried  up  round  the  outside  of  the  boiler 
barrel  to  the  clack  boxes,  which  are  fixed  on  to  the  seat  for 
the  safety  valves.  Ball  valves  V  are  arraiit^od  as  shown  in 
t,he  feed  pipes.  Tlie  feed  water  is  discharged  into  the  slioot 
B,  thence  into  the  two  trays  C,  and  finally  flows  through 
tlie  holes  in  the  sides  of  the  trays  to  the  water  below.  The 
device  lias  been  fitted  to  several  hundred  engines  on  the 
Great  Western  with  such  successful  results  that  the  coinpaiiv 
have  decided  to  adopt  it  on  all  their  engines.  By  its  us^  it 
is  claimed  that  the  troubles  which  arise  from  the  strains  set 
up  when  the  feed  water  is  introduced  into  the  boiler  at.  the 
lower  part  are  obviated.  Tlie  1  rays  are  so  arranged  that 
they  can  easily  be  withdrawn  for  cleaning  purposes. 


INDUSTRIAL  AND  TRADE  NOTES. 
Electric   Iron    Smelting    in    Norway.  — According  to  the  British 

Acting  Consul  at  Christiania,  Avork  will  ])c  conuncnced  at  the 
electric  iron  smelting  works  at  Tinfos,  in  Tolemarken,  in  May 
i]f>xt,  with  three  blastfurnaces  and  a  reserve  furnace,  provided 
that  ； I  concession  is  obtained  for  laying  wires  for  conducting 
electricity  at  high  tension  to  the  works. 

Canadian  Pig  Iron  Production.— The  "Bulletin"  of  the  Ameri- 
c;m  Iron  and  Steel  Association  of  March  1st  states  that,  a (霄 cl- 
ing to  statistics  which  the  Association  have  received  direct  from 
the  manufacturers,  the  production  of  pig  iron  in  Canada  in  1911 
amounted  to  824,345  tons,  as  against  740,210  tons  in  1910,  an 
increase  of  84,135  tons,  or  over  ]1'3  per  cent. 

Motor  Omnibuses  for  Canada. ― The  municipal  authorities'  of 
Toronto  contemplate  the  establishment  of  motor  omnibus  services. 
It  is  estimated  that  an  initial  outlay  of  about  £411,000  will  be 
required,  and  will  include  the  purchase  of  20,0  motor  omnibuses. 
Commuaications  from  British  firms  interested  should  be  addressed 
to  Mr.  C.  H.  Rust,  City  Engineer,  City  Hall,  Toronto. 

Barrow  Steelworks  to  be  Restarted.— The  directors  of  the  Barrow 
Steel  Company  have  decided  to  restart  the  plate  mills  at  IJai  row 
Steol  Works  which  have  stood  idle  for  the  past  three  years, 
immediately  after  the  settlement  of  the  coal  strike.  Alterations 
to  the  big  mill  are  being  made  which  will  enable  it  to  turn  out 
much  wider  plates,  and  thereby  meet  the  requirements  of  ship- 
builders more  completely  than  formerly.  Local  requirements 
have  never  been  so  large  as  at  the  present  time,  and  the  whole  of 
these  wants  have  for  a  few  years  been  fulfilled  from  outside  the 
district. 

State  of  the  Skilled  Labour  Market. 一 The  inontlily  meinoranduin 

l>rpi>ared  by  the  Labour  ])('imrtiiient  of  the  Jioard  of  Trade  states 
that  employment  in  February  continued  good.  Towards  the  end 
of  the  month,  it  began  to  be  affected  in  certain  industries  by  the 
coal  dispute,  which  has  since  had  a  very  serious  effect,  especially 
on  those  trades  using  large  quantities  of  coal.  In  the  coal- 
iiuning  industry  employment  was  excoptioiially  good  until  the 
beginning  of  the  great  dispute  ；  it  was  also  good  in  the  engineer- 
ing and  shipbuilding  trades.  The  pig-iron  industry  was  earJy 
affected  by  the  coal  dispute,  and  showed  a  marked  falling  oft' 
compared  with  the  previous  months.  There  was  also  a  decline  in 
the  tinplate  industry.  As  compared  with  a  yea r  ago  there  was  a 
decline  in  the  pig-iron  trade.  In  all  the  other  principal  indus- 
tries there  was  an  improvement,  、vhidi  was  cspotially  ir.arkod  iit 
the  iron  and  steel;  tinplate,  engineoring  and  shipbuilding  trades. 
In  the  394  trade  unions,  with  a  net  membership  of  829,695,  mak- 
ing returns,  23,611  (or  2  8  per  cent.)  were  returned  as  unemployed 
at  the  end  of  February,  1912,  compared  with  2-7  per  cent,  at  tlic 
end  of  Ja iiuarv,  1912,  and  3  3  per  cent,  at  the  end  of  Folnuarv. 
1911.  ' 

Galloways,  Ltd. ― The  report  of  tlii.s  company  for  1911  states 
tliat  for  the  greater  part  of  the  year  the  Lancashire  boiler  trade 
was  A\orse  than  in  1910,  tliou^li  there  was  a  distinct  impruvem*"" 
(lurin<j;  the  last  f(MV  iiiontiis.  Kxcessive  couipetitiuii  ami  low  prictvs 
still  continue  in  the  ongine-buildinji;  trade.    The  first  jj;as  onjiiiu'. 

1,350  b.h.jt., has  beeuconipleted. 
Tlie  price  ol>tained  >lio\ve(l  a 
loss,  but  it  is  lioi»ed  tlie  eiijrinc 
"ill  be  ； I  means  of  o，*tainin"' fur- 
ther orders.  Arrangeinents  ha\  o 
Ueen  made  for  the  inauutacture 
of  patent  j^as  pnulucers.  The 
tiireetors  say  the  p redout  cimdi- 
tion  of  business  i>  much  Itetter 
t lian   shown   Ity   tlie  Imliinro- 
sheet.    The  orders  booked  dur- 
ing the  last    four  inoiith>  aic 
sullii-ient  t»t  keep  both  cngino 
and    boiler    works   well  occu- 
pietl   for  some  months   on  a 
]>r<>lit  eaniino;  basis.     Tlie  directors  Iiave  a^ain  (locidod  not  (o 
；"' {'"pt  any  rtMiniiieration  for  their  sorvit-es  for  ilio  .vt、ar.  Aft，'r 
cliar^iii^  1'5.182  to  <leprociati(»ii  thoro  a\ as  a  profit  on  tr;i(l in;: 
account  foi-  the  year  of  il.liO",  and  sundry  rmlit、s  1;.V>8.  making 
.V;iainst  this.  lu»\\ ovor.  must  l»r  phuiMl  (lel»onture  iiitoro>t 
t(i,Onu  and  the  special  loss  named  a l>ove  <»f  increasiiiji  tlu* 

deficiency  by  £6,070,  to  £l>(i,138.  In  1910  the  debit  l>;ibinoo  was 
iiK'reased  hy  £9,403.  :iiid  tho  iiiterest  on  iho  \\\ eforonco  shares  i-s 
in  arrear  since  June.  1908. 

Amalgamated  Society  of  Engineers.  —  The  Mai  Hi  ivpm't  of  tl"、 
Ani:il^am;UtMl  StK-irty  i>f  l':"gimM'i's  states  that  the  ineinl>ors)iip  of 
tlio  oi^jniisation  is  now  123."."57.  as  com  pa  rod  with  122.20*1  a  inoiitli 
i»^<>  1 1-.-I7  a  your  :ip、.  It  is  intii，，;" （"！  that  tlio  i"、g'、t"»ti<»" 
of  a  dema rcation  agreonitMit  、vas  not  coniplcti'd  at  ihc  locont  con- 
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tVronoe  ()、vi"g  to  a  projiosal  ol"  tho  tMii plovers  to  siihstitnto  lor 
Chuiso  3,  as  they  had  orijj;iiially  driii'tcd  it,  a  now  "  I'orin  of  words 
wliioli,  in  tlio  opinion  of  the  joint  trades,  、v<)iil(l  Iimvc  i>rafti('ally 
nullified  the  confession  made."  The  (luostion  w  as  \vil  as  :i  s' 山 j«'('t 
for  i'urtlior  coiTespoiuhMict*,  it  l)eing  distinctiy  iHulorstootl  I  if 
this  point  was  not  satisfactoi'ily  settled  no  }n\v\>  r(、（'unim(>ii(l:itit'ii 
would  l)e  signed.  The  text  of  an  important  resoliiLion  on  i\w  sub- 
ject of  tht*  pi'einiiini  homis  system  p;is8cd  utuuiiinonsly  l»y  the 
Premium  Bonus  Joint  Conunittee  is  ^"ivoti  in  the  ivport.  This  is 
as  follows  :  "That  this  nioeting-  considers  the  recent  vote  t:i  kcii 
and  the  expressions  of  coiifoi-nuty  by  those  who  have  not  ta k(Mi  a 
vote  be  taken  as  a  ^uaraiittH'  of  nnaniniity,  and  t!iat  the  secretary 
he  instructed  to  coiiiniiiuicate  with  the  various  cniploytM's'  associa 
tions  coiiceriHMl  ititiiiiatiii;^  (mr  objection  to  tlie  pi'oiiiium  bonus 
system  and  !e(|uestin^'  a  conferonce  t()  discuss  tho  qnostion  ol  its 
abolition."  The  A.S.K.  dolei^ates  ;i^i'*mm1  to  this  resolution, 
although  during  the  discussion  they  made  it  clear  tlint  their  society 
was  not  <>;oin<>;  to  lead.  Tliey  had  done  so  l)ef("'e  (in  tlie  48-bours 
movement),  they  snid,  and  had  been  "  left  in  tli(、  lurch  by  tluMV 
quondam  allies."  They  were  w  illiiii^  to  inovo  provided  there  w  as 
a  (lefiniti*  and  explicit  pltxl^  hacked  hy  a  voto  oi'  tlio  nionilnMT-; 
of  each  society,  to  co  optTJitc. 

Trade  Union  Membership  and  Funds.— The  Boa rd  ()i  Trade  1 7tli 
report  on  trade  unions  in  the  United  Kinj^cloni  was  issued  on 
Saturday  last.  The  report  last  issued  dcai t  with  1905-7,  aiul  tlit' 
present  report  covers  the  three  subsequent  yea rs,  thus  liriiij^iii';^ 
tlie  statistics  of  trade  luiions,  federations  of  trade  unions,  and 
trade  councils  up  to  the  end  of  1910,  the  latest  yoar  for  、vhi(li 
returns  aro  available.  The  present  report  states  the  first  t、v<> 
years — 1908-9 — of  the  triennial  period  covered  by  this  report  、veiv 
years  of  bad  employment  and  falling"  wages,  and  these  facts 
ai)pear  to  have  had  a  considerable  effect  on  the  niembership  of 
the  trade  unions,  whicli  declined  hy  o7,0()().    This  off  in 

1908-9  Mas,  however,  niofo  than  counterbalaiicod  hy  an  iiicreiisc 
of  73,000  in  1910,  a  yeiw  of  improving  employment,  the  net 
increase  in  the  three  years  being  tlius  16,000^  v/hicli  left  the  total 
inenihersliip  at  2,430,000,  or  less  tlian  1  ])or  cent,  above  that  of 
1907,  a  rate  of  increase  which  com])ares  with  a,  rise  of  7  per  cent. 
Ill  the  ]>revi()us  three  years.  Seventy-seven  per  cent,  of  tho  total 
membership  of  trade  unions  at  the  end  of  1910  was  inchided  in 
538  unions  registered  under  the  Trade  Union  Acts,  while  tho 
remaining  23  per  cent,  was  distributed  anion p;  615  unions  not 
so  registered.  During  the  19  years  for  、、hi (小  particulars  aro 
available  (1892-1910)  the  total  expenditure  of  the  100  principal 
unions  was  £3o,300,00(),  of  which  £5，100，000  was  spent  on  cHsi 川 te 
honefit,  £8，9(>0，()00  on  unemployed  benefits,  nnd  £14,100,000  on 
other  benefits  (sick,  su])erannuatioii ,  &c.).  The  total  funds  of  the 
100  unions,  which  at  the  end  of  1893  were  only  28s.  per  member, 
gradually  increased  until  at  tlie  end  of  1906  they  anion iited  to  80s. 
])(^v  iiieiiiber.     At  the  end  of  1910  they  stood  at  70s. 

The  Boilermakers'  Society. ― The  General  Seci'etai  y  of  the  IJoiloi - 
makers'  Society  ( Mr.  John  Hill)  in  his  March  report  states  that 
trade  in  February  was  booming,  and  for  output  of  sliipbuikliii^ 
put  all  previous  records  in  the  shade.  Orders  were  still  com i up;  in 
to  yards  already  filled  with  vessels,  new  shipyards  wore  lK、ing 
opened,  aiul  additional  capital  was  being  invested  in  the  indnstry. 
Mr.  Hill,  in  retVrriiiii;  to  the  abolition  of  the  premium  bonus 
system  in  the  Royal  Dockyards,  says  :  "  This  action  on  the  part 
of  the  Admiralty  is  most  opportune,  as  we  have  just  a.ucceeded  in 
()l)taining  unanimity  among  the  leaders  of  the  chief  trades  con- 
cerned, ami  a  joint  note  has  been  sent  to  engineering  and  ship- 
Iniikliiig  employers  on  the  question.  "We  have  persistently  ojijiosed 
the  premium  hoinis  system  from  its  inception.  Preinium  l)(miis 
IS  tho  most  perni{-i()us  system  over  introduced  for  the  unjust  ex- 
])l<>itation  of  workmen,  jxnd  our  inembors  lmv(、  already  s】>()k("i 
and  voted  on  the  question  with  no  uncertain  meaiiiiiii;/'  Keferrin<^ 
to  the  negotiations—regarding  a  demarcation  a<i;reeniont,  ？ 1r.  Hi'I 
says  :  "Of  all  questions  wo  have  to  cloal  with  that  of  {leiuarcatioii 
of  work  betw  een  ourselves  and  other  trade  unions  is  the  most  dis- 
ji^roeable.  For  nearly  three  years  we  have  heon  trying,  along  with 
some  other  30  trades ,  to  come  to  some  arrangement  with  the  two 

federations  of  employers.  We  have  been  giving  away  point 
after  point  until  everything  of  any  value  to  us  as  ii  society  has 
heen  given  up.  We  met  the  employers  a^ain  in  February,  and 
tound  them,  like  Oliver  Twist,  still  wanting;  move.  This  broke 
the  patience  of  the  most  lon^^-suffering  tnitlos  amongst  us,  luul  we 
inianiniously  decided  to  tell  the  employers  、ve  had  reucliod  t!i(、 
limit,  and  we  sop;i rated  witltout  an  agreement.  Our  members 
fiui  rest  assured  that  no  a^reeiuent  on  this  question  will 
i»e  nf'cepted  hy  their  officials  until  the  scheme  has  li。（'，）  siihniittod 
to  them  a nd  their  votes  asked  tliereoii." 

Qualifications  of  Mine  Surveyors  —In  a  statemeiit  issued  a  fow 
(lays  a.i^o  the  Home  >S('(*reta  ry  gives  notice  tli;»t  ho  lias  nuulc  ； ui 
ordor  under  the  C(m】  Alines  Act,  1911,  i)ros('ril)in<i  the  ciualilica- 
tions  for  a  sui'voyor  of  mines,  to  whicli  that  Act  :ii>i>lios.  Viulcr 
the  ordei-  a  survt'vur  must  hold  oitlior  (a)  a  certiiicato  fioni  tlic 
new  Board  fur  M  in  111：!；  Exam i nnl  ions  to  I10  niipointi'd  umh、r  tin- 


Aft,  or  i'vom  an  institution  npproved  by  tlio  Socreta ry  of  State, 
as  to  liis  exp(>ri(!ii(;t>,  coinpctcncOj  and  character  ；  or  (I))  a  first- 
class  ('(M'tifioH-te  of  competency  as  maiia^iier  with  nu  ondorsejnont 
l)y  :i  division  ill  inspector  of"  mines  or  by  tlio  Bo;!  rd  that  tiie  holder 
lins  had  at  least  two  years'  practifril  oxijoficnf-c  in  t lie  surveying 
ol'  niiii(\s.  Any  person,  liowovtM-,  employed  as  a  sm'Vf'yor  ； it  t.lic 
time  of  tho  piissiii*^-  of  the  Act  ( DeceiiilKM*  KHli,  1911),  will  I"' 
entitled  to  obtain  a  certificate  without  *'\;imiiiation  f I'oiii  the 
Inspector  IVliiies  of  tlie  district  in  wliicli  1"'  was  so  empl();v(、（l 
on  satisfying  the  inspector  as  to  his  ex[)oriejK*o^  r-ompotence,  and 
('liii rncfcor.  Application  for  sucli  0(M*tifi(';it<»s  must  l»e  made  to  tho 
ins|KHt(»i'.s  before  December  31,t  next.  Th('y  should  I"'  acfom- 
pnii ( I )  l)y  a  cei'tificate  from  tlio  111  iUinfj;(M'  of  the  "lin iti  wliifli 
the  applicant  was  employed  on  l)('('(>iiil)('r  1 0th,  191 1 .  st;i ti njj;  tli;i t, 
lit*  w  MS  cMiujloyt'd  ； IS  a  siirv(>vm'  at  thitt  mine  at  t!':it  <l;i te,  nnd 
testil yinji;  as  to  Ii is  s()ljri<'ty  and  ； i('iK>r:il  good  coiuliicL  ；  (2>  l)y  :i 
rortificiite  from  that  nianaj^cr  (； nid  il'  mwssary  from  iruuui^rs 
mid(、r  wlioni  tlic  applicant  was  ！) r(>\.i(>iisl>'  f""pl()ywl)，  .sliowinji; 
that  lie  has  luid  ； it  least  two  years'  practical  exj>f'ri("if'(、  in  the 
surveyin<i;  of  niiiics  ；  and  (3)  hy  a  -st:itpm("it  sigi](  d  l>y  tho  appli- 
cant as  to  tho  nature  of  liis  training  and  (>xneiieuc*o  in  niiiio 
surveying".  Holders  of  a  first-class  certififnte  as  manager  wlio 
desire  their  certificates  endoi'sed  hy  tlio  tlivisioii;il  inspector  of 
mines  must  forward  a  oertificjite  from  ;i  manager  or  nianao;er,s  as 
Lo  tlu'ir  cxpericMice,  :uid  must  ； ilso  forua rd  their  iiiaiiat^cr's  cortifi- 
catc.  J  MstitutioMs  desirous  of  ht'in.ii;  apprm'tvl  by  tlie  Secretni-y 
of  State  for  the  purposes  of  granting  certificates  to  surveyors 
should  ncldress  an  application  to  tlif  T^ikIpi-  Scci-ctMry  of  SU: 飞 te， 
H'nne  Office,  London,  S. W. 

Barrow  Hematite  Stf cl  Company.  一  The  report  for  the  yoar 
states  tli:it  the  profit,  hH"iv  (led noting  debenture  interest  and 
df^l)r(、c'iation，  was  £64,711 ,  and  £;10,1()8  brou^Jit  foi'waid.  TIk* 
dii-oc'tors  recommend  payment  of  the  cumulative  dividend  011  the 
first  p reference  shares  for  the  year  1911,  and  the  cumiilativo 
dividend  on  the  second  preference  shares  for  1909.  For  the 
p;rpater  portion  of  the  year  1911,  tlie  iron  and  steel  trades  wore  in 
a  very  unsettled  condition .  Prices  of  pig  iron  were  low,  and 
certain  hi-aiiches  of  the  steel  trade  wevo  qui  to  ，inr<、ni  micM'ativc. 
Foi'tiinatoly,  a  certain  amount  of  benefit  was  derived  from  the  ro- 
niodeiled  hhustfni'iiaco  during  the  latter  part  of  the  year,  the 
furnace  having  been  completed  in  May.  Up  to  the  present  time  it 
has  worked  satisfactorily,  and  tho  directors  have  decided  that 
another  furnace  of  similar  design  should  be  built.  This  is  mnv 
ill  course  of  erection,  and  it  is  hoped  will  be  comiileted  in  June 
noxt.  The  directors  have  entered  into  a  contract  witli  tlie  Simon- 
Carves  Company  for  the  erection  of  40  new  by-product  ovens  at 
tlu'  colliery,  together  with  a  tar  distillery  phuit,  and  in  addition, 
upon  the  advice  of  their  colliery  manager,  have  iindertaki'ii  the 
remodelling  of  a  piirt  of  the  plant  with  a  view  to  maintaining  tlio 
output  luicl  iiiiiiiiiii.sino;  cost  of  production.  Shipments  of  ore 
from  tlie  Beni  Felkai  Mines,  in  which  the  company  is  iutoi'estpd, 
were  t'onti lined  (Im'ing  the  year,  and  71 .000  t(jns  of  tho  com pany's 


supply  were  refoi\'e(l  from  this  source.  1'he  results  for  (lie  last 
tlirci^  years  Jiavc  been  ； is  iimler: ― 

1911.  1910.  1""!、. 

£  £  t 

Profit     04,711  o4,r,94  4G,310 

Bmught  forward    10, 108  9,000  8,384 

Available   74,879  (； 54  54.094 

Deheiitiu'e  interest    ]."^780  ir>，724  15,703 

】）eprec'iatioi,    L*().r>()U  20.000  11,637 

ExtoMsions   11  .()()；)  ...  1  (j,03l^ 

First  proferenco  dividend    2,202  2,2(>2      2. 202 

S(H'()ii(l  i)rofV，'('ii<'(、  (li\'iflon(l    1 ."),(!()()  M. ()()()  ... 

C;UTi(、(l  forward   ^   H),:^l>8  ll),l(;8  9,0()0 


Tlu'  seooiul  prcfVroiice  divid(Mi(l  is  two  years  in  ar roar.  Tho  last 
(lividt'iid  iKivmciit  on  tlie  ordinary  si  1  a  re  cnnital  was  2  per  cent, 
for  1907.  *  ' 


140, 00 J-volt  Transformers. 一  Twelve  140,000-volt  transformers 
are  being  built  by  the  General  Electric  Company,  of  Schenec- 
tady, N.Y.,  for  the  Eastern  Michigan  Power  Company. 
These  are  for  60-cyc'le  operation  and  each  lias  a  capacity  of 
3,000  kv.-a.  They  will  stand  about  19ft.  high  on  a  floor 
space  lift,  by  r)ft.  Each  transformer  will  contain  about 
4,000  gals,  of  oil,  and  oil- fi]led  high-tension  leads  will  be  useJ, 
eacli  lead  itself  containing  about  30  gals,  of  oil.  These 
terminal  casiiii^s  liave  cast-iron  bases  whicli  are  fitted  to  the 
cover  and  extend  down  into  the  tank  well  under  the  oil. 
Each  terminal  is  tipped  with  a  brass  ball  and  the  whole  lead 
is  designed  to  reduce  the  possibility  of  corona  disrliari^^e.  The 
Iransrorniers  arc  designeJ  to  withst  uul  a  test  of  280,000 
volts  between  the  high-tension  winding  and  all  other  parfs. 
These  are  the  highest  voltage  transformers  yat  dsveloned  for 
'foaunorcial  s?rvice.  " 
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NEW  PATENTS. 

Specifications  of  the  ]olloicvn<j  ore  now  published,  and  we  shall 
he  pleased  to  forward  copies  post  Jree  on  receipt  of  lOd.  A ddress 
" Mechanical  Engineer,"  53,  Neic  Bailey  Street,  Manchester. 

MECHANICAL,  1910. 

Process  for  compressing  air  or  ^as.  Liehlifh. 
Knt-ine  valves.    Slmman.    27883  and  27884. 
Steam  fmgiiies.    Slnimaii.    27885.  - 
Ai)|>;ir:itus  for-  purir.viiig  the  feed-watpr  ioi' 
iMoiichiii.  3()20G. 


27848. 


1911. 


；" 1(1 


vossf'ls.     Vi\  rsons. 


4500. 


Propulsion  and  steering  (>l  aor: 
J()91. 

l^opcllcrs  Mild  fans.    Ik^adon.  ― 

I>nnips,  comin-ossors,  aiui  turhiiies.     Pliill'mw.,  4708. . 

Viilves  and  valve-operatiii*^;  iiieclianisms  ior  (lirf>c't  artin'c^  steam- 
driven  reciprocating  pumps.     INIackny.  4831. 

C"iiii>ressed-:"r  hammer  drilling  nincliinc  I'm'  rock  or  coal.  0\- ("卜 
den.  4955. 

Internal  comljustion  engines'    Kirke.  5178. 

Zinc  disti nation.  Moiildoii,  Wobstor,  and  Central  Zinc  ('('nipaii.v. 
519G. 

Railway  signalling.    Brioe  &  Brice.  5206. 

Locomotives,    Ivatt.    -^390.  _  ― 

Automatic  o;i i*  coni^lin^s  tor  niilway  trains.    Yamamoto.  r,r,fJ7. 

Boiler  funiacos.    Thomson.  58()(). 

rowei'-prodncing  machine.    Tam"'lli«'r.  5987. 

Bench  vices.    Aston.  0412. 

Two- speed  gears.    Buck  nail.  iS(SVl. 

Gas  producers.    Holzapfel.    G (；' 25.  ^ 

Bo<i;ies  for  railway  carriagos.    Stt^phonson.  7123. 

Means  for  locking'  nuts  on  bolts.    Hill.  7166. 

Varinl)le-sp('('d    (lriviiit^-mef]i;uiisni    for    veliifU^s.      ScarVtorongli . 

7L72.  .        .  . 

Means  for  removing  incrustation  or  scale  from  tlie  interior  of 

tubes.    Crookatt.  7250. 
Preventing  the  over-winding  of  friction  driven  rra 細. Ashworth 

a.Hl  Wood.    7331.  _ 
Diamond  drills.    liade.  7538. 
Boiler  funiiuVs.    Thompson'  8564. 

Pneumatic  drilling  ni:u-liines.  Smith,  and  Smith's  Dock  Com- 
pany. 8916. 

Lubrication  of  ("igines.    Draper  ami  AVartnahy.  9t"20. 
Carhu rotters  for  internal-combustion  engines.    Mackay.  9235. 
Maiinfacturo  of  woven  belting.    Mack.  10594. 
Driving  belts.    Lyc-ett.  10619. 
Gas  producers.    Roystoii.    lOOll . 

Motal  piuK'liinj^,  shearing,  and  wire-cutting  nuK-luiies.  Bostwick 

and  IJemioi.     1 1089. 
Filter  and  it'ed  watej-  luniter.    Gumming.  11264. 
Apparatus  lor  th(、  prod iictitm  of  ,ii;is.    Scott  &'  Seott.  11344. 
Centrifugal  macliimvs  for  sf'i):u:»ti，ig  tar  ;ni(l   dnsi    from  gases. 

Hutchins.    11053.  ^  . 

Reversing  vaivos  lor  ron;oiierati vo  ^as  jiirnacos.    Floyd  S:  Hishy. 

12687.  r 
Apparatus  for  use  in  testing  tootliod  Kf^arinu;.  Parkinson.  13465. 
Cmd'rollinji:  devices  for  vise  witli  "indiiig  inacliiiiory.  Sniulvfruft 

Foundry  Compaiiy,  and  (;(,tt.  ― 
Coupling  devices  for  railway  w  ;i<i(>iis.    K (山 iiiso",  13710. 
Hlf)w-i)ip(>    and    ('liargiug-:ii)i>;u':itus    lor    or"  trontnip: 

\hiurs.  1.3989. 
|{:"smg  and  1( 鎖' ring  of  pit  cascvs.        n-Iay  cV  Harclay. 
Apiiliaiiccs  For  cloaniitK  the  tuhos  of  、v:，t(、r  t "1"、  toilers. 

iiiann.    1  ")1H  1 . 
(Carburettors  i'or  itiU'riKil  comlmstion  <Mi.^ii 
Cross-head  joints.    Scluiiidt'scho  Hoissdaiui 
Ilevorsiblo  rotary  motor  or  jjunip.  Hniii. 
vSolMockiiiK  gearinf^    Clark.  15830. 
Discharge  valves.    Barclay,  Curio,  S:  Co.. ： 
Retorts  for  nniiealins  fiiniju-os. 
l>n)p(、lk"'s.    Lako.    1( 細.  . 
Starting  cranks  for  liydio  carhoii  engines. 

18884.  _ 
Fluid  actuated  rociprocatiiio;  t、"gi，io'  .Alartons. 
|{()ller  boarin<i.s.  Ericsson. 

S:"Vt'v  appliances  for  mi  no  ruixos  and  lifts.  Simmer  A  l>,,、、i、ll. 
11)995. 

(ias  turbino.    Hrown.    201 4 'J.  ^ 
Exhaust  valves      iiitornal  (oiiiluist ion  (''i— u's.    n'»'i'"l*、y.   '-("'—  I. 
Sectional  hoilers.    Tornack.  litXio;"), 

(； ov"ri、i"g  and  r-oiiirollinij;  iiih'riKil  卜 t  i'、'i  ，'"'」"'、、    （'r,'、、l' 'v 

*2104：3. 


fni'iinros. 

1  l7iH). 
Witzeii- 


ICS.    Woiss.  15419. 


ir,483. 


Ball- grinding  ！ n  a  chines.    Norma- ('ompagiiie  Ges.  22324. 
GiUM'ds  for  niilliii;j;-iiiaf;hines.    Hrayshaw  &  Braysliaw.  23-^52. 
Aii'-gas  plant,,  Weiss.  2o297. 

Bearings  for  vertical  shafts.    Degn  &  Kraftt.  2.j494. 
Damper  for  the  flues  of  steam  boilers.    Gordon.  2^)002. 
Elastic  fluid  turbines.    Curtis.  25664. 
Lii})i'icatin^  devices.    Turner.  26159. 
Fluid-pressure  brakin^^;  apparatus.    Tunior,  20702. 
Stationary  water- ti 山 e  boilers.    Fried.  Knijip  A kt.-G(»s.  {M'lmnnia- 
爾 ft'.  27221. 

Starting  device  for  the  oiif^iiies  of  j,"\"'r  (Iriv'-ii  vrlutl<'s.  、【！ u'k- 
niaim.  27715. 

ProiDellcM"    C'lijinilxTS    or    t uiiiu'ls    for    sliallow  (lran<^lit  vosscls. 

Yarrou.  28720. 
Jiiiiftions  for  Hcxil 山' niclallif  ])ij)os.    llinlolpli.     2i>21  ■">. 

ELECTRICAL.  1910. 


Systi 


•tl 


t  raiisin  I 


9  11. 


Elef  ti'if  f'irciut-coiitrollin^i:  apparatus  for  train  lighting.  Elocti  io 
and  Ordii;mf(i  Accessories  Company,  L:i n<i;loy,  and  I'lic**. 
-「")():>  Mild  '  " ' 

Electrical  traiisforuHM-s.    Hen  v.    厂) 19(1. 

Automatic  reflating  cUn  iccs  for  clcctiif  supply  svstoms.  Lake. 
7o3().  '  ■ 

('(Hit  rollers  for  elrcti'ic  motors.  Hritisli  Thomson-Houston  Com- 
pany, :iml  Wise.  8'— )38. 

Control  of  alternutiiifi;  cun-ciit  olof'tric  motors.    Haihonr.  8480. 

Carbon  electrode  lor  electric  f uriin ces.    Hussey.    OO-VJ . 

Electric  fiirrwit  limiting  apparatus.  Compagnie  pcur  la  Falni- 
ontioii  dos  ConipteuTS  et  Mat(»;  it»l  (VUsines  ； \  G:iz.  1331:). 

Electi'o-static  valves  for  protecting  electric  circuits  and  apparatus. 
Stools.  18997. 

InterrnptLM*  for  electric  circuits,    l^ohort  Bosch.  25880. 
Electric  ij^ti il i(ni  devices  ioi"  internal  (on 山 iisticm  engines.   Bio x am . 
28:118. 


METAL  QUOTATIONS. 

TUESDAY,  MAR(  H  1!»th. 

Aliiminitini  inirot   07/-  per  c、vt. 

"         M  ire,  ofoording  to  sizes,  &c  from  102/-  ，， 

"         sheets         ，，            ，，                       ，，  120/-  ，， 

Antimony                                              £27/-/-  to  £27/10/-  per  ton 

Brass,  rolled    7|d.  per  lb. 

，，     tubes  (brazed)    lOJd, ，， 

，，       ,，      (solid  drawn)   8Jti.  ，， 

"       "      、、ire   7^d. ,， 

Copper,  Standard   £65/-/-  per  ton. 

Iron,  Cleveland   51 /f>  ，， 

" Scotch    57/0  " 

Lead,  English    £16/10/-  ,, 

，， Foreign  (soft)    £l"/2/"  ，， 

Mica  (in  original  cases),  small   fid.  to  2/-  per  \h. 

"           ，，           ，，       medium   2/6  to  4/-  ，• 

，，           ，，           ，，       large    4/6  to  8/6  ., 

Quicksilver   £S/12/*»  per  bottle. 

Silver   2(iJ§(i.  per  oz. 

Spelter    £2«/2/，i  per  ton. 

Tin,  l)lock..   £191/-/-  ，. 

Tin  plates    „ 

Zino  sheets  (Silesian)   £20/-/-  ., 

，，          (Stettin  ；  VieiJIe  Moiitagno)   £2i»/r»/-  ,， 


International  Smoke  Abatcmct\t  Exhibition.  -The  follmving  is 

the  programme  of  con feroiu'es  and  lert arcs  to  })c  held  during 
the  run  of  tlie  Kxliibition  at  the  Roval  Agricultural  Hall : 
Section  A. — March  LHltli,  19H\  at  I'l  a.ni.  and  2-30  p.m. 
Chairman,  Sir  William  H.  lliolmiond,  K.C.B.,  R.A.  (Presi- 
dent, Coal  Smoke  Abatement  Soriety).  '*  Smoke  Pollution  *' : 
(1)  Its  economical  and  artistic  effects  ；  (2)  Effects  on  animal 
ami  plant  life.     Section  Marrli  l27tli,  1912，  at   1 1  a.m. 

and  2-30  p.m.  (, "airman.  Sir  William  Ramsay,  K.C.B., 
F.H  S.  "  Smoke  Abatement  ' :  (1)  Work  doue  and  to  be 
<lone  ill  oiii^anisinp  preventive  action  :  (*J)  The  Physics  of 
Smoke  Abatement  Apparatus  and  pr.u-tical  expedients  for  the 
abolition  of  smoke,  both  iiulustrial  and  (lomestir.  Section  C. 
― Marcli  28tli,  191*2,  at  1 1  a.m.  and  5  p.m.  C'liairman,  TiOrd 
.lustite  Fletrhor  Jloultoii.  '•  T^aw  and  Le^slation  •• :  ( 1 )  Tho 
exist  in!j[  law  aixl  its  adnunist ration,  both  at  home  and  al)road. 
Comparative  legislation »    C2)  Proposed  new  legislation. 
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The  man  stood  on  the  boiler  top,  whence  all  but  h©  had  flown, 
For  one  and  then  another  of  tlie  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearin{4,  when  we  took  liiiii  nnderhftiicl, 
Now  a  smile  he's  always  wearing,  lie's  found  "  NON'Ll'JAK  "  will  stand. 
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Co-partnership  in  Industry. 

The  Labour  t'o-paitnersliip  Association  has  published  in 
1 扇 iplilet  form  a  chronological  summary  of  the  various 
British  profit-sharing  scliemes  that  have  been  tried  since 
1829,  with  some  remarks  delivered  by  Mr.  Charles  Carpenter, 
I, he  Cliainiiau  of  the  South  Metropolitan  Gas  Company,  at  a 
roiifei'em'e  at  Oxford  in  November  last  year,  by  way  of  pre- 
iace.  As  befitted  the  occasion,  and  as  might  be  expected 
fi-oiii  a  chairniaii  of  a  profit-sharing  concern,  lie  has  a 
sfuigiiiiie  belief  in  this  principle  as  a  remedy  for  labour 
troubles,  but.  his  views  are  very  partial,  and  a  broader  survey 
discloses  many  difficulties  that  are  not  visible  in  the  case  for 
industrial  co-partnership  as  presented  by  its  advocates. 
Co-partnership  is  a  word  the  attractiveness  of  which  to  work- 
iiieu  (lepeuds  largely  on  interpretation.  In  its  ordinary  legal 
a,u(l  business  sens©  it  usually  implies  that  the  parties  in  an 
undertaking  participate  in  risks  and  losses  as  well  as  profits, 
but  such  a  view  is  not  likely  to  arouse  imicli  enthusiasm  in 
t.he  breasts  of  workers  whose  interest  in  siu-li  arrangements  is 
coiil'med  entirely  to  their  profit-dividing  aspects,  while  its 
enthusiastic  advocates  are  generally  associated  with  son" 
concern  possessing  a  monopoly  working  with  an  assured  profit, 
free  from  the  risks  and  losses  which  beset  most  industries  lo 
begin  with  and,  unfortunately,  follow  many  of  tliem  to  tlie 
eml.  How  c-o-partiierslii|)  schemes  are  to  be  established 
whan  risks  and  losses,  as  well  as  profits,  are  tu  be 
taken  into  account,  and  tbt>y  Lave  to  be  in  most  jiiauu- 
I'acliiriug  enterprises,  is  a  question  they  pass  over  with 
delightful  iiisouciaiico.  Even  tlie  South  Metropolitan 
Gas  Conipany's  scheme,  we  ； ire  told,  was  received  by 
the  workmen  witli  "  bitter  opposition,"  and  oiily  "  its  uiidis- 
])ut,able  advantage  " ― another  word,  we  presunie,  for  assured 
I'rofit ~ secured  its  final  ； u'cepi ance.  "  The  principle  upon 
which  it  is  based,"  we  are  informed,  is  that  -'  after  capital  has 
bee"  fairly  reiiiuiieratccl  tor  the  risks  it  lakes  by  its  invest nient 
in  an  undertaking  it  gives  its  employes  a  fair  sluux-  of  the 
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further  profits."  But  if  the  concern  is  not  more  or  less  a 
】nonopoly，  how  can  profits  be  assured  ？  and  if  profits  are 
uncertain  what  temptation,  the  worker  may  well  ask,  does 
such  a  proposal  offer  him  ?  A  reference  to  any  share  list,  we 
regret  to  say,  shows  only  too  plainly  that  a  very  large  number 
of  engineering  firms,  at  all  events,  would  be  unable  to  offer  at 
the  present  time  anything  beyond  the  vaguest  hopes  of  a 
fair  share  of  further  profits/'  and  future  uncertainty,  in 
many  cases,  is  a  cause  of  grave  anxiety  to  both  managers 
and  shareholders,  while  a  glance  at  the  list  of  profit-sharing 
and  co-partnership  schemes  in  this  pamphlet  is  not  stimulat- 
ing. It  is  prefaced  with  the  observation  that  "  most  of  the 
schemes  have  come  to  an  end."  Of  those  that  survive,  several 
of  th§*engineering  concerns  which  figure  therein  are,  we  know, 
in  a  moribund  condition.  The  passing  of  businesses  ''into 
the  hands  of  men  who  lack  knowledge  of,  or  sympathy  with, 
the  ideals  of  their  predecessors  "  is  put  forward  as  some  excuse 
for  the  "  failures  ，,  and  though  it  may  be  consoling  to  social 
enthusiasts  to  know  they  have  contributed  to  "  make  a  secure 
foundation  for  enduring  success/'  they  offer  little  solace  to 
shareholders  who  have  lost  their  money,  and  with  it,  we  fear, 
in  most  instances  their  faith  in  "well-intentioned  systems" 
that  have  "  quietly  ceased  to  be,"  however  much  they 
may  serve  as  "  aggregates  in  the  mass  of  concrete  to  sup- 
port the  great  co-partnership  structure "  and  "  enshrine 
our  social  and  industrial  hopes  and  ideals."  There  is  too  much 
maudlin  sentiment  just  now  respecting  capital  and  labour. 
Too  mucli  talk  about  the  "poor  working  man"  and  too 
little  about  the  "  thrifty,  hard-working  man/'  too  much 
abuse  of  the  ((  bloated  capitalist,"  too  little  sympathy  fm'  the 
"small  shareholder."  The  fact  is  overlooked  that  in  these 
days  of  limited  liability  the  number  of  individual  capitalists 
who  run  manufacturing  enterprises,  as  compared  with  com- 
panies, is  small,  and  that  a  workman  with  capital^  however 
little,  is  at  liberty  to  invest  it  on  the  same  terms  as  the 
large  capitalist  iu  almost  any  industry  he  chooses  and  so 
become  a  "  co-partner  "  participating  in  the  "  huge  profits  " 
he  is  so  often  falsely  credited  with  reaping  ；  the  only  condition 
attacliing  to  the  arrangement  is  that  lie  must  participate  in 
risks  and  losses  as  well  as  profits,  and  this  is  the  only  fair  and 
self-respecting  basis.  Systems  of  "  profit-sharing  "  free  from 
responsibility  must  inevitably  be  disappointing  to  both  sides 
when  profits  vanish  and  the  dismal  duty  of  explanation  is 
imposed  on  those  who  are  led  in  generous  moments  to  promise 
what  unsuspected  economic  forces  subsequently  withhold. 
" Loss-sharing  ，，  is  distasteful  to  all  of  us,  and  none  realise  it 
more  keenly  than  employers  in  certain  sections  oi  the  engineer- 
ing trade,  who  for  years  have  often  to  toil  iu  "  abnormal 
places,"  not  for  a  legalised  day,  but  during  every  waking 
liour,  and  not  for  a  "  iniuimiun  wage,"  but  at  a  serious  loss. 
It  would  be  better  if  the  glib  labour  agitator  and  the  misguided 
artisan  were  more  familiar  with  this  aspect  of  the  employ- 
ment question.  So  far  as  co-partnership  can  aid,  it  is  to 
be  welcomed,  but"  "  profit-sharing  schemes  are  of  doubtful 
value,  exciting  pleasure  or  disappointment  according  as  the 
participation  is  great  or  small,  and  without  the  keen  interest 
associated  with  capital  acquired  by  thrift  and  strenuous 
endeavour. 

Grooving  in  Lancashire  Boiler  End  Plates. 

In  some  observations  presented  to  the  Manchester  Associa- 
tion of  Engineers,  on  Saturday  last,  Mr.  Samuel  Bos  well 
referred  to  the  causes  and  remedies  for  oue  of  the  】uost 
common  defects  in  Lancashire  boilers,  namely,  grooving  in 
the  furnace  attachments  or  flat  eud-plates.    The  trouble  has 


always  been  more  or  less  in  evidence  to  those  familiar  with 
the  working  of  boilers  of  this  type,  but  certain  persistent 
manifestations,  difficult  to  subdue,  have  been  more  frequently 
met  with  during  recent  years,  probably  as  a  result  of  the 
increase  of  pressures,  coupled  with  larger  boiler  diameters 
and  higher  rates  of  combustion  now  generally  adopted. 
Internal  "  grooving  "  or  local  wasting  is  not  confined  entirely 
to  flat  end-plates，  it  is  occasionally  met  with  in  the  cylin- 
drical shell  at  the  edge  of  overlaps  of  longitudinal  and  circular 
seams,  and  may  be  the  product  of  simple  leakage  and  corro- 
sion, as  it  nearly  always  is  when  found  on  the  external  sur- 
face of  the  boiler,  or  of  this  combined  with  straining  action 
when  it  is  found  on  the  internal  surface.  In  the  latter  case, 
if  it  occurs  at  the  longitudinal  seams,  it  is  usually  due  to 
want  of  circularity  in  the  shell,  or,  if  it  occurs 
at  the  circular  seams,  to  alternate  hogging  in  the 
boiler  as  a  whole.  In  flat  end-plates  the  "  grooving  " 
may  be  due  to  local  bending  action  caused  by  alternations  of 
boiler  pressure  aggravated  by  corrosive  action  of  the  water, 
though  severe  "grooving"  occurs  witliout  this  being  very 
pronounced,  or  it  may  be  due,  as  it  usually  is  in  Lancashire 
boilers,  to  the  alternate  expansions  and  contractions  of  the 
long  furnace  tubes  which  tie  the  two  end-plates  together. 
Contrary  to  what  might  be  thought  by  those  who  have  not 
had  practical  experience,  the  grooving  is  not  equally  common 
to  both  ends,  but  is  iimch  more  pronounced  at  the  front  than 
at  the  back.  This  arises  from  the  fact  that  apart  from  the 
fluctuations  in  expansion  and  contraction  of  the  furnace 
tubes  as  a  whole,  further  movements  occur  at  the  front  end 
from  the  severe  local  heating  and  coolings  of  the  crowns  of 
tubes  over  the  fire.  This  gives  rise  to  a  concertina  play 
which  is  more  pronounced  at  the  upper  portions  of  the  fur- 
nace tube  attachments  than  elsewhere,  and  it  is  here  that 
grooving  troubles  are  most  frequent,  and  】nost  difficult  to 
deal  with.  Sheer  brute  resistance  by  iiieans  of  stiff  end-plates 
and  stays  is  incapable  of  arresting  the  mischief.  The  force 
of  expansion  from  temperature  is  too  strong  to  be  restrained 
in  this  way.  The  movement  imist  be  provided  for.  On  the 
other  hand,  the  upper  part  of  the  flat  end-plate,  unsupported 
by  the  furnace  tubes,  which,  of  course,  act  as  two  huge  stays, 
must  bs  supported  to  withstand  the  working  pressure,  and 
this  is  usually  effected  by  angle  brackets  or  gussets/ '  The 
practical  problem  is  to  reconcile  the  staving  of  the  end-plate 
necessary  to  resist  the  steam  pressure  with  the  moveuient 
necessary  to  accommodate  the  local  expansion  of  the  furnace 
tubes.  The  forces  are  complex,  and  cauuot  be  worked  out  by 
a  formula.  Experience  has  led  to  the  adoption  of  certain 
arraiigements  of  gusset  stays  which  allow  a  "  breathing  '■  or 
unstaved  space  between  them  and  the  furnace  tubes,  as 
the  main  factor  in  the  solvit  ion  g^eiierally  accepted  in 
practice.  But  higher  pressures,  coupled  with  high  rates  of 
combustion,  have,  in  many  cases,  proved  too  nuu'h  for  the 
best  designs  on  these  lines  aloiu\  and  as  repairs  arising  out 
of  grooving  defects  are  troublesome  and  expensive  other  aids 
to  relief  have  been  sought.  Various  kinds  of  flanged  furnace 
tube  end  attachments  have  been  adopted,  though  with  only 
partial  success.  Some  makers  insert  a  corrugated  leiijrt h  in 
the  furnace  tube  to  increase  its  flexibility,  while  others  agaiu 
resort  to  flexible  gusset  stays,  in  which  elasticity  is  secured 
by  affording  a  certain  amount  of  ]>lay  in  the  holes  for  the 
rivets,  uniting  the  webs  of  the  end-plate  angle  bars  to 
the    gusset    web-plate.*      Wheu   grooving  first  makes  its 

•  One  of  the  laU^sl  drsUns  of  tliis  kind  wiis  illustrated  iu  "  The  MecbwiicRJ 
Kiiyiiieur  "  for  Deceuibcr  17th  last.    Sec  i»H*ic  W7.  Vol.  XXVIIl 
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appearance,  its  progress  may  sometimes  be  arrested  by 
removing  one  or  more  of  the  lower  rivets  uniting  the 
angle  bars  to  the  web-plates,  or  the  end-plate  itself  may  be 
relieved,  as  Mr.  Boswell  suggests,  by  taking  out  the  lower 
gusset  rivets  and  substituting  a  screwed  stud  tapped  into  the 
end-plate  only,  and  passing  through  a  clearance  hole  in  the 
angle  bar,  but  fitted  with  a  nut  inside  t,hc  boiler  which  conies 
to  a  bearing,  and  takes  up  the  load  if  the  end-plate  is  deflected 
more  than  a  predetermined  amount.  These  various  methods, 
however,  can  only  be  regarded  as  more  or  less  imperfect  pallia* 
tives  for  bad  design,  or  unfair  conditions  of  working,  and  the 
latter,  it  is  to  be  feared,  is  in  many  cases  the  real  source  of 
grooving  troubles  for  which  boiler-makers  not  infrequently 
are  unfairly  blamed.  Amongst  unfair  working  conditions 
may  be  mentioned  bad  feed  water,  that  is,  water  impreg- 
nated with  an  excess  of  lime  or  magnesia  and,  worse  still, 
grease  which  leads  to  excessive  overheating  of  the  furnace 
crowns  ；  the  emptying  of  boilers  under  pressure  and  too 
rapid  cooling  ；  and,  lastly,  the  forcing  of  boilers  beyond 
their  powers  with  a  view  to  secure  economy  of  steam,  produc- 
tion. In  this  respect  Lancashire  boilers  will  for  a  time 
permit  of  great  liberty  being  taken,  the  amount  produced 
depending  mainly  on  the  quantity  of  coal  that  the  draught 
will  allow  of  being  burnt  on  the  grate,  but  the  fact  that  the 
rate  of  combustion  and  water  evaporation  can  be  greatly 
augmented  for  a  short  period  without  apparent  distress  should 
not  blind  steam  users  to  the  remoter  consequences  that  inevi- 
tably ensue  in  the  shape  of  grooving,  leakage,  aud  other 
troubles  that  end,  finally,  in  serious  bills  for  repairs. 


Smoke  Abatement  Legislation. 

The  text  of  a  proposed  Smoke  Abatement  Bill  has  this  week 
been  presented  for  discussion  at  the  International  Smoke  Con- 
ference at  the  Agricultural  Hall,  but  at  the  time  of  going  to 
press  this  item  on  the  agenda  has  not  been  reached  and  hence 
we  are  unable  to  say  what  opinions  have  been  expressed  with 
regard  to  it.  We  shall,  however,  probably  not  be  far  wrong 
ill  assiuuiug  that  as  an  official  expression  of  the  aims  of  the 
Smoke  Abatement  League  it  will  receive  fairly  uniform  accep- 
tance at  the  hands  of  the  social  euthusiasls  who  constitute 
that  body.  There  is,  of  course,  a  long  step  between  a  pro- 
posal of  this  kind  ami  its  embodiment  in  an  Act  of  Parlia- 
meiit.  Nevertheless,  it  is  useful  as  an  indication  of  the  views 
of  those  who  are  seeking  to  subject  the  community  to  such 
an  instrument  to  attain  their  ends  and  worth  cousideratiou  on 
that  account.  The  principal  features  of  the  measure  consist 
in  the  proposal  to  create  special  Local  Smoke  Abatement 
Authorities  controlled  by  the  Local  Government  Board,  and 
supported  by  an  army  of  officials  with  powers  to  inflict  drastic 
fines  on  offences  against  the  law,  whether  in  the  shape  of 
" imperfectly-constructed  furnaces "  or  by  smoke  emis- 
sion from  their  chimneys.  The  penalty  for  contravening  the 
law,  if  passed,  would  be,  "on  a  first  conviction  a  fine  of 
not  less  than  one  pound,  and  not  exceeding  five  pounds.  On 
a  second  conviction  a  fine  of  five  pounds  and  not  exceeding 
ten  pounds,  and  ou  every  subsequent  conviction  a  fine  of  not 
less  than  five  pounds  and  not  exceeding  twice  the  amount'  of 
the  luaximum  fine  to  which  the  offender  was  liable  on  the  last 
conviction/'. except  where  an  interval  of  two  years  lias  elapsed 
between  successive  convictions,  when  the  offender  is  graciously 
let  off  with  a  fine  not  greater  than  on  his  previous  conviction. 
These  powers  are  obviously  not  lacking  in  stringency,  and  a 
recalcitrant  offender  might,  if  the  local  authority  felt  so  dis- 
posed, have  a  very  rough  time,  aud  every  furnace  user  would 


be  so  liable  unless  he  could  secure  the  exeinption  which  the 
Local  Government  Board  would  be  empowered  after  enquiry 
to  grant  to  particular  metallurgical  or  pottery  furnaces  for  a 
period  of  not  more  [than  two  years  at  one  time.  It  is  also  pro- 
posed to  empower  the  same  authority  to  order  the  creation  of 
Local  Smoke  Abatenietit  Authorities,  whose  duty  it  would  be 
to  enforce  the  law.  For  this  purpose  local  smoke  inspectors 
are  to  be  appointed  subject  to  the  same  Local  Government 
Board  control  as  any  other  officer  of  a  local  authority,  whose 
salary  is  partly  dependent  on  Parliament.  These  local 
officials  in  turn  are  to  be  supervised  and  stimulated  by 
Government  Smoke  Inspectors  appointed  by  the  Local  Govern- 
ment Board.  Such,  in  brief,  is  an  outline  of  the  scheme  pro- 
posed. Whatever  doubt  there  may  be  as  to  its  effects  on  the 
emission  of  smoke  in  manufacturing  centres,  there  can  be 
none  as  to  its  effect  on  rates  and  taxes.  These  must  inevitably 
be  increased  by  the  creation  of  further  ranks  of  inspecting 
officials  to  be  added  to  the  army  already  imposed  on 
the  back  of  industry  and  under  which  it  is  beginning 
to  groan.  Enthusiasts  will,  of  course,  urge  that  increased 
furnace  efficiency  and  purity  of  town  atmospheres 
will  more  than  compensate  for  the  expense  incurred,  but  as 
we  have  more  than  once  shown  these  claims  are  largely 
rhetorical,  while  it  may  be  pointed  out  that  the  present  powers 
of  local  authorities,  if  exercised,  are  adequate  to  prevent 
nuisance  where  it  is  proved  to  exist.  These  facts,  doubtless, 
will  be  pointed  out  if  the  proposed  Bill  gets  to  the  House  of 
Commons,  aud,  meantime,  manufacturers  and  traders  would 
do  well  to  prepare  themselves  for  active  opposition  on  its 
entrance.  Latter-day  experience  of  legislation  goes  to  show 
that  laws  are  often  enacted  not  so  much  by  virtue  of  their 
merits  as  by  tlie  clamour  of  small  bodies  of  mistaken,  if 
sincere,  enthusiasts,  aided  and  abetted  by  parties  who  have 
axes  to  grind,  or  are  on  the  look-out  for  a  soft  "  Government 
； job." 


OPTICAL  LOAD-EXTENSION  INDICATOR* 

In  the  course  of  a  paper  read  before  the  Royal  Society,  Prof. 
W.  E.  Dalby  described  a  new  instrument  by  means  of  which 
automatic  records  of  load-extension  diagrams  could  be 
obtained  with  precision,  the  records  being  free  from  errors 
due  to  inertia,  pencil-friction,  or  strains  caused  by  the  yield- 
ing of  the  testing  machiue  in  which  the  specimen  was  being 
tested.  The  specimen  to  be  tested  was  placed  in  series  with 
a  weigh-bar,  so  that  the  load  was  applied  equally  to  both 
weigh-bar  aud  specimen.  The  proportions  of  the  specimen 
were  so  arranged  that  the  load  on  the  weigh-bar  never  ex- 
ceeded or  even  approached  the  elastic  limit  of  the  material 
of  which  it  was  made,  while  the  load  on  the  specimen  might 
increase  to  the  breaking  load.  A  small  light  mirror  mounted 
Oil  an  axis  was  connected  with  the  weigh-bar,  so  that  it  tilted 
proportionately  to  the  extension  of  the  weigh-bar,  and  thus 
moved  proportionately  to  the  load  on  the  weigh-bai'  and 
measured  the  load  acting  on  the  specimen.  A  second  mirror 
having  its  axis  at  right  angles  to  the  first  was  connected 
mechanically  to  the  specimen,  so  that,  as  the  specimen 
extended,  the  iniiroi'  received  the  angular  motion  in  propor- 
tion to  the  extension  between  assigned  gauge  points.  A  beam 
of  light  irom  a  source  within  the  instrument  was  directed  upon 
the  first  mirror  and  reflected  from  it  to  the  second  mirror, 
from  which  it  was  again  reflected  and  foeussed  on  a  ground- 
glass  screen,  which  could  be  replaced  when  desired  by  a  photo- 
graphic plate.  There  was  no  connection  between  the 
iiistrunieiit  and  any  part  of  the  framework  of  the  machine, 
the  former  being  attached  to  the  weigh-bar  only.  In  use  all 
that  was  necessary  was  to  place  the  instrument  in  position 
aud  on  the  weigh-bar,  and  apply  a  load  to  tlie  specimen  by  any 
suitable  means,  when  the  diagram  was  obtained  automati- 
cally. 
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RESULTS  OF  TRIALS  OF  THE  DIESEL-ENGINED  SEA-GOING 
VESSEL  "SEL 讓 IA.，，* 

RY   I.  KNUDSEN. 

On  December  5th,  1910，  the  East  Asiatic  Conipauy,  of  Copen- 
hagen, placed  an  order  with  Messrs.  Burmeister  &  Wain  for 
two  vessels  of  the  following  dimensions  ：  Length  between  per- 
pendiculars 370ft. ，  breadth  53ft. ，  and  depth  moulded  to 
upper  deck  30ft.  The  two  vessels  are  fitted  with  Diesel  engines, 
having  a  total  horse-power  of  2,500  i.h.p.,  divided  between 
two  propellers,  and  there  are  further  two  auxiliary  motors, 
each  of  250  i.h.p.  The  first  of  these  vessels  has  been  given 
the  name  "  Selandia,"  and  her  trial  trips  have  recently  taken 
place.  A  short  description  of  the  motors  and  a  statement 
of  the  results  obtained  may  therefore  be  of  some  interest. 

The  main  engines  are  8-cyliiider  Diesel  motors,  working  on 
the  4-stroke  cycle  system  ；  the  number  of  revolutions  at  normal 
speed  is  140  per  minute.  The  starting  in  either  direction 
takes  place  by  means  of  compressed  air.  The  cam  shaft,  from 
which  the  valves  are  moved,  being  so  arranged  that  it  can  be 
displaced  lengthwise  after  all  the  rods,  with  the  rollers  con- 
nected to  them,  which  lift  the  valves,  have  been  removed  from 
the  shaft  by  means  of  a  crank  motion.  It  is  thus  placed  in 
such  a  position  as  is  suitable  for  either  the  ahead  or  astern 
motion. 

The  reversing  from  full  speed  ahead  to  full  speed  astern 
can  be  carried  out  in  less  than  20  seconds.  When  the  revers- 
ing gear  has  been  brought  into  the  proper  positiuu  hy  the 
reversing  engine,  the  starting  takes  place  by  moving  a  Jiaiidlc, 
by  means  ol  which  air  at  a  pressure  of  20  atraospneres  is  led 
to  the  cylinders  through  the  starting  valve,  which  commences 
to  work  automatically  when  the  compressed  air  is  admitted. 

When  the  engine,  by  means  of  the  air,  has  attained  a  suffi- 
cient speed  of  revolution,  which  it  does  almost  immediately, 
the  handle  is  moved  further,  the  air  is  shut  off,  the  starting 
valves  close  themselves,  the  engine  is  oil  fed,  and  now  works 
as  an  ordinary  Diesel  motor  at  the  speed  required,  the  speed 
depending  upon  the  position  given  to  the  above-mentioned 
handle,  a\ liion  regulates  the  supply  of  oil  fuel.  The  reversing 
is  thus  executed  by  means  of  two  handles,  corresponding  to 
the  two  levers  on  an  ordinary  steam  engine. 

The  speed  of  the  engine  at  sea,  is  rontrolled  by  an  Aspin all's 
governor,  acting  so  tliat,  when  a  sudden  rise  occurs  in  the 
number  of  revolutions  beyond  the  normal,  it  shuts  off  the 
supply  of  fuel  oil,  and  only  opens  again  when  the  revolutions 
have  dropped  down  to  a  certain  pre-arranged  number.  As 
the  engine  has  eight  cylinders,  and  the  filling  at  the  start  is 
above  U"6  of  the  stroke,  the  engine  can  always  be  started  at 
any  crank  position  whatever. 

On  the  shaft  is  a  small  flywheel,  only  2  metres  diam. ； 
this  is  provided  with  toothed  wheel  gearing  on  the  periphery, 
which  is  driven  by  a  worm,  so  that  the  main  engine  cau  always 
be  turned  by  means  of  an  electric  motor. 

On  each  main  engine  there  is  also  an  air  compressor,  which 
compresses  air  from  1^0  atmospheres  up  to  60  atmospheres  for 
injecting  fuel  oil  into  the  cyiinders.  These  compressors  are 
so  arranged  that  they  cau  be  adjusted  for  half  or  complete 
filling.  Half  filling  is  used  wlien  the  pumps  are  working  on 
each  engine.  In  case  one  ot  them  should  be  damaged  the 
remaining  pump  is  put  on  to  the  complete  filling,  aud  will 
give  sufficient  air  for  the  injection  of  fuel  oil  for  both  the  main 
engines.  As  a  spare  for  the  first  toinpression  to  20  atmo- 
spheres, it  is  arranged  that  the  exhaust  valve  ou  oue  of  the 
cylinders  of  the  main  engine  <  an  be  removed  and  re))laced  hy 
a  delivery  valve,  so  that  the  cylinder  will  be  brought  to  work 
as  a  compressor,  which  compresses  the  air  to  20  atniospberes. 
In  that  case  the  motor  only  works  with  seven  ''yliiiders,  but 
trials  have  proved  that  the  reversing  and  working  a  re  ncvor- 
theless  perfectly  satisfactory  in  every  respect. 

The    auxiliary    motors    are,  as  already  mentioned,  of 


•  Pii|)er  read  al  the  siiring  lueotiiigs  of  the  fifty-third  session  of  the  Institution 
of  Naval  Avchltecls,  March  25tU.  1912. 


250  i.h.p.  each,  working  at  about  230  revs.  ；  they  are  each 
fitted  with  a  dynamo  and  air  rompressor.  The  latter  is  calcu- 
lated to  supply  air  at  a  pressure  of  20  atmospheres,  which  is 
used  for  reversing  the  main  motors,  and  also  for  supplying 
the  air  compressors  of  the  main  engine  with  air  for  injection. 
When  the  ship  is  at  sea  it,  is  iuteudecl  that  current  should  be 
taken  from  the  dynamo  ( which  is  placed  on  the  same  shaft)  for 
lighting  and  for  working  the  different-  auxiliary  engines,  such 
as  winches,  pumps,  refrigerating  machinery,  etc.  Tliere  are 
two  auxiliary  motors,  in  order  to  have  always  one  to  spare. 
The  auxiliary  macliinery  also  incliules  two  sets  of  eleftric^ally- 
d riven  lubricating  puinps,  cirrulating  川 |)s，  liot  and  cold 
water  sanitary  puni ps  and  bilge,  puni]),  t wo  electric  trans- 
formers, one  refrigerating  machine,  one  donkey  boiler  for 
heating  the  vessel,  providing  st ea?n  for  fire  extinguishing  iii 
the  holds,  and  also  for  working  a  steain-flriveii  conipressor, 
\vh it'll  can  con'i press  tJie  air  to  60  at  muspliei'es. 

The  electrically-driven  lubricating  |unn|)S  pintip  the  oil 
(each  from  its  own  tank,  wliicli  is  placed  in  t lie  bottom  of  t be 
ship)  through  the  main  bearings,  from  there  through  the 
crank  shaft,  connecting- rod  brasses,  through  t  he  hollow-borcd 
counectiiig  rod  1o  t  lio  crossliead  brasses,  from  i  here  through 
the  piston  rod  to  the  top  of  i he  oil-rool(*d  piston,  l)ark  tlirough 
the  piston  rod,  and  from  there  it  is  ejected  over  the  guide. 
Cooling  ot  the  oil  takes  plare  on  the  guiclo  facfs  as  t lioy  are 
water-cooleH  Further  cooliug  ran  be  carried  ou t-  by  pump- 
ing oil  through  an  oil  cooler  formed  as  a  surface  condenser. 

From  the  two  coin  pressors  of  the  auxiliary  motors,  which 
are  designed  as  3 -stage  roiii  pressors,  pipes  a  re  led  from  the 
intermediate  cooler,  with  an  air  pressure  of  about  eight  atmo- 
s))lieres,  to  the  siren ,  which  is  fitted  ou  t lie  mast .  In  t lie  top 
ot"  the  engine-room  casing  two  sett  ling  tanks  are  a rraiiged, 
to  which  fuel  oil  can  be  pumped  by  an  air-driven  pinnp  in 
the  engine-room  :  earh  tank  is  of  sm'h  diniousioiis  t liat  it  con- 
tains sufficient  oil  for  12  hours"  normal  work.  The  object  of 
these  tanks  is  to  have  any  water  separated  tioin  ( he  uil,  so 
that  romparatively  pure  oil  will  hp  lerl  to  tlic  motors. 

The  deck  machinery  is  ele<^tri<;  t lirougliout  ;  all  winrlies 
are  electrically  driven,  and  the  same  is  the  case  with  tlie  wind- 
lasses and  the  steering  engine,  wliirli  is  of  a  now  i ype  of  con- 
struction (Hele-8haAv-I\laii incau  hydraulic  electric  systcju), 
and  seems  to  work  well  in  every  respect..  As  will  appear  from 
the  description  ^iven,  eveiythin^^  is  electric,  with  t  he  exrep- 
tioii  of  the  lit  tie  donkey  boiler,  wliicli  is  chiefly  intendod  fur 
the  heating  ot  the  vessel.    Oil  fuel  is  used  in  this  boiler. 

The  f;u>l  oil  is  stored  in  the  double  hot toiii  of  tlie  vessel, 
and  the  total  provision  of  oil  on  board  is  suflicient  for  a  con- 
tinuous distance  of  about  30,0()()  Englisli  miles.  Aftor  having 
made  i hree  short  trial  trij)S  in  the  Sound,  ihv  **  iSelaiidia  '， 
last  left  Copenhagen  on  February  22nd,  bound  fur  Aalborg, 
wliere  i\ bout.  2,000  tons  ceiiicut  were  loaded,  and  from  there 
the  voyage  was  continued  to  London. 

This  first'  trip  arross  tlie  Nortli  8ea  aroused  great  inlorost, 
as  it  was  the  first  real  prarti'-al  f  ri;il  of  t  lie  soawort  hiiicss  and 
nianoouvriiig  caparity  of  the  motors.  Throughout  tlic  voyage 
the  iiiacliinery  worked  excellently,  and  tlie  plant  was  trird 
both  ill  a  smooth  sea  'dl  high  s])eed,  and  also  in  a  lioavy  fog 
at  slow  speed ,  and  in  strong  winds  wit h  rather  a  lu'avy  sea, 
but  nothing  seemed  to  influence  the  vessel  adversely,  and  she 
stood  the  test  jierfrrt  Iv  inulor  t  liryo  v;^^i^>ns  coiulit  ions. 

Records  were  ta ken  of  tlie  rcmsimiption  oi  fuel  oil,  an*!  it 
was  found  that  01 65  kg.  (0'363lb.)  of  oil  per  indicated  horse- 
powor  boiir  we  re  <-()iisinned,  it  hoiiig  inidersiood  that  this 
inrludes  not  uulv  the  indicated  hoise-powor  developed  by  the 
in;nn  engines  for  the  actual  propelliiijij  of  tlio  vessel,  but  also 
the  rousiim ！、 titm  of  all  the  fuel  oil  used  hy  the  auxilwrv 
motors.  From  this  it  may  be  seen  thai  t lie  above- nainod 
0165  k^.  fuel  oil  x  the  2,500  i.h.p.  (  wlnrh  is  the  norm.il 
liorso-))uwor  of  t lie  vpssoI)  gives  the  total  <  (»nsiimp( ion  uf  fuel 
oil  on  hoard,  cxt  huling  only  tliat  used  lor  tlio  lioatiiig  of  the 
tabiiis. 

Tlio  a  nival  at  t  he  Wost  India  Dorks,  whoro  t  lir  v(、，ssel 
staved  during  her  visit  in  Loudon,  took  plarp  on  February 
27th,  and  here  there  was  ample  opportunity  to  t r v  the 
manceuvring  ra))arit v  of  the  motors,  the  working  of  which, 
however,  was  satisfactory  iu  every  way. 
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Driving  Wheels. 


Leading  or  TraiUng  Wheels, 


THE  BALANCING  OF  LOCOMOTIVES.— VI, 

by  jas.  dunlop. 

Outside  Cylinder  Coupled  Driver  Engines. 

Although  in  British  railway  practice  the  great  majority  of 
the  engines  in  use  liave  inside  cylinders,  it  is  a  fact  that  the' 
great  majority  of  the  engines  Imilt  in  and  for  other  countries 
have  outside  cylinders.  There  are  quite^  a  number  of  reasons 
that  can  be  given  for  this  difFereiice  in  practice,  but 
superiority  of  balance  in  outside  cylinder  eiiii^iiies  is  not  one 
of  tlieni.  The  difTerence  in  the  amount  bakuice  weii(lit 
necessary  for  single-driver  engines,  with  inside  and  outside 
cylinders  respertively,  as  illustrated  in  Figs.  (>  and  9  of  these 
articles,  would  no  doubt  be  a  sufficient  iiidieation  of  the  fact 
that,  under  ordinary  cin-uiiistaiu'es,  an  outside  cylinder 
engine  can  never  be  as  well  balanced  as  an  inside  cyliiuler 
engine.  This  of  course  is  due  entirely  to  the  fact  that  tl:e 
】"'ipi'(x'atiug  parts  of  outside  cyliiuler  engines  are  moving  in 
planes  situated  at  iiiiK'h   greater  (listances  from   t lie  loiit^i- 
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Fig.  51.— Outside  Cylinder  10-Coupled  Driver  Locomotive,  Coupled  Two  Forward  and  Two  Backward. 


tiulinal  centre  plane  of  the  engine  than  is  the  case  with  inside 
cylinder  engines.  Consequently,  as  it  is  the  necessity  for 
leaving  a  certain  proportion  of  the  reciprocating  parts 
unbalanced  that  gives  rise  to  the  disturbing  forces,  these 
forces  will  always  be  operating  with  greater  effect  in  outside 
cylinder  engines. 

The  following  arithmetical  calculations  will  be  found  to 
meet  all  cases  of  ordinary  outside  cylinder  engine  balancing. 


Form  of  Balance  Weight  Calculation. 


Let  a  =  distance  between  centres  of  gravity  of  balance 
weights. 

h  =  distance  between  coupling  rod   centre   and  far 

balance  weights, 
c  =  distance  between  connecting  rod  centre  and  far 
balance  weights. 
Wi  =  weight  of  crank  ann  witli  included  part  of  crank 

pin  acting  at  distance  a. 
W2  =  weight  of  revolving  masses,  i.e.,  part  of  coupling 
rod  with  included  part  of  crank  pin  acting  at 
distance  h. 

=  weight  of  revolving  】nasses，  i.e"  half  connecting 
rod  with  included  part  of  crank  pin  acting  at 
distance  c, 

]Vi  =  weight  of  reciprocating  masses  to  be  balanced  in 
each  wheel  and  acting  at  distance  c  in  all 
cases. 

=  primary  balance  weights. 
Ws  =  secondary  balance  weights. 
C  =  combined  balance  weights. 


Ill  the  same  manner  as  already  shown  for  inside  cylinder 
engines,  these  calculations  may  be  performed  at  a  glance  by 
means  of  the  proportional  scale,  and  in  the  same  way  the 
combined  balance  weights  may  be  ascertained  by  constructing 
a  triangle  in  which  the  two  sides  at  right  angles  consist  of 
primaries  and  secondaries  respectively.      The  length  of  the 
hypotenuse  represents  the  amount  of  the  combined  weight 
and  its  angular  position  gives  the  angle  for  the  balance 
weight  in  the  wheels.    It  will  be  noticed  from  the  calcula- 
tions that  all  the  weights  are  additive,  there  being  no  sub- 
traction of  primaries  such  as  takes  pla-rv.  in  the  balancing  of 
inside    cylinder    engines.       There    are    certain  difficulties 
imported  into  the   problem   of  balancing   outside  cylinder 
engines  in  consequence  of  this  addition  of  primaries.  These 
difficulties  are  chiefly  concerned  with  the  driving  wheels  of 
small-wheeled  engines.    To  avoid  hammer-blow  set  up  by  a 
deficiency  in  balance  of  the  revolving  parts  it  is  necessary 
that  all  revolving  parts  should  be  balanced  by  weights  placed 
in  the  wheels  to  which  the  revolving  parts  are  attached .  In 
addition,  each  coupled  wheel  should  have  a  balance  weight 
for  its  equal  proportion  of  the  weight  balancing  the  recipro- 
cating parts.    In  small-wheeled  engines  the  coupling  cranks 
in  the  driving  wheels,  the  parts  of  the  coupling  rods  attached 
to  these  cranks,  and  half  the  weight  of  each  connecting  rod 
constitute  such  an  amount  of  weight  that  it  is  sometimes  a 
rather  difficult  matter  to  arrange  a  suitable  counterbalance 
weight  for  these  parts,  even  without  taking  into  account  any 
balance  weight  for  reciprocating  parts.      When  it  is  found 
that  the  balance  weight  for  revolving  parts  alone  cannot  be 
at  ooniniodated  conveniently  in  the  usual  fashion  of  a  crescent 
cast  with  the  wheel,  it  will  in  almost  every  case  be  found  that 
by  making  the  crescent  hollow  and  filling  it  witli  lead,  the 
desired  amount  of  balance  will  be  attained.      This  will  be 
understood  from  the  fact  that  lead  weighs  7081bs.  per  cubic 
foot,  wliile  steel  weighs  4861bs.  per  cubic  foot. 

The  10-coupled  driver  engine  illustrated  in  Fig.  51  is  an 
example  of  a  small-wheeled  engine  in  which  this  difficulty  of 
getting  a  sufficient  amount  of  balance  weight  into  the  driving 
wheels  was  experienced.  The  relative  sizes  of  the  balance 
weights  in  the  various  wheels  indicate  that  some  care  has 
been  taken  to  ensure  satisfactory  results  from  the  balancing 
carried  out  ou  this  engine.  The  sectional  half-plan  drawing 
of  tlie  engine  illustrated  in  Fig.  52  will  convey  a  clear  euough 
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impression  of  the  various  amounts  of  revolving  parts  it  is 
necessary  to  balance  in  each  wheel,  along  with  their  equal 
proportion  of  the  balance  weight  for  the  reciprocating  parts. 
It  may  be  noticed  that,  by  making  the  driving  wheel  crank 
pin  in  an  eccentric  form,  the  coupling  rods  are  made  to  act  at 
lin.  less  radius  than  the  connectiug  rods  are  acting  at.  This 
construction  has  two  advantages,  it  reduces  the  amount  of 
balance  weight  necessary  for  the  coupling  rods  and  coupling 
cranks,  and  even  more  important  still,  it-  reduces  the  centri- 
fugal load  on  the  coupling  rods,  consequently  enabling  these 
rods  to  be  reduced  in  weight  also. 

From  the  fact  that  a  lead-filled  balance  weight  is  used  on 
the  driving  wheels  it  may  be  reasonably  enough  concluded 
that  the  whole  of  the  revolving  parts,  as  well  as  the  due  pro- 
portion of  reciprocating  parts,  have  been  balanced  in  these 
wheels,  but  were  such  not  the  case,  the  omission  of  the  due 
proportion  of  the  balance  weight  for  the  reciprocating  parts 
would  not  in  any  sense  be  a  serious  matter  in  any  engine 
with  the  number  of  coupled  wheels  this  engine  lias.  When 
distributed  in  four  only  of  the  coupled  wheels  the  balance 
weight  for  the  reciprocating  parts  would  in  that  ca.se  set  up 
hammer-blow  effects  of  】mK,h  less  intensity  than  are  experi- 
enced with  engines  having  a  lesser  number  of  coupled  wheels. 
It  is  scarcely  necessary  to  point  out  tliat  the  weight  of  the 
reciprocating  parts  is  practically  independent  of  the  number 
of  coupled  wheels,  nor  should  it  be  necessary  to  point  out  that 
in  the  case  of  any  wheel  without  a  complete  balance  of  tlie 
revolving  parts  attached  to  it,,  any  arbitrary  decision  that 
part  of  such  balance  weight-  is  to  represent  revolving  parts 
and  part  of  it  reciprocating  parts  would  be  upset  by  the  fact 
that  the  balance  weight  allocated  to  reciprocating  parts 
would  automatically  accept  the  duty  of  balancing  revolving 
parts.  The  straight  threading  of  the  coupling  rods  "makes 
the  number  of  primary  and  secondary  weights  agree  with  the 
number  of  motion  planes  indicated  in  the  calculations. 

In  the  case  of  the  8-coupled  driver  engine  illustrated  in 
Fig.  53  the  difficulty  of  the  driving  wheel  balance  no  doubt 
existed,  and  unfortunately  it  has  not  been  met  in  a  proper 
manner.  Until  very  recent  times  in  locomotive  manu- 
facturing establishments,  through  a  pernicious  influence 
exerted  from  the  workshop  end,  it  was  regarded  as  an 
extremely  meritorious  proceeding  to  arrange  that  the  coupled 
wheels  of  an  engine  should  be  duplicate  throughout.  The 
result  was  that  outside  cylinder  engines,  no  Tuatt-er  what  the 
number  of  coupled  wheels,  had  equal  balance  weights  in  all 
the  wheels.  The  total  amount  of  balance  weight  provided 
was  no  doubt  approximately  correct,  and  in  the  horizontal 
direction  the  engine  would  be  balanced,  no  matter  in  what 
proportions  the  total  balance  weight  necessary  was  distributed 
in  the  wheels,  but  an  increased  load  would  be  put  on  the 
coupling  rods  in  consequence.  In  this  engine,  with  tlie 
cranks  at  the  top  centre,  the  deficiency  of  balance  in  the 
driving  wheels  would  give  rise  to  a  lifting  tendency  on  the 
part  of  these  wheels,  while  at  the  same  time  the  excess 
balance  weight  in  the  other  wheels  would  produce  hammer- 
blow  effects  on  the  rails  much  greater  in  intensity  than  should 
have  been  the  case.  This  latter  would  be  especially  so  in  tlie 
case  of  the  leading  and  trailing  coupled  wheels.  When  the 
cranks  are  at  the  bottom  centre  the  effects  are  reversed  but 
not  altered  in  intensity. 

The  6-coupled  driver  engine  illustrated  iu  Fig.  54  is  a 
similar  case  to  that  of  Fig.  53，  but  is  even  more  deceptive  in 
its  balance,  as  the  sector  balance  weights  shown  are  not 
solid  as  iiiighi  be  expected,  but  are  open  at  the  backs  of  the 
wheels,  as  may  be  seen  from  the  sectional  lialf-plan  of  the 
engine  illustrated  in  Fig.  55.  It  may  be  noticed  the 
coupling  rods  are  not  threaded  in  a  straight  line,  but  in 
parallel  lines,  consequentlv  in  balancing  sm'h  an  engine  the 
various  primary  and  secondary  weights  are  determined  as 
showTi  in  the  cross-section  drawing  of  the  engine  illustrate 
in  Fig.  56.  The  object  in  tlireading  the  coupling  rods  as 
shown  is  no  doubt  that  of  keeping  tlie  distance  between  the 
centres  of  the  cylinders  as  small  as  possible,  but  considering 
the  slight  attention  that  has  been  given  to  the  balancing  of 
the  engine  in  other  respects,  the  mitigation  of  reciprocating 
effects  thereby  attained  scarcely  warrants  this  depart ure  from 
usual  practice,  accompanied  as  it  is  by  a  restriction  in  the 
length  of  coupling  pin  bearing  surface  in  the  leading  and 
trailing  wheels. 
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As  an  illustration  of  the  efforts  tliat  have  been  made  in 
some  engines  to  minimise  reciprocating  effects,  Fig.  57  illus- 
trates an  engine  built  in  the  early  days  of  the  Stockton  and 
Darlington  Railway.  This  engine  is  a  6-coupled  driver, 
coupled  forward  and  backward  as  in  Fig.  54，  but  in  this  case 
the  connecting  rods  are  threaded  inside  the  coupling  rods, 
with  the  result  that  to  accommodate  the  movements  of  the 
leading  coupling  pins  the  connecting  rods  are  formed  with 
ring  openings  through  wliich  these  pins  pass  to  the  outside 
of  the  connecting  rods.    Further  tlu*  n  tliis  limitation  of  the 


For  tlie  tail  shaft  lie  was  unci  or  the  impression  nickel  steel 
was  only  used  on  ]ii<(Ii-((ra(le  engines  aiul  in  the  Royal  Navy, 
ingot  steel  was  generally  used  in  modern  shafting.  In  regard 
to  piston  rods,  valve  rods,  &c.，  it  would  be  very  convenient,  and 
establish  a  closer  standard  in  scantlings,  if  classification  rules 
gave  a  formula  for  this  as  for  sliafting.  There  would  then  be  no 
such  divergence  in  size  as  now  existed  on  similar-sized  engines 
by  various  builders,  e .g "  one  giving  a  6Jin.  rod  and  another  a 
7 .{in.  rod  for  the  same  size  of  cylinder.  Mr.  Win.  Walker 
said  lie  heartily  agreed  with  Mr.  Lang's  n^marks  as  io  the 


Fig.  53. ― Outside  Cylinder  8-coupled  Duiver  Locomotive  with  Incorrect  Balance  Weights. 


distance  between  the  centres  of  the  cylinders  no  other  provi- 
sion was  made  for  the  balance  of  the  parts.  The  wheels 
were  of  cast  iron  in  two  parts,  the  inner  part  having  the 
crank  formed  with  it  being  keyed  on  the  axle  in  the  usual 
fashion,  while  the  outer  or  rim  part  was  fixed  to  the  inner 
part  by  round  "  stake  "  keys  such  as  were  used  by  millwrights 
in  the  early  days  of  machine  fitting, 

HINTS  ON  MARINE  ENGINE  DETAILS. 

At  the  Institute  of  Marine  Engineers,  on  Monday,  March 
18th,  the  discussion  was  resumed  on  Mr.  W.  Veysey  Lang's 
paper,  "  Notes  upon  a  Marine  Engine,"  an  abstract  of  which 
appeared  in  our  last  week's  issue  (see  p.  352  ante).    In  the 


quality  of  metal.  With  slide  valves  in  the  high-pressure 
cylinders  there  were  difficulties,  not  only  of  wear  and  tear, 
but  also  of  noise,  although  lubricants  reduced  the  latter  to 
some  extent.  Mr.  Tinipson  cited  a  case  where  the  inter- 
mediate slide  valve  was  lubricated  with  a  mixture  of  graphite 
and  plaster  of  paris.  He  did  not  think  the  intermediate  slide 
valve  was  used  to  any  great  extent.  He  agreed  that  the  sizes 
of  piston  rods  should  be  standardised.  Mr.  A.  H.  Ledger  said 
with  regard  to  slide  valves  on  the  intermediate  cylinder  the 
chief  feature  was  that  the  intermediate  was  a  double-ported 
valve,  otherwise  the  pressure  was  just  the  same  as  iu  the  old 
high-pressure  compound  engine.  He  mentioned  an  instance 
where  the  high-pressure  valve  required  steady  hibrication  with 


1^ 


Fig.  54.— Outside  Cylinder  6-coupled  Driver  Locomotive  Coupled  Forward  and  Backwabd,  Balance  Weights  Deceptive. 


unavoidable  absence  of  Mr.  Lang,  the  hon.  secretary  read  bis 
reply  to  the  previous  discussion.  The  author  said  that  the 
majority  of  high-pressure  main  engine  valves  were,  doubtless, 
of  the  piston  type,  yet,  on  the  other  hand,  the  intermediate 
and  low-pressure  valves  were,  in  most  cases,  of  the  I)  type.  He 
considered  it  was  a  question  of  suitable  rnetal  whether  a  flat 
valve  ran  well  or  not.  Although  it  was  true  to  say  that  steam 
which  passed  the  high-pressure  valve  was  used  up  in  the  three 
cylinders,  the  important  thing  was  that  the  high-pressure  valve 
should  govern  consumption  both  of  coal  and  steam,  and  unless 
this  cylinder  was  doing  its  work  economically  there  was  no 
chance  whatever  of  the  other  two  correcting  or  balancing 
initial  waste.  In  regard  to  the  drift  of  cliaiu  blocks,  the 
length  of  chain  allowed  in  "stocked"  blocks  was  10ft.  drift. 


oil,  and  on  this  being  dispensed  with  on  one  voyage,  the  fric- 
tion wore  down  four  phosphor-bronze  pieces  liin.  thick.  There 
were  uo  grooves  on  the  valves.  He  did  not  advocate  the  use 
of  oil  generally,  but  in  some  cases  it  was  absolutely  necessary. 
Mr.  G.  W.  Newall  considered  that  the  diilerencf;  iu  size  of 
the  connecting  rods  was  due  to  the  use  of  iron  iu  earlier  prac- 
tice instead  of  mild  steel.  He  thought  the  number  of  different 
sizes  of  packings  might  be  reduced  for  the  various  jobs.  He 
described  in  detail  the  origin  of  some  of  the  terms  used  in 
engineering.  Mr.  D.  R.  Dilworth  Harrison  said  he  had 
found  the  piston  valve,  when  kept  in  good  order,  to  be  as 
efficient  as  the  slide  valve.  The  cyliuder  clearance  iu  most 
engines,  he  considered,  was  much  more  than  was  necessary. 
The  question  of  drainage  was  important,  as  where  there  was 
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a  cliance  of  water  settling  it  militated  against  economy.  He 
did  not  agree  with  the  proposal  to  paint  over  tlie  cast-iron 
part  of  the  condensers  to  avert  condenser  troubles.  A  nietliod 
adopted  to  preserve  condenser  tubes  was  to  place  blocks  of 
uliiitiiitiuiu  ill  the  water  ends  of  tube-plates,  the  ； 


Fig.  56.- 


-Cross-section  op  (J-coupled  Driver  Locomotive  showing 
Motion  Planes. 


taking  the  corrosion.  Mr.  Jas.  A  damson  (hoii.  secretary) 
emphasised  the  autlior's  remarks  witli  regard  to  tlie  difTerences 
in  ratios  of  cylinders  by  di  fie  rent  makers,  and  also  referred 
to  the  anomalies  produced  by  the  insistence  upon  engines  being 
classified  according  to  the  nominal  horse- !)ow(、r.  Tii  the  coin- 
pound  ongiiie  high-pressure  slide  valve  t  he  introduction  of 


APPLICATION  OF  GAS  ENGINES  TO  INDUSTRIAL  PURPOSES. 

Tm.s  subject  was  dealt  wiili  in  the  course  of  a  lecture  deli- 
vered by  Mr.  Alan  Chorlton,  of  Messrs.  ISfatlier  &  Piatt,  Ltd., 
Ijpf'ore  the  members  of  the  Slieffield  Society  of  Engineers  and 
Metallurgists.  The  lecturer  pointed  out  that  in  tlie  last  few 
years  gas  engines  liad  been  made  in  increasing  sizes  up  to 
(；， （）00  li. p.,  and  their  reliability  brought  x\p  to  tlio 
standard  of  tlie  one-time  oinnipotent  steam  engine.  The 
invention  of  the  producer,  its  progress  and  improvement,  had 
nxteiided  the  field  of  tlie  gas  engine  through  the  increased 
economies  that  were  made  possible.  Tlie  steady  and  continuous 
idiprovettient  in  the  manufacture  of  wliat  was  coriuiionlv 
known  us  town's  gas  liad  enabled  it  to  he  supplied  at  sm'li  a 
rate  as  to  react  against  the  producer,  so  that  the  economies  t(i 
)>e  obtained  alone  by  that  means  were  now  equally  realisable, 
wlien  too  great  powers  were  not  dealt  with,  by  town's  gas, 
wlien  sold  at  the  extremely  cheap  rates  of  the  co)npanv  whicli 
supplied  Sheffield,  with  the  additional  advantage  of  the  sav- 
ing of  extra  capital  cost,  space  taken,  &c.，  entailed  by  the  pro- 
ducer plant  itself.  Though  town's  gas  and  producer  gas 
each  had  their  economical  sphere,  the  prospect  of  using  waste 
gases  from  coke-oven  and  blast  furnaces  was  still  more  alliirint^ 
from  tlie  economical  point  of  view,  and  there  was  little  doubt 
t  hat  for  large  engines  of  the  order  of  500  h.p.  and  over,  tlie 
greatest  field  at  the  ！) resent  time  was  in  the  use  of  these  waste 
f^vjses,  Tliough  the  advantages  to  be  gained  were  so  great, 
tlip  progress  to  date  in  this  country  was  nothing  like  wliat  one 
would  expect,  and  certainly  com  pared  very  unfavourably  witli 
that  made  on  tlie  Continent.  Mr.  Cliorlton  gave  a  table  of 
comparison  between  town's  gas  and  electricity  for  small 
powers,  showing  the  approximate  cost  of  the  former,  at  lid. 
per  1,000  cub.  ft"  to  be  '35(1.  per  brake-horse-power  hour, 
and  of  the  latter,  at  *9d.  per  Board  of  Trade  unit,  84 d.  per 
brake-horse-power  hour.  For  the  higher  powers  up  to 
1,000  b,li,p.,  the  bituminous  suction  producer  was  now  avail- 
able, and  another  table  showed  the  results  which  could  be 
obtained  with  such  a  plant,  a  vertical  enclosed  gas  engine  and 
dynamo  working  on  a  continuous  load  as  for  electric  furnaces. 
The  |>laiit  was  a  producer  gas  generating  station  for  525  h.li.]>., 
say,  350  kw.  The  capital  cost  was  £4,740,  and  the  running 
cost  <£  1,535  per  annuiri.  As  an  interesting  comparison,  the 
results  obtained  by  a  Sheffield  firm  using  town's  electric  cur- 
rent at  "Gd.  per  unit  were  given.  In  this  case  the  capital  cost 
of  a  350  kw.  motor  generator  set  was  £1 ,530,  and  the  running 
cost  £7,389  per  annum.  Allowing  lor  interest  and  deprecia- 
tion at  6:1  per  cent.,  the  gas  plant  showed  a  saving  of  i!5,fi53 
per  annum;  or,  if  the  charges  named  were  10  per  cent.,  the 
saving  was  £5,533. 
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-OUTSIDK  CYI.!NDKU  6-COUPLEP  DRIVER  LOrOMOTIVE.  WITH  CONNECTING  KODS  PLACKD  INSIPF.  FIIOM  THF 

Conpi.iNci  Itons. 


Church's  slide  valve  witli  tlie  1)  valve  worked  very  well  in  a 
case  that  raiue  under  his  observation.  Tlie  re  were  many 
bafHing  casos  with  regard  to  t  he  corrosion  of  condenser  tubes, 
and  noiu'  (<f  t he  t'xpla";" ions  seemed  to  be  universally  s;it is- 
t'uclory.  lie  agroed  with  tlio  autlior  as  to  t  \w  nocessil  y  of 
pHA'iding  sunii'ieiit  boiler  power  for  llie  size  of  the  engines. 


The  Protection  of  Steel  Decks  on  Ships. ― Mr,  F.  J.  Stephen, 
chairman  of  the  Technical  Committee  of  the  British  Corpora- 
•  tion  for  the  Survey  and  Registry 

of  Shipping, at  the  recent  annual 
meeting  held  at  Glasgow,  said 
that  the  suitability  of  the  various 
compositions  whicb  were  now  so 
commonly  used  instead  of  wood 
sheathing  on  steel  decks  liad 
formed  tlie  subject  of  prolonged 
investigation  by  the  Corporation. 
There  was  u  strong  cbemical 
resemblance  between  all  the 
compositions,  and  it  had  been 
found  that,  under  existing  con- 
ditions of  mixing  and  laying, 
there  was  grave  risk  of  serious 
corrosion  of  the  steel  plating,  par- 
ticularly where  the  covering  was 
exposed  to  the  action  of  salt 
water  or  moisture,  such  as  was 
found  ou  weather  decks.  The  mauufacturers  had  beeu  invited 
to  assist  the  committee  in  laying  down  regulations  which 
would  safeguard  the  interests  of  shipowners,  and  it  was  hoped 
lliat  a  standard  of  quality  and  work  might  be  found  which 
would  have  this  elVect.  There  was  no  doubt  of  the  many 
admirable  qualities  of  these  coverings. 
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FLASHING-OVER  IN  COMMUTATOR  MACHINES. 

A  MEETING  of  the  Newcastle  section  of  the  Institution  of 
Electrical  Engineers  was  held  on  the  15th  inst. ,  when  a  pajK"' 
by  Mr.  W.  W.  Frith,  M.Sc,  on  "  Flashiug-over  in  Coiiuiiu- 
tator  Machines,"  was  read.  The  term  flashing-over,  the 
author  said,  meant  the  formation  of  an  arc  with  explosive 
violence  between  the  brushes  of  a  conniiutator  inacliine  sub- 
jected to  abnormal  conditions  of  load.  In  every  case  t  lio 
flash-over  appeared  to  be  associated  willi  high  current  density 
in  the  brushes  and  excessive  sparking.  The  arc  formed  a  low- 
resistance  path  between  the  brushes,  and  the  machine  was 
virtually  short-circuited  as  long  as  the  arc  existed.  The  arc- 
was  carried  away  from  the  commutator  surface  chiefly  by 
the  magnetic  action  of  the  leakage  flux,  and  was  finally  broken 
at  the  outer  portions  of  the  brush-gear.  In  motor  or  con- 
verter cases,  however,  the  circuit-breaker  might  operate,  and 
tlie  arc  was  then  extinguished  by  the  withdrawal  of  the 
power.  Of  all  machines,  the  converter  was,  he  observed, 
most  subject  to  flashing-over,  the  usual  cause  being  a  short- 
circuit  on  the  direct-current  side.  It  also  occurred  frequently 
ill  motors  subjected  to  excessive  overloads  or  to  accidental 
breaking  of  the  field  circuit  ；  it  seldom  occurred  in  generators, 
probably  for  the  reason  that  armature  reaction  on  short- 
circuit  greatly  reduced  the  voltage  across  the  segments.  In 
multipolar  machines  the  flash  sometimes  extended  around  the 
circumference  of  the  commutator,  but  as  a  rule  was  confined 
to  certain  pairs  of  brushes.  Flashing-over  was  a  source  of 
considerable  anxiety  to  engineers  because  of  the  danger  to 
attendants  and  the  damage  which  usually  resulted  to  the 
machine  itself.  A  brush-gear  was  generally  badly  damaged, 
and  often  the  machine  was  put  out  of  commission  for  repair. 
A  remarkable  feature  of  the  phenomenon  was  that  the  com' 
mutator  was  seldom,  if  ever,  in  the  slightest  degree  injured, 
in  spite  of  the  fact  that  the  flash  started  at  its  surface.  A 
valuable  clue  to  the  cause  of  flashing-over  was,  in  his  opinion, 
afforded  by  a  fact  previously  mentioned,  that  it  was  always 
associated  with  heavy  initial  sparking  at  the  brushes.  This 
might  occur  at  any  load,  and  depended  upon  the  setting  of 
the  brushes  ；  a  machine  set  to  run  sparklessly  at  full  load 
would  probably  not  flash-over  at  full  load,  but  would  do  so  ou 
light,  load  if  a  short- circuit  developed  in  either  case. 

There  were,  lie  stated,  only  two  possible  reasons  for  an  arc 
forming  between  the  brushes  ；  either  an  abnormal  rise  of 
voltage  or  a  decrease  of  resistance.  The  former  was  very  un- 
likely to  happen,  and  there  was  left  only  the  second  alterna- 
tive, namely,  the  establishment  of  a  conducting  path  between 
the  brushes.  The  path  might  consist  (a)  of  carbon  particles 
liberated  from  the  brushes  by  excessive  sparking  or  (h)  of  a 
series  of  local  arcs  across  the  segments.  It  was,  he  thought, 
likely  that  both  agencies  were  concerned— imperfect  coniinu- 
tatioii  as  a  primary  cause  and  carbon  dust  as  a  secondary 
one  ;  probably  the  function  of  the  dust  was  to  reduce  the 
resistance  of  the  arcs  over  the  mica  insulation.  That  carbon 
dust  had  some  influence  in  producing  flash-over  was  supported 
by  observations  on  a  7i  h.p.  430- volt  Westingliouse  motor 
loaded  with  a  diroct-coupled  100-volt  50-aiapere  generator. 
Flash-over  could  be  produced  when  desired  by  shcrt-circiutiiig 
the  fully-loaded  generator  through  a  40-anipere  fuse.  The 
flash  was  always  present  at  the  upper  surface  of  the  commu- 
tator where  the  carbon  dust  was  held  on  by  gravity,  but  none 
was  observed  ou  the  lower  surface  where  the  carbon  dust 
could  fall  clear.  Further  evidence  was  that  when  the  coin 
mutator  and  brushes  had  been  well  cleaned,  flashing-over 
could  not  be  produced  until  the  machine  had  run  for  some 
time  afterwards. 

The  real  solution  of  the  probleDi  of  flashing-over  was,  lie 
stated,  in  the  design  of  machines  with  good  coiiimutatioii , 
and  with  an  ample  allowance  of  insulation  between  the  seg- 
ments, in  machines  which  were  subject  to  the  trouble.  A 
most  effective  preventive  of  flashing-over  had  been  found  by 
the  author  in  the  use  of  asbestos-faced  wipers  placed  between 
' the  brushes  and  extending  the  full  lengtli  of  the  commutator. 
With  these  wipers  in  position  it  was  found  to  be  impossible 
to  pr()(lur(>  a  flasli-over  under  the  most  extreino  conditions  of 
load  and  sparking.  On  short  - circuit  in-  the  loaded  generator, 
a  shower  of  flashes,  starting  from  the  bnisli-ti[),  travelled  over 


the  surface  of  the  commutator  to  the  wipers,  where  they  were 
instantly  quencliod.  A  furiluM'  advantage  in  the  use  of  the 
wipors  was  that  the  surface  of  the  coinniutator  was  kept  quite 
(■loan  and  normal  sparking  reduced  to  a  iniiiiinuin.  The  only 
drawba.?k  to  their  use  was  that  they  retained  the  carbon  dust, 
and  after  a  time  became  dirty.  This  resulted  in  sojiio  slight 
sparking  under  the  wipers,  particularly  if  set  in  the  central 
position  where  the  segments  were  carrying  their  maximum 
voltage.  This  pointed  to  the  advantage  of  using  thin  wipers 
set  close  to  the  trailing  tips  of  the  brushes,  and  arranging 
ilieni  so  tliat  they  might  be  easily  cleaned  or  renewed.  The 
arrangement  now  used  was  to  make  the  brush  box  double,  the 
second  compartment  carrying  the  wiper.  On  the  heaviest 
sliort-circuit,  sparking  was  confined  to  tlie  narrow  space 
between  the  brush  and  the  wiper. 


GOVERNING  AND  CONTROLLING  OIL  ENGINES. 

The  accoitipaiiyiii^  illustration  slum's  an  arraiigeiiieiit  for 
governing  the  speed  of  and  regulating  the  amount  of  oil  fuel 
delivered  to  the  cylinder  or  vaporiser  or  atomiser  or  fuel 
valve  of  an  intern al-combustioii  engine,  tlie  joint  invention  of 
Mr.  K.  Crossley  and  Mr.  W.  Webb,  of  Crossley  Brothers,  Ltd., 
Opeiishaw,  Manchester.  The  arrangement  comprises  a  pump, 
the  plunger  A  of  which  is  operated  by  the  lever  N  and  cam  P. 
On  the  suction  stroke  of  the  pump  oil  is  drawn  into  the  pump 
body  from  the  oil  tank  C  through  the  suction  valve  D.  On 
the  delivery  stroke  of  the  pump  this  oil  is  forced  past  the 
delivery  valve  E  and  pipe  F  to  the  engine  cylinder,  vaporiser, 
atomiser,  fuel  valve,  or  other  part  as  may  be  required.  If  the 
speed  of  the  engine  rises  above  the  normal  the  governor  H  will 
lift  the  lever  J  together  with  the  governor  wedge  K, 
with  the  result  that  at  some  period  during  tlie  early  part 
of  the  delivery  stroke  the  pusher  M，  which  is  part  of  the  puni p 
plunger  A,  will  open  the  relief  valve  B,  and  during  the  re- 
luainder  of  the  delivery  stroke  the  oil  will  be  returned  to  the 
oil  tank  C  through  the  return  pipe  G  instead  of  being  delivered 
through  the  delivery  valve  E  against  the  resistance  of  the 
spring  shown  above  it.  If  on  the  other  hand  the  speed  of  the 
engine  falls  below  the  normal,  the  governor  lever  J  will  be 
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lowered  together  with  the  governor  wedge  K，  and  on  the 
next  delivery  stroke  of  the  pump  plunger  A，  the  pusher  M  will 
engage  with  a  thinner  portion  of  the  governor  wedge  K，  but 
will  not  engage  with  it  so  soon,  and,  consequently,  a  greater 
amount  of  oil  will  be  forced  through  the  delivery  valve  E 
before  the  relief  valve  B  is  opened,  and  a  greater  amount  of 
oil  will,  therefore,  be  delivered  to  the  engine  cylinder, 
vaporiser,  atomiser,  or  fuel  valve,  resulting  in  a  correspond- 
ing increase  in  the  power  of  the  impulse  of  the  engine.  The 
projection  shown  at  L  may  be  used  to  prevent  any  oil  being 
cloliverod  to  the  engine  in  rase  tlie  speed  of  the  engine  should 
bcroine  undulv  reduced,  in  which  case  the  governor  would 
lower  the  wedge  K  to  such  aii  extent  that  the  pusher  M  would, 
as  soon  as  it  began  to  move  forward,  come  iu  contact  with 
the  projection  L,  and  consequently  all  the  oil  would  be  re- 
turned to  the  tank  owing  to  the  relief  valve  opening,  and  no 
oil  would  be  delivered  to  the  engine,  in  consequence  of  which 
the  engine  would  stop  working.  If  operated  by  hand  this 
])rojection  L  may  be  used  as  the  regular  iiietliod  or  emergency 
iiiotliod  of  stopping  the  engine,  or,  if  preferred,  the  relief  valve 
may  be  opened  by  liaiul . 
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GAS  POWER  FOR  SHIP  PROPULSION.* 

BY  A,  C.  HOLZAri^^EL. 

DuKiNG  the  last  10  years,  particularly  after  the  introduction 
of  independent  gas  plant  for  cheap  power  gas,  the  feasibility 
of  applying  gas  power  for  ship  propulsion  has  been  in  the 
minds  of  engineers  and  others.  The  difficulties,  however,  of 
carrying  this  into  effect  have  been  considerable,  ami  relate 
partly  to  the  vastly  different  conditions  on  board  ship,  aiifl 
partly  to  the  practical  impossibility  up  to  now  of  obtaining 
a  reversible  gas  engine. 

Some  seven  years  ago  the  late  Mr.  Emil  Capitaine,  of 
Frankfort,  built  a  boat,  suitable  for  fresh-water  service  only, 
fitted  with  gas  engines,  and  lie  read  a  paper  on  the  adapt- 
ability of  this  method  of  ship  propulsion  before  the  German 
Institution  of  Naval  Architects.  Mr.  Capitaine  had  obtained 
various  patents  in  coniiet'tion  with  gas  })rod ucers  and  gas 
engines.  This  first  vessel  was  a  tug  of  small  power,  and  the 
engine  was  not  reversible  ；  she  therefore  depended  for  revers- 
ing and  iiianoeuvring  on  a  clutch  gear.  Mr.  Capitaine's 
British  patent  rights  were  acquired  conjointly  by  Messrs. 
riiornycroft,  of  Southampton,  and    Messrs.  Beardinore,  of 


apparently  satisfactory  trials,  so  many  difficulties  were 
encountered  in  connection  witli  the  working  of  this  vessel  that 
the  experiment  was  abandoned  and  the  vessel  sold.  A  like 
fate  happened  to  most  of  the  other  vessels  which  were  sup- 
plied by  the  Capitaine  Company,  of  Diisseldorf,  although  it 
i&  possible  that  some  】nay  still  be  running.  At  any  rate,  the 
departure  was  not  a  sufficient  success  to  warrant  a  develop- 
ment towards  larger  powers.  Engines  of  the  type  supplied 
by  Mr.  Capitaine  would  have  been  practically  useless  for 
large  sea- going  vessels,  unless  they  had  been  fitted  with  some 
electric  or  other  Iransinissioii  arrangement,  enabling  revers- 
ing to  take  place,  and  lower  speeds  to  be  used,  as  clutch  gears 
ami  reversing  propellers  with  more  than  300  b.li.p.  are 
believed  to  be  impracticable.  Mr.  Capitaine  died  about 
four  years  ago  in  Brussels  at  a  (omparaiively  early  age,  a 
disappointed  man. 

Several  canal  boats  with  gas  engines  of  small  power  liave 
been  run  on  German  ami  Dutch  canals  ；  these  are  also  fitted 
with  clutch  gears  or  reversing  propellers.  Two  or  three 
small  cargo  boats  of  60  to  70  tons  have  recently  been  built 
in  America  similarly  fitted,  but  their  work  is  chiefly  in 
estuaries  and  rivers,  so  they  cannot  be  called  sea-going 
vessels.    I  have  still  to  mention  the  "  Carnegie,"  fitted  with 
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Dalniuir  ；  hot  Ii  these  firnis  carried  on  ex])erimeiits  with 
Capitaine  engines,  and  in  particular  Messrs.  Beardinore  built 
a  gas  engine  for  sea-going  purposes  of  600  h.p.,  which  was 
placed  on  board  H.M.S.  "  Rattler."  The  engine  was  first 
tried  on  land,  and  the  gas  plant  at  that  time  was  intended 
to  use  bituminous  coal  ；  it  was  subsequently  changed  so  as  to 
use  anthracite  coal  and  coke,  the  "  Rattler  "  also  depending 
for  reversing  and  maiiccuvring  on  a  clutch  gear.  So  far  as 
I  have  beeti  able  to  ascertain,  the  gas  engines  aud  gas  plant 
worked  satisfactorily,  but  the  clutch  gear  was  unsatisfactory, 
ami  led  to  the  abandonment  of  the  experiment.  Messrs. 
Thornycroft's  experiments  led  to  a  similar  result, 

Mr.  Capitaine  founded  in  Gernuuiy  a  small  coiiipanv  and 
established  works  for  building  gas  engines  and  gas  plant 
near  Diisseldorf,  where  about  a  dozen  engines  of  from  30  h.p. 
to  100  h.p.  were  built,  and  placed  on  vessels  on  tlie  l^hine 
and  other  rivers.  All  these  engines  had  several  rvlimler-s 
and  were  vertical  ；  they  were  non-reversible  aiul  were  fitted 
either  with  clutcli  gears  or  reversing  propellers.  One  of  the 
engines  built  by  Mr.  Capitaine's  company  was  used  for  sea- 
t^oing  purposes;  it  was  ordered  by  Mr.  Walter  F.  Becker, 
of  Turin,  Italy,  for  a  tug  to  run  in  the  ha  rigour  of  Genoa, 
Italy  ；  it  had  three  cylinders  and  was  of  90  h  p.    After  some 

*  rii]>er  road  nt  Uie  spring  meetings  of  the  fifty-third  session  of  the  iDaiituliou 
of  Naval  Architects,  March  '^7th,  191'2. 


Fig.  1.— Holzapfel  I.   Gas-driven  Single  Screw  Ship. 
Dimensions.  120ft.  x22ft.  x  lift.  6in. 

auxiliary  gas  engines  of  150  h.p.  She  is  the  only  sea-goitig 
gas-driven  vessel  which  was  built  before  1911  -  The  "  Car- 
negie " is  also  fitted  with  a  clutch  gear  ;  particulars  of  her 
performance  are  not  in 】ny  possession. 

About  October  last'  a  sea -going  vessel  of  560  tons  dead- 
weight capacity,  called  the  "  Zeenieuw,"  started  in  Holland. 
This  vessel  has  twin-screw  engines  of  150  h.p.  each,  and  an 
anthracite  coal  gas  plant.  Tlie  engines  are  reversible  by 
compressed  air.  I  understand  she  has  made  nine  trips, 
chiefly  between  Rotterdam  and  Great  Yaniioulli.  and  the 
owners  inform 】ne  that  they  are  satisfied  witli  the  econonuc 
results.  Tliey  have  come  across  some  technical  (difficulties 
ill  connection  with  the  producers  and  lubrication  of  the  gas 
engine,  particularly  in  regard  to  the  formation  of  slag  on  the 
firebrick  lining  of  the  producers,  and  tliev  are  now  fitting 
new  producers  in  which  they  hope  to  obviate  its  foriDation. 
It  will  be  seen  in  the  latter  part  of  this  paper  that  I  have 
also  experienced  the  same  difficulties.  The  owners,  Messrs. 
Vermeer  &  Van  Den  Areml，  of  Rotterdam,  inform  me  that 
in  other  respects  they  have  every  confideiue  in  the  success  of 
the  new  departure. 

Being  unable  to  obtain  reversible  engines,  the  prospect 
of  introducing  this  motive  power  for  large  sea  going  vessels 
some  two  years  ago  seemed  to  nie  roniparativelv  remote,  and 
the  only  means  of  reversing  and  manannring  hiph  powers 
and  speeds  at  that  time  appeare<l  to  be  by  electric  trans- 
mission. This  systenu  wliile  pra»  tioable.  has.  however,  cer- 
tain disadvantages,  which  are  the  following  :  (i.)  A  loss  of 
jiower  in  I  raiismissicui  of  'JO  por  ，v"t.  to  *2^^  per  rent,  (ii)  A 
very  considerable  adilitional  to  be  carried  in  the  form 

of  dynamo  and  electric  motor.  (iii.)  A  large  additional 
cost  for  dynamo  and  electric  motor,  and  very  expensive 
switching  gear,    (iv.)  The  danger  connected  with  having  a 
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very  large  amount  of  electric  power  on  board  an  iron  or  steel 
vessel. 

In  November,  1909，  Prof.  Fottinger,  at  thai  time  one  of 
the  engineers  of  the  Vulfan  Engineering  ami  Sliiphui Uling 
Works  at  Stettin,  read  a  paper  before  the  German 丄 iist  it  ution 
of  Naval  Architects  describing  his  hydraulic  transformer, 
which  was  brought  out  particularly  for  t  he  purpose  of  using 
high-speed  turbines  in  comparatively  slow  vessels,  that  is, 
for  reducing  the  number  of  revolutions  of  a  high-speed  tur- 
bine to  the  required  revolutions  of  ships,  and  also  for 
reversing  engines  up  to  the  largest  powers.  Compared  with 
an  electric  transformer  this  liydraulic  ii-aiisfornier  possesses 
many  advantages.  These  were  appreciated  by  the  Holzapfel 
Marine  Gas  Power  Syndicate,  who  acquired  the  British 
rights  of  the  transformer  for  gas  engines  from  the  Vulcan 
Company  and  built  an  experimental  sea-going  vessel,  the 
Holzapfel  1.，"  in  order  to  test  the  adaptation  and  installa- 
tion of  gas  power  on  board  a  sea-going  ship,  and  in  particular 
to  test  the  transformer  with  gas  engines.  In  deciding  upon 
the  size  of  the  vessel  tlie  owners  were  guided  by  the  followin^^ 
considerations  : —— 

Firstly,  a  small  vessel  of  300  to  400  tons,  such  as  the 
'( Holzapfel  I.,''  is  used  only  for  short  voyages,  and  therefore 
comes  into  port  every  three  or  four  days  ；  as  a  consequence 
she  is  more  suited  for  repairs  and  alterations  tlian  a  vessel 
which  has  to  make  longer  voyages. 

Secondly,  the  initial  cost  of  the  experiment  would  be 
reduced  to  the  lowest  practicable  figure  for  a  vessel  of  com- 
mercial size. 

Thirdly,  the  sea-going  conditions  in  a  small  vessel  are 
much  more  severe  than  in  a 】ai'ge  vessel,  and  as  a  result  the 
gas  plant  and  gas  power  installation  in  a  300-ton  vessel  will 
show  most  readily  all  the  defects  which  are  likely  to  manifest 
themselves  in  a  large  vessel. 

Fourthly,  the  Holzapfel  I."  is  a  vessel  of  a  particular 
commercial  type,  the  coaster,  as  far  as  size  is  concerned. 

Fifthly,  as  far  as  the  transformer  is  concerned,  it  is  not 
suggested  that  vessels  of  the  size  of  the  "  Holzapfel  I.  "  need 
necessarily  be  fitted  with  an  hydraulic  transformer,  as  it  is 
not  impossible  to  have  either  a  reversing  propeller  or  a  clutch 
gear  in  vessels  of  180  h.p.  (which  is  the  power  of  the  above 
ship)  ；  but  it  was  considered  that  the  installation,  as  a 
whole,  was  one  which  would  be  applicable  to  vessels  of  the 
largest  size  and  power,  and  in  this  respect  the  installation  is 
absolutely  unique. 

Sixthly,  it  was  recognised  that,  in  rase  of  the  general 
introduction  of  gas  engines  for  marine  purposes,  it  will  be 
necessary  to  use  bituminous  coal  instead  of  anthracite,  but 
the  owners  decided  to  leave  the  introduction  of  a  gas  plant 
for  bituminous  coal  for  a  second  experiment,  believing  that 
the  task  attempted  in  the  "  Holzapfel  I."  was  sufficient  for 
a  first  experiment. 

The  vessel  under  notice  has  the  following  duueusions : 
Length,  120ft.  ；  beam,  22ft.  ；  depth,  lift.  6in.  Her  gross 
register  is  291  tons  and  her  net  register  149  tons,  and  she 
carries  370  tons  deadweiglit  on  Lloyd's  summer  freeboard. 
Reverting  now  to  the  machinery  installed  on  board  the 
vessel,  we  have  to  deal,  in  the  first  place,  with  the  gas  plant, 
which  was  built  and  supplied  by  the  Power  Gas  Corporation 
of  Stockton-on-Tees.  It  consists  of  two  producers,  3ft.  6in. 
square  and  6ft.  6in.  high,  and  of  two  scrubbers,  13ft.  high 
and  2ft.  6iu.  diani.  Exigencies  of  space  on  board  so  small 
a  vessel  forced  the  owners  to  agree  to  a  somewhat  cramped 
position  for  the  gas  plant,  which,  as  will  be  seen  from  the 
plan  (view  Fig.  1),  is  situated  in  the  engine-room  on  the 
port  side.  The  arrangement  as  it  exists  on  board  this  vessel 
is  probably  the  only  one,  so  far  as  the  producers  are  con- 
cerned, which  could  be  adopted  on  a  vessel  of  her  size  with 
engines  aft.  These  are  placed  on  a  platform  3ft.  9in.  high, 
and  they  form  part  of  a  closed-in  gas  space,  which  is  acces- 
sible by  a  gas-tight  door  from  the  engine-room,  but  is  not 
supposed  to  be  entered,  except  in  case  of  urgent  need,  while 
the  vessel  is  under  power.  The  working  of  the  producers,  such 
as  blowing  on,  and  the  working  of  coal  cocks  is  by  levers 
from  the  engine-room.  The  only  openings  to  the  engine- 
room  are  the  blowing-on  cocks,  which  can  be  shut  by  a  slide, 
and  four  air  inlets,  which  are  only  open  while  the  gas  ])hiiit 
is  under  suction. 

The  producers  are  lined  inside  wit  h  firebricks  ；  they  were 


originally  coimected  with  the  scrubbers  by  horizontal  pipes 
entering  the  scrubbers  al  tlie  base.  The  scrubbers  were  lilled 
witli  coke  to  a  depth  of  6ft.  ；  sea  water  from  a  tank  on  deck 
trickles  down  through  this  <'oke  aiul  serves  to  cool  the  gas 
and  to  free  it  from  any  dust  which  may  enter  from  the  pro- 
ducers. Above  the  coke  is  a  space  containing  wood  wool  as 
a  further  means  of  cleaning  the  gas.  The  cooling  water  is 
discharged  into  a  tank  uiuleriieath  the  scrubbers,  whence  it 
is  pumped  overboard  by  a  drum  pump  running  by  a  belt  from 
the  main  engine.  Originally  a  centrifugHl  pump  was  fitted 
for  this  purpose,  but  it  was  found  to  be  quite  useless,  and 
Iwd  to  be  ('l】aii"re(l  for  a  drum  piiiiip.  Steam  vapour  is  sup- 
plied by  eight-  ilash  l)oilers  inside  the  profhicers,  and  fresh 
water  has  to  be  supplied  for  this  purpose,  and  this  is  carried 
in  the  after  peak  tank.  In  order  to  be  able  to  use  sea  water 
a  new  type  of  vaporiser  has  been  designed,*  by  which  sea 
water  can  freely  be  used,  and  1  his  will  be  fitted  to  the  exliaust 
in  the  early  future.  I  may  here  state  that  a  sufficient  supply 
of  steam  vapour,  i lib.  of  water  evaporated  for  every 
]K)und  of  coal  used,  is  essential,  not  only  for  the  quality  of 
the  gas,  but  also  to  reduce  the  formation  of  slag  in  the 
producei's. 

The  vertical  gas  engine  is  by  Messrs.  E.  S.  Hindley  and 
Sons,  of  Bourton,  Dorset.  It  has  six  cylinders,  lO^in.  diain. 
and  lOin.  stroke :  it  is  designed  to  run  at  450  revs,  per 
minute.  It  is  a  similar  engine  to  the  type  now  manufactured 
by  several  gas  engine  builders  for  the  purpose  of  working 
dynamos,  and,  in  so  far  as  it  works  on  the  hydraulic  trans- 
former, its  task  is  practically  identiral  with  that  of  other 
vertical  gas  engines  on  shore.  The  engine  has  forced  lubrica- 
tion and  low-tension  magneto,  and  also  Lodge  ignition. 

As  regards  the  transformer,  it  consists  of  two  centrifugal 
pumps  driven  by  a  main  shaft  attached  to  the  gas  engine 
and  two  turbines,  one  for  going  ahead  and  one  for  going 
astern,  mounted  on  a  secondary  shaft.  Either  of  these 
centrifugal  pumps  delivers  water  into  its  turbine,  according 
to  the  movement  of  a  lever  which  is  fixed  a  little  distance 
abaft  the  gas  engine.  By  a  simple  movement  of  this  lever 
from  forward  to  aft,  the  revolutions  of  the  propeller  can  be 
instautly  changed  from  full  speed  ahead  to  full  speed  astern. 
While  the  lever  stands  in  the  middle  there  is  no  load  on  the 
engine,  and  the  propeller  remains  stationary.  The  time 
required  when  going  full  speed  ahead  till  the  propeller  moves 
ill  the  reverse  direction  is  about  4  sees.  Between  the  trans- 
former and  the  gas  engine  is  fixed  a  small  centrifugal  pump 
driven  by  a  bevel  gear  from  the  main  shaft  and  absorbing 
about  3  li.p.  Tliis  pump  is  to  pump  back  such  water  as  may- 
be lost  by  leakage  in  the  transformer,  and  the  water  so  lost 
is  again  replaced  from  the  tank  underneath  the  transformer 
into  which  it  leaks. 

This  small  pump  runs  on  a  ball  bearing,  and,  as  originally 
fitted,  the  ball  bearing  was  either  defective  or  of  insufficient 
strength.  As  a  result,  while  the  vessel  was  on  her  voyage 
the  ball  bearing  was  destroyed,  and  she  had  to  put  into 
Scarborougli,  where  another  ball  bearing  of  larger  size  was 
fitted.  This  has  given  entire  satisfaction,  and  on  examina- 
tion ill  October  last  it  proved  to  be  in  perfect  condition. 
Altogether  the  transformer  has  since  done  its  work  in  an 
entirely  satisfactory  manner.  There  is  no  appreciable  】ieat- 
ing  of  the  water  in  the  tank,  and  from  this  fact  it  can 
readily  be  concluded  that  the  loss  of  power  in  the  trans- 
former is  very  small.  Experiments  on  the  test  plate  before 
delivery  proved  it  to  be  from  W'l  to  18  per  cent. ,  including 
the  loss  from  the  auxiliary  puni p.  The  transformer  drives 
the  propeller  at  about  120  revs,  per  minute. 

The  vessel  liad  her  trials  during  tlie  end  of  April  last, 
and  they  unfortunately  terminated  in  a  collision  with  another 
vessel .  After  the  repairs  she  proceeded  on  service,  and  has 
since  carried  the  following  cargoes  ：  Tyne  to  London,  242 
tons  of  coke;  Lomlou  to  Llanelly,  330  tons  of  s('ra，）  iron: 
Llaiielly  to  London,  330  tons  of  lime  ；  London  to  Cork,  330 
tons  of  hardwood  and  cement  ；  Cork  to  Newhaven,  251  tons 
of  oats  ；  Guernsey  to  London,  340  tons  of  granite  :  London 
to  Tyne,  340  tons  of  chalk  ；  Seaham  to  Morlaix,  331  tons  of 
coal  ；  Guernsey  to  Weymouth,  331  tons  of  granite. 

The  consumption  of  anthracite  coal  during-  these  runs 
varied  between  25  cwts.  and  35  cvvts.  per  day  of  24  hours,  and 
was  about  one-half  of  that  of  steamers  of  similar  power. 
During  this  period  several  faults  manifested  themselves  in 

*  This  vaporiser  is  described  and  illustrated  on  page  391  of  this  issue. 
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connection  witli  the  machinery,  and  particularly  with  the 
gas  plant  ；  among  them  I  should  mention  that  the  horizontal 
connecting  pipes  between  scrubbers  and  producers  several 
times  got  filled  with  water,  when  the  ship  was  by  the  stern, 
which  shut  off  the  gas  from  the  engine  and  caused  a  sudden 
stoppage.  As  a  consequence  this  pipe  was  altered  so  as  to 
slant  downwards  from  the  producers  to  the  scrubbers.  The 
coke  in  the  scrubbers,  moreover,  was  found  to  gradually 
pulverise,  and  it  ultimately  choked  the  outlet,  so  that  the 
water  rose,  and  even  came  into  the  producers,  putting  out 
the  fires.  Since  that  time  earthenware  tubes,  of  a  design 
giving  a  maximum  of  surface,  have  been  placed  in  the 
scrubbers  as  a  substitute  for  the  coke.  The  firebrick  lining 
of  the  producers  was  frequently  covered  with  slag,  and  when 
this  was  removed  the  firebricks  were  injured.  I  have  sug- 
gested that  interlocking  blocks  of  steatite  would  be  a  good 
substitute  for  firebrick,  as  I  am  of  opinion  that  slag  will  not 


pipes.  This  happened  at  a  very  inconvenient  time,  in  very 
heavy  weather,  and  caused  some  danger  to  the  vessel.  The  oil 
pressure  pipes  are  now  being  placed  into  deep  grooves,  and 
very  securely  fixed  into  position,  so  as  to  preclude  the  possi- 
bility of  a  similar  accident.  In  other  respects  the  gas  engine 
has  worked  with  fair  regularity,  but  the  power  given  with 
anthracite  gas  is  probaljly  nearer  160  1】. p.  than  180  h.p.,  the 
power  guaranteed  by  builders,  wliich  guarantee,  however,  was 
for  gas  of  140  B.Th.U.  The  transformer  has  been  in  every 
way  satisfactory. 

It  will  be  seen  from  the  foregoing  that  the  experience  with 
this  vessel  has  shown  many  essential  points  in  regard  to  which 
thp  practice  of  gas  plant  on  shore  will  have  to  be  altered  for 
marine  purposes.  I  am  of  opinion,  however,  that  a  great  deal 
of  valuable  experience  has  been  gained,  and  that,  with  the 
alterations  now  made,  the  vessel  will  be  able  to  do  her  work  in 
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Fig.  2.~HoLZAryEL  II.— Genebal  Akrangkment  of  800  B.H.r.  Plant  in  two 
UNITS  or  400  Jt.H.p.  KAcn.  Kxliaust  tias-tired  boiler  aU:mt  3ft.  6in. 
diaua.  xl4tt.  hit;li  ；  heating  surface,  3'20  s<].  ft.  ；  working  pressure.  601I.)s. 

adhere  to  t  his,  and  an  experiment'  for  putt ing  a  partial 
steatite  lining  into  one  of  the  producers  is  now  being  made. 

The  two  levers  for  opening  the  exhaust  valves  of  the  pro- 
ducers were  originally  on  the  port  side  of  the  engine.  It 
happened  several  times  that  in  cases  of  sudden  stoppage  of 
the  engine,  burning  gas  came  from  ihv  producers  into  tlie 
engine-room,  when  it  was  difficult,  on  account  of  the  gas 
flame,  to  get  at  the  levers  of  the  exhaust  valves.  In  order 
to  avoid  this,  the  shafts  of  the  exhaust  valves  have  been 
brought  right  across  the  engine  to  the  starboard  side,  and  so 
arranged  that  both  valves  can  be  opened  by  one  iiioveinent.  I 
consider  it  essential  that  such  or  similar  arrangonieiits  should 
be  fitted  to  future  gas-driven  vessels.  The  Lodge  ignition,  as 
originally  fitted,  and  having  wax  as  an  insulating  material, 
was  found  unsuitable  on  account  of  the  liii^h  toinpcraluiv 
prevailing  in  the  eiigine-rooin,  and  a  new  design  of  i^nit ion. 
specially  adapted  for  the  vessel,  is  now  beinp  fitted. 

Another  iiit o rni])t ion  in  the  working  of  t lie  vossel  was 
caused  by  the  shifting  and  breakage  of  cue  of  the  oil  pressure 


a  regular  and  satisfactory  manner.  Of  course, 
the  "  Holzapfel  I."  is  an  experimental  vessel, 
built  in  order  to  enable  the  owners  to  see 
whicb  arrangements  would  be  the  most  prac- 
ticable for  large  sea-going  vessels,  and, 
although  she  has  proved  herself  a  successful 
vessel,  capable  of  competing  against  steam- 
driven  vessels  of  her  size  in  the  coasting  trade 
on  account  of  her  very  low  fuel  consumption, 
the  main  purpose  of  the  owners  has  been 
to  evolve  from  the  experience  of  this  vessel  a 
design  for  ships  of  large  size  to  he  driven 
by  gas  engines.  In  this  connection  many 
important  considerations  have  to  be  taken 
into  account.  First,  in  regard  to  the  gas 
I         plant,  it  would  be  absolutely  essential  in 

 ^      1  a  large  vessel  to  use  bituminous  coal,  as 

anthracite  coal  is  not  readily  obtainable  at 
many  foreign  coaling  ports  ；  luoreover,  t lie  cost  of  antlirarite 
is  so  considerably  in  excess  of  the  cost  of  bituminous  coal  that 
economical  considerations  come  into  account  here.  Lastly,  the 
gas  derived  from  bitiuiiiiious  coal  in  British  tliennal  units  is 
ol  higher  value  than  the  gas  derived  from  antliracite  coal. 

It  will,  therefore,  be  seen  that  with  an  engine  of  given  size, 
fed  with  gas  derived  from  bituininous  coal,  a  larger  power 
will  b(>  derived.  So  far  as  I  am  a  ware  no  gas  plant  driven  wit  li 
bituininous  coal  has  hitherto  been  used  at  sea,  but  Fi"'.  2 
shows  arrangements  for  ])laoiiig  a  bilinuinons  pas  plant  of 
800  h.ji.  oil  board  ship.  Tlie  ]>roducers  stand  in  the  hottoiii 
of  t he  ship,  in  a  separate  ('o 川 part ""、nt  covered  bv  gratings, 
the  tops  of  the  producers,  whk*h  are  each  of  4(H、  li.p. ,  are  level 
with  the  main  deck,  the  intention  being  to  draw  the  ('oa】  out 
of  a  'tweon-deck  bunker.  An  electric  hoist  could  he  fitted  to 
lift  coal  from  the  l(nv'、r  bunker  into  the  *t ween-derk  bunker 
so  as  to  bring  it  on  a  level  witli  the  top  of  the  producers. 
The  coal  in  this  case  will  be  iod  into  the  hop]>ors  l>v  liaiid,  and 
t  he  usual  arrangement  of  ball  seals  \o  covei' t  lie  four  openiiips 
for  stoking  in  each  producer  will  be  fitted.  I n  order  to  make 
t  his  absolutely  ^as-ti^lit.  liinixed  <'M|>s  will  hv  fitted  over  the 
balls,  and  screwed  do\ni  when  no  stoking  is  bring  done.  From 
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the  producers  the  gas  passes  into  the  coolers,  or  wet  scrubbers  ； 
these  are  filled  with,  earthenware  rings,  fitting  tightly  into 
position.  These  scrubbers  will  be  about  15ft.  high  and  about 
3ft.  9in.  diam.  ；  the  uppermost  portion  of  each  has  a  tank 
which  will  be  fed  with  sea  water  by  a  pump  from  the  engine- 
room.  The  scrubbers  are  placed  on  the  main  deck,  and  dis- 
charge the  cooling  water  overboard  on  either  side  by  gravita- 
tion. From  the  coolers  or  scrubbers  the  gas  is  drawn  by 
centrifugal  tar  extractors  (driven  electrically)  formed  as 
fans  ；  these  force  the  gas  under  pressure  through  the  dry 
scrubber  to  the  engine,  A  very  large  number  of  centrifugal 
tar  extractors  are  at  work  in  connection  with  gas  plant  using 
bituminous  coal,  and  they  do  their  work  to  absolute  per- 
fection, giving  clean  gas  free  from  any  tar.  Attempts  to 
dispose  of  the  tar  by  other  means  or  to  gasify  it  liave,  how- 
ever, been  attended  with  many  failures. 

Coming  now  to  the  gas  engine,  there  are  various  considera- 
tions to  be  taken  into  account.  Naturally,  with  an  experi- 
mental form  of  engine,  the  twin-screw  system  offers  additional 
security.  It  also  has  the  advantage  that  engines  of  consider- 
able power  can  be  fitted  in  a  vessel  witliout  piston  cooling, 
thereby  saving  considerably  in  first  cost  and  weights.  At 
present,  engines  with  cylinders  up  to  22iii,  diam.  are  being 
built  witliout  piston  cooling,  but  this  should  be  considered 
the  outside  limit.  Some  air  cooling  by  a  fan  to  the  crank 
chamber,  and  driving  cold  air  through  it,  is  contemplated, 
and  this  will  no  doubt  assist  to  keep  the  working  parts  of  an 
engine  at  a  suitable  temperature.  Two  types  of  vertical  engines 
are  being  built,  those  with  tandem  cylinders  and  those  with  a 
single  row  of  cylinders  ；  the  former  have  the  advantage  in 
saving  space  ；  the  latter  are,  perhaps,  more  accessible  for 
repairs.  A  tandem  engine  with  six  cranks  can  no  doubt  be 
built  up  to  1,800  h.p.  without  water  cooling  of  pistons,  and 
two  such  engines  would  be  sufficient  to  drive  a  vessel  of  15,000 
tons  displacement  at  10  knots  speed.  The  stroke  of  gas  engines 
is  generally  limited  to  a  piston  speed  of  about  800ft.  per 
minute,  and  engines  such  as  have  been  considered  suitable, 
and  of  the  size  not  requiring  water  cooling  of  pistons,  will  run 
at  about  250  to  320  revs,  per  minute. 

In  order  to  reduce  the  vibration  to  a  minimum,  engines  of 
six  or  more  cylinders  are  desirable.  Mr.  Milton's  paper  last 
year  showed  diagrams  giving  a  distribution  of  pressure  -  which 
speak  eloquently  in  favour  of  six  or  more  cylinders.  The 
vibration  of  the  engine  as  observed  on  the  shaft  leading  to  the 
transformer  of  the  "  Holzapfel  I."  was  not  inconsiderable,  so 
that  at  first  the  bearing  between  gas  engine  and  transformer 
showed  signs  of  heating  ；  forced  lubrication  was  subsequently 
fitted  to  this  bearing  with  satisfactory  results,  and  this  would 
no  doubt  be  desirable  with  larger  powers.  A  bearing  of  con- 
siderable size,  moreover,  will  be  needed  in  order  to  prevent 
undue  vibration  in  the  transformer. 

As  regards  the  Fottinger  transformer,  about  85  per  cent, 
to  90  per  cent,  of  the  original  brake  horse-power  of  a  prime 
mover  of  800  b. h.p.  can  be  transmitted  to  the  propeller  shaft 
if  the  revolutions  are  reduced  from  about  270  of  the  prime 
mover  to  100  of  the  propeller.  The  weight  of  the  transformer 
and  water  would  be  about  13  tons.  The  cost  of  such  a  trans- 
former is  only  double  that  of  a  transformer  of  150  h.p.  ；  the 
greater  the  power  the  lower  the  cost  per  horse-power,  and  the 
higher  the  efficiency,  the  greater  also  the  saving  in  weight  as 
compared  with  steam  engines  and  boilers. 

While  it  cannot  be  said  that  the  experiment  of  the  "  Hol- 
zapfel I."  has  so  far  been  a  complete  success,  owing  partly  to 
several  avoidable  accidents,  as,  for  instance,  two  collisions, 
which  were  in  no  way  due  to  the  machinery  on  board,  and 
while  it  must  be  confessed  that  in  consequence  of  these  acci- 
dents an  undeserved  prejudice  has  probably  been  created  in 
the  minds  of  the  public  and  of  underwriters,  making  the 
economic  insurance  of  future  gas-driven  vessels  somewhat  diffi- 
cult until  a  continuance  of  regular  and  steady  work  has 
created  a  new  confidence  in  the  system,  it  imist  be  admitted 
that  the  experiment  has  so  far  practically  demonstrated  the 
feasibility  of  using  gas  engines  at  sea  in  conjunction  with  the 
hydraulic  transformer.  It  has  also  shown  the  weak  spots  in 
gas  plant  as  hitherto  used  on  shore,  and  what  is  】iecessary  to 
adapt  it  for  sea-goiug  purposes. 

The  fact  of  our  almost  unlimited  coal  supply,  and  the 


cheap  price  of  t  his  i'm'l  in  Great  Britain  as  compared  with 
liquid  fuel,  makes  the  introduction  of  marine  gas  power  par- 
ticularly desirable  in  this  country,  not  only  from  economic 
but  also  from  national  considerations.  Compared  to  the  triple 
and  quadruple  expansion  steam  engine  of  the  present  day,  the 
gas  engine  is  still  an  im perfect  piece  of  niechanistii ,  and  there 
is  ail  almost  unlimited  scope  for  improvement  and  economy  in 
a  gas  plant,  gas  engines,  and  gas  turbines. 

So  far  the  most  perfect  steam  machinery  lias  been  evolved 
by  the  marine  engineer,  and  I  venture  to  liope  that  by  this 
experiment  the  interest  of  marine  engineers  may  have  been 
aroused,  and  that  the  day  is  not  far  distant  when  their 
concentrated  energy  and  intelligence  will  have  so  perfected 
marine  gas  plant  and  gas  engines  as  to  bring  about  their 
general  introduction,  with  the  resulting  great  saving  of  coal 
fud ― tlie  most  important  national  asset  of  this  country. 

I  should  Diention  that  Mr.  Max  Holzapfel,  of  Newcastle- 
on- Tyne,  sliared  with  nie  the  financial  risk  of  this  experi- 
ment, and  that  I  was  assisted  in  the  design  of  the  vessel  and 
machinery  by  Messrs.  H.  A.  B.  Cole  and  T.  W.  Cherry,  who 
also  superintended  the  construction  and  the  installation  of 
the  machinery  on  board.  Lastly,  I  have  to  thank  the  Vulcan 
Company,  of  Stettin,  for  their  generous  help  and  assistance 
at  a  time  when  difficulties  gave  us  considerable  trouble,  and 
the  Power  Gas  Corporation,  Ltd.,  for  their  unfailing  help  in 
contending  with  the  various  difficulties  which  arose. 


RAILLESS  ELECTRIC  TRACTION. 

At  a  recent  meeting  of  the  Junior  Institution  of 
Engineers  a  paper  was  read  on  "  Railless  Electric  Traction  " 
by  Mr.  Bertram  D.  Fox,  B.A.  The  author  pointed  out  that 
mechanically-operated  vehicles  must  be  classified,  broadly,  as 
(1)  those  which  run  on  rails,  and  (2)  those  which  made  use 
of  the  ordinary  road  surface  ；  electrical  power  being  used 
almost  exclusively  for  the  former,  while  some  motive  power 
other  than  electricity  being  used  for  the  propulsion  of  the 
latter.  Greater  suitability  and  economy  was  given  as  the 
reasons  for  electric  power  having  superseded  all  other  forms 
of  motive  power  on  tramcars,  and  the  same  would  have 
applied  to  road  vehicles,  but  for  the  difficulty  experienced  in 
the  application  of  electric  power  owing  to  the  unsuitability  of 
the  usual  type  of  trolley  or  current  collector.  Special  types 
of  trolley  have  been  tried  for  the  trackless  car,  but  their  con- 
struction imposes  too  many  restrictions,  due  to  their  neces- 
sitating special  overhead  line  construction.  The  difficulty  in 
connection  with  the  trolley  was  finally  overcome  by  adhering 
to  the  usual  tramway  type  of  overhead  line,  and  adapting  the 
usual  tramway  trolley  to  the  new  conditions,  and  the 
economic  and  technical  considerations  that  have  made  electric 
power  supersede  all  other  motive  powers  in  tramways  will 
now  produce  the  same  result  in  connection  with  road  vehicles. 
The  author  commented  upon  the  inadequacy  of  existing  tram- 
ways to  serve  the  remoter  parts  of  their  areas  ；  tramways 
serving  urban  areas  only  ；  suburban  areas  must  therefore  be 
served  by  road  vehicles.  As  the  traffic  problem  of  urban 
areas  was  only  solved  by  electrification  of  rail  vehicles  (tram- 
cars),  so  the  traffic  problem  of  suburban  areas  will  also  only 
be  solved  by  electrification  of  road  vehicles.  The  results  of 
the  first  installations  in  this  country,  which  were  made  simul- 
taneously at  Leeds  and  Bradford,  where  the  vehicles  have 
been  in  continuous  service  since  June  of  last  year,  were  given. 
The  proceedings  terminated  with  the  announceuieiit  of  the 
p 爾 iug  meeting  on  Wednesday,  17th  April,  when  Mr.  E. 
Kilburn  Scott,  M.I.E.E.,  would  read  a  paper  on  "Dynamo 
Design."  " 


British-designed  Gunboats  for  China. ― The  Navy  Department 
at  Washington  has,  we  understand,  entered  into  a  contract 
with  Messrs.  Yarrow  k  Co.,  Ltd.,  to  design  the  shallow- 
draught  gunboats  which  the  United  States  intend  to  place  on 
the  China  rivers.  The  vessels  will  be  constructed  in  America. 
？ liis  act  on  the  part  of  the  Navy  Department  at  Washington 
is  owing,  we  understand,  to  the  exceptional  success  of  H.M. 
shallow-draught  gunboat  Widgeon,"  which  has  made  some 
remarkable  runs  on  the  Yaug-tse  Kiang. 
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THE  LIGHTING  OF  FOUNDRIES. 《 

BY  Ji.  G.  WORTH. 

There  are  three  kinds  of  lamps  to  be  considered  ：  the  incan- 
descent, the  arc,  and  the  vapour  lamps.  Of  the  incandescent 
lamps  there  are  the  ordinary  carbon,  the  metallised  carbon, 
the  tungsten,  and  the  Nernst  lamp.  Of  the  arc  lamps  tliere 
are  the  en<*losed  carbon,  both  alteniating  and  direct  current, 
the  long  burning  flame  arc,  and  the  luminous  arc.  The 
vapour  lamps,  that  is,  the  Cooper,  Hewitt,  and  the  Moore 
lamps,  are  not  considered  adapted  to  foundry  lighting  because 
of  the  lack  of  penetrative  power  of  their  light'  due  to  tlie  low 
intensity  of  their  light  sources. 

It  may  be  said  that  foundries  require  light  principally  for 
two  operations,  moulding  and  pouring.  The  moulding 
requires  considerable  light  and  takes  place  usually  in  tlie  early 
hours  of  the  day  when  daylight  is  available.  The  pouring  comes 
at  the  close  of  the  day  and  requires  only  sufficient  light  to  see 
to  get  around,  which  works  in  very  nicely  with  the  diminish- 
ing light  of  the  afternoon.  So,  regarded  from  some  aspects, 
the  lighting  in  a  foundry  is  rather  unimportant,  and  in  fact 
sometimes  there  is  practically  no  lighting  installed.  How- 
ever, it  must  be  remembered  that  rainy  days  come,  that  it  is 
sometimes  essential  to  work  overtime,  and  that  in  the 
winter  it  does  not  grow  light  until  after  the  foundries  are 
started,  and  evening  darkness  also  comes  very  early. 

It  is  a  great  deal  cheaper  to  make  good  moulds  in  tlie  first 
place  than  to  repair  castings  after  they  have  been  iiioukled, 
and  it  is  a  fairly  difficult  matter  to  make  a  good  mould  unless 
there  is  sufficient  light.  Of  course,  these  considerations 
apply  only  in  a  general  way  to  different  foundries.  For 
heavy  work  a  Tiiinimum  of  light  will  suffice.  When  you  come 
down  to  very  small  castings  a  good  deal  of  light  is  necessary. 
Building  up  the  moulds,  smoothing  tliem  off  and  finishing 
them  generally  requires  good  light.  Moulding  work  is  very 
difficult  to  see  because  of  the  dark  colour  of  the  sand  and  the 
general  blackness  of  everything  concerned.  This  darkness 
absorbs  the  light  and  very  little  is  reflected.  Moreover,  as 
the  walls  and  objects  do  not  reflect  light  tliere  is  very  little 
diffusion  and  tlie-  lighting  effect  is  less  for  a  given  quantity  of 
light  supplied  from  the  lamps  than  it  would  be  if  there  were 
diffusion. 

It  is  a  dangerous  】nat'ter  to  try  to  】）our  in  tlie  dark,  and 
when  men  are  running  around  witVi  ladles  full  of  metal  and 
cranes  operating  overhead  accidents  can  be  very  serious.  As 
bearing  on  this  T  wish  to  mention  a  curve  given  in  a  paper  by 
•John  Calder  before  the  American  Society  of  Mechanical  Engi- 
neers. This  curve  shows  in  a  remarkable  way  how  the  per- 
centage of  accidents  increases  greatly  in  the  darker  weather  of 
the  year,  the  inference  being  that  tliis  increase  is  due  to  the 
decrease  in  illumination.  According  to  this  curve  there  are 
about  75  accidents  in  December  or  January  as  compared  to 
about  50  in  July  or  August,  or  50  per  cent,  more  in  the  dark 
months.  Statistics  have  also  been  publislied  which  show  t-liat 
in  the  United  States  alone  500,000  preventable  accidents 
take  place  every  year.  Of  these  it  is  believed  by  the  authori- 
ties who  have  made  a  study  of  safeguards  for  the  benefit  of 
employes  that  25  per  cent,  are  caused  by  poor  illumination. 

A  foundry  is  always  】iiore  or  less  full  of  dust,  dirt,  and 
smoke,  and  to  penetrate  through  this  inurk  requires,  of 
course,  more  light  than  would  be  necessary  otherwise.  Lamps 
of  high  brilliancy  are  required.  This  is  the  reason  why 
vapour  lights  are  not  available,  as  it  has  been  found  that 
light  from  lamps  of  this  type  does  not  penetrate  readily- 
through  smoke  and  dust. 

Foundry  lighting  must  not  be  too  unifonn  in  its  character 
as  shapes  of  moulds  are  difficult  to  see,  due  to  the  darkness 
of  the  material  and  the  consequent  fact  that  shadows  are  not 
so  apparent  as  on  lig-hter  materials.  If  the  illumination  is 
too  unifonn  the  mould  will  appear  flat.  Again,  moulds 
contain  deep  recesses  into  wliirli  the  light  must  penetrate, 
and  unless  there  is  considerable  direction  to  the  light  rays 
it  will  fail  to  penetrate  into  the  interior  of  the  mould.  This 
condition  is  more  or  less  opposed  to  the  (condition  requiring 
shadows,  as  the  rays  should  be  oblique  to  make  shadows  and 
should  be  vertical  in  order  to  see  the  inside  of  the  moulds. 
There  must  be  a  compromise  between  these  two  requirements. 

•  Abstract  of  oddiesa  delivered  before  the  Newark  Foundry  men's  Association. 
Newark,  N..T.,  March  1st,  1912. 


Another  tiling  wliicli  must  not  be  lost  sight  of  in  a  foundry 
is  the  effect  on  the  lamps  of  dust  and  gas.  If  the  lamp 
contains  an  elaborate  mechanism,  then  the  gases  and  dirt  are 
liable  to  (affect  this  meclianism  ami  the  lamp  will  not  be 
always  in  working  order.  If  it  has  a  complicated  system  of 
shades,  or  difTusers,  these  become  dirty  and  a  large  part  of 
the  light  is  cut  off. 

Foundry  lighting  therefore  requires  a  good  ami  possibly 
concent I'ated  illumination  for  moulding  purposes,  ami  on  the 
other  luiiul  a  general  illuiiiinatioii  for  pouring,  wliich  latter 
must  be  of  a  character  to  penetrate  through  tlie  smoke. 
These  two  requireineiits  are  more  or  less  contradit  toi y,  and 
it  must  be  decided  which  is  the  more  iinportaiit.  Tliis  brings 
into  the  】nattei'  the  question  of  costs. 

The  best  way  to  get  a  good  illuniination  is  by  general 
lighting  of  a  high  character,  and  then  this  is  naturally  also 
available  for  pouring  purposes.  On  the  other  hand,  a  general 
illumination  of  a  high  character  is  expensive.  If  it  is  not 
desired  to  spend  much  money,  this  can  be  done  by  a  fair 
"renei'al  illununatioii  provided  in  the  first  place,  and  then 
special  localised  illumination  provided  where  it  is  required 
for  good  work.  This  compromise  is  not  altogether  satisfac- 
tory, because  practically  the  only  way  to  provide  tlie  special 
illiunination  is  by  the  use  of  extension  lamps.  These  are  a 
nuisance,  as  they  clutter  up  the  floors  and  wear  out  rapidly, 
ami  are  always  a  source  of  trouble  and  maintenance.  If 
capital  is  available  it  is  much  better  to  provide  a  general 
illumination. 

The  amount  of  illumination  required  ranges  from  about 
^ft.  candle  to  3ft.  candle.  One-half  foot  candle  is  very  low, 
and  is  just  sufficient  to  enable  large  work  to  be  carried  on. 
On  the  other  hand,  3ft.  candle  is  very  good  illumination  and 
would  be  sufficient  under  certain  circumstances  for  a  reading 
room.  Such  good  light  may  be  considered  extravagant,  but 
it  is  not  in  fact,  because  light  goes  a  great  deal  farther  in  a 
reading  room,  due  to  the  good  conditions,  than  it  does  in  a 
foundry. 

Somewhere  between  tlie  two  extremes  is  tlie  proper 
amount,  and  this  must  be  detennined  by  the  character  of 
the  work.  For  foundries  working  on  large  heavy  castings 
where  finish  of  the  mould  is  of  not  much  importance,  about 
1ft.  candle  should  be  sufficient.  On  the  other  hand,  in 
foundries  casting  small  objects  requiring  great  detail  and 
careful  finish  of  the  mould  3ft.  candle  is  none  too  much. 
This  question  of  the  amount  of  illuniination  is  one  of  tlie 
most  vital  points  to  be  considered,  inasmuch  as  it  determines 
the  cost  of  installation  and  operation  of  the  wliole  svstein. 
No  rules  can  be  given  bv  wliitli  it  is  possible  to  determine 
how  much  light  is  needed.  The  workman  naturally  wants 
as  inm'h  as  he  can  get.  The  owner  wants  to  hold  the  expense 
down  as  far  as  compatible  with  good  efficiency  in  his  work- 
men. It  must  boil  down  in  every  case  to  a  question  of 
jiulgnient  to  be  decided  by  the  owner  and  his  engineer  after 
due  study  and  investigation  by  actual  personal  inspection  of 
plants  in  operation  ，  the  diaracteristics  of  which  can  be 
ascertained.  In  other  words,  it  is  a  matter  of  arbitrary 
decision,  and  not  of  scientific  deduction. 

There  are  two  methods  of  getting  at  tlie  amount  of  randle- 
])ower  capacity  necessary-  One  is  the  tlux  of  light  method 
and  tlie  other  is  the  step  by  step  method.  The  first  involves 
the  calculation  of  the  total  amount  of  light  required  by 
multiplying  the  area  by  the  illununation  required  and 
reduciiii^  same  to  】umeiis  (tlie  lumen  being  tlie  quantity  of 
light  necessary  to  illuminate  1  sq.  ft.  to  an  intensity  of  1  ft. 
candle),  then  figuring  the  necessary  number  of  lamps  required 
to  supply  tliis  number  of  lumens  from  tables  wliicli  have 
been  worked  out  in  detail  and  wliicli  take  into  aivoxmt  the 
reflection  from  the  walls,  the  absorption  loss,  Arr.  For  stan- 
dard work  whifli  duplicates  (onditioiis  whirli  have  been 
experimentally  studied  this  is  a  quirk,  accurate,  and  sure 
method.  But  for  foiuulries  the  conditions  vary  too  much  to 
<lo])en(l  upon  this 川 t'tliod  except  as  a  thetk  -  A  train,  if  t  here 
are  only  a  few  large  units  the  llux  inetliod  t  annot  be  used 
because  it  does  not  t^ive  anv  data  as  to  tlie  dist  ri  but  ion  of 

The  point  l)v  point  inetliOil  is  in 川 v  opinion  the  best  for 
foundry  work .  This  method  consists  in  assuming  a  certain 
arrangement  of  lamps  and  certain  jwsitions  or  stations  in  the 
foundrv,  and  calculat ini;  tlio  illununation  at  each  station. 
Those  laK  ulations.  altliou^li  tedious,  are  easily  -  made  from 
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the  distribution  curves  of  the  lamps  in  question.  Of  course, 
this  method  involves  considerable  labour,  because  several 
tentative  plans  must  be  worked  out.  After  working  m" 
these  plans,  however,  it  will  be  possible  by  inspection  to 
decide  just  about  what  is  wanted  and  a  result  wlii*-li  will  ho 
suitable  can  be  had. 

Lamps,  of  necessity,  must  be  hung  above  tlie  <  rane  in 
order  to  permit  its  operation,  and  for  this  reason  it  is  not 
feasible  to  use  small  units,  as  the  number  required  brink's 
the  cost  per  unit  of  light  up  very  high.  Thus  it,  works  out' 
that  in  general  liigli-power  lamps,  such  as  arcs,  can  be  used 
to  the  best  advantage.  These  lamps,  in  order  to  avoid  glare 
and  secure  good  distribution,  should  be  hung  very  high.  As 
it  is  difficult  under  these  circuiiistances  to  clean  and  adjust 
lamps,  the  cost  of  trinunitig  becomes  serious  unless  a  long- 
burning  lamp  is  used.  The  flame  arc  is  probably  the  most 
efficient  solution  of  the  foundry  lighting  problem.  It  is  the 
most  efficient  source  of  lighting  known.  It  can  be  used  oti 
both  alternating  and  direct  current.  Certain  makes  are 
suitable  for  multiple  work,  i.e.,  each  lamp  can  be  operated 
separately  and  controlled.  Its  light  lias  penetrative  power. 
The  only  objection  of  the  lam p  is  tliat  its  niechanisiii  is  more 
or  less  complicated  in  the  types  which  have  the  highest 
efficiency.  Some  less  efficient  types,  however,  have  mechanism 
which  is  the  acme  of  simplicity.  While  flame  lamps  throw 
off  a  certain  amount  of  gas,  this  is  of  no  consequence  in  a 
foundry  and  can  be  neglected. 

It  is  well,  of  course,  always  to  use  a  highly  efficient  lamp 
if  it  can  be  done.  Sometimes  the  employment  of  the  highly 
efficient  lamp  seriously  cuts  down  the  efficiency  of  sight 
because  of  the  impossibility  of  installing  it  in  such  a  way  as 
to  prevent  glare.  In  this  case  it  would  be  better  to  use  a 
unit  wliit'h  is  better  adapted  to  the  rireumstances  and  which 
has  a  lower  efficiency  in  itself  whicli,  by  making  the  efficiency 
of  sight  】iigher，  will  in  the  end  produce  a  better  over-all 
efficiency.  Of  course,  where  either  type  of  unit  can  be  used 
with  good  efficiency  of  sight,  the  more  efficient  light  source 
should  be  employed. 

In  some  small  foundries  and  in  old  ones  where  the  ceilings 
are  not'  high  it  will  be  impossible  to  use  the  flame  lamp 
because  it  is  of  a  size  whicli  needs  to  be  hung  high  to  get  the 
distribution.  These  foundries  must  come  to  a  smaller  unit. 
The  flame-aro  lamp,  because  of  certain  inherent  features, 
cannot  be  constructed  in  very  small  units,  and  it  then  becomes 
a  choice  between  a  luminous  arc  lamp  and  an  incandescent. 
The  luminous  lamp  is  midway  between  the  flame  and  the 
incandescent  and  has  all  the  good  qualities  of  the  flame  lamp, 
except  its  mechanism  is  more  complicated,  and  it  cannot  be 
used  on  alternating  current. 

Of  incanclescents  there  are  the  Nernst  and  the  Mazda 
lamps.  Wliile  the  Nernst  lamp  has  a  higher  efficiency  than 
the  Mazda,  I  do  not  feel  that  it  is  so  well  adapted  to  foundry 
work  as  the  Mazda.  This  latter,  since  the  introduction  of 
tungsten  wire  filaments,  has  become  very  reliable.  The 
carbon  incandescents,  due  to  their  low  ratings,  are  hardly 
adapted  for  general  illumination  except  in  certain  circum- 
stances. 


Methods  of  Inventors. ― Mr.  R.  M.  Neilson,  M.I.Mech.E., 
recently  deliverd  a  lecture  on  "  Invention  ，，  before  the  Royal 
Technical  College  Scientific  Society,  Glasgow.  The  lecturer 
divided  inventions  into  two  classes  ：  (1)  Those  which  were 
the  result  of  suggestion,  and  (2)  those  which  resulted  from  an 
investigation  set  on  foot  in  order  to  find  the  best  means  of 
attaining  an  end,  the  inventor  starting  with  a  definite  object 
in  view  but  without  any  knowledge  as  to  how  his  object  was 
to  be  attained.  Mr.  Neilson  laid  stress  on  the  necessity  for 
considering  problems  of  invention  from  a  business  standpoint 
and  on  the  benefit  which  was  to  be  derived  from  training  the 
mind,  not  only  to  assist  one  to  decide  when  and  where  not  to 
expend  time,  money,  and  energy  on  any  invention,  but  also 
to  assist  in  working  an  invention  out  to  a.  successful  issue. 
With  regard  to  commercial  establishments,  he  advocated  a 
judicious  combination  of  method  and  routine  with  a  continu- 
ous striving  after  improvements.  As  examples  of  the  working 
out  of  inventions  on  correct  and  incorrect  lines,  the  lecturer 
cited  the  cases  of  the  sewing  machine,  the  type-writer,  and  the 
Babbage  calculating  machine. 


VAPORISER  FOR  GAS  PRODUCERS. 

Thk  vaporiser  lor  gas  producers  shown  iji  the  accompanying 
cut  has  recently  been  patented  by  Mr.  A.  C.  A.  Tlolzapfel,  57, 
Fenchurch  Street,  Loudon,  and  has  been  designed  mainly 
with  a  view  to  enable  sea  water  to  be  used  for  the  purpose  of 
supplying  wator  vapour  to  ilu;  producers.  To  tlie  outlet  A 
wlim'e  the  gas  leaves  the  producer  lor  the  scru b ber  lliore  is 
fitted  a  double  branch  pipe  B  provided  with  shut  off  valves  D 
to  each  branch.  To  the  braiicli  pipes  is  fitted  a  vaporiser  con- 
sisting of  two  cylinders  ()  containing  a  iiuniber  of  small  tubes 
so  arranged  that  the  cylinders  can  be  fed  with  sea  water 
tlirmigli  t  pipes  F,  and  that  tlie  t^as  from  the  producer  will 
j);iss  t  hrougli  t  he  small  tubes  ('oiitaim'd  in  llie  vessel.  Each 
vossol  is  provided  with  a  blow-off  cock  C  which  is  so  regulated 
as  to  allow  about  half  tlie  intake  of  sea  water  to  escape  from 
the  vessel,  so  that  the  concentrated  sea  water  is  constantly 

being  discharged,  and  thus 
个  incrustation   around  the 

tubes  is  prevented  as  far 
as  possible.  From  the 
top  of  each  vaporiser 
pipes  W  conduct  the 
water  vapour  to  the  bot- 
tom of  the  gas  producer. 
These  vapour  pipes  are 
provided  with  reducing 
valves  so  that  the  pres- 
sure of  the  vapour  is  re- 
duced to  about  21bs.  pres- 
sure, and  each  cylinder  is 
also  provided  with  a  safety 
valve  which  allows  the 
vapour  to  blow  off  should 
the  pressure  exceed,  say, 
lOlbs.  pressure  per  square 
inch.  The  top  of  each 
producer  is  provided  with 
branch  pipes  leading  to 
the  gas  outlet  M,  suitable 
valves  N  being  provided 
in  the  pipes.  It  is  intended 
to  use  only  one  of  these 
vaporising  vessels  at  a 
time,  the  other  being  shut 
off  by  the  valves  D  N 
until  such  time  as  it  may 
be  necessary  to  thoroughly 
cleanse  the  first  vaporis- 
ing vessel.  The  arrange- 
ment is  essentially  suitable 
for  vessels  remaining  at  sea  for  more  than  three  or  four  days,  but 
for  vessels  only  doing  short  journeys  of  less  than  three  days 
only  one  such  vaporising  vessel  is  necessary  as  it  can  readily 
be  cleansed  at  the  end  of  each  voyage. 

Instead  of  arranging  the  double  branch  pipe  and  its 
vaporising  vessels  on  the  pipe  leading  from  the  producer  to 
the  scrubber,  it  can  be  arranged  in  some  suitable  position  in 
the  exhaust  from  the  engines.  In  practice  it  is  found  advan- 
tageous to  have  such  vaporising  vessels  arranged  in  both  the 
gas  pipe  leading  from  tlie  producers  to  the  scrubbers  and  also 
ill  tlie  exhaust,  as  the  heat  obtained  from  either  is  scarcely 
sufficient  to  evaporate  tlie  necessary  quantity  of  sea  water  to 
supply  the  water  vapour  required  by  the  producer. 


Vaporiser  for  Gas  Producers. 


Tramcar  Brakes  on  Steep  Gradients.  ― With  a  view  to  prevent- 
ing a  reciirreiK-e  of  the  disastrous  tramway  accidents  tliat  have 
occurred  in  the  Stalybridge  district,  the  Joint  Tramways 
Board  for  Stalybridge,  Hyde,  Mossley,  and  Dukinfield  have 
been  experimenting  with  brakes  for  increasing  the  safety  of 
tramway  cars. on  the  hilly  routes  of  the  district.  The  Spencer 
mechanical  slipper  brake  and  another  brake  were  fitted  on  two 
cars  which  were  taken  over  the  steep  gradients,  including  the 
scenes  of  the  two  accidents,  and  thoroughly  tested.  As  a 
result,  the  Tramways  Committee  have  fitted  tlie  cars  witli  the 
Spencer  type. 
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THE  DIESEL  OIL  ENGINE  AND  ITS  INDUSTRIAL  IMPORTANCE.* 

BY  DK.  liUDOLPH  DIESEL. 

{Concluded  from  page  357.) 

Tavo- STROKE  Cycle  Engines.  - 
As  very  often  stated  by  the  author,  the  Diesel  principle  is 
essentially  suitable  as  a  2-stroke  cycle  engine,  because  the 
scavenging  is  not  done  with  a  fuel-air  mixture,  but  with  pure 
air,  so  that  not  only  untimely  ignitions  but  also  fuel  losses  are 
avoided,  and  the  scavenging  can  be  done  more  effectively,  and 
with  almost  any  quantity  of  air  desired.  The  first  2-stroke 
cycle  engines  on  the  Diesel  principle  were  built  in  1900  and 
1901  in  Gerinaiiy  and  England,  after  drawings  made  by 
Giildner,  but  without  success,  because  these  drawings  still  fol- 
lowed too  closely  the  2-stroke  cycle  gas  engines,  and  because 
the  constructional  arrangements  were  unsuited  to  the  Diesel 
engine. 

Successful  attempts  to  construct  a  2-stroke  cycle  Diesel 
engine  on  entirely  new  lines  have,  however,  been  made  recently 
by  Messrs.  Sulzer  Bros"  of  Winterthur,  so  that  to-day  this 
type  is  on  a  nearly  equal  footing  with  the  old  4-stroke  cycle 
engine.  This  has  been  effected  by  working  entirely  on  the 
original  Diesel  principle.      The  author  says  "on  a  nearly 


and  a  still  larger  Sulzer-Diesel  4-cylinder  2-stroke  cycle  engine 
on  the  same  system  of  2,000 ― 2,400  h.p.  were  illustrated  iu 
Mr.  Schubeler's  paper,  read  at  the  Zurich  meeting  of  the 
institution  last  year.  For  such  large  engines  two  scavenging 
puinps  are  necessary. 

An  addition  to  the <  -stroke  cycle  engines  of  an  entirely 
new  type  has  been  reef  ntly  made.  Tt  was  built  by  Prof. 
Junkers  on  the  lines  of  t;  e  old  Oechelhauser  gas  engine,  with 
two  pistons  working  in  opposite  directions  in  one  cylinder,  but 
acting  on  the  Diesel  principle.  This  2-stroke  cycle  process  is 
explained  in  the  diagram,  Fig.  14.  A  horizontal  1 ,000  h.p, 
engine  of  this  kind  is  at  present  being  tested  at  the  laboratory 
oi  Prof.  Junkers  at  Aix-la-Chapolle.  The  merits  of  this  type 
of  engine  are  left  for  discussion. 

Marine  Engines. 

The  first  marine  Diesel  engine  of  20  h.p,,  Fig.  15,  was 
constructed  in  1902-3  in  France,  for  use  on  a  canal  boat,  by 
the  French  engineers,  Aclrien  Bochet  and  Froderi (；  Dyc-khoff , 
ill  roiijuiK'tion  with  the  author.  This  engine  had,  like  the 
Junkers  engines  already  mentioned,  two  pistons  working  in 
opposite  directions  in  one  cylinder,  but  the  flywheel  shaft  was 
not  at  one  end  of  the  cylinder,  as  in  Junkers'  engine,  but 
traversed  a  cooled  chamber  passing  straight  through  the  com、 


Fig.  12.— siNGU':- acting  Two-stroke  Cycle  Engink,  with  separate  SCAVEN<Ji.N<i  Pimp.  (Si'Lzer.) 


equal  footing/'  because  the  4 -stroke  cycle  engine  still  lias  a 
better  coiiibustion  and  a  more  economical  fuel  consumption, 
and  is,  above  all,  simpler  iu  its  method  of  working.  It  thus 
remains  the  standard  perfect  engine,  and  still  predominates 
for  medium-sized  stationary  plants  up  to  500  h.p.  or  600  li.p. 
(no  exact  limit  can  be  given)  wherever  the  highest  perfection 
and  the  greatest  economy  are  desired  ；  but  engineers  are  now 
doubtful  whether  this  supremacy  will  last  much  longer.  On 
the  other  hand,  the  2-stroke  cycle  engine  with  its  smaller 
cylinders  lias  now  coiiit'  into  favour  for  stationary  plants  of 
higher  horse-power,  and,  as  a  marine  engine,  has  become  the 
only  standard  type. 

Two  considerably  diflerent  fundamental  types  of  2-stroke 
cycle  engines  have  so  far  been  competing.  To  explain  the 
principal  diiference,  the  author  shows  some  sectional  draw- 
ings. The  first  fundamental  type  is  the  engine  made  by 
Messrs.  Sulzer  Bros.,  Fig.  12,  with  separate  scavenging  pump. 
The  second— the  M.A.N,  engine,  Fig.  13— was  brought  out 
much  later  ；  in  it  the  scavenging  pump,  which  has  an  annular 
piston,  is  placed  underneath  each  combustion  cylinder.  Both 
engines  are  single-acting.  The  author  does  not  wish  to  ooiti- 
iiieiit  upon  the  advantages  and  disadvantages  of  the  diffeiviit 
types,  but  would  leave  them  to  be  discussed.  Their  relative 
】nei'its  can  only  be  settled  by  experience. 

A  3-cylinder  750  h.p.  Sulzer-Diesel  2-stroke  cycle  eugiue, 

、 Abstract  of  iinpor  read  before  tUo  Institution  of  Modmnioal  Engiuoors, 
March  15th,  1912. 


bustion  chamber.  The  engine  worked  ou  a  4-stroke  cycle.  The 
great  feature  of  this  arrangenieiit  was  the  very  】iigh  speed 
which  was  made  possible  by  the  perfect  balance.  This  small 
engine  was,  as  stated,  used  to  drive  a  canal  boat,  and  worked 
quite  satisfactorily.  Others  were  also  built  in  various  sizes  up 
t ')  several  hundreds  of  horse-power  for  some  French  sub- 
marines by  Sautter,  Harle,  &  Co.,  Paris. 

This  type  of  engine  is  of  no  further  practical  interest  to- 
day : but  while  its  first  application  to  a  canal  boat  is  of  no 
importance  in  itself,  it  has  at  least  tlie  historical  interest  of 
being  the  first  Diesel  engine  to  be  used  on  a  boat.  Since  the 
date  named  the  evolution  of  the  Diesel  marine  engine  has 
steadily  continued,  chiefly  on  the  demand  of  the  French  sub- 
marines and  Russian  river  boats.  The  author  has  already 
mentioned  that  later  on  the  high-speed  4-stroke  cycle  engines, 
built  for  electric  po、ver  stations,  were  made  even  ligliter  than 
before,  and  used  for  French  submarines  and  for  Russian  river 
vessels.  These  engines  were  not  originally  reversible  :  on  the 
rontrarv  thev  were  used  to  generate  electricity  by  means  of 
which  the  propellers  were  driven  indirectly  for  manoeuvring. 
In  the  most  favourable  case  (  'Delproposto"),  the  propulsion 
of  tlic  vessel  was  performed  dirertlv  by  the  engine,  whilst  the 
maiiaMivrinsr  atid  slow  driving  wero  done  by  means  of  elec- 
Iricity.  Thus  Fig.  11  represents  an  ensjine  whioh  has  been 
worked  originally,  not  only  as  a  stationary,  but  also  as  a 
marine  engine,  ailliough  it  was  not  roally  designed  for  marine 
purposes. 
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The  first  reversing  jnarine  2-stroke  cycle  Diesel  engine  was 
built  ill  1905  by  Messrs.  Sulzer  Bros,  at  Wiiitertliur  :  it  was 
exhibited  in  1906  at  Milan  and  fitted  to  a  vessel  on  Lake 
Geneva  in  the  same  year.  At  that  tiiiie  engineers  were  not 
quite  clear  as  to  the  importance  and  value  of  the  2-stroke  cycle 
principle,  and  many  firms  went  on  t  viiig  for  years  to  make 
the  4 -stroke  cycle  engine  reversible.  The  first  engine  of  tliis 
kind  was  built  bv  Messrs.  Nobel  B.  js.  at  St.  Petersburg  in 
the  year  1908，  and  was  fitted  to  a  Russian  submarine.  Great 
mechanical  complications  wore  at  first  caused  by  the  reversing 
of  the  4-stroke  t-yrle  engine.    This  problem  lias  recently  been 


1911,  and  tl">  results  proved  lii^hly  satisfactory.  A i  tlie  pre- 
sent time  a  double-acting  2-cycle  3-cylinder  engine  of 
2,000  li.p.  per  cylinder  is  being  tested  at  Niirnberg.  The 
rliiiKMisions  oi  tliese  cylinders  are  as  follows : ― 

Diameter    800  mm.  (31  iiii,). 

Stroke    1  ，。(;(）  min.  (4lfin.). 

Revolutions  per  minute. . .       1  GO. 
The  air-supply  pump  for   I'uel  injection  is  driven  by  a 
special  Diesel  engine,  whilst  the  scavengiii",  |)umps  are  driven 
direct  from  the  crank  shaft. 

I  f,  as  seems  probable,  these  tests  also  give  satisfactory 


：貧 卿觀 


FlO.  13.— SlNGLE-ACTlN<i  TWO-STUOKF.  CVCLK  E'、G【NK，  WITH  SCAVRNGINfJ  Pi' MP  UNDERNKATH  COMHUSTION  CYLINDFR.  (M.A.N.; 


solved  in  a  much  more  simple  and  neater  way,  in  a  G-cylinder 
150  h. p.  reversible  4-stroke  cycle  engine  of  350  revs.,  con- 
structed in  the  year  1911  by  the  French  firm,  Messrs. 
Delau nay -Belleville.  This  engine  is  fitted  with  two  air  pumps, 
of  which  a  spare  one  is  for  manoeuvring. 

In  many  factories  reversible  4-stroke  cycle  marine  engines 
are  still  built,  but,  on  the  whole,  engineers  are,  for  naviga- 
tion purposes,  inclined  to  abandon  the  4-stroke  cycle  engine 
entirely,  and  to  replace  it  by  the  2-stroke  cycle  engine.  The 
small  4- cylinder  engine  of  30  h.p,  and  600  revs,  per  minute, 
illustrated  in  Fig.  16，  is  also  a  reversible  4-stroke  cycle  engine. 
It  was  built  for  experimental  purposes  in  the  year  1909,  after 
designs  by  the  author,  as  an  automobile  engine  for  heavy 
loads,  but  it  can  also  easily  work  as  a  marine  engine.  The 
cam  shaft  is  mounted  on  the  cylinder  cover,  and  the  illustra- 
tion shows  the  engine  with  the  cover  lifted.  The  illustration, 
Fig.  16,  is  again  of  historical  value  in  so  far  as  it  illustrates 
the  first  attempts  to  construct  the  Diesel  engine  as  an  auto- 
mobile engine  for  traction  wagons,  and  no  doubt  in  future 
years  these  experiments,  carried  out  in  some  different  way, 
will  lead  to  satisfactory  results. 

Fig.  17  shows  a  quite  new  Sulzer  6-cylinder  marine  engine 
working  at  300  revs.,  in  which  an  innovation  may  be  noted , 
The  scavenging  valves  are  not  fitted  on  the  top  within  the 
cover,  but  below  in  the  scavenging  air  reservoir.  Quite 
recently  double-acting  vertical  2-stroke  cycle  Diesel  engines 
have  been  built.  Fig.  18  shows  one  of  these  double-acting 
2-stroke  cycle  engines  with  one  cylinder  of  1,200  li. p.,  made 
by  Messrs.  Carels  Freres,  the  results  of  tlie  tests  of  wliicli  are 
as  yet  little  known  to  the  public.  It  is  generally  known,  how- 
ever, that  in  the  Niirnberg  works  of  the  M.A.N,  important 
experiments  with  double-acting  2-stroke  cycle  engines  are 
being  carried  out. 

In  these  works  prolonged  official  tests  of  a  3-cylinder 
double-acting  2 -cycle  engine  of  850  h.p.  were  made  in  August, 


results,  the  era  of  very  large  Diesel  en^nnes  has  begun,  espe- 
cially low-speed  marine  engines  suitable  for  driving  propellers. 
This  last  engine  has  already  yielded  considerably  more  than 
2,500  h.p.  per  cylinder,  so  that  an  engine  unit  of  this  kind 
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with  six  cylinders  would  give  15,000  h.p.  or  45,000  h.p.  for  a 
vessel  with  three  propellers.  This  kind  ot*  marine  engine 
requires  six  cylinders  to  ensure  a  regular  tuniino  moment  and 
balancing,  so  that  the  number  of  cylinders  cannot  be  con- 
sidered abnonnally  high  ;  on  the  contrary,  it  must  be  accepted 
as  the  most  suitable  and  proper  number.    The  opinion  which 
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was  still  prevalent  some  months  ago,  that  about  1,000  h .  p .  per 
cylinder  is  the  inaxiinuin  for  Diesel  engines,  has  therefore  been 
quickly  overthrown  by  these  facts,  and  it  may  be  safely  assumed 
that  the  day  of  the  large  marine  engine  is  al ready  very  near 
at  hand.  At  Messrs.  Krupps'  German ia  Works  cylinder  units 
of  2,000  li . p .  double-acting  2 -cycle  are  also  being  tested  at 
present  ；  also  at  Sulzer's  Works  a  single-acting  2-cycle  cylin- 
der of  2,000  li.p.  Junkers'  system ,  illustrated  in  Fig.  14，  is 
used  for  vertical  marine  engines.  The  author  regrets  that  he 
has  not  a  photograph  of  a  finished  engine. 

From  motives  of  prudem，e，  tJie  various  navies  wliicli  are 
now  fitting  some  large  warships  with  Diesel  engines  started 


Fic.  15.— Flit  ST  Maiunk  Knci.m:  I -or  Canal  Ho  at,  20  h.p.  190*2—3. 

with  one  Diesel  only  out  of  the  two  or  three  engines  on  board  ； 
the  Diesel  works  alone  when  the  ship  is  running  at  normal 
speed,  but  for  high  speed,  steam  is  used  as  an  auxiliary.  It  is 
evident  that  larger  warships  will  not  be  fitted  solely  with 
Diesel  engines  until  practical  tests  on  the  high  seas  have 
proved  to  be  completely  successful. 

Conclvsionfi. 一 As  will  be  seen  from  this  historical  sum- 
mary, countless  different  types  of  Diesel  engines  have  been  so 
developed  that  it  has  become  very  difficult  for  even  the  expert 
to  choose  between  them.  If  one  looks  through  the  technical 
Press,  numerous  other  schemes  will  be  found  on  which  the 
author  will  not  dwell,  as  they  have  never  been  actually  car- 
ried out.  To-day,  if  a  new  firm  is  about  to  】iianufacture 
Diesel  engines,  it  is  almost  impossible  to  give  tliem  sound 
advice  as  to  the  type  and  size  they  should  choose  from  this 
bewildering  variety.  The  fads,  habits,  and  tastes  of  the  pur- 
chasers, and  the  kinds  of  machine  tools  in  use  in  the  works, 
have  to  be  taken  into  consideration  rather  than  technical 
points  of  the  engine  itself.  Development  is  proceeding  so 
rapidly  at  present  that,  within  a  few  months,  opinions  even 
oil  important  points  may  easily  be  changed. 

Still,  the  author  believes  that  this  period  of  chaotic  pro- 
duction will  soon  be  over.  At  present  it  is  generally  agreed 
that  the  4 -stroke  cycle  engine  from  5  li.p.  up  to  600  h.p.  niav 
be  regarded  as  the  exclusive  type  for  stationary  plants  ；  but 
it  will  probably  not  remain  so  much  longer  in  spite  of  its 
perfection,  in  view  of  the  development  of  the  2 -stroke  cycle 
engine,  especially  that  of  tlie  double-acting  type. 

The  use  of  the  2-stroke  cycle  engine  lias  increased  slightly, 
but  it  is  to  be  liojjed  that  it  will  be  still  further  extended. 
Although  this  engine  may  never  equal  the  4-stroke  cvclc 
engine  as  regards  t  hermal  efliciency,  its  initial  cost  is  so  much 
lower  that  its  slight Iv  higher  fuel  consumption  will  be  more 
than  counterbalanced  by  the  greater  interest  and  amortisation 
on  the  higher-priced  4-stroke  cycle  engine.  When  this  stago 
is  reached,  the  cpiestion  is  sini])ly  one  of  economy.  1  ii  the 
author's  opinion  the  2-stroke  cycle  engine  will  thus  soon  make 
headway  for  stationary  plants.  It  will,  therefore,  be  neces- 
sary to  produce  from  tlie  various  systems  of  2-stroke  ('vcle 
engines  a  simple  standard  type,  with  which  the  tnoro  compli- 
cated types  will  not  be  able  to  roiiipete.  It  is  tlie  author's 
belief  thai  tliis  simple  standard  type  will  make  its  appearaiue 
very  soon ,  and  t liat  thus  the  Diesel  engine  movement  will 
leave  the  unsettled  stage  and  enter  (、"  a  period  of  quiot  o\|>aii- 
siou. 


Speciat.  Importance  of  the  Diesel  Engink  fou  Great 

Britain*. 

After  this  short  summary  about  the  importance  of  the 
Diesel  engine  for  the  world's  industry  in  general  and  the  his- 
torical review  of  Diesel  types,  the  author  desires  to  add  a  few 
words  on  the  importance  of  tlie  Diesel  engine  especially  for 
Great  Britain.  In  tliis  connection  the  three  following  facts 
must  be  bonu*  in  iiiiiid  ： —— 

(1)  Great   Britain   is   an    exclusively   coal -producing 

country  ： 

(2)  Great  Britain  has  tho  largest  colonial  Empire  in 

the  world  ;  and 

(3)  Great  Britain  is  the  greatest  shipping  nation  in  the 

world. 

Dealing  witli  (1)，  Great  Britain  has  had,  at  least  until 
to-day,  no  natural  liquid  fuels  of  its  own  ；  it  is  an  exclusively 
coal-producing  country.  Based  on  these  statements,  it  has 
often  baen  seriously  put  forward  in  recent  times  that  England 
has  no  interest  in  the  Diesel  engine,  and  that  it  is  against  her 
most  vital  interest  to  participate  in  the  development  of  thia 
engine,  as  she  would  neglect  her  wealth  in  coal,  and  make 
herself  de])endent  on  foreign  markets  when  using  licjuid  fuels. 
England  has  made  great  progress  in  power  generating  with 
gas,  whilst  she  has  up  to  the  present  given  relatively  little 
attention  to  power  generating  with  liquid  fuels. 

But  the  foregoing  arguments  in  favour  of  coal  are  not 
correct ;  the  contrary  is  true.  England  has  the  greatest  inte- 
rest in  replacing  the  coal-wasting  steam  engine  by  the  more 
economical  Diesel  engine,  and  this,  firstly,  because  she  can 
therewith  effect  enormous  savings  in  her  most  valuable  trea- 
sure—— coal,  and  thus  defer  the  exhaustion  of  her  stock  :  and, 
secondly,  because  she  can  run  her  coal  industry  and  the  inde- 
pendent chemical  industries  on  more  economical  lines,  when 
using  the  coal  in  the  more  rational  and  refined  way,  as  already 
mentioned.  Finally,  because  she  will  also  make  herself  free 
and  independent  of  foreign  markets  for  the  supply  of  liquid 
fuels  by  using  coal  in  this  way,  that  is,  by  working  the  tars 
and  tar-oils  in  the  Diesel  engine.  It  is  not  intended  to  imply 
that  the  whole  demand  of  fuel  for  England  could  be  produced 
in  this  way  in  the  country  itself,  but  through  the  inland  pro- 
duction, increase  of  prices  for  foreign  oils,  and  the  establish- 
ment of  trusts  and  moiiopolv  companies  will  be  prevented. 
In  this  sense  independence  is  meant. 

(2)  It  is  not  possible  to  foresee  to-day  what  England  can 
obtain  for  her  Colonies  from  the  Diesel  en<:ine  :  even  when 


I'M;.  !(；.     Kxi'KRniKNTAl.  ItKVKUSIltl.K  KOI  IM  ^  I.INDKK    Fill  U-STUOKK  CU'LK. 
30  ".I'  .tiOO  It.F.U.  1909. 

using  only  tlie  nalural  uiineral  oils,  the  Diesel  engine  is  tho 
predestined  colonial  engine,  because  only  about  the  fourth 
or  sixth  part  of  weight  in  fuel  has  to  be  transported  for  it 
to  tlie  Colonies  ami  their  hinterlands,  as  compared  with  the 
steam  engine.  For  a  colonial  engine  the  cost  of  freii;lila*:e  for 
fuel  is  generally  the  determining  factor.  Further,  the  trans- 
port of  these  liquid  fuols  is  considorabl y  easier  ami  more  con- 
viMiieiit  than  the  transport  of  :'oal'  especially  when  tank -vessels 
and  j)ipe-Iines  are  used  :  and,  finally,  the  difficulty  of  working 
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a  boiler  j)laiit  will  only,  occasionally  come  into  consideration  in 
the  Colonies,  especially  in  the  interior,  except ,  of  course,  for 
small  plants  using  wood,  straw,  and  the  like. 

It  may  be  mentioned,  in  this  connection,  tliat  a  pi|)e-linc 
of  400  km.  (about  250  miles)  in  length  for  crude  pftroloum 
is  being  built  on  the  River  Congo  from  Matadi  to  Leopold ville, 
by  means  of  which  this  extensive  district  will  be  supplied,  in 
the  simplest  and  cheapest  way,  with  a  constant  flowing  fuel 
source,  from  which  navigation  and  the'  railways,  agriculture  as 
well  as  other  industries,  will  get  their  element  of  life,  viz., 


Fig.  17.— Six-cvLiNDKR  Marine  Engine.  300  r.p.m.  193 1.  scAVEN(iiN<.i  Valvks  below. 
motor  power.    This  magnificent  example  ought  to  be  followed 
in  the  English  Colonies  ；     it  is  not  necessary  to  specify  in 
detail  the  great  importance  of  such  an  undertaking  for  them . 

If  one  also  considers  that  the  Diesel  engine  can  utilise  vege- 
table oils,  entirely  new  prospects  are  brought  to  light  for  the 
cultivation  and  expansion  of  industry  in  the  Colonies,  which 
are  for  no  other  country  of  such  eminent  importance  as  for 
Great  Britain  ；  and  this  is  where  she  ought  to  start  as  soon  as 
possible.  The  Diesel  engine  can  be  worked  with  the  Colonies' 
own  resources,  and  thus  again  can  influence  to  a  great  extent 
the  further  expansion  of  agriculture  in  districts  where  it  is 
j)i'eclomiuaut.  This  sounds  to-day  somewhat  like  a  dream ,  but 
the  author  ventures  to  prophesy,  with  full  conviction,  tliat 
this  way  of  using  the  Diesel  engine  will  one  day  be  of  the 
utmost  iniportaiu-e, 

(3)  When  the  first  successes  of  the  Diesel  engine,  as  a 
marine  engine,  were  heard  of  in  England  recently,  and  it  was 
published  that  already  numerous  small  mercantile  and  war 
vessels  were  fitted  with  Diesel  engines,  and  the  possibility  of 
more  important  plants  was  nientioued,  and  when  it  was 
realised  that  larger  ocean  vessels  were  destined  to  be  fitted 
with  Diesel  engines,  and  thai  even  a  warship  with  a  very  large 
Diesel  engine  was  in  (.-onst ruction,  it  provoked  a  great  move- 
ment and  excitement  in  Great  Britain,  which  is  still  fresh  in 
our  minds.  Moreover,  the  reports  about'  successful  voyages 
with  Diesel  vessels  under  very  difficult  weather  conditions  are 
already  increasing  in  number.  The  captains  who  have  had 
Diesel  engines  on  their  vessels  report  on  the  great  security 
and  comfort  in  working  ；  shipbuilders  publish  the  figures  of 
their  savings.  II  is  unquestionable  that  one  of  the  greatest 
evolutions  of  modern  industry  will  be  con uected  with  this 
development  of  the  Diesel  engine,  and  that  Great  Britain  as 
the  greatest  shipping  nation  of  the  world  will  derive  the 
greatest  advantage  from  it. 

Appendix  I. 
Suitable  Oils. 

Tlie  Swiss  fuel-testing  laboratory  at  tlie  University  of 
Zurich,  under  the  direction  of  Prof.  Coustani,  decided  to 
undertake  the  examination  of  the  qualities  and  ('tmipositiou  of 
all  liquid  fuels  which  can  be  used  for  Diesel  engines.  These 
researches  included  the  investigation  of  the  following 
points : —— 

(1)  On  the  physical  properties,  such  as 

(a)  Properties  when  cold, 

(b)  Properties  on  heating  (boiling  analysis). 

(2)  Chemical  properties,  such  as 
(a)  Chemical  constituents, 

(6)  Percentage  of  H.X)  and  ash, 
((•)  Calorific  power . 


i\l  iiHiral  oils  freed  from 
benzene  (gas  oils) -  - 


(h)  Lignite  tar  oils 


Fat  oils  from  vegetable 
or  animal  sources,  such 
:is  (； artJinut  oil,  castor 
oil,  fish  oils, 


From  tests  and  exaininations  already  "iade，  power  oils  have 
been  divided  into  the  following  three  classes : — 
1.  y  onnnl  ol/s  irli  irh  va n  "/〃'".//、■  he  used  : — 

j  Hydrogen  over   10    per  cent. 
J  Calorific  power  over  10,000  cal 
1     (39,680  B.Th.U.) 
、No  solid  impurities, 
f  Hydrogen  over  10  per  cent. 
- Caloi'iiic  power  over  9,700  cal. 
( (38,48*J  B.Th.U.) 
/Scarcely    any    researches  luive 
I     been  made  on  these.  Earth- 
nut  oil   has   11*8  per  cent. 
I     hydrogen,  and  calorific  power 
V    8,600  cal.  (34,124  B.Th.U.) 

2.  ( ) //n  irliirh  he  used  only  with  the  aid  of  special  ajrpa- 
rat  us : —— 

{(i)  Pit  coal-tar  oil. 

(/>)  Vertical-oven,  water-gas,  ami  oil-gas  tars,  probably 
also  coke-oven  tars,  the  tests  on  which  liav (；  not 
yet  been  completed. 
General  characteristics : —— 

Hydrogen  not  over  3  per  cent. ； 
Amount  of  free  carbon  iiot  over  3  per  cent. ； 
Residue  on  coking  not  over  3  per  cent. ； 
Calorific  power  not  under  8,600  cal.  (34,124  B.Th.U.). 
3.  Oils  trlnrli  can  not  he  used : — 
, Tars  from  horizontal  or  inclined  retorts. 
It  must  not  be  understood  that  these  will  not  be  used  in 
Diesel  engines  under  special  conditions  ]  but,  on  the  whole, 
the  above  classification  is  accurate  in  the  present  state  of 
development  of  the  Diesel  engine. 

It  is  evident  that  for  estimating  the  value  of  power  oils, 
not  only  the  above  qualities,  but  all  their  cheniifal  and  physi- 
cal properties  must  be  considered,  which  is  only  possible  after 
a  thorough  investigation  of  each  kind  of  oil. 

Appendix  II. 

Specifications  of  Tau-oils  suitable  fok  Diesel  Engines. 

{Fro m  ilif.  (hrman  Trir  Vnuluvtion  Trint  at  Essen-ltuhr.) 
(1)  Tar-oils  should  not  contain  more  than  a  trace  of  con- 
stituents insoluble  in  xylol.      The  test  on  this  is  performed 
as  follows  ：  25  grammes  (0'88oz.  av.)  of  oil  are  mixed  with 

25  cm.:'  (1*525  cub.  in.) 
of  xylol,  shaken  and  fil- 
tered. The  filter  paper 
before  being  used  is  dried 
and  weighed,  and  after 
filtration  has  taken  place 
it  is  thoroughly  washed 
with  hot  xylol.  After  re- 
drying  the  weight  should 
not  be  increased  by  more 
than  0*1  gr. 

The  water  contents 
should  not  exceed  1  per 
cent.  The  testing  of  the 
water  contents  is  made 
by  the  well-known  xylol 
method. 

(3)  The  residue  of  the 
coke  should  not  exceed 
3  per  cent. 

(4)  When  performing 
the  boiling  analysis,  at 
least  ,60  per  cent,  by  vol- 
ume of  the  oil  should  be 

distilled  on  heating  up  to  300。  C.  The  boiling  and  analysis 
should  be  carried  out  according  to  tlie  rules  laid  down  bv  the 
Trust.  - 

(5)  The  minimum  calorific  power  must  not  be  less  thau 
8,800  cal.  per  kilogram.  For  oils  of  less  calorific  power  the 
purchaser  has  the  right  of  dedu('H",g  2  per  cent,  of  the  net 
price  of  the  delivered  oil  for  each  iu()  cal.  below  this  luini- 
nmm. 


Fk;.  1 8-  — S I N G L I ； - C ^  1. 1 M ) t U  DoriiLK-ACaiNi. 

Two  sTuoKK  CYci.r  Engine.    1,200  h.i\  i9il. 


、 This  uUiss  of  oil  has  been  added  by  the  author  from  bis  own  investitiations  of 
caithuut  oil. 
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(6)  The  flash  point,  as  determined  m  an  open  crucible  by 
Von  Holde's  method  for  lubricating  oils,  must  not  be  below 
65。  C. 

(7)  The  oil  luiist  he  (piite  [had  at  15"  C.  The  purchaser 
lias  not  the  right  to  reject  oils  on  the  ground  thai  emulsions 
appear  after  five  minutes'  stirring  when  the  oil  is  cooled 
to  8。. 

Purchasers  should  be  urged  to  fit  their  oil-storing  taiik& 
and  oil  pipes  with  warming  arrangements  to  redissolve  ciiiul- 
sions  caused  by  the  temperature  falling  below  】5"C. 

(8)  If  emulsions  have  been  caused  by  the  cooling  of  the 
oils  in  the  tank  during  transport,  the  purchaser  must  re  dis- 
solve til  em  by  means  of  this  apparatus. 

Insoluble  residues  may  be  deducted  from  the  weight  of  oil 
su  pplied. 


KRUPP'S  WATER  TUBE  BOILER. 

For  the  purpose  of  securing  free  expansion  of  the  parts  o f 
water-tube  boilers,  in  which  upper  and  lower  drums  connected 
together  by  tubes  are  employed,  the  upper  drums  are  usually 
suspended  in  a  supporting  frame  in  such  a  way  that  the  nests 
of  tubes  can  expand  downwardly  together  with  the  lower 
drums.  An  arrangement  of  this  kind,  however,  demands, 
especially  in  the  case  of  large  boiler  constructions,  a  very 
powerful  and  consequently  heavy  and  expensive  supporting 
frame  for  the  upper  drums.  In  the  design  of  boiler  illustrated 
herewith,  the  invention  of  Fried.  Krupp,  Kiel-Gaarden,  Ger- 
many, this  heavy  supporting  frame  is  dispensed  with.  The 
boiler  consists  of  three  upper  drums  and  two  lower  drums, 
which  are  connected  together  by  four  nests  of  tubes  between 


Kkufi'  S  Water-tuhe  Boiler. 

whicli  is  placed  t ho  f urnace.  The  uj)per  druins  are  connectccl 
to  each  oilier  by  two  circulation  tubes  E  of  large  diameter, 
and  arranged  transversely  tlieroto.  The  lower  drums  are 
supported  by  cast-iron  feet,  upon  the  foundation  F.  At  the 
sides  and  ends  tlie  boiler  is  closed  in  by  masonry  1 1 ,  which 
reaches,  with  a  slight  amount  of  clcaraiu-e,  up  to  the  periphery 
of  tlie  upper  drums  and  the  circulation  tubes  E.  The  boiler- 
covering  J  is  built  into  the  spaces  which  are  boinicled  by  the 
upper  drums  and  t lie  circulation  tubes,  and  i、s  carried  bv 
these  parts  of  ilio  boiler.  For  this  purpose  tlic  circulat ion 
tubes  K  ha vo  ani^lo  ha rs  K  riveted  t o  t hem,  iq)("i  wliich  r(、sl 
girders  I  >  rmmui""  panillH  t  n  t  he  upprr  (h'lmis.  Ai:ainst  \  licsc 
girders  a  re  su])porte(l  t  Ik*  arclicd  port  ions  wliich  carrv  t  lu'  firo- 
clay  cox'oriiitj  J.  I ii  t his  an;m"r("m'iit  t he  lowoi*  drunis,  sup- 
port cd  u poll  t  he  tOiiiuhit  ions  F,  can  ex paiul  I  roclv  upwartls 
iiisitlc  the  inasom'v.  The  、v(、iglit  of  t ho  upptn*  parts  of  t he 
boiler  and  the  boiler  ('(m'ring  ad  in  opposition  to  th，'  ttMultMiry 
of  the  steam  pressure  to  strip  the  upper  ami  lower  dnuns  from 
the  nests  of  tubes,  so  that  the  clanger  of  the  tubos  bocoiniii*; 
leaky  at  the  points  wliero  they  are  rolled  is,  it  is  (、lai，m、d， 
considerably  diiniiiisliod.  I  ii  addition  to  this  the  hoa\  v  and 
expensive  supporting  t'rauR\  wliich  has  l)oeii  hitherto  ikhts- 
sary,  is  entirely  dispensed  with. 


THE  USE  OF  SMALL-SIZED  FUEL  IN  THE  GAS  PRODUCER. 

A  DESCHiPTiox  of  a  Kerpely  producer,  especially  designed  to 
gasify  small-sized  fuel,  together  with  a  table  showing  some  of 
' he  results  obtained,  were  given  in  an  article  in  •'  Stahl  uiid 
Eisen  for  December  28th,  191 1.  Many  attempts  have  been 
made  in  recent  years  to  develop  a  producer  capable  of  gasify- 
ing successfully  finely  divided  waste  fuels  :  but  usually  tests 
of  the  producers  advertised  have  quickly  shown  that  the 
amounts  of  fuel  gasified  per  lioiir  and  per  square  foot  of  shaft 
surface  were  unsatisfactory  and  tlial  the  ash  contained  con- 
siderable luigasified  fuel.  The  chief  problems  involved  are  : 
First,  the  great  resistance  which  the  small  fuel  offers  to  the 
passage  of  the  blast :  second,  the  production  of  ash  sufficiently 
free  from  ociribustible  material. 

Many  tests  have  been  carried  out  with  an  ordinary  Kerpeiy 
gas-producer  plant  to  determine  the  lowest  limit  in  size  of 
fuels  which  will  allow 
successful  operation. 
Varying  results  were 
obtained.  More  fine 
material  can  be  used  in 
the  case  of  caking  coals 
than  with  other  fuels  ； 
and,  generally  speaking, 
with  a  caking  coal  vary- 
ing in  size  from  tine  dust 
to  pieces  0'59in.  diam. 
satisfactory  results  can  be 
obtained  with  about  40 
per  cent,  to  50  per  cent, 
tines  under  0-197in.  diam. 
This  because  the  caking 
changes  the  size  of  the 
pieces  and  to  some  ex- 
tent makes  a  coarse 
material. 

With  fuels  such  as  coke 
breeze,  biown  coals,  semi- 
anthracites  and  anthra- 
cite with  much  dust, 
there  is  difficulty  with 
20  per  cent,  of  material 
under  0'197in.  diameter. 
The  condition  of  the  fuel 
plays  an  important  part, 
for  if  the  last-named  fuels 
have  much  moisture 
the  driving  otl  of  this 
moisture  in  the  upper 
part  of  the  producer 
often  causes  them 
to  decrepitate,  and  con- 
sequently increases  the 
percentage  of  dust. 
When  this  liapjXMis  it  is  always  more  diilicult  for  gasification 
to  take  place  over  the  whole  cross-sett  ion  of  the  producer. 
The  amount  of  fuel  gasified  per  unit  of  time  and  tlie  quality 
of  the  gas  sink  very  quickly  with  increasing  dust  contents, 
and  the  fuel  art uallv  usod  is  low  in  amount  botause  of  the 
I  a  I'm*  pert-entage  found  in  t  ho  ash. 

For  a  Ion 扒' tiim'  tests  have  been  rarriod  out  at  I  lio  plant 
of  t  he  Oesterrt^ichisch- Alpinen  Mont  an<Mii;t'sollsfhaft  at 
Donawitz  with  a  small  gas  producer  of  43'3iii.  diameter.  The 
f  .lal  results  were  so  favourable  tliat  a  larj^er  prodtiriM*.  78"7in 
in  diauiotor,  has  been  built  biiscd  o"  the  same  principle.  The 
I'uol  used  is  breeze  from  blastfurnace  coke,  and  tlio  producer 
lias  been  in  continuous  operation  siiuv  it  was  built.  It  is 
shown  in  Fig.  1，  and  is  callod  a  KtMpoIy  from  the  name  of 
the  itivontor.  It  is  a  revolvinrr-*:rate  prodiK^r  witli  tlie  lower 
part  coinpletelv  closed.  The  blast  passes  tlirough  the  many 
fine  openiKfjs  of  the  speoially-constnirtod  ^rate  at  a  pressure 
va rviiig  from  lowoin.  to  -7"r>r>in.  of  wiiter.  dopoiidin*:  on  the 
sixe  of  the  fm、l.  It  is  distributed  in  many  fine  streams  over 
the  whole  section  of  the  producer,  and  because  of  the  force 
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with  which  it  comes  in  contact  with  the  fine  particles  of  i'ucl 
brings  about  complete  combustion. 

The  ash  is  collected  by  means  of  a  very  simple  automatic 
arrangement  in  a  pit  arranged  w i 1 1 1  a  bell.  This  is  emptied 
two  or  three  times  a  day,  depending  on  the  kind  of  fuel  used. 
The  lower  part  of  the  shaft  of  the  producer  is  formed  of  n 
water-cooled  mantle  that  passes  into  an  upper  and  somewhat 
wider  part  lined  witli  firebrick,  whi<-h  carries  a  central  coin 
billed  gas  main  and  charging  arrangement. 

Due  to  the  great  interest  taken  in  this  pr()(liir(T  exlciisivc 
tests  were  carried  out  with  other  fine  fuels,  tli"  results  ot*  which 
are  given  in  the  accompanying  table.  The  analyses  were 
made  on  large  samples  weighing  about  lOOlbs.  Tlio  gas 
analyses  were  made  on  samples  taken  hourly  in  the  daytime 
and  once  before  and  once  after  inidiiiglit.  Tlie  values  given 
are  average  results.  The  pressure  of  the  gas  taken  at  one  of 
the  poker  holes  amounted  to  0'59in.  to  0*78in.  of  water,  and 
so  was  rather  under  than  over  the  normal.  Because  of  this 
the  amount  of  dust  in  the  gas  was  also  very  low. 


13'5in.  guns  in  lour  t  urrets  on  the  centre  line  of  the  ship  and 
an  anti-torpedo  defence  battery  of  16  4in.  l)m，rh- loading 
guns.  The  protection  comprises  a  main  belt.,  'Jiii.  U】i'  k，  sur- 
mounted by  another  belt  of  6in.  thickness,  wliih?  there  will 
also  he  *Jiii.  armour  on  the  heavy  guns.  The  |)ro))elling 
inacliinory  is  ot  the  Parsons  turbiiu!  type,  and  is  l)d'i"f  sup- 
plied l)y  Messrs.  John  Brown  &  Co.,  Clydeb;»tik,  who  are  also 
makin"'  28  of  the  42  Yarrow  boilers  r(、（|uir(>(l ,  remainder 
Ijcintr  niamitac'tured  by  tlie  builders  of  the  hull.  There  are 
four  shafts,  oach  of  the  wiii^  shafts  having  a  separate  high- 
pressure  nhond  and  an  aslorii  turl)ine,  while  on  each  of  the 
centre  shafts  there  is  one  turbine  casing,  ('oml)ining  the  low- 
pressure  ahead  and  the  astern  rotors.  The  "  Ajax  ，，  is  of  the 
same  typo  as  tlie  "  King  George  V."  The  class  to  which  the 
Ajax  "  belongs  displact:  slightly  over  23/)()()  tons,  and  have 
a  length  of  555ft.,  and  a  beam  of  89ft.  The  shaft  horse -power 
is  uiidorfitood  to  be  31,000,  and  the  designed  speed  21  knots. 
As  witli  all  tlie  Dreadnoughts,  Parsons  turbines  are  the  type 
oi  propelling  machinery  used,  and  those  for  tlie  "  Ajax  "  are 


Tabic  of  Besults  obtained  toith  Small  Sized  Fuels  in  a  Kerpely  Gas  Producer, 


Kind  of  Fuel. 


Breeze  from 
Blastfurnace  Coke. 


Hreeze  from 
Gasworks  Coke 
(strontily 
clinkerinfi). 

Coke  iJi'ccze 
from  Orlan. 

Coal  Dust  Iroiu 
Orlan  tcakin^). 

'      '  ' 
Coal  Dust  from 
the  Dump 
of  the 
Oheim  Mine. 
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】"'o、vn  Coal 
Briquettes. 


Size ~ inches ― Above  0*472  diam  

,，       „         0-315  to  0-472  diani.     • . 

"       ,，         0197  to  0'：315  diam. .. 

"       "         0- 118  to  0- 197  diam. . . 

"       ，，         0-039  to  0-  US  diam. . . 

"       ，，         0-019  to  0-031)  diam. .. 

"       "         below  0-  Oiy  diam  

Analysis  of  Fuel  : ~ - 

Carbon,  per  cent  

Moisture,  per  cent  

Ash,  per  cent  

Heating  value  of  fuel  iii  B.T.U  

Amount  gasified  in  24  lirs.  in  lbs  

Average  analysis  of  the  gas,  per  cent.  C(_) 
Average  analysis  of  the  gas,  per  cent.  CO . . 
Average  analysis  of  the  gas,  per  cent.  CH4 
Average  analysis  of  the  gas,  per  cent.  H.j  . . 
Lower  heating  value  of  the  gas,  B.T.U. 

per  cu.  ft  

Amount  of  carbon  of  the  fuel  lost  in  ash .  • 
Tar  and  dust  in  the  gas.    Grains  per  cu.  ft. 

Blast  pressure,  inches  of  water  < 


8- 
10' 
24' 
10- 
25- 
7- 
3- 


5  per  cent. 

0 

4 

5、 

(； r 

42 
44 


5()-5 


18- 
10144- 
19180 
5* 


57 
90 


11-91 


125 

1 

0 
13 

to 
17*72 


8  per  cent. 
655 
78 


Rrand 
" L'ni(m，- 

j)ic('es 
、、义 'i^^liiiig 

about 
5*  54  oz. 


5ti-70 

10-  80 
5' 22 

8802 
46207 

4-40 
29-80 
2-70 

11-  90 

159 

0-2  })er  cent, 
not  determined 
9-84 
to 
13-78 


The  table  also  shows  in  the  last  column  tlie  results  obtained 
with  a  several  days'  test  of  brown  coal  briquettes  from  the 
Rhine  proviiK-es.  As  is  well  known  the  hygroscopic  property 
of  the  ash  from  these  briquettes,  containing  over  50  per  cent, 
lime,  gives  trouble  in  ordinary  plants.  The  wnter  and  the 
ash  form  a  giunniy  】iiass  that  easily  stops  up  the  grate  open- 
ings if  the  fire  zone  is  too  higli.  Because  of  the  special  grate 
construction  of  the  new  producer  and  the  fact  that  no  water 
seal  is  used  these  difficulties  did  not  appear  and  the  test  gave 
splendid  results  in  every  respect.  Before  the  test  the  pro- 
ducer was  filled  with  burnt  lime  to  somewhat  above  the  ptnik 
of  the  grate  in  order  to  prevent  the  action  of  foreign  ash  on 
that  of  the  briquettes.  The  results  certainly  lead  to  the  con- 
clusion that  this  type  of  producer  has  made  possible  an  im- 
portant step  forward  in  the  use  of  lower  value  fuels. ― •'  The 
Iron  Age." 


TWO  NEW  DREADNOUGHTS. 

During  the  past  week  two  new  battle- ships  tor  the  British 
Navy  were  launched,  the  "  Queen  Mary,"  from  the  yard  of 
Palmers'  Shipbuilding  and  Iron  Company,  Janow-on-Tvne, 
and  the  Ajax,"  from  the  yard  of  Scotts'  Sli" 山 iiiWing  and 
Eiigiueeriag  Company,  Greenock.  The  "  Queen  Mary," 
which  was  laid  down  on  March  6th,  1911，  although  of  the 
same  class  as  the  '•  Lion  "  and  -'  Princess  Royal/'  is  an 
improvement  over  both  these  vessels.  Her  dimensions  are : 
Length  660ft.,  breadth  88ift.,  draught  28ft. ，  displacement 
27,000  tons.  The  horse-power  is  75,000,  at  275  revs.,  and  the 
designed  speed  28  knots.     The  armament  consists  of  eight 


being  manufactured  by  the  Scotts'  Company.  The  arrange- 
ment of  the  turbines  corresponds  with  that  in  all  recent  British 
battle-ships.  The  boilers  of  the  ship  will  be  of  the  Babrock 
type.  In  the  main  battery  are  10  13*5in.  guns,  mounted  in  five 
twill  turrets  on  the  centre  line  of  the  ship,  while  the  guns 
for  repelling  torpedo  attack  are  20  of  4in.  calibre.  Tlie  keel 
of  the  "  Ajax  "  was  laid  011  February  27th,  1911. 


Iron  Ore  Concentration  Methods.— At  a  recent  meeting  of 
the  West  of  Scotland  Iron  and  Steel  Institute,  held 
in  Glasgow,  a  lecture  was  delivered  by  Prof.  Henry  Louis, 
of  the  Armstrong  College,  Newcastle-on-Tyne,  on  "  Magnetic 
Methods  of  Concentrating  Iron  Ore."  The  lecturer  dealt  with 
the  principles  upon  which  magnetic  concentration  depends, 
and  described  the  various  separators  which  may  be  used  on  an 
industrial  scale.  Many  ores,  he  explained,  were  commonly 
called  magnetic  on  account  of  the  fact  that  they  might  easily  be 
separated  by  a  magnet  without  further  preparation.  Others 
were  non-magnetic,  but  many  of  these  could  by  the  simple 
process  of  calcination  be  rendered  magnetic.  The  subject  of 
the  concentration  of  iron  ores  is  of  special  interest  at  the 
present  time  in  view  of  the  fact  that  Prof.  Louis  has 
recently  been  successful  in  concentrating  Cleveland  iron  ore 
by  this  method,  and  that  the  same  treatment  may  possibly  be 
adopted  with  advantage  in  the  case  of  the  recently  discovered 
deposits  in  Raasay,  which  are  similar  in  many  respects  to  the 
Cleveland  ore.  The  lecture  was  illustrated  by  experiments 
and  lantern  slides. 
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ON  THE  WIDER  ADOPTION  AND  STANDARDISATION  OF 
WATER-TUBE  BOILERS.* 

BY  M.  E.  SPEAKMAN. 

[Concluded  from  iM(je  365,) 

Size  of  Unit. ― In  no  direction  has  the  advance  of  water-tube 
boilers  made  such  strides  as  in  the  individual  size  of  luiit. 
The  first  Yarrow  boiler，  fitted  in  H.M.S.  "  Hornet,"  had  a 
heating  surface  of  1,027  sq.  ft"  and  a  grate  surface  of  20' 5  sq. 
ft.  ；  while  the  corresponding  Tliornycroft  boiler  had  a  grate 
surface  of  47*3  sq.  ft.,  though  tliis  was  divided  into  two  fur- 
naces, as  in  the  modern  Scliulz  type.  The  early  Belleville 
boilers  varied  between  53  sq.  ft.  and  58  sq.  ft.  of  grate  sur- 
face, ami  burned  on  an  average  about  261bs.  of  coal  per  square 
foot  per  hour.  The  large- tube  Yarrow  boilers,  which  first 
made  their  appearance  in  the  "  Swiftsm'e  "  class,  t  were  of 
53  sq.  ft.  each,  a  figure  from  which  the  large-tube  type  varied 
but  little  until  it  recently  followed  the  general  tendency  to 
increase.  The  earlier  Babcock  &  Wilcox  boilers  in  tliis 
country  were  of  64  sq.  ft.  per  unit,  and  this  has  gradually 
been  increased  to  about  90  sq.  ft.  per  unit,  burning  about 
221bs.  to  241bs.  per  square  foot  of  grate.  In  the  United  States 
Navy,  where,  compared  to  English  practice,  larger  and  fewer 
units  are  generally  fitted,  some  of  the  earlier  Babcock  and 
Wilcox  boilers  were  of  96  sq.  ft.,  rising  to  103  sq.  ft.  in  the 
"Delaware"  class,  and  119  sq .  ft.  in  the  "Utah"  class,  and 
burning  from  301bs.  to  361bs.  of  coal  per  square  foot  of  grate 
per  hour.  In  the  small-tube  3-di'um  type  of  12  years  ago 
from  55  sq.  ft.  to  60  sq.  ft.  was  common.  More  recent  boilers 
for  small  craft  have  risen  first  to  70  sq.  ft.  and  later  to  85  sq. 
ft.  In  the  recent  United  States  torpedo-boat  destroyers 
90  sq.  ft.  is  common  ；  in  the  German  torpedo-boat  destroyers 
100  sq.  ft"  and  in  one  case  125  sq.  ft.  in  a  two-furnace  unit, 
has  been  adopted.  This  boiler  is  about  22ft.  wide  over  the 
lower  drums.  The  largest  individual  coal  grate  of  the  author  s 
experience  in  this  country  is  in  a  White-Forster  boiler 
recently  built  at  Birkenhead  for  a  foreign  torpedo-boat 
destroyer,  and  which  has  111  sq.  ft.  Messrs.  Yarrow's  double- 
ended  boilers  for  the  Brazilian  torpedo- boat  destroyers  of  tlie 
" Matto  Grosso  "  class  exceeded  this,  but  in  their  case  the 
furnace  was  completely  divided  transversely  into  two  separate 
parts  by  a  brick  wall,  and  the  individual  grates  of  this  double- 
ended  boiler  did  not  exceed  70  sq.  ft.  These  exceptional 
areas,  except  for  the  double-ended  type ，十 are  quite  outside 
mercantile  use,  but  are  quoted  as  examples  of  limiting  size 
in  coal  units.  A  reasonable  average  of  from  70  sq.  ft.  to  80  sq. 
ft.  of  grate  in  a  3-drinn  type  is  a  feasible  project  in  small 
mercantile  vessels,  but  for  economy  the  coal  burnt  per  square 
foot  of  grate  per  hour  should  be  between  the  economical  limits 
of  tho  large  and  small-tube  types,  say,  from  30】bs.  to  401bs. 
per  square  foot,  alihougli  these  boilers  at  full  power  burn 
easily  25  per  cent,  more  for  long  periods.  Strictly  speaking, 
tlie  size  of  coal-fired  units  rests  entirely  on  the  maintenance 
of  clean,  level  fires  on  a  large  grate  ；  120  sq.  ft.  is  exceptionally 
large,  atul  is  only  possible  with  most  systematic  stoking  and 
picked  fuel.  Even  so,  no  difficulty  lias  been  experienced  in 
keeping  good  fires  either  on  1 10  sq.  ft.  on  one  grate  or  125  sq . 
ft.  on  a  Schulz  grate  when  burning  about  651bs.  square  foot 
of  grate  per  hour.  Such  a  consumption  is  only  possible  for 
a  short  period,  say  from  6  to  8  hours,  without  considerable 
cleaning,  and  for  runs  of  100  hours ― an  Atlantic  passage — a 
iimch  lower  coiisuniption  per  square  foot  would,  of  course, 
require  to  be  adopted.  Obviously,  for  short-run  routes,  larger 
grates  might  be  adopted  than  on  the  ocean  services. 

When  oil  fuel  is  used  instead  of  coal,  the  question  of  firing 
is  of  vastly  less  importame,  and  greatly  lessens  the  limitation 
of  size  of  unit.  In  fact,  this  niis^ht  almost  then  be  detentiiiipd 
l)y  the  loss  of  power  due  to  an  accident  to  one  unit  forming 
loo  great  a  proportion  of  tlie  evaporating  plant.  Oil-fired 
boilers  of  from  6,000  sq.  ft.  to  7,000  sq.  ft.  of  heating  surface 
are  now  common.  The  largest,  individual  boiler  of  which  llie 
author  lias  eyperience  is  the  unit  in  the  Argentimi  torpedo- 
boat,  destroyers  of  the  '*  San  Luis  ，-  class,  built  liy  Messrs. 
('； i"mi,、"，  Tjaird,  &  ('()•,  at  Birkenhead,  which  has  a  liealiui; 

I'll  i>.  (  1  riid  lirforc  the  liiKtititHon  of  ICn«inucrs  and  ShiplmiKlers  "»  Srollaml. 
】''(_'lm""'y  *JULI  1 .  I'.) I '2. 
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surface  of  8,500  sq.  ft.  Tt  is  of  the  single-ended  AVhite-Forster 
type,  and  has  a  combustion  space  of  915  cub.  ft.  With  5in. 
air  pressure  it  has  generated  from  feed  water  at  212°  Fall., 
about  120,0001bs.  of  steam  per  hour  at  2301bs.  pressure,  with- 
out the  slightest  difficulty  of  operation  or  adverse  effect  on 
the  boiler.  The  two  tube  rows  nearest  the  fire  are  l^iu.  diam., 
tlie  20  others  are  lin.  diam.  ；  the  upper  drum  is  4ft.  Sin. 
diam.  Transversely  overall  the  boiler  measures  19ft.  Pro- 
bably this  is  the  largest  boiler  yet  made,  but  experience  of  it 
indicates  tliat  oil-.buniin£^  units  having  from  10,000  sq.  ft. 
to  12,000  sq.  ft.  of  heating  surface  are  perfectly  possible,  and, 
witli  adequate  combustion  space,  would  be  even  more  econo- 
mical. Boilers  of  such  a  size,  however,  should  have  oil  burners 
at  each  end,  as  in  the  latest  German  practice.  The  "San  Luis  ' 
boiler  referred  to  has  an  evaporative  value  exceeding  14  when 
burning  lib.  of  oil  per  square  foot  of  heating  surface.  At 
121bs.  per  shaft  horse-power,  this  is  equal  to  10,000  h. p.  from 
one  unit.  Eight  such  boilers  would  produce  nearly  the  same 
amount  of  steam  as  the  "  Lusitania  •，  required  on  trial  ！  The 
author  would  have  no  hesitation  in  building  for  naval  work 
a  12,000  sq.  ft.  double-ended  oil-fuel  unit,  but  other  considera- 
tions than  individual  full  power  limit  the  advisability  of  sue 'a 
immense  boilers. 


Via  10. 

One  of  t  he  p'eatesl  advantages  of  oil  fuel  lies  in  the  ron- 
(： Mit  ration  of  ])o\ver  in  fewer  and  mm'li  larger  water-lube  units 
i  liaii  are  now  installed,  with  a  corresponding  inuiiense  saving 
in  weight  and  space  adopted.  Assume  a  3-drum  unit  having 
12,000  sq.  ft.  of  heating  surface  to  be  built  for  a  large  pas- 
sanger  vessel -  With  1,400  cub.  ft.  of  combustion  space,  and 
burning  only  81bs.  of  coal  per  cubic  foot,  an  evaporation  of  15 
limes  should  be  obtained,  giving;  1 68,0001bs.  per  hour  per 
unit,  or  14 lbs.  per  square  foot  of  heating  t^urface.  Such  a 
boiler,  including  water,  would  wei^li.  for  merchant  service 
requirements,  about  80  tons  The  fuel  burnt  per  hour  would 
ammmt  to  5  tons. 

Possible  Modification  in  Design  and  Standardisation.— The  wide 

divergences  m  t he  condit ions  artepted  l)v  Admiralties  ami 
re<iist ration  societies  are  not  easily  iiiergeabie  into  i>ne  fon- 
glomerate  whole,  because  the  policy  of  the  former  must  essen- 
tially be  to  accept  those  very  risks  that  tlie  latter  must  strive 
to  avoid,  and  the  diflFerences  reasonably  liave  been,  and  are  at 
present -  too  gi'eat  for  the  respective  iiiari^ins  to  overlap.  Tins 
is  a  position  wliirli,  |)erliaj)s,  a  siiiuiH aneous  small  rlianpe  in 
I  lie  tMigineerin;^  polio v  of  botli  sides  would  i;o  far  to  era<tica(e. 
Roft'ience  to  T; 山 11.  shows  t he  pem""a"'p  wtM^ht  (»f  naval 
boilers  (o  be  so  low  in  some  oases  t hat  an  a]>prp('ial>le  acMitioii 
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would  hardly  affect  the  ship  ； is  a  whole.  Torpedo-boat 
destroyers  are  not  incliidofl  in  tJiis  roniiirk,  owing  i.o  their 
exceptional  uutiire,  but  such  an  addition  miglit  render  it 
possible  to  strike  a  mean  between  commercial  ehlciency,  relia- 
bility and  durability  on  the  one  hand,  and  adequate  steam 
production  in  relation  to  the  low  weight  and  capability  for 
forcing  tliat^  at  times;  is  so  essential  to  naval  engineering  on 


Fig. ill.— Single-ended  Boilek. 
17ft.  6in.  iu  diameter,  215  lbs.  pressure. 

the  other.  With  the  ever  rapidly  increasing  size  and  speed 
of  ships,  greater  power  on  less  weight  is  essential.  The  oil 
engine,  whatever  its  future,  cannot  at  present  offer  any  solu- 
tion for  large  powers.  Since  the  turbine  lias  rendered  main 
engine  overhaul  in  port  a  matter  of  rapidity  and  relatively  of 
small  importance,  the  principal  factor  influencing  the  time 
required  to  turn  round  on  the  higli-speed  services  is  now  that 
of  boiler  attention  and  the  stowing  of  fuel.  Two  great  ques- 
tions arise  in  this  connection.  Is  oil  or  coal  to  be  the  fuel  for 
high-speeed  vessels  ；  and,  if  the  former,  what  is  to  be  the  type 
of  boiler  ？  Obviously,  these  queries  are  restricted  to  special 
classes  of  vessels ― those  in  which  the  machinery  element  is  a 
larger  proportion  of  the  ship.  It  must  also  be  remembered  tliat 
cylindrical  boiler  troubles  are  by  no  means  as  scarce  as  is  often 
supposed.  Comparatively  little  progress,  perhaps,  has  been 
made  in  this  design  for  some  years  past,  whereas  the  water- 
tube  boiler  has  distinct  potentialities  before  it.  At  the  lower 
limit  of  pressure,  the  advances  made  in  condenser  design  in 
the  last  decade  offer  little  scope  for  improvement  in  economy  ； 
higher  initial  pressures  are  then  the  only  resource,  and  while 
the  cylindrical  boiler  may  not  have  reached  its  zenith,  its 
weight  in  relation  to  its  steam  production  cannot  be  reduced. 

Of  water-tube  boilers  applied  to  merchant  work,  of  course 
the  Babcock  &  Wilcox  boiler  is,  so  far,  the  most  widely  used, 
especially  abroad  ；  incidently,  in  foreign  countries  economy 
of  fuel  is,  perhaps,  even  more  seriously  considered  than  in  this. 
This  boiler  in  its  own  type  has  reached  a  very  high  degree  of 
standardisation  and  efficiency,  and  the  variations  in  design 
and  scantlings  between  the  naval  and  mercantile  type  are 
insignificant.  As  regards  the  rather  lighter  3-drum  type, 
tliere  are  few  instances  of  its  application,  in  spite  of  its  obvious 
suitability.  Several  features  in  its  design  recommend  it,  pro- 
vided that  the  curvature  of  the  tubes  is  either  small,  as  in  the 
White-Forster  type,  or  nil,  as  in  the  Yarrow  type. 

The  first  modification  to  render  the  latter  acceptable  to 
registration  societies  will  probably  be  in  the  thickness  of  tubes 
and  their  diameter.  The  German  Navy  adopts  a  standard  tube 
of  36  mm.  outside  diam.,  and  ?>  mm.  thick,  that  is,  l^in.  (full), 
and  between  10-11  L.S.G.  This  is  distinctly  lighter  than 
the  United  States  Igiu.  tubes.  The  adoption  of  large  tubes 
of  1  -[iu.  (liani.  for  large  vessels,  ami  small  tubes  of  1  ^in.  diam. 
for  small  ships  does  not  seem  lo^ncal  at  first  sigl»t,  nor,  unless 


it  has  been  purely  evolutional,  does  the  use  of  tubes  varying 
i"  oiie-sixteenilis  of  ； in  uu-\\  in  diameter.  Tliere  is  no  doubt 
1,1 1 al  a  t'ul"，  of  i  'j'iii .  (li;uii.  of  9  L.S.(} .  slioiilil  last  loii'^'-r  than 
one  of  (liani.  of  I  I  li.S.G.,  but  not  necessarily  longer  if 

11  Kit  tube  be  increased  lo  10  L.S.G.,  that  is,  from  -UGin.  to 
•rj'Si".  thick,  A  point  of  no  little  difficulty  to  arrive  at  will 
he  ilie  (iiaineter  of  tube.  To  abaiiflon  the  smaller  sizes  reduces 
the  weight  advantage  and  capacity  for  higher  consuinpt  ions 
])3r  unit  of  grate  surface.  The  larger  tubes  admit  of  easier 
de('inin"r.  It  is  in  the  excellence  of  the  quality  of  the  tubes, 
their  treattnent,  and  the  workinaiislii])  lavished  on  tlieir  in- 
stallation and  preservation  that  the  required  durability  of  the 
boiler  will  largely  depend.  In  view  of  recent  naval  exj)erience, 
there  should  he  no  need  to  doubt  tliat  a  flesi<^ii  ljused  on 
iiiercaritile  service  requirements  would  prove  suitable,  pnn'i'led 
that  ample  care  was  taken  in  regard  to  the  quality  of  t u bes 
accepted. 

Merchant  service  fire-bars,  doors,  and  casings  will  be  re- 
quired as  well  as  heavier  brickwork  than  is  found  iu  naval 
boilers.  The  drums  and  ends  of  the  usual  boilers  will  probably 
require  tliickening,  and  tliey  might  also  be  somewhat  increased 
ill  size  with  advantage.  Funnels  and  uptakes  will  remain  as 
before.  Nevertheless,  iu  spite  of  this,  the  weight  saved  -  of 
wliicli  the  gain  is  largely  in  water  carried ― will  still  be  very 
considerable.  As  a  set-off  against  the  additional  weight,  the 
(lowiitake  tubes  outside  the  boiler  miglit  well  be  dispensed  with, 
though  builders  are  not  in  agreement  on  this  point.  It  will 
be -seen  from  Fig.  10  what  difference  in  overall  length  to  tlie 
same  boiler  is  made  by  the  adoption  of  these  tubes.  It  is  very 
doubtful  if  any  economical  advantage  is  gained  from  them. 
For  boilers  with  sharply-curved  tubes,  in  which  the  flow  of 
water  must  necessarily  be  less  rapid  than  in  straight  tubes, 
they  are  probably  necessary,  but  the  former  type  is  not  here 
considered.  Table  IV.,  compiled  at  random  from  various 
types,  shows  how  little  consistent  relationship  there  is  between 
the  areas  of  these  external  pipes  and  of  the  generating  tubes. 
That  one  boiler  capable  of  producing  three  times  the  amount 
of  steam  as  another  should  have  the  same  size  and  number  of 
(lowiitake  tubes  as  the  lower-powered  one,  seems  to  indicate 
that  external  pipes  are  quite  unnecessary  iu  Yarrow-type 
boilers. 

A  further  advantageous  modification,  which  is,  perhaps,  an 
adaptation  from  condenser  design,  would  seem  to  lie  in  a 
greater  variation  of  longitudinal  tube  pitching  between  the 
fire  rows  and  the  outside  tube  rows.  General  practice  is  for 
tlie  two  fire  rows  to  be  of  slightly  greater  diameter,  and  con- 
sequently further  apart  than  the  remainder.      For  instance, 


Fig.  12.— CoAL-BURNtNo  Boiler  of  110  Sq.  Ft.  Grate. 
Wbite-Forster  Type,  Generator  portion  only  erected  in  shop. 

in  a  20-row  nest,  the  two  fire  rows  may  be  Igin.  diam.  with 
a  longitudinal  pitch  of  l||in.  the  remaining  18  being  all  1  J.in. 
tubes,  pitched  If^in.  In  the  larger  units  that  seem  probable 
i"  future,  greater  economy  might  possibly  be  maintained  by 
making,  in  a  24-row  boiler,  a  variation  both  of  tube  diameter 
ami  pitch,  such  as  six,  eight,  and  10— or  five,  seven,  and  1'2 — 
rows,  the  latter  being  t.lio  outer  ones,  though  obviously  this 
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would  involve  greater  trouble  in  manufacture,  and  in  clean- 
ing after  use.  The  temperature  drop,  however,  across  a  nest 
of  water-filled  tubes  is  so  great,  and  the  consequent  volume  of 
gas  so  greatly  reduced,  that  investigation  in  this  line  would 
seem  to  be  worth  undertaking.  Just  as  existing  furnaces  are 
standardised,  in  view  of  the  present  amount  of  repetition  work 
in  boiler  manufacture,  so  the  corresponding  portions  of  water- 
tube  boilers  can  be.  Upper  drums,  except  for  special  cases, 
vary  little  in  diameter  and  need  vary  less.  Bottom  reservoirs, 
consequently,  as  well  as  the  chamber  ends,  could  also,  as  far  as 


Fifi .        OiL-iiL :uNiN(i  lioiLKR,  .8.500  Sq.  Ft.  Heating  Surface. 
Generator  portion  only  enacted  iu  shop. 

radius  and  thickness,  be  brought  to  a  greater  state  of  simi- 
larity. In  England  and  the  United  States,  top  and  bottom 
drums  are  made  of  riveted  plates  ；  in  France  and  Germany, 
especially  the  latter,  they  are  often  made  solid  drawn  or  welded 
in  the  circular  form  necessary  for  the  bent  tubes  employed. 


TABLE  IV. 


Boiler 

Heating 
surface, 
square 
feet. 

Steam  pro- 
duction, 
lbs.  per 
hour. 

Lbs.  steam 
per  square 
foot  heat- 
ing surface. 

Rates  of 
down  take 

area. 
Generating 
tube  area. 

Type  of  ship  and 
'  fuel. 

A 

3,660 

28,700 

7-55 

4-18 

Cruiser,  coal 

B 

4,200 

31,500 

7*5 

4-21 

Cruiser,  coal 

C 

3,750 

25,000 

(i-(>G 

3  15 

Battle-ship,  roal 

D 

5，  100 

46,000 

*)•() 

4-5 

Destroyer,  ctml 

E 

6,400 

80， 麵 

12-5 

3  03 

Destroyer,  oil 

F 

8,600 

130,000 

15*2 

4-9 

Destroyer,  oil 

Appendix  I. 

Of  the  cases  of  vessels  whose  boiler  weight  is  relatively 
great  in  proportion  to  the  displacement,  it  is  interesting  to 
take  two  cases  in  order  to  analyse  the  problems  involved. 

Large  Fast  Li  nek ― Lusitania  ，，  Type. 

The  existing  arrangement  comprises  23  d.e.  and  2  s.e. 
cylindrical  boilers  of  17ft.  Gin.  diameter,  with  a  heating  sur- 
face of  158,350  sq,  ft.  and  a  grate  surface  of  4,048  sq.  ft.  The 
steam  production,  when  burning  about  241bs.  per  square  foot 
of  grate  per  hour,  is  about  l,000,0001bs.  per  hour,  or,  say, 
2501bs.  per  square  foot  per  hour.  The  coal  used  for  this  is 
about  44  tons  per  hour,  costing  on  an  average  perhaps  £35 
per  hour  for  fuel.*  Of  the  steam  production,  15  per  cent,  is 
used  by  the  auxiliary  machinery.  The  actual  ratio  of 
evaporation,  with  speed  at  196°  Fah.,  is  10'2  :  tlwit  is 
from  and  at  212°  Fah. 十 

By  adopting  a  combustion  rate  of  361bs.  per  square  foot  of 
grate  per  hour  for  Yarrow  boilers,  and  allowing  for  a  corre- 
sponding ratio  of  evaporation  equal  to  9*5,  3421bs.  of  steam 

*  The  cost  and  quality  of  coal  used  by  the  large  liners  fluctuates  considerably  ； 

]G  shillings  a  ton  in  tho  bunkers  is  not  nn  excossivi*  fl^^uro  fts  an  ftverngo 

t  See  Ml*.  Thomas  Bell's  pai)er,  Trans.  luslitutiou  of  Naval  .'U'chitucts,  190S. 


per  square  foot  of  grate  per  hour  should  be  obtained,  and  for 
the  same  steam  production  2,920  sq.  ft.  of  grate  and  161,000 
sq.  ft.  of  heating  surface  would  be  required  if  the  ratio  of 
heating  surface  to  grate  surface  =  55  : 1.  This  would  entail  a 
coal  cousuinptioii  of  46'9  tons  per  hour  at  a  cost  of  £37  5 
Apart  from  coal  burnt  in  harbour,  if  the  vessel  is  credited 
with  30  single  trips  a  year,  of  120  hours  each,  the  additional 
cost  for  fuel  would  be ― 

£2-5  X  30  X  120  =  £9,000  per  annum 

= £300  per  trip,  and  the  extra  weight 
to  be  carried  would  be 
2-9  X  30  X  120=10,450  tons  per  annum 
=     348  tons  per  trip. 

At  first  sight  these  figures,  due  entirely  to  the  assumed  lower 
evaporation  value  of  the  three-drum  type  of  boiler,  appear 
rather  formidable. 

To  instal  2,920  sq.  ft.  of  grate  would  require  40  boilers 
of  73  sq.  ft.  each,  though  46  of  63 '5  sq.  ft.  each  would  corre- 
spond better  with  the  existing  arrangement.  As  a  steady 
steaming  unit  burning  361bs.  per  square  foot  of  grate  per 
hour  an  area  of  73  sq.  ft.  is  probably  just  about  as  large* 
as  could  be  conveniently  handled  under  the  circumstances. 
In  this  connection  reference  might  be  made  to  the  double- 
ended  boilers 十 of  this  type  which  has  been  adopted  in  a  few 
torpedo-boat  destroyers,  but  in  no  larger  vessels,  and  is  not 
considered  here,  although  it  is  hard  to  see  why,  if  a  single- 
ended  boiler  will  do,  a  double-ended  one  should  not  equally 
be  adopted  with  the  consequent  avoidance  of  one  of  the  prin- 
cipal objections  to  the  single-ended  type ― that  is,  multiplicity 
of  units.  When  the  additional  steam  and  feed  piping,  up- 
take connections,  &c.，  are  considered,  together  with  the 
greater  supervision  necessary,  it  must  be  adinitted  that  the 
increased  number  of  units  introduces  a  distinct  objection  to 
the  adoption  of  water-tube  boilers,  unless  large  units  are 
accepted. 

Again,  the  "  Lusitania  ，，  double-ended  boilers  are  22ft. 
long.    The  length  of  the  boilers  proposed  would  not  be  less 


Fig.  14.— Oil-buhning  Boiler.  8.500  Sg.  Ft.  Heating  Surface, 
White-Forster  Type,  being  put  on  board 

than  12ft.  each,  with,  say,  1ft.  3in.  between  them,  so  that 
they  would  require  an  additional  frame  space  in  each  stoke- 
hold― say  32in.,  because  it  would  not  be  advisable  to  reduce 
the  existing  lengtli  of  firini:  space  in  a  ship  of  such  size.  The 
objection  to  increased  length  rather  emphasizes  the  desirability 
of  double-ended  boilers,  and  the  adoption  of  the  water-tube 

•  Many  of  the  U.S.  battleships,  fitted  with  Bal>oi>ck  &  Wilcox  Iwilers.  have 
"'rates  of  120  sqiiaie  feet,  and  burn  as  much  per  square  fool  on  trial,  bul  this  is  of 

short  tUiratiou.N. 

t  In  a  paper  presented  to  tho  InBtiUition  of  Naval  Architecta  in  1897  by 
Mons.  Si^aiuiy.  the  suggestion  was  made  to  fit  double-«nded  water-tube  boilers 

to  ocoau  hucrs. 
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Fig.  15. 


It  is  assumed  that  it  would  be  possible  to  stow  the  extra 
350  tons  of  coal  with  very  slight  rearrangement  of  bulkheads, 
because  the  overall  width  of  the  boilers  proposed  would  only 
be  16ft.  6in.，  against  the  existing  17ft.  6in.，  and  that  this, 
in  conjunction  with  any  cargo  carried,  would  probably 
sufficiently  compensate  for  the  altered  centre  of  gra\  ity  of 
machinery. 

If  only  half  the  available  cargo  space  were  filled,  the 
additional  revenue  would  be,  say,  900  x  30  x  £0*5  =  £13,500, 
reducing  the  additional  fuel  bill  from  a  loss  of  £9,000  to  a 
gain  of  £4,000.  But  it  is,  in  the  author's  opinion,  still  doubt- 
ful if  the  case  for  Yarrow  or  other  water-tube  boilers  is  not 
under-stated. 

In  the  event  of  double-ended  boilers  being  adopted,  the 
efficiency  would  probably  be  even  higher,  and  the  weight 
saved  rather  more.    In  any  case,  apart  from  any  practical 


with  two  funnels  instead  of  four  at  a  large  gain  of  passenger 
accommodation,  and  to  carry  only  60  per  cent,  of  the  fuel 
now  required.  With  the  enormous  gain  in  weight  of  boilers 
and  fuel,  together  with  the  smaller  space  occupied,  any  addi- 
tional cost  in  maintenance,  or  doubt  as  to  regularity  of  supply, 
must  assume  an  aspect  of  relatively  small  amount. 

Channel  Steamers. 

In  the  case  of  Channel  steamers  the  considerations  are 
very  different.  The  longest  rim  is  barely  four  hours  ；  economy 
is  of  relatively  less  importance,  the  dimensions  of  the  ship 
are  usually  restricted,  and  the  proportionate  weight  of 
cylindrical  boilers  is  generally  very  high. 

Several  23-knot  Channel  boats  of  about  2,700  tons  and 
12,000  s.h.p.  have  recently  been  built,  carrying  eight  single- 
ended  boilers  of  ISOlbs.  pressure,  which  weigh,  say,  65  tons 
apiece,  making  together  very  nearly  20  per  cent,  of  the  total 


type  is  ill  itself  a  sufficiently  large  step  to  render  these  a 
relatively  less  risky  additional  experiment.  The  number  of 
units  would  then  be  the  same  as  at  present,  except  for  the 
two  double-ended  and  two  single-ended  boilers  forward. 
Assuming,  however,  the  adoption  of  40  single-ended  boilers, 
the  weight  of  generators  only,  even  with  increased  scantling &， 
would  amount  to  about  1,800  tons,  a  saving  probably  of 
2,200  tons  ou  the  existing  design,  against  which  is  set  the 
additional  350  tons  of  coal,  reducing  the  total  to  a  net  amount 
of  about  1,800  tons.  The  lower  weight  of  settings  may  be 
assumed  to  counter-balance  the  increased  weight  of  connec- 
tions. 

There  are  then  the  following  advantages : ― 

(1)  A  slight  saving  in  fore  and  aft  space  of  about 
8  frame  spaces,  or 

(2)  A  gain  of  1,800  tons  for  cargo,  at,  say,  10s.  per 
ton  per  trip ,  or 

(3)  A  vessel  of  34,200  tons,  against  3(5,000，  or 

(4)  A  draught  of  water  reduced  f vom  32ft.  9i".  by  at 
least  12iii.，  or 

(5)  A  slightly  finer  ship,  together   with   rather  less 
power  required,  or,  vice  versa,  higher  speed. 


disadvantages,  which,  by  the  way,  are  probably  moro  antici- 
pated than  actual,  as  modern  naval  practice  goes  I'ar  to  prove, 
tlie  influence  of  reduced  weight'  on  a  ship  as  a  whole  is  so 
gn'at  as  to  render  it  difficult  to  form  an  absolutely  definite 
opinion  without  most  careful  investigation  of  tlic  details 
involved.    The  attraction  of  such  a  saving  is  very  tempting. 

The  use  of  oil  fuel  should  not.  be  overlooked  in  conjunctiou 
with  the  proposed  boilers,  as  with  tlie  large  units  possible  the 
combined  influence  on  the  design  of  ship  is  enormous.  With 
oil  fuel  the  stokehold  complement  would  at  once  be  reduced 
to  one-fifth  of  ihc  j) reseat  number,  and  the  simplification  in 
stokehold  design  should  go  far  to  balance  the  higher  cost  of 
water-tube  boilers.  If  the  arrangement  of  the  "  Lusitania's  " 
three  after  stokeholds  were  retained,  each  containing  six 
boilers,  each  of  the  18  would  require  to  supply  about  56,0001bs. 
of  steam  per  hour.  This  would  mean  relatively  small  units, 
and  12  boilers  providing  84,0001bs.  apiece  would  be  more 
suitable.  Au  evaporation  of  15  times  at  200。  Fah.  feed  tem- 
perature should  be  obtained,  requiring  5，600Ibs.  of  oil  per 
boiler  per  hour.  By  burning  81bs.  per  cubic  foot,  units  of 
7,000  sq.  ft.  of  heating  surface,  and  700  cub.  ft.  of  combustion 
space  would  suffice.    This  should  enable  the  vessel  to  be  built 


,  ？  w  §  §  _ 
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displacemeiif".  of  iho  ship.  When  burning  361bs.  per  square 
ioot  of  grate  surfaco  per  hour  on  d65  sq.  ft.,  tlie  evaporation  is 
IH;  times  from  feed  at  120°  Fall.,  thai  is,  ITOG  times  from 
ami  at  212。  Fall.  For  Yarrow  ))oileis,  burniug  .40lbs.  jhm- 
square  foot,  an  evaporation  of  1()'5  iiiiies  is  assumed, 
ami  is  equal  to  915  times  at  120°  Fah.  In  the  former  case 
the  sleain  produced  per  square  foot  of  grate  is  about  3501  hs. 
per  hour;  in  tlie  latter  3661bs.,  necessitating  440  sq.  ft.  of 
grate  surface.  Six  boilers,  each  with  73  sq.  ft.  of  grate  sur- 
face and  3,800  sq.  ft.  of  lieating  surface,  would  be  sufficifM". 
Increased  to  Hoard  of  Trade  scantlings  they  would  weigli 
a))Out  33  tons  apiece  with  water 一 say,  200  tons  in  all,  or  a 
gain  of  over  :")()  ioun,  wliicli  is  more  tlian  ]()  per  cent,  of  tlie 
displacement. 

The  reduction  in  power  possible  would  be 

o  4002 

12,000  X  ~^,  =  11,050 

which  again  would  admit  of  a  further  reduction  in  weight, 
of  boilers  of  20  tons. 

The  vessel  is  350ft.  by  41ft.  by  13ft.  drauglit.  As  in  the 
larger  ship,  the  saving  can  be  applied  in  many  ways.  The 
alteration  to  centre  of  machinery  weight  is  more  serious  in 
this  case,  and  tlie  engines  ami  boilers  would  require  to  he 
moved  bodily  forward. 

If  the  saving  be  used  for  additional  cargo,  this  matter  is 
of  less  importance.  If  it  be  used  to  fine  and  liglit-eii  tlie  vessel, 
an  obvious  saving  in  fuel  burnt  must  result.  Fore  and  aft 
space  will  be  saved  to  the  extent  of  six  f raine  spa (； es,  rendering 
a  rather  smaller  ship  possible. 

If  oil  fuel  is  burnt  in  place  of  coal,  the  number  of  boilers 
would  be  reduced  to  four,  and  tlie  heating  surface  also  re- 
duced considerably.  In  fact,  to  produce  12lbs.  of  steam  per 
square  foot  of  heating  surface  from  feed  at  120°  Fah.  would 
require  four  boilers  of  less  than  3,500  sq.  ft.  each.  In  this 
case  the  gain  in  the  ship  as  a  whole  would  be  very  great 
indeed.  Instead  of  two  funnels,  only  one  need  be  fitted.  The 
size  and  initial  cost  of  the  vessel  are  reduced.  The  total  fuel 
burnt  】）er  hour  in  tlie  original  design  at  full  power  is  about 
7 '5  tons,  which  would  be  equal  to  5'5  tons  of  oil,  or,  say,  rather 
under  5  tons  witli  the  reduction  probable  in  the  ship. 

The  monthly  requirements  for  such  a  service  would  be 
such  that  no  difficulty  should  be  experienced  in  obtaining  a 
regular  supply  of  oil. 

Appendix  II. ― Oil  Fuel. 

Two-thirds  of  the  world's  present  oil  supply  comes  from 
the  United  States,  the  larger  portion  being  California^  ；  Rus- 
sia supplies  24  per  cent,,  the  remaining  10  being  very  widely 
distributed  over  about  15  different  countries.  The  total 
production  of  oil  in  1905，  the  year  when  oil  fuel  alone  wa» 
adopted  for  certain  of  IT.M.  ships,  was  about  37,000,000  tons  ； 
ill  1911  it  WHS  nearly  53,000,000  ions.  For  United  States 
oil  fuel,  as  used  in  Europe,  a  calorific  value  of  ]  9,400  B.Th.U.'s 
])er  ])Oiuid  is  a  fair  average,  giving  an  equivalent  evaporation 
from  and  at  212"  Fah.  of  20'】U)s.  of  water.  The  cost  in  Eng- 
laml  is  now  about  one-half  of  what  it  was  five  years  ago.  Tlie 
tendency  for  the  sources  of  supply  to  increase  is  still  accom- 
panied by  a  slight  reduction  in  cost  per  ton. 

The  two  ])rincij)al  objections  to  the  use  of  oil  fuel  are  : ― 
(1)  U ncertai nfy  of  Supi" !f ' ~ Tlie  United  States  are  in  ； i 
very  strong  position  in  regard  to  oil  fuel,  and  the  decision  ol' 
the  United  States  Navy  Depart nu'iit  to  iiistal  an  oil-hiiriiiiiiiij 
system  only  in  their  last  two  battle-shij)S  is  very  sii^iiiliraiit  : 
the  potential  advantages  of  doing  so  are  greater  for  t  hem  t  haii 
for  anyone  else.  Oil-buriiiui^  Kuroj)ean  lin("'s  would  n'(iuin' 
to  take  ill  fuel  on  the  American  side,  ami  tlio  ct'itaiiity  of 
being  able  to  do  so  is  perhaps  rather  doubtful,  compared  willi 
tlie  United  States  Navy  supply.  A  number  of  largo  last 
]iiu»rs  burning  oil  would  inake  a  serious  inroad  into  tho  world's 
production  as  it  stands  at  present.  For  instauoo,  10  large 
Atlantic  liners,  each  l)iinuii«^  40  tons  ])or  liour  on  15  round 
trips  a  year  of  120  liours  eacli  way,  wiMild  r''<ii"r('  per  cent . 
of  the  world's  present  output.  Tlio  qnostioii  of  the  sit，、  and 
cost  of  storage  plant  in  close  j^roximit y  to  tlie  Hihm's  dorks 
are  other  matters  of  considerable  difliciilty. 

(2)  (，,i《  -Unless  tlie  cost,  of  oil  fuel  per  ion.  imilt i|>li»Ml 
by  its  evaporative  vahic  in  ;i  l»"il，"'，  ant  I  iiiimis  t  \\o  iinaiirial 


gain  in  reduction  of  staff,  cost  of  stowing  fuel,  less  weight  and 
increased  space  available,  Arc,  bo  as  low  as  that,  involved  in 
usin»(  coal  fuel,  the  latter  must  reiuain  tlie  more  financially 
profit-able.  A  ion  of  coal  at  tlio  present  bunker  cost  of  16s. 
will  produce  11  tons  of  steam  at  a  cost,  of  ]-453s.  per  ton.  A 
t,on  of  oil,  producing  15  Urns  of  steam,  must  be  obtained  for 
22s,  for  the  fuel  cost  only  not  to  exceed  that  of  coal.  The 
present  price  in  this  country  is  nearly  double  this  figure,  and 
^ven  if  obtained  in  large  quantities  for  as  low  a  price  as  30ft. 
per  ton,  ilie  oil  fuel  cost  would  exceed  that  of  coal  by  33  per 
cent.  This  difference,  however,  would  jnobably  be  made  up 
iii  the  ud vantages  of  reduced  staiF,  &c"  as  descriljed  above. 

Summary. 

Tliero  is  litilo  donljt,  iliat,  llie  prespiit,  I'eputatio"  of  the 
wat^r-iiil)e  boiler  as  aii  eflicieiit  and  diiraljlfi  steam  generator 
1ms  suffered  from  its  early  history.  U  lias  become  so  iiiurh 
a  matter  of  course  to  instal  cylindrical  boilers  in  fast  ships, 
that-  the  water-tube  type  】m-s  beoii  largely  ignored  by  sliip- 
owners,  and,  when  suggested  by  builders,  has  been  rutlilessly 
suppressed  by  survey  conditions.  Many  practical  qiuistions 
oF  steamship  operation  tliat  find  no  'pi are  in  coiisiclei  at ions 
of  tlieniial  efficiency  enter  into  sliip  design.  In  many  cases, 
tlie  vagaries  of  tonnage  laws  render  space  occupied  of  little 
moment;  Actual  weight  in  others,  though  lar^e  in  al)solutp 
measure,  may  be  proportionately  small  in  coinparisoii  to  tlie 
durability  it  provides.  For  passenger  and  Jiierchant  vessels, 
tlwit-  quality  is  of  the  very  first  importance.  It  is  not 
sufficient  for  a  boiler  to  possess  adequate  si  reiigtli  to  with 
stand  ordinary  conditions  ：  there  itiiist  be  a  margin  beyond 
this.  Again  the  ability  to  realise  on  service  the  result  of 
short  runs  on  trial  trips  remains  to  be  more  widely  proved. 
It  should  be  rem  ember  ed  tliat  no  advocacy  of  higli  combustion 
rates  for  mercantile  work  is  expressed  in  the  paper,  although 
for  oil  boilers  it  is  hard  to  see  why  rates  relatively  liigh  to 
those  of  coal  should  not  be  employed  without  the  slightest 
danger. 

It  appears  extremely  probable  that  in  the  near  future  wo 
shall  see  the  gain  to  the  ship  in  reduced  weight  of  boilers 
and  fuel  valued  to  a  considerably  greater  extent  than  is  at 
present  the  case, 

Tlie  question  of  superheat  from  wator-tube  boilers  is  not 
to  be  ignored.  Even  a  moderate  amount  has  a  most  marked 
effect  on  engine  economy  on  board  ship,  but  the  question  is 
too  long  to  discuss  in  the  present,  paper. 

In  Fig.  11  is  shown  the  front  view  of  an  ocean-going 
vessel's  boiler,  with  Howden  draught  fittings. 

In  Fig.  12  is  shown  the  generator  portion  of  a  White- 
Forster  coal  boiler  of 】10  sq.  ft.  of  grate  surface. 

In  Fig.  13  is  shown  the  generator  portion  of  a  White- 
Forster  oil  boiler  of  8,500  sq.  ft.  of  heating  surface  :  while 
Fig.  14  shows  the  same  boiler  being  placed  on  board  the 
vessel. 

In  Fig.  15  is  a  diagram  by  means  of  which  actual  evapora- 
tion values  f rom  any  feed  tein])erat  iire  may  be  rapitlly  con- 
vert od  iiilo  ('(luivaliMit  valuos  from  and  at  2 1 2^  Fall. 


WROUGHT  IRON, 

BY  IIERHKUT  PII.KIXGTON,  M.INST.C.E. 

The  writer  has  been  iiiurli  impressed  l>y  the  fact  tliat  a  great 
iiiaiiv  users  at  mild  steels  for  some  years  have  a^ain  reverted 
to  wroiiglit  iron,  and  in  such  a  serious  proportion  tliat  it  is 
becoming  evident  that  the  future  position  of  wrouglit  iron  is 
assured.  It  is  well  known  tliat  in  Anierioa  wron^lit-iron 
manufacture  is  largely  creeping  b;"'k  again  to  its  old  |>ositioii. 
This  paper  deals  largely  with  comparisons  of  wrouglit  iron 
and  basic  mild  steel  on  siirli  sul)je»  ts  as  corrosion.  ine<  haniral 
st  nu't  lire,  strengths  and  luoclianical  tests  involved,  f.iti^ue, 
cert  ain  considerations  、vitl，  reijanl  to  the  tuiislied  iron 
imddled  from  pig  iron  only,  and  tlio  ''""""sit ion  of  the 
linisheil  bar. 

It  is  notorious  tl»at  niuler  tho  lioa«l  '、f  r(、nusi(m  tlie  British 
railway  compaiiies  universally  h.ive  come  to  t lio  (om'lusion 

•  Al'Sii  aot  of  pa)>er  read  before  tbe  West  of  Scollau<1  Iron  aqd  BteeX  Institute 
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with  regard  to  rolling  stock  that  they  mnsfc  revert  to  wrought- 
iron  frames.  The  railway  roiupaiiies  have  also  undertaken 
the  conduct  of  extensive  experiments  with  regard  to  the  sub- 
ject ill  a  strictly  practical  manner.  The  writer's  attention 
was  first  drawn  practically  to  this  subject  of  rorrosion  by  the 
fact  that  certain  Wliitwell  stoves  at  Slieepbridge  ironworks 
had  been  ruiniing  18  to  20  years  with  iron  plating.  A  third 
and  a  fourth  stove  had  been  put,  down,  under  precisely  similar 
(.■oiiditions,  with  basic  mild  steel  plat  ing.  The  third  and  fourth 
stoves,  with  the  steel  plating,  liad  to  have  the  upper  plates 
renewed  within  six  years  in  one  case  and  seven  years  in  the 
other  ；  but  only  circuinstaiu'es  of  internal  l>i'irkw()rk  in  the 
first  two,  with  wrouglit-iroii  casings,  caused  tliem  to  have  t'o 
be  renewed,  this  giving  a  life  of  three  to  one  in  favour  of 
iron  plates  under  exactly  similar  comlitioiis  of  temperature 
and  atmosphere.  Of  course,  it  must,  be  re»neinbero<l  thai  the 
atmosphere  close  lo  a  blastf uriuice  is  considerably  impreg- 
nated with  acid-forming  gases,  particularly  sulphurous  ^ases 
from  the  slag  tuyeres,  as  well  as  carbonic  oxide  (CO)  and 
carbonic  acid  ((X).').  * 

It  is  notorious  thai  in  the  lube  trade  of  1  lie  Midlaiuls  an 
enormous  quantity  of  iron  strip  is  now  used  in  preference  io 
steel  because  of  its  greater  durabilily  in  use,  and  its  better 
welfling  qualities,  and  the  same  remarks  will)  re^'arcl  to  corro- 
sion apply  to  hoops. 

Recently  it  has  been  shown  that  various  Government 
Do])ariinents  have  chosen  to  specify  iron  inarleoiily  from  pure 
pufldled  iron,  mercliaiit  scrap  being  stridly  ])roliil)ited,  for 
purposes  of  submarine  cables,  particularly  iliose  whicli  lie 
between  the  ebb  ami  flow  of  the  tide  and  which  are  attacked 
by  oxygen  every  time  they;  are  exposed  to  the  air,  and  it  lias 
been  found,  generally  speaking,  that  the  life  of  the  steel- 
woven  t'elegrapli  cable  has  been  soiiiethiiig-  like  one-third  that 
of  iron  under  such  circumstances.  Consequently  there  is  now 
aji  extensive  demand  for  iron  for  rod  rolling  and  the  conse- 
quent wire  drawing  for  such  purposes. 

Of  (； (mrse  it  is  niatior  of  coinnion  knowledge  i]iat  any  sort 
of  wrouglit  iron  whicli  is  exposed  to  the  atmosphere  ("'  to 
waier,  whether  sea  or  river  water,  alternately,  will  stand  an 
almost  iiulefiuiie  time,  and  not  fail  in  its  work  until  it  is 
simply  worn  down  l)y  meclianic.jil  usage. 

There  are  plenty  of  ships  cables  and  ironwork  in  railway 
wagons  which  have  lasted  40  years  and  more,  but  no  sucli 
inst  ance  can  be  procured  wit-li  regard  to  basic  steel  -  It  is 
also  well  known  to  every  steel  niaiiufa<'t urer  that  wlieii  steel 
was  fii'st'  used  in  place  of  iron  for  slii])l)uildiiig  purposes, 
Lloyd's  allowed  a  coiisiflerable  reduction  of  scantling  in  favour 
of  steel,  according  to  the  section  or  position  in  the  vessel. 
Til  is  margin  lias  now  entirely  disappeared,  mainly  for  reasons 
connected  with  corrosion. 

The  writer  has  beeu  told  by  competent  railway  authorities 
til  fit;  the  steel  frames  of  railway  wagons  will  uol  last  more 
than  15  years  on  the  average  without  t  he  streii^t  li  being  so 
much  rod  need  by  corrosion  as  to  render  the  wagon  useless. 
Mr.  Bain,  tlie  carriage  and  wagon  superintendent  of  the  Mid- 
land Railway,  informed  the  writer  that  in  coal-carrying 
wagons  the  corrosion  of  the  stanflard  steel  sections  of  the 
uiulerframe  amounts  to  -^-in.  in  15  to  16  years,  Tlie  】nain 
members  become  so  weakened  in  consequence,  that  when  tho 
trucks  receive  a  sliarp  impact  the  parts  are  knocked  out  of 
shape  and  the  life  of  the  wagon  immediately  conies  to  an  end. 
He  furtlier  says  that  it  has  been  proved  in  railway  experience 
that  the  corrosion  in  tlie  case  of  iron  wagon  fitting  is  from 
40  to  50  per  cent,  less  than  in  the  case  of  steel. 

The  Midland  Railway  have  treated  a  iiiiinber  of  sieel 
wagons  used  for  rariyiiig  lorouiotive  <'oal  wit  Ii  various  kinds 
of  special  paints  to  prevent  (.-orrosion,  the  surface  having  been 
thoroughly  cleaned  before  the  paint  was  applied,  aiirl  while 
this  has  liarl  Mie  effect  of  preserving  <'ertaiti  portions  of  tho 
uiHlerl'iame  to  some  exieiit ,  in  t hose  portions  iioar  the  doors, 
where  Uie  coal  dust  conies  into  contact  wit  li  t  lie  met  al  aiul 
the  parts  underneath  the  floor,  where  the  weather  romes 
through  the  botioin— mostly  when  tlie  wagoti  is  empty,  but 
also  t'hrougli  the  coal  when  loaded — tlie  special  painting  has 
been  of  little  benefit  and  the  cost,  of  paintings  lias  been 
excessive. 

In  briflge  work  aiid  oi  Irt  expascfl  structures  1  lioro  "n- 
several  forpigu  Goveninieiits  who  ； irc 山、 ('liiiiiig  to  use  steel 
and  who  are  putting  in  iron  ui  preference,  he -a use  of  corro- 
sion.   Some  of  the  English  railway  companies  arc  duiny  the 


same  thinc^,  ami  there  is  one  notable  railway  company  whose 
engineer  stuck  tenaciously  to  wrought  iron  for  bridges  luilil 
lie  retired. 

The-  writer  regards  mihl  steel  as  a  more  or  less  homo- 
geneous 】"atenal，  not  quite  like  glass,  because  glass  is  an 
absolutely  homogeneous  material,  but  still  similar  from  the 
point  of  view  that  it  is  a  fused  cast  mass,  only  modified  by  the 
lieat  treatment  and  work  it  subsequently  receives.  On  the 
other  hand,  wrouglit  iron,  properly  rolled,  is  not  homo- 
geneous even  in  the  same  sense  as  steel,  but  is  a  buiwlle  of 
fibres  absolutely  welded  together  and  not  to  be  dissociated. 
Any  shock  corning  on  this  bundle  of  fibres  inust  be  very  ^reat 
indeed,  relative  to  the  section,  if  it  fractures  the 川  all, 
whereas  the  shock  on  mild  steel  might  fracture  the  wliole 
section  very  quickly  after  the  first  surface  crack  occurre<l,  as 
there  is  no  resistant  fibre  structure  present. 

Iti  the  case  of  many  services  in  which  wrought  iroti  lias 
been  substituted  by  steel  grave  mistakes  have  been  Jiiade, 
particularly  in  the  case  of  crank  shafts  for  engines,  connecting 
rods,  crank  pins  for  locomotives,  and  bolts  for  purnps  and 
water  services  generally,  both  with  regard  to  resistance  to 
shock  and  corrosion.  Tliere  is  also  another  point,  and  thai  is 
in  the  case  of  boiler  plates  ；  although  the  use  of  the  copper 
firebox  in  English  locomotives  is  pretty  universal,  tliere  are 
very  considerable  numbers  of  locomotives  whicli  have  sieel 
fireboxes,  copying  American  practice.  It  is  a  matter  of  com- 
mon experience  that  those  who  have  used  wrought-iron  plates 
for  this  purpose  have  clone  far  better  than  those  wlio  liavo 
used  steel.  It  is  well  known  that  many  portable  and  seini- 
portable  boilers  for  agricultural  purposes,  &c.，  and  vertical 
crane  boilers  also,  have  their  fireboxes  made  in  wrought  iron, 
although  so  many  iron  plate  mills  have  gone  out  of  existence 
that  it  has  for  some  time  been  difficult  to  get  the  materials. 

In  the  case  of  railway  wagons,  although  some  people  have 
liad  dreams  of  steel  chains,  coupling  links  are  still  made  of 
wrought  iron,  for  two  simple  reasons  ；  first  of  all,  llieir 
fibrous  nature  resists  shock  far  better  tliaii  steel  ；  secondly, 
steel  links  will  not  weld  properly  and  securely.  There  is  no 
successful  steel  coupling,  althougli  several  have  been  tried 
and  are  on  trial  still. 

In  tlie  case  of  cable  rliains  for  ships,  it  is,  of  course,  well 
known  that  they  are  all  made  of  fibrous  wrought  iron  ；  iliore 
is  no  successful  substitute  at  present,  and  as  far  as  the  writer 
is  aware,  being  an  extensive  maker  of  Admiralty  and  oilier 
irons  for  ships'  cables,  no  attempt  with  regard  to  steel  lias 
yet  been  countenanced.  In  this  particular  field  of  chains  ii 
seems  very  unlikely  that  any  kind  of  steel  can  supplant 
fibrous  wrouglit  iron,  or,  indeed,  any  other  process  of  making 
chains  other  tlian  by  tlie  old-established  custom  of  welding 
fibrous- rolled  or  forged-iron  bars.  Recent  attempts  at 
methods  of  manufacturing  iron  chain  rabies  other  than  from 
solid  round  bars,  have  proved  failures,  lii  all  tliese  attempts 
the   margin  between   the  specified  test  figures,   and  those 


Table 


Size  of  Chain. 

Proof  Load 
Specified  by 
Admiralty. 

Actual  Breakinj^ 
Load  when  Tested 
to  Destruction. 

Overpioof 

Diaiu.  In. 

Tons  Cwts. 

Tons.  Cwfcs. 

Per  Cent. 

CM 

129  10 

2i4  13 

90 

33  2 

110  6 

■233 

33  2 

110  0 

232 

actually  obtained,  show  a.  wide  difference  in  favoiu'  of  rolled 
bar  iron  welded  in  the  links,  as  the  results  in  Table  I.  will 
show.  It  will  also  be  observed  from  the  figures  that  the  iron 
broke  with  90  per  cent,  in  the  case  of  the  "^pn.,  and  232  per 
cent,  ill  the  case  of  the  l&:i".，  over  the  specified  Afluiiralty 
pnmf  tests,  and  these  are  results  which  could  not  possibly  be 
obtained  from  any  other  class  of  material. 

The  writer  has  heard  of  steel  nuts  and  holts,  Init  tlioy  are 
freaks,  like  steel  rivet s,  for  however  well  made  steel  rivets 
i"ay  he,  after  t  lie  heat  treatment  and  punishment  received  in 
riveting,  instances  are  only  too  frequent  of  heads  flying  off  in 
"I'act'ice.  In  tlio  <'aso  of  boUs  <  ho  writer  would  so  far  as 
t。  say  iUni  W  per  rout,  of  (lie  l)ol(s  and  nuts  iiiarlo  in  the 
Uinied  Kiiigdum  are  made  from  wrought  iron,  aliiiougli  a 
quantity  of  foreign  aud  also  Englisli  bars  for  this  trade 
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are  made  from  a  mixture  of  iron  and  stee】.  This,  of  course, 
is  done  for  cheapness. 

Everyone  knows  perfectly  well  that  while  wrought  iron 
can  be  welded  successfully,  even  with  the  very  mildest  of 
steels  a  safe  weld  cannot  be  sufficiently  assured  for  cable 
chains,  railway  wagon  couplings,  and  crane  chains  subject  to 
sudden  stresses,  and,  therefore,  in  anything  that  demands  tlie 
safety  and  security  of  life  wrought  iron  is  the  essential 
material  to  use.  For  ordinary  blacksmiths'  purposes,  and  for 
almost  all  wagon  materials  requiring  the  services  of  black- 
smiths, steel  cannot  be  used  by  reason  of  its  bad  welding 
qualities,  and  one  of  the  most  significaut  things  in  connection 
with  wagon  building  is  with  regard  to  wagon  springs  (or  even 
locomotive  springs),  where  the  binding  buckle  that  holds  the 
centre  of  the  spring  plates  is  invariably  made  of  wrought 
iron,  and  it  is  obvious  that  this  is  not  on  account  of  cheapness. 

Much  has  been  said  at  times  with  regard  to  the  mechanical 
tests  as  between  mild  steel  and  wrought  iron,  but  the  writer 
is  personally  unable  to  see  any  advantages  which  mild  steel 
possesses  with  regard  to  sixch  tests.  He  has  endeavoured  to 
show  that  on  other  accounts  wrought-  iron  is  infinitely 
superior  to  basic  mild  steel  for  many  purposes,  and  it  would 
be  easy  to  show  that  so  far  as  these  mechanical  tests  are 
concerned,  it  is  also  superior  as  regards  destructive  tests. 
Tests  of  different  grades  of  wrought  ii'on  contrasted  with  mild 
steel  show  that  the  scantling  required  with  decent  wrought 
iron  is  not  more  than  that  demanded  from  mild  steel,  there- 
fore no  more  weight  is  necessary  in  the  case  of  wrought  iron 
than  mild  steel. 

It  cannot  but  be  admitted  that  on  the  question  of  shock, 
bar  iron,  as  contrasted  with  mild  steel,  must  be  far  superior. 
In  tensile  tests  it  may  be  shown  that  the  reduction  of  area  in. 
the  case  of  mild  steel,  basic  or  otherwise,  is  greater  than  that 
of  wrought  iron,  but  any  sudden  impact  upon  such  a  material 
as  mild  steel  is  more  likely  to  cans©  fracture  than  in  the  case 
of  fibrous  wrought  iron.  The  writer  is  quite  sure  that  those 
with  most  experience  in  the  use  of  either  iron  or  steel  will 
agree  with  him  that  the  reduction  of  area  test  is  somewhat  of 
a  shibboleth,  affording  very  little  evidence  of  the  particular 
material's  resistance  to  shock.  For  certain  purposes,  such  as 
crane  chains,  cable  chains,  &c.，  the  writer  would  pin  his  faith 
to  an ' iron  giving  a  reduction  of  area  of  35  to  40  per  cent, 
rather  than  to  one  giving  50  per  cent,  reduction  of  area. 

One  of  the  most  important  points  as  between  the  use  of 
wrought  iron  and  mild  steel  is  the  question  of  fatigue,  which 
occurs  in  both  materials.  Even  taking  the  case  of  iron 
chains,  the  practice  is  to  anneal  them  at  least  once  a  year  to 
restore  them  from  their  crystalline  condition,  due  to  fatigue 
caused  by  vibration  and  shock,  to  renew  the  fibrous  state 
again.  If  any  life  was  lost  by  the  breakage  of  a  chain  the 
first  thing  His  Majesty's  Inspector  would  want  to  know  at  the 
inquest  would  be  wh&n  the  chains  were  last  annealed. 

In  taking  the  cases  of  such  materials  as  crank  pins  and 
shafts,  this  crystallisation  lias  always  been  observed  by  engi- 
neers, and  is  well  known,  but  the  opportunity  of  annealing 
and  restoring  the  crystalline  structure  which  always  ensues  is 
not  so  possible  as  in  the  case  of  chains  ami  other  such  articles  ； 
there  is  any  aiiiount  of  evidence,  however,  that  such  crystal- 
lisation does  occur,  particularly  in  the  case  of  locomotive 
engines  subject  to  sudden  reversal. 

The  real  point,  however,  that  the  writer  wishes  to  make  is 
that  under  such  circumstances  as  these  fibrous  wrought  iron  is 
always  the  most  reliable  of  the  two  materials  in  its  resistance 
to  crystallisation  through  fatigue  or  work,  because  its  fibrous 
nature  always  stands  this  fatigue  and  work  far  beller  lliaii 
any  material  without  fibre. 


Fatal  Flywheel  Burst. ― A  serious  accident  recently  occurivcl 
at  the  works  of  Messrs.  Rust  on,  Proctor,  &  Co.，  Lint-oln.  The 
accident  happened  in  the  oil-engine  department,  wliore  a  gas 
engine  was  being  tested.  The  flywheel  of  the  latter  burst,  and 
a  fragment  caught  one  of  the  men  on  the  head,  inflicting 
an  injury  from  which  he  died.  The  cause  of  the  wheel  burst- 
ing was  not  ascertained.  Several  other  men  liad  narrow 
escapes,  five  pieces  of  the  wheel  Ilyintj  in  various  direclioiis. 
At  the  inquest,  which  was  subsequently  held,  the  jury 
returned  a  verdict  of  "  Accidental  death." 


INDIVIDUAL  MOTOR  DRIVES. 

BV  G.  K.  SAXFOliD. 

One  of  the  advantages  of  individual  drive  over  shaft  drive 
is  the  saving  in  power.  With  individual  drive,  the  power  is 
consumed  only  when  actually  needed,  aud  none  goes  to  waste 
when  a  machine  is  stopped  ；  while  with  a  shaft  drive  a  large 
amount  of  power  is  continuously  being  wasted  by  friction  in 
bearings  and  belting.  As  an  example  of  this,  the  writer 
recently  made  a  test  to  determine  the  power  lost  in  a  certain 
group  drive,  as  a  result  of  a  complaint  to  the  effect  that  the 
motor  was  not  large  enough  to  do  the  work  satisfactorily. 
The  motor  was  a  10  h.p.  machine  and  was  belted  directly  to 
a  main  shaft,  30ft.  long,  running  at  300  revs,  per  minute. 
From  this  were  driven  loose  pulleys  about  lOin.  by  4 in.  on 
six  countershafts,  as  well  as  loose  pulleys  about  12in.  by  Sin. 
on  seven  drills  and  miscellaneous  machines.  A  reading  taken 
with  only  the  main  shaft  and  the  loose  pulleys  running, 
showed  about  half-load  on  the  motor,  this  being  calculated 
on  half-load  efficiency  of  the  motor.  The  saving  in  power 
otherwise  lost  by  friction  of  shafting  is  more  noticeable  when 
a  plant  is  running  a  few  men  overtime,  and  long  lines  of 
shafting  are  running  with  only  one  or  two  tools  in  use. 

With  the  individual  drive  there  is  a  saving  in  the  labour  _ 
of  shifting  belts  from  one  step  of  a  cone  to  another,  or  from  a 
main  shaft  to  a  countershaft.  A  department  usually  pos- 
sesses only  one  or  two  belt  poles,  and  it  often  requires  some 
time  to  find  one  or  to  wait  until  some  other  user  has  finished 
with  it  ；  and  then  if  in  getting  the  belt  back  on  a  main  shaft 
pulleyj.it  is  knocked  off  the  countershaft  pulley,  further  delay 
ensues  while  a  ladder  is  obtained.  The  labour  involved  in 
re-aligning  the  shafting,  replacing  worn-out  bearings,  &c.，  is 
also  saved.  This  job  has  to  be  done,  of  course,  when  the  shop 
is  shut  down,  and  is  paid  for  on  au  overtime  basis.  There 
is  also  considerable  time  lost  in  looking  for  ladders  and  plank- 
ing for  a  temporary  staging,  to  say  nothing  of  danger  to 
the  millwrights  through  working  on  an  insecure  footing.  The 
last  point  may  include,  too,  the  loss  of  time  and  labour  due 
to  a  burn-out  in  a  motor  driving  a  group  of  machines,  as 
most  of  these  motors  are  located  on  the  ceilings  so  as  to  be 
out  of  the  way.  With  a  burn-out  in  one  of  these  motors  or 
trouble  with  a  main  shaft  during  working  hours,  a  number 
of  operatives  will  be  idle  an  hour  or  more  ：  whereas  if  the 
trouble  occurs  on  an  individually-driven  machine,  the  opera- 
tor can  usually  be  temporarily  transferred  to  another  machine 
without  loss  in  production. 

With  individual  drive  the  machines  can  be  located  to 
better  advantage  as  regards  floor  space  aud  light.  As  an 
instance  of  economy  of  floor  space,  I  may  cite  a  case  wliere 
formerly  all  punch-presses  were  ruu  from  shafting,  and  all 
the  flywheel  shafts  bad  to  be  parallel  with  the  main  shaft. 
With  this  arrangement,  space  had  to  be  provided  for  the 
troughs  wliicli  held  the  uncut  stock  for  each  press  A  motor 
was  put  on  each  of  50  or  60  punch  presses  of  one  style,  and 
they  were  re-arranged  with  the  flywheel  shafts  at  an  anglt* 
of  about  45°  from  the  aisles,  so  as  to  let  the  stock  trough  of 
each  extend  out  behind  the  adjacent  press,  and  also  by 
putting  two  of  these  rows  back  to  back.  By  this  ir.eaiis  nine 
presses  were  placed  in  a  space  formerly  occupied  by  five. 

A  point  in  favour  of  individual  drive  is  tlie  facility  witli 
which  the  work  can  be  taken  to  and  from  the  machine  by 
a  crane.  In  this  case  the  machines  are  wired  from  under- 
neath the  floor.  ^lotdrs  are  esj)ecially  well  adapted  to  I  lit* 
drive  of  portable  drilling  liiacliines  and  other  tools  used  in 
machining  pieces  which  are  too  large  to  be  easily  taken  to  th'- 
stationary  tools. 

In  counectiuu  with  local iiig  with  respect  to  light,  pi'obahlv  、 
everyone  is  familiar  with  the  ordinary  method  of  arranging 
engine  lathes,  end  to  end,  and  two  linos  back  to  bark,  the 
whole  line  beiii*^  parallel  to  a  side  of  tlie  building.  With 
til  is  scheme,  lialf  of  the  men  arc  at  a  disad  vantage  in  being 
between  their  work  and  tlie  light ,  while  the  other  half  are 
worse  off  on  account  of  faoinj^  the  light.  O"  the  other  haiul, 
if  the  centre  lines  of  the  lathes  are  arrant^ed  at  right  angl,\s 
to  tlic  side  of  the  building,  witli  the  tail  stock  toward  the 
window,  the  men  theu  get  tho  light  over  their  right  shoulders. 
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The  amount  of  light  in  a  room  equipped  entirely  with  indi- 
vidual drives  is  far  better  than  that  with  shaft  drive,  as  the 
shafting,  pulleys,  and  belts  throw  considerable  dirt  on  ceil- 
ings and  walls;  and  this,  together  with  the  black  liangers, 
shafting,  pulleys,  and  belts,  makes  a  dark  combination, 
wliic'h  gets  worse  with  age  instead  of  improving^.  The  writer 
knows  of  one  building  with  a  floor  space  of  approximately 
90ft.  by  190ft..  which  has  on  the  third  floor  a  large  number 
of  screw  machines,  these  having  from  two  to  four  belts  each, 
from  the  countershaft  to  the  machine,  depending  on  make 
and  style.  The  height  of  this  building  relative  to  thai  of  the 
surrounding  buildings  is  such  that  no  shadows  are  cast  on 
the  windows  of  the  room  from  8  a.m.  until  nearly  sunset  ；  but 
in  spite  of  this  it  is  necessary  to  keep  incandescent  lamps 
burning  all  day  at  the  machines  in  the  middle  of  the  room. 

In  a  modern  shop,  if  the  management  is  at  all  progressive, 
it  is  necessary  to  provide  for  additions  and  re-locations  of 
machinery  from  time  to  time.  With  motor-driven  tools  it 
is  a  simple  matter  to  remove  the  wires  between  the  mains 
and  the  machine  ；  whereas  with  the  shaft  outfit  it  means  that, 
to  remove  the  pulley  belonging  to  that  particular  counter- 
shaft, it  may  be  necessary  to  uncouple  and  take  down  part 
of  the  main  shafting  (if  the  pulley  is  solid,  as  most  of  the 
old  ones  are)  ；  and  it  is  then  a  lengthy  business  to  strip  of! 
anywhere  from  one  to  a  dozen  other  pulleys  in  order  to  get 
the  one  which  is  required,  put  back  the  others,  set  up  the 
shafting,  and  re-align  each  pulley  moved.  The  whole  per- 
formance has  to  be  gone  through  again  when  putting  the 
pulley  up  in  the  new  location. 

With  individual  drive  on  a  machine,  the  efficiency  is 
greater  than  with  the  shaft  drive,  on  account  of  the  motor 
being  nearer  the  work.  This  difference  in  efficiency  is  most 
noticeable  in  a  comparison  of  adjustable-speed  machines, 
when  a  direct-current  motor  having  a  number  of  points  with 
slight  variation  in  speed  between  points,  and  in  other  cases 
where  there  are  four  or  five  steps  on  the  machine  cone.  With 
the  individual  drive  the  operator  is  able  to  keep  the  speed  at 
the  maximum  by  a  touch  of  the  controller,  for  both  tool  and 
material,  when  working  on  stock  of  varying  diameters,  as,  for 
instance,  in  facing  a  disc. 

On  punch  presses,  power  shears,  &c.，  the  number  of  acci- 
dents to  operators  is  noticeably  less  with  individual  drive, 
as  the  general  arrangement  with  shafting  drives  consists  of  a 
belt  from  a  pulley  on  the  main  shaft  to  the  machine  flywheel  ； 
a  touch  of  the  treadle  will  cause  a  complete  cycle  on  the 
machine,  with  possibly  disastrous  results  to  a  man  engaged  in 
setting  a  die  or  adjusting  a  shear  blade.  Instances  have  been 
known  of  men  being  seriously  injured  by  accidentally  hitting 
the  treadle.  With  individual  drive  the  motor  may  readily  be 
shut  down  before  any  adjustments  are  made. 

If  a  manufacturer  is  considering  a  new  building,  new 
tools,  &c,，  the  methods  of  driving  the  tools  will  be  an  important 
question.  Some  will  go  into  the  subject  as  far  as  to  find  that 
the  initial  cost  of  the  individual  drive  is  much  iu  excess  of 
that  of  the  group  drive,  and  decide  immediately  in  favour  of 
the  latter  without  making  a  proper  study  of  the  question  of 
maintenance  and  other  points. 

In  connection  with  the  selection  of  motors  to  drive  tools 
where  the  power  required  is  not  known,  it  is  customary  to  set 
up  a  temporary  motor  large  enough  to  carry  the  maximum 
load  on  the  machine,  and  make  careful  tests  to  determine  the 
average  and  maximum  loads.  It  is  usual  then  to  select  a 
motor  based  on  the  average  conditions,  provided  that  the 
maximum  is  not  so  great  as  to  stop  the  motor  or  slow  it  down 
to  such  an  extent  that  it  cannot  regain  normal  speed  before 
the  maximum  is  on  again.  This  is  based  on  an  overload  rat- 
ing of  six  hours  at  25  per  cent,  and  momentary  at  50  per  cent, 
overload.  In  cases  where  the  load  varies  rapidly,  as  for 
instance  the  reverse  of  a  planer,  it  is  usual  to  add  a  flywheel 
to  the  main-driven  shaft  to  help  over  the  peak  load. 

It  appears  from  tests  which  have  been  made  that  machine 
tool-makers  in  】naiiy  cases  use  motors  which  are  altogether 
too  large.  The  following  data  were  obtained  on  a  48in.  planer 
fitted  with  a  20  h.p.  motor :  Cutting  stroke,  4  tools  each  ^iii. 
feed  by  -Jin.  deep,  two  in  scale  and  two  in  second  cut,  cast 
steel  at  37ft.  per  minute,  9'8  h.p.  ；  reversing  bed  to  run  back, 


25  h.p.,  approximately  ；  running  back,  10  h.p.  ；  reversing  to 
cut,  25  h.p.,  approximately.  This  rnachiue  was  fitted  up  by 
the  maker,  but  if  a  15  h.p.  inotor  liad  been  used  it  probably 
would  not  have  given  any  trouble. 

A  test  on  a  24in.  planer  showed  the  following :  Cutting 
stroke,  3  h.p.  ；  reversing  bed,  8  h.p.  ；  running  back,  6  h.p.  Wc 
fiiUnl  this  planer  and  three  or  four  others  liko  it  with  3  h.p. 
iiuluctioii  motors  about  two  years  ago.  All  but  one  have 
given  no  trouble  ；  that  one,  however,  is  set  for  a  very  short 
stroke,  only  two  or  three  inches  ;  and  after  we  melted  the 
solder  out  of  several  rotors  we  changed  to  a  5  h.p.  We  are 
having  a  3  h.p.  rotor  made  with  conductors  and  end  rings  cast 
in  one  solid  piece,  and  intend  to  put  a  3  h.p.  motor  back  when 
we  get  this.  Other  cases  of  over-rating  on  the  part  of  machine 
tool-makers  are  as  shown  in  table  below.  The  figures  in  the 
second  column  are  the  sizes  specified  by  certain  machine 
makers,  while  those  in  the  third  are  sizes  which  we  have  in 
use  oil  the  same  make  of  machine  operating  satisfactorily. 


Machine. 

Maker's  Equipent. 

Our  Kquipment. 

48in.  planer   

25 

10 

Grinder  24in.  wheel  

5 

2 

Grinder  18in.  wlieel  

2 

1 

6ft.  radial  drill  

5 

3 

36in.  upright  drill     …  ... 

5 

3 

26in.  engine  lathe   

10 

4 

60in.  gear  cutter   

5 

3 

Circular    milling  machine 

for  R.  R.  gears   

15 

10 

Gear  hub  milling  machine... 

10 

5 

12in.  slotter   

5 

1 

4in.  tapping  machine  ... 

7^  (shunt) 

3  (comp'd) 

Another  palpable  case  where  an  unnecessarily  large  motor 
is  installed  recently  came  under  our  notice.  In  this  instance 
a  26in.  disc  grinder  was  driven  by  a  20  h.p.  motor  with  the 
shaft  extended  on  each  end,  carrying  two  steel  discs  about 
fin.  thick  with  emery  sheets  pasted  on  them.  A  test  was  made 
with  two  men,  each  holding  a  piece  of  cast  iron  with  a  bear- 
ing surface  of  about  24  sq.  in.  Both  men  were  above  the 
average  in  strength  and  had  pieces  of  stock  on  which  they 
could  get  a  good  grip.  They  were  instructed  to  stop  the  motor 
if  they  could.    The  maximum  horse-power  noted  was  6*3. 

Another  interesting  grinder  test  was  made  on  a  machine 
with  wheel  24in.  by  3^in.  This  was  equipped  by  the  maker 
with  a  5  h.p.  shunt  motor,  and  connected  to  tlie  wheel  with 
a  silent  chain.  Under  these  conditions  it  was  apparently 
considered  necessary  to  have  a  fairly  large  】notor  in  order 
to  overcome  the  inertia  iu  starting  the  wheel,  since,  of  course, 
there  was  uo  momentary  belt  slip  to  aid  the 励 tor  iu  getting 
up  to  speed,  A  test  with  large  planer  tool  under  ordinary 
conditions  took  2*4  h.p.  A  test  with  a  in  a  a  holding  the  end 
of  a  fill,  by  2in.  machine-steel  bar  against  the  stone  with  all 
the  pressure  he  could  exert,  took  4  h.p.  This  motor  was 
removed  and  replaced  with  a  2  h.p.  induction  motor  with  the 
ordinary  belt,  and  this  has  been  riuining  for  nearly  foui 
years.  We  find  that  most  small  engine  lathes  are  fitted  about 
right,  the  only  ones  under-motored  which  are  recalled  are  the 
12in.  and  14in.  of  one  certain  make.  These  two  sizes  have 
given  us  considerable  maintenance  trouble  due  to  armature 
burn-outs  from  overload. 

A  certain  tool  company  could  easily  use  smaller  motors 
ou  any  of  their  lathes  under  24in.  For  example,  they  use  a 
3  h.p.  motor  on  a  16in.  machine.  We  had  a  case  some  time 
ago  where  a  lathe  of  this  size  was  speeded  too  high  for  the 
d"s  of  work  required  of  it,  so  we  replaced  the  3  h.p.  inotor 
with  a  2  h.p.  slow-speed  inotor.  The  department  foreman 
was  somewhat  afraid  of  this  reduction  in  power,  as  he  did  uot 
want  to  be  responsible  for  burning  out  the  】notor  :  so  we 
arranged  a  maximum  load  test,  where  the  writer  watched  the 
iiistriuiieuts  and  he  operated  the  lathe,  each  of  us  taking 
tlie  responsibility  of  our  own  part  of  the  outfit.  The  first  cut 
in  cast  steel,  /^in.  chip,  O'Olin.  feed,  47ft.  per  niiiuite,  took 
1  h.p.  This  shook  some  tools  off  the  lathe  bed.  Witli  the 
second  cut  the  depth  was  doubled,  ami  this  took  16  h.p.  The 
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test  was  stopped  while  some  of  the  screws  in  the  machine, 
which  were  loosened,  due  to  jarring,  were  fixed  up.  The  stock 
WHS  clianged  and  the  test  continued,  using  machine  steel. 
The  machine  then  jarred  excessively  on  the  following  tests : ― 

|in.  chip,  0-022in.  feed,  72ft.  per  rain.  ...  3'1  h.p. 
|in.  chip,  O-044:in.  feed,  10ft.  per  min.     ...    3'8  h.p. 

We  then  tried  doubling  the  feed  again,  and  after  two  or 
three  revolutions  of  the  stock  broke  the  lathe.  These  tests 
showed  that  a  2  h.p.  motor  would  do  any  work  that  the  latlie 
could  carry.  We  have  since  changed  over  more  of  these, 
|)uUiag  on  1|  h.p.  motors. 

With  regard  to  attaching  the  motors  to  machines,  many 
tool  manufacturers  are  building  their  】nar】iines  with  the  motor 
drive  included  as  a  part  of  the  machine.  With  old  machines, 
however,  it  is  an  entirely  different  proposition.  The  motors 
should  be  located  so  that  as  far  as  possible  they  will  not  add 
io  the  floor  space  occupied  by  the  machines,  while  they  should 
also  be  so  arranged  that  the  shop  attendant  can  easily  get 
； it  them  to  clean  or  make  repairs.  They  should  be  out  of  the 
way  of  the  operators,  but  the  controller  or  switch  should  be 
within  easy  reach.  In  some  cases,  c.g"  a  band-saw,  it  is  prac- 
ii(vally  impossible  for  a  man  to  reach  the  main  switch  from 
the  operating  position,  so  we  have  located  emergency  switches 
under  a  corner  of  the  saw  table  which  can  be  used  to  stop 
the  motor.  Large  machines  may  be  equipped  with  circuit- 
breakers  having  a  no-voltage  release,  and  small  switches  con- 
nected to  this  coil  may  be  located  at  operating  points. 

The  cost  of  installation  should  be  kept  down  to  a  minimu】ii， 
but  should  not  be  done  so  cheaply  as  to  prejudice  a  visitor 
aj^^aiiist  changing  his  machines.  Cast  brackets  should  be  used 
ill  preference  to  forgings,  as  a  few  well-designed  patterns  can 
often  he  used  on  several  different  machines  by  trimming 
lilting  strips  and  filling  the  crevices  with  soft  metal.  Atteii' 
tion  should  be  given  to  the  appearance  of  the  drive,  as  a 
set  of  brackets  with  square  edges  and  corners  looks  decidedly 
out  of  place  when  attached  to  a  machine  the  general  lines  of 
which  are  well-rounded.  It  is  surprising  how  much  improve- 
in  (Mit  can  be  made  in  the  looks  of  a  casting  if  the  pattern- 
maker  spends  a  little  extra  time  in  rounding  the  corners  and 
edges  of  the  pattern. 

In  laying  out  a  drive  for  an  old  machine,  it  is  necessary 
") make  careful  measurements  of  the  machine,  and  to  make 
an  outline  sketch  to  scale  of  that  part  of  the  machine  to 
which  the  motor  will  be  attached,  leaving  out  all  parts  not 
arlually  required.  With  an  outline  sketch  of  the  motor  it  is 
then  an  easy  matter  to  select  the  relative  location.  We  have 
； 1  number  of  cardboard  motor  outlines  which  are  tacked  over 
an  oufcliiie  drawing  of  the  machine,  and  which  often  save  time 
in  determining  the  exact  location  for  the  motor.  Most  of 
iliese  layouts  are  made  on  a  scale  of  Sin.  to  1ft. ，  but  we  also 
use  l^in.  to  1ft.  on  some  of  the  simpler  jobs,  and  half-scale 
on  some  of  the  complicated  ones.  We  have  on  rare  occasions 
111  ado  a  full-scale  layout  on  the  floor  in  order  to  get  certain 
measurements  or  to  exactly  locate  a  belt. ― "  General  Electric 
Review." 


Auxiliary  Machinery  on  Ships. ― At  the  annual  general  ineet- 
iiig  of  the  Scottish  Students'  Local  Section  of  the  Institution 
of  Electrical  Engineers,  recently  held  in  Glasgow,  h 
paper  was  read  by  Mr.  E.  T.  Caparn  on  "The  Electriral 
Working  of  Auxiliary  Machinery  on  Modern  Steaiiislii])s. 
After  classifying  the  various  items  of  auxiliary  machinery 
required  ou  a  steamer,  the  lecturer  gave  a  detailed  com- 
)tnrison  of  ilieir  woi'kiii;'  witli  steam  and  with  electrical  ])()\ver 
in  (lie  case  of  a  'J(),()()0-t()ii  steamer  designed  for  ('arryiug 
boMi  cargo  and  passengers.  He  showed  that  in  pradirallv 
all  cases  the  superiority  of  the  electrical  drive  in  steadiness, 
convenience,  aiul  economy  was  very  marked.  In  dealing 
、vitli  steering  gears,  Mr.  Caparn  st  a  ted  that  \\\v  olortrically- 
operated  gear  installed  on  the  steamer  "  Onuua,"  bull  I 
recently  at  Clydebank,  had  proved  itself,  under  severe  testing 
coiulitions,  very  much  more  scnsiiive  and  promi^t  "i  act  ion 
lliMii  t  ho  stoain  gear  with  wliicli  tlio  vessel  is  also  ,'i|，U|)p，、<l. 
11c  gave  details  of  t  ho  triuismissioii  losses  with  s" 、；， m  ;m'l 
Willi  olcciriral  plant.,  showinj^  tho  gm"'  economy  wliidi  in;iy 
be  effected  in  ill  is  respect  by  the  use  of  eledrit  ity. 


INDUSTRIAL  AND  TRADE  NOTES. 

Trade  Circulars. —— We  have  receivL'tl  from  O.  N.  Beck,  11.  Qiieen 
Victoria  Street,  E.G.,  circulars  and  price  lists  of  various  ty|)es  of  tube 
expanders  ami  tube  cutters.  From  Donovan  &  Co.，  Cornwall  Street, 
Binniiij^hani,  catalogue  and  i»riee  list  of  electrical  heating  and  cooking 
appliances. 

Orders  for  Tank  Steamers. ― The  Mexican  Petroleum  Company  has, 
we  learn,  placed  orders  for  tank  steamers  with  Messrs.  Arnistron^, 
Whitwoi'thj  &  Co.,  and  with  Messrs.  Swan.  Hunter,  &  Wighaiii 
llicliardson.  These  steamers  are  desij^iied  to  carry  oil  fuel  to  dis- 
tant markets,  and  two  of  them  will  have  ;i  raparily  of  00.000  and  4( 入 (XKJ 
bands  respectively.  Oil  fuel  will  be  burnt  on  l)oa id,  and  tlio  oil  punijj.s 
and  pipes  are  of  specially  large  size,  enabling  rapid  loading  ami 
luiloadiiig. 

The  Johannesburg  Gas  Plant  Action  Settled. ― In  the  Court  of 
Sessions,  Edinburgh,  on  the  20th  inst"  it  was  intiinated  that  a 
settlement  liad  been  reached  in  the  action  by  the  Municipal  CouiK-il 
ot  Johannesburg  against  D.  Stewart  ct  Co.  (liJO^j,  Ltd. ,  Glasf^ow  , 
iiiid  William  Beardmore,  steel  maiiufactu rci'j  Glasgow ,  lor  the  pay- 
ment of  sums  of  over  £'100jOO(J  in  respect  of  the  abandoned  con- 
tracts for  the  iustalliitiou  of  gas  and  electrical  piaiit  at  Johauneb 
burg.  In  the  terms  of  settlement  the  plaintiffs  have  accepted 
£100，000，  and  are  allowed  to  keep  the  plant,  each  party  to  pay 
their  own  expenses. 

Catalogues  of  British  Manufactures  Required  in  New  Zealand.  ― 11 .  M . 

'J'rade  Counnissioner  in  2s ew  Zeaiand  (..Mr.  、V.  G.  Wickhaui)  lia.s 
iiotitied  his  intention  to  set  aside  a  room  in  his  office,  to  be  used 
as  a  Heading  Rooin,  where  catalogues  of  British  goods  ma)'  be  lilod 
tor  tlie  benetit  ot  firms  in  New  Zealand  desiring  to  obtain  inloruia- 
tion  as  to  British  sources  of  supply  ot  goods  they  may  wish  to  pu r- 
chase.  It  is  believed  that  liritisli  linns  w iil  tiud  it  to  their 
advantage  to  have  their  catalogues  ft  led  in  this  room.  Mr.  WicU- 
iiam  is  prepared  to  receive  such  catalogues,  ami  linns  desirous  ot 
availing  themselves  of  the  opportunity  may  send  them  addressed, 
" H.M.  Trade  Commissioner,  P.O.  box  309,  Wellington,  New 
Zealand."  It  may  be  noted  that  catalogues  which  do  nut  iiicntion 
New  Zealand  or  give  Xew  Zealand  prices  a  re  not  dutiable. 

German  Machine  Industry. ―  A  report  by  Sir  F.  Oppeulioiinoi , 
(commercial  Attache  to  H.M.  Embassy  at  Berliiij  on  the  iorei^ri 
trade  of  Germany  in  1911，  states  that  the  maehiue  industry  in 
1911  luidoubtedly  experienced  greatly  improved  times,  it  comi>aro(l 
、vith  the  business  ot  the  years  immediately  preceding  ；  but  tlio 
complaints  never  ceased  tnat  the  coiulitioiis  ot  ])ayment  imposed 
were  oiteii  onerous  and  unsatisfactory.  Thii;^  important  eonliiuts 
troni  the  iron  industry  could  only  be  obtaiued  by  placing  largo 
counter-orders  for  raw  material  ；  tne  credit  to  be  granted  for  gootis 
delivered  was  unusually  long.  In  the  eleitro-techiiical  industry 
the  smaller  concerns  complained  of  the  unfair  competition  ot  I  lie 
larger,  wlio  use  their  vast  capital  to  t'l'owtl  the  smaiior  factories 
out.  Cases  transpired  where  the  constriK-tiou  ot  large  central 
power  stations  was  in\dertakeii  solely  upon  the  guai  aiitec  ot  a 
certiiin  minimum  annual  consuinptioii  ot  power,  ami  on  tho  uiuloi- 
standiiig  that  out  of  the  profits  au  amount  should  annually  be  put 
a-sido  as  part  payment  ot  the  capital  outlay.  No  concern,  unless 
it  has  c^ominaiid  ot  enormous  iiiiancial  resources,  could  conipclu 
against  such  offers. 

Sheffield  v.  German  Steel. ― Speaking  at  the  recent  annual  movL 
inn;  ot  the  shareliolders  ot  Ha(i(iold*s  'Steel  Foundry  CoinpiiiiVj  Ltd.. 
Siieflield,  Sir  l^obert  Had  field  said  that  during  his  recent  visit  to 
Germany  he  saw  most  of  the  leading  .scioittirtc  ami  technical  insti- 
tutions in  Berlin  and  elsewhere,  and  lu»  was  also  allowed  to  jzo 
through  Krupps'  works.  Comparing  Sheffield  with  German  stcci, 
ho  said  he  did  not  think  any  well-etiucated  metallurgical  engineer 
ill  Germany  would  claim  that  that  country  was  ahead  ot  us.  Wli;it 
they  had  beoii  trying  to  do  was  to  come  np  to  us,  and  lie  did  not 
think  that  oven  to-day  lhe\'  were  qui  to  up  to  the  very  l>e,st  SlioffioM 
staiuia rds  in  the  production  ot  the  lii^host  (jiialitios  ot  sUvl. 
Some  things  that  ho  saw  in  Germany ~^ tlie  tr;nnu ays.  for  "ii>t;»iKu 
― wore  very  antiqiuited,  and  w  ould  not  l)o  loItMalod  in  Slieftiolil. 
so  that  ill  one  respect  wo  were  ahoad  of  Gorinany.  Ho  wished,  at 
the  banio  time,  to  recognise  tho  w oiulotfiil  aiiiotint  of  uttviilioii 
ill  a  t  tiio  Gorniaiis  gave  to  sciontifit*  ol^soiviitioii,  :m(l  the  "iiiom"  ol 
inoiioy  lhc\v  spent  on  tMicoura^inji  odin  at Forlunatrlv,  Sh»  flioi»l 
had  now  coine  up  to  tliat.  :ut(l  lio  paid  a  iriUiilo  to  tiic  lii^h  -、t;m 
(lard  oi  w  ovV  n 、：" 1">(1  In  tho  l'nivci*sity,  and  the  union ni  of  support 
； iivori  to  it  l»y  tin*  Ccu  it(»ratioii. 

The  Coal  Strike  and  Our  Steel  Trade-  Spoakinjx  at  the  annual  inoet- 
in^  ot  William  Josst»i>  tV  Sons.  Shoftioltl.  Mr.  A.  J.  HoUsoii.  the 
(■liinriiian  (and  ilio  1'，".<1  Mayor  ot  SIu*ftirM)  said  that  :tlth<>ii;:li  thu 
1 1  odIiIo  ciiustMl  I»v  tl"、  coal  st  ，  ik，'  h:icl  :，lr，'："ly  jzronllv  ；" lVr"'，l 
indiist  ry.  it  u  oiitd  si  ill  U、  sonu*  ixww  lu'loro  f  nil  ivsiiinption  could 
lie  nuulc  ill  the  l:ir;;(»  works,  and  in  all  prohaKilit  y  won  hi  iiit ，： m 
|irrMi:Mioiit  loss  lo  trade  to  tlic  rountry.  As  an  instaiun*.  \\v  ,、"'，1 
lhat  tho  proviuiis  wook  uuv  order  to  the  extiMit  of  £5-00U  、、hicli 
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Jessop  &  Sons  iisu;illy  ^^ol  liad  ，"-  to  (icr  niMii y.  AnoUicr  ol'  U"'ir 
，)est  customers  was  cliatino;,  as  Jit;  could  not  wait  ind"'miU'l.v，  :in<{ 
would  probably  have  to  place  an  emcrgrm'.v  order  with  ouv  ot  the 
firm's  rivals  outside  Kngland.  The.y  had'  to  bear  in  mind  thai 
wherever  an  emergency  oider  wont  IIhm-o  was  always  a  risk  iliat 
other  orders  would  follow,  and  there  was  great  risk  that  sonio  ol 
their  best  accounts  might  be  more  difficult  to  keep  in  the  I'litiiiv. 
One  particular  account  of  Jessop  &  Sons  meant  many  Ions  ol  st't'el, 
； lud  iis  some  nine  or  ten  tons  of  coal  were  n'((uiro(I  for  cacli  ton 
of  steel  produced,  they  would  see  that  if  an  ovdov  ior  s(""o  limi(lr(>(ls 
of  tons  of  steel  was  tlivortt'd  from  tlieir  firm  by  this  strike,  wot 
merely  would  the  workpeople  of  the  firm  suffer,  but  the  colliris 
would  lose  the  hewing  ot  some  thousands  of  tons  of  coal. 

Cammell,  Laird' &  Co.— The  report  states  that  the  results  of  tlio 
year's  \vorkin<^,  although  the  ari-oars  of  pivforence  dividend  havi、 
htHMi  reduced,  are  disappointing.  The  profits,  after  providing  I'lill 
(lepref'iation  and  after  paying  deheiitiire  and  hank  interest  and 
charges,  ； uiiomit  to  1*11'0,<)(>2,  and  the  net  surplus  for  distrilxition 
is  £127,660.  An  instalment  of  2^  per  cent,  on  the  ciimiilativo 
】;H'efei'ence  shares  was  paid  in  October,  and  the  directors  reconi- 
meml  a  final  dividend  of  5s.  per  share  on  tho  preforenoo  sharps, 
making  18  months'  dividend  in  all.  Tho  iu-rears  of  cumiilntivi' 
prefereuce  dividend  as  at  December  last  will  then  amoiint  to 
£91,8i)2,  tho  (Miuivaleiit  of  18  niontlis'  dividoiid.  Tho  i'ollowinti; 
tjil)lf  sliows  tho  result's  for  tho  last  th t  oo  year's  : ― 

1911.     "  1910.  liMM). 

Net  profit   £120,002    ...  1；218，8： 化' ...  £50,714 

Debit  brought  forward    ...    122,907    ...  171,820 

(■red it  brought  forwnid    G,G98    ...    …  

Available    127, (；(；()    . . .      9,5， 想    . . .  

Preferential  dividend  (18 

months)    91,932    ...      8()/)31  ...   

Carried  forward,  less  or  plus 

fees   t35,768    . . .      |^,398    . . .  "120,600 

十 Credit  balance.  '  Debit  halanco. 

The  Use  of  Petrol  ：  Sequel  to  the  Bradford  Beck  Explosion. ― Au  action 
which  raised  points  of  importance  to  risers  of  decreasing  plants 
in  woollen  mills  was  concluded  in  the  Chancery  Division,  before 
Mr.  Justice  Warrington,  on  Friday  last.  The  plaintiffs  were  the 
Attorney-General,  at  the  relation  of  the  Bradford  Dyers'  Associa- 
tion, who  asked  for  an  injunction  to  restrain  the  defendants, 
Messrs.  John  Smith  &  Sons,  Ltd.,  of  Fieldhead  Mills,  Bradford, 
from  working  any  degi'easing  or  other  plant  in  which  petrol  or 
other  volatile  spirit  、vas  used,  and  from  [lisc'harjiiug  into  tht>  Brad- 
ford Reck  or  into  the  sewers  any  petrol  or  effluent  c'oiitaiiiiiig 
petrol  or  other  volatile  spirit.  When  the  action  first  came  on  it 
was  stated  by  counsel  that  in  the  defendants'  works,  which  were 
near  the  Bradford  Beck,  a  very  large  quantity  of  petrol  was  used. 
Oil  the  1st  of  December  last  there  were  very  violent  explosions  in 
the  Beck,  and  parts  of  the  plaintiffs'  premises  were  destroyed, 
three  of  their  workpeople  being  killed  and  40  injured.  It  was 
alleged  that  from  February,  1911,  to  Deceuibor,  1911,  the  defen- 
dants were  working  the  petrol  plant,  and  that  explosions  were 
caused  by  the  igniton  of  petrol  vapour  in  the  Beck ,  which  petrol 
had  escaped  from  the  defendants'  works.  His  Lordship  granted 
an  injunction  on  an  ex  parte  application  made  by  the  plaintiffs, 
and  this  was  continued  a  fortnight  ago,  when  the  ease  stood  over 
for  the  defendants  to  answer  the  plaintiffs'  evidence.  When  the 
fase  was  called  on,  M r.  Astbui y,  K.( sii id  that,  with  his 
lordship's  assent,  the  motion  would  I  to  turned  into  the  trial 
of  the  action,  and  the  defendants  would  wnhniit  to  a  perpetual 
itij unction  on  the  terms  of  the  notice  of  motion,  Mr.  Cave,  K.C, 
M.P.，  for  the  defendiuits,  said  they  wei-e  advised  that  the  explo- 
sions were  not  due  to  the  petrol  efflnoiit  tVom  their  works.  They 
had  decided,  however,  to  give  up  the  use  of  the  degroasing  plant 
(•oni])hiined  of,  as  they  did  not  want  to  be  a  menace  to  their 
neif>;hh(nn  s.  or  to  enter  on  a  costly  litigation. 

British  Iron  and  Steel  Industry. — In  the  first  of  a  sories  of  two 
lectures  on  "  The  Economics  of  the  Iron  Trade,"  delivered  by  Mr. 
Harold  Jeans  at  the  London  School  of  Economics  on  the  20th  inst., 
ho  said  that  50  years  ago  the  world's  pioductiou  of  pig  iron  was 
uiul^i-  eiKhrinillion  tons.  The  most  recent  figures  showed  it  to 
he  soniothin.o;  like  55  to  50  millions.  Up  to  1870  、ve  produced  more 
than  half  of  the  total  of  tho  world's  output.  In  1910  we  only 
j)rodiK'ed  lo-5  per  cent.,  \\hereas  the  Vnited  States  produced  41-(> 
per  rent.,  and  Germany  22-5  per  cent.  The  finished  iron  trade 
liad  l)eeii  declining  in  recent  years.  Formerly  we  made  as  much  as 
three  million  tons  a  year  of  wrought  iron.  We  had  now  got  down 
to  well  under  one  million  tons.  Steel  had  taken  its  place.  There 
weio,  ho  observed,  some  people  who  held  the  view  that  finished 
iron  was  going  to  liave  a.  revival  because  of  its  iiso  for  purposes 
wheio  there  was  apt  to  he  "fatigue"  in  the  nu'tal.  It  had  l>oon 
found  that  the  under-frame  of  railway  \vag;ons  cormdod  vory  imu-h 
less  than  steel  frames.  He  personally  (lid  not  think  tht'iv  would 
l)e  a  revival  because  of  the  difficulty  of  gettinp;  men  to  engage  in 
the  arduous  Inborn'  of  the  pncldliiip;  woiks.  The  output  of  sttvl  iti 
Hritaiii  was  something  over  six  million  tons  a  year,  of  wliicli  n!>mit 


irs  was 
la  r  tho 
|)rcK'Oss 
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1  i  millions  u"s  iti:i<I(*  I ty  l\w.  opoii  Ix^arth  process  and  1 ,7'>(). 

tlic  liesst'iiitM-  process.  The  basic  process  lor  mim.v  \ < 
liardly  used  in  this  country,  although  it  was  practically  l)\ 
l;M'tj;(vst  "i(';ms  by  w  liich  st(H'l  w  as  ihadc  in  OcrinaiiN .  Tl" 
was  "liiking  rapid  stri(l<»H,  and  was  gradually  ousting  tin*  ; 
(ess.  The  HcsscMiUir  j)roce.ss  still  held  the  field  as  regard's  outj 川 t 
ill  the  \voi-l(l,  })iit  so  far  as  this  country  is  coricorned,  more  tli:m 
twice  the  amount  ol'  open- hearth  steel  was  made  tlian  u  as  nuidc 
I'.v  th<，  M(\sst'iiuM-  j)i()C(\ss.  Tho  mainstay  of  the  l}<'ss('ni(»r  proctiss 
w  as  ilie  "mmit'a('tm  (，  ol"  stoel  rails  orij^itially  located  at  H;u  ro\v, 
Shcflit'ld,  Sotitli  Wales,  W"st  ( 'iinilMM-Iand,  ； ( 'l('v('l:i ml ,  Imt 
I  t'Ct'iitly  t*'ndt""'y  had  Ixumi  to  make  rails  in  (>ix'ii  iicartli  I'lir 
nacos,  and  it  looked  as  if  tho  Bessemer  process,  so  far  as  this 
country  is  concerned,  was  doomed.  There  、ven»  101  firms  (,、v"iMg 
111  stoel  works,  which  had  collectively  about  o^i;  In*;ii-lh  t"iii- 

iiacos,  oi"  wFiicli  122  、vf'r'>  fonimoiily  in  opoi'ution . 


METAL  QUOTATIONS. 

TUKSDAY,  MARCH  2(iTK. 

Aluminium  ingot   f»7/-  por  rut. 

，，         wire,  aoconling  to  sizes,  &c  from  1 02/-  " 

，，        sheets        "  ，，  …… ，，  120/-  ，， 

Antimony   £27/-/-  to  £27/10/ -  pf-r  ton 

Brass,  rolled    7|d,  pei-  lb. 

，， tu})ps  (brazed)    lOJd. ，， 

，，       ，，      (sf)li(I  (Ira \vn)   8 羞 d.  ，， 

，，       ，，     wire   7J(1.  ，， 

Copper,  Standiinl   £(iH/7/(i  pfr  ton. 

Iron,  Cleveland  •   51/7^  ，， 

，， Scotch    57/71  ，， 

Lead,  English   £16/12/0  ,, 

,， Foreign  (soft)    £16/y9  ,, 

Mica  (in  original  eases),  small   6(1.  to  2/-  por  Ih. 

"  ，，  ，，       medium   2/6  to  4/—  " 

，，  ，，  ，，       large    4/6  to  8/0  ，， 

Quicksilver   £8/12/6  per  bottle 

Silver   2r>^d.  per  oz. 

.Spelter    £26/10/-  per  ton. 

Tin,  block   £107/10/- ，， 

Tin  plates  ,   13/104  ，， 

Zinc  slieets  (Silosian)   £29/-/-  ，， 

，，  (Stettin  ；  Vieille  Montague)   £20/5/-  ，， 


Obituary. —  The  death  took  place  suddenly  on  the  20th  iust. 
of  Mr.  John  Ward,  of  Dumbarton,  the  well-known  Clyde  ship- 
builder and  engineer.  He  was  a  partner  in  the  firm  of  Messrs. 
Denny  Bros.,  Dumbarton,  and  participated  in  the  building 
of  many  famous  ships.  He  was  president  of  the  Institution 
of  Shipbuilders  and  Engineers  in  Scotland. 

The  Prevention  of  Overwinding  in  Mines. ― At  a  meeting  of  the 
Midland  branch  of  the  National  Association  of  Colliery 
Managers,  held  at  Mansfield  on  Saturday  last,  a  paper  was 
read  by  Mr.  J.  Straclian,  of  Pinxton,  on  "  Automatic  Con- 
trollers for  the  Prevention  of  Overwinding. "  He  said  a 
detaching  hook  did  not  prevent  overwinding  ：  it  only  helped 
to  lessen  one  of  the  effects.  The  ascending  cage  might  be 
safely  detached,  while  the'  cage,  on  its  downward  journey, 
might  be  violently  dashed  into  the  bottom.  When  that 
happened  often  great  damage  was  done  by  the  engines  run- 
ning away  and  often  wrecking  the  engine- house.  By  this 
remark  lie  did  not  wish  to  under-rate  the  value  of  detaching 
hooks,  because  in  a  good  many  cases  they  had  acted  success- 
fully, whilst  in  others,  owing  to  the  increased  loads  and  the 
speed  with  which  they  had  run  into  tlie  headgear,  they  had 
failed.  Much  was  to  be  said  in  favour  of  automatic  winding 
arrangeineiits.  Such  a  toutroUer  ensured  regular  and  steady 
winding.  The  object  of  the  controller  was  to  take  the  control 
of  the  engines  out  of  the  winder's  hands  should  he  at  any 
time  fail  through  oversight  or  illness  to  work  his  engines 
properly,  such  as  by  starting  tlie  wrong  way  or  by  failing  to 
(•lose  tlie  throttle  valve  at  the  right  time.  The  contentiou 
that  controllers  tended  to  make  the  engiiienien  careless  had 
little  or  no  foundation,  because  they  corrected  him  openly 
every  time  he  made  a  serious  mistake,  and  also  prevented 
slovenly  winding.  He  had  discussed  this  point  with  several 
winding  enginenien,  and  they  all  agreed  that  controllers  made 
tlieiii  more  attentive  to  regular  and  steady  winding. 
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NEW  PATENTS. 

Specifications  of  the  Jolloxolng  are  now  published,  and  we  shall 
" pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
*'  Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester, 

MECHANICAL  1910. 

Apj)aratiis  i'ov  jnodiuin^  iiii  t'xplusivt'  or  cointiiistiltlt^  niixLitro  i"' 


li<|ui(l  I'm"  :iml  :"r.     Dawson.  281.')8. 
Boilws,  coiKionstMs.  and  r;i 山: itors.    Sliiifiiaii  and  Sim  V 
28273. 


1911. 

Kotai'v  coruUMiscrs  aiul  s^^If-coiulonsin^i;  tm  l)inos.     Heos.     *27:U . 
Pmrcss  in  pit'cipitatinjj;  and  r*'r<)v*'riiig  nuHals  from  hydro  ii"'t:ii 

liir^icai  solutions.     .Mt'rrill.     2801 . 
('arhmvttiiig  ap]);iratii.s  lor  iii"'rii:i 卜 （'(）" 山 iisticii  on<i;iii('s.  Ljnd 

hlotn.  31(J2. 
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Natural  Sources  of  Energy. 

One  beneficial  result  emerging  from  t  lie  mass  of  trouble  ami 
misery  that  are  at  present  the  most  prominent  features  of  the 
coul  dispute  is  the  increasing  attention  being  paid  by  power 
users  1(j  all  questions  relating  to  the  ecoiioniiral  traiisforma- 
lion  of  energy  into  useful  work,  and  for  this  reason  the  report 
just  issued  by  the  British  Science  Guild  011  "  Natural  Sources 
of  Energy  ，•  is  opportune.  Although  the  report  is  not  com- 
plof c  and  the  sections  dealing  with  power  derived  from  wind, 
waves,  solar  heat,  and  otlier  sources  are  included,  it  never- 
t  licless  roiitaius  many  coiit  ri but  ions  of  interest  at  the  present 
juncture.  In  a  broad  sense  all  sourres  of  energy  may  be 
regarded  as  natural,  inasiiiuch  as  energy  can  neither  be  created 
nor  destroyed  and  the  sum  total  in  the  universe  is  roust  ant . 
Man's  interest  in  it  is  limited  to  its  various  transformations 
and  t he  extent  to  wliirli  in  the  course  of  these  changes  it  may 
be  made  available  to  perform  useful  work .  Hitherto  this  has 
been  iiminly  limited  to  the  processes  by  which  the  latent  heat 
of  fuel  ill  the  shape  of  coal,  oil,  peat,  &(；.,  has  been  chemically 
converted  into  an  active  form  and  utilised  in  heat  engines  of 
various  kinds.  Wiud  and  *water  power,  as  we  know,  are  used , 
though  the  manifestations  of  the  latter,  on  which  attention 
lias  been  mainly  conliiied,  are  the  streams  resulting  from 
rainfall  in  7iiountainous  countries  flowing  down  to  sea  level. 
Ill  the  aggregate  the  rise  ami  fall  of  tides  presents  a  greater 
amount  of  energy,  though  the  cost  of  any  met-'hanical  arraiige- 
nieiit  to  harness  this  source  has  so  far  rendered  it  incapable  of 
commercially  competing  with  fuel.  In  fact,  the  value  of 
a n y  source  of  energy  to  man  depends  not  so  mm'li  on  the 
total  amount  available  as  on  the  continuity  of  the  supply 
and  t  he  cost  and  facility  with  which  it  may  be 
transformed  and  transmitted  in  a  usable  form .  Until 
the  advent  of  electricity  the  possibility  of  transmission 
of  the  latent  or  potential  enert^y  of  water  was  confined  to  an 
exceedingly  limited  radius,  and  as  a  practical  proposition  can- 
not even  vet  as  regards  distance  of  transmission  compare  w  i  1 1 1 
good  fuel.      A  steainship,  for  instance,  witli  a  load  of  iuel， 


410 


THE   MECHANICAL  ENGINEER. 


[April  5，  1U12 


whether  oil  or  coal,  in  it s  hunkers,  gradually  1  r;nisf"f)rined 
to  meet  requirements,  could  circuiniiavigHle  tlie  globe,  bul  ii 
would  be  difficult  to  conceive  in  our  present  state  of  know- 
ledge, of  any  central  electric  power  station  wliicli  would  p("'mit 
of  an  electrically-propelled  vehicle  or  vessel  to  make  a,  simi- 
lar journey.  A  difficulty  with  water  ami  wiiul  as  sources  of 
energy  is  of  course  the  irregiilai  ity  in  many  cases  of  ilie  supply 
and  the  difficulty  of  conservation  to  secure  the  rout  inuit  y 
of  out  j)ut  on  which  practical  coniiiiercial  applicat  ion  depeiuls, 
apart  from  all  questions  of  capital  charges,  whicli  are  equally 
as  potent  as  the  available  energy  itself  in  determining 
whether  any  particular  source  is  or  is  not  wortli  utilising. 
The  question  of  the  economic  transformation  and  transmission 
of  energy  to  meet  man's  wants,  from  a  practical  standpoint,  is 
a  coJiiplex  one.  Many  other  sources  of  energy  beside  t  he  few 
enumerated  are  available  in  nature,  but  as  commercial  pro- 
positions they  require  only  to  be  briefly  glanced  at  to  bs  dis- 
missed. In  the  abstract  the  energy  of  radio-active  substances 
appears  st  upendous  ；  the  ultimate  amount  in  one  ton  of 
rruliiMii,  for  instance,  is  estimated  by  Sir  William  Ramsay 
in  his  renort  dealing  with  this  section  of  the  subject  as 
460,000  times  that  of  a  similar  weight  of  coal.  But  this 
figure  loses  its  impressiveness  when  we  are  informed  that  the 
liberation  of  this  energy  would  liave  to  be  spread  over  350 
years  and  that  the  total  amount  of  radium  existing  in  the 
uranium  ores  of  the  entire  globe  does  not  probably  exceed 
5  cwts.,  or  only  about  one  hour  s  output  of  British  coalfields 
alone.  A  slight  study  of  other  suggested  sources  of  energy 
from  atomic  transforniatioii  prove  them  to  be  equally 
impracticable  for  power  purposes,  and  a  similar  conclusion 
applies  to  the  suggestion  made  by  Sir  Charles  A.  Parsons  to 
the  Engineering  Section  of  the  British  Association  in  1904  that 
the  internal  heat  of  the  earth  might  be  tapped  by  construct- 
ing' bore  holes  12  miles  deep,  at  which  point  the  normal 
temperature  of  the  rocks,  it  is  estimated,  would  reach 
272。  Fall.  Scarcely  a  moment's  consideration  is  necessary  to 
i^how  tliai  the  cost  of  such  an  undertaking,  assuming  even 
])erfert  efficiency,  would  be  altogether  incommensurate  with 
the  results  attained.  Solar  energy  poured  down  on 
the  face  of  the  earth  would  offer  a  better  prospect,  and  work- 
ing motors  operated  by  this  supply,  which  Sir  J.  J. 
Thomson  has  estimated  to  be  equivalent,  with  a  clear  sky,  to 
7,000  h.]).  per  acre,  have  in  certain  places  actually  been  con- 
ytriu'ted,  but  their  performances  have  been  of  the  most  infi- 
jiitesiiual  kind,  not  more,  we  believe,  than  10  h.p.  or  1*2  h.p., 
and  at  a  cost  altogether  prohibitive.  In  fact,  the  more  the 
possible  sources  of  energy  are  considered  the  more  certain  it 
appears  in  the  present  state  of  our  knowledge  that  economy 
can  only  be  derived  in  the  main  from  improvements  in  lieai 
motors  as  we  already  know  them,  and  of  whi<-li  t  he  sieain 
engine,  the  steam  turbine,  and  the  iuienial-conibust ion  motor, 
using  oil  or  gas,  may  be  taken  as  typical  examples,  coupled 
with  such  savings  as  may  be  effected  by  the  bettor  use  of  fuel 
used  for  domestic  liealing  purposes.  Dr.  Beilby,  discussing 
" the  coal  resources  of  Great  >5rilaiii,''  est  iiuales  t  liat  ；山 m" 
one-fifth  of  the  total  British  mihu'l  of  dose  on  :>"H>  luillioii 
tons  per  annum  is  used  in  t his  way,  and  probahlv  used  witli 
less  efficiency  than  in  almost  any  ol  her  applicjitioii.  li  is, 
liowover,  easier  to  recognise  waste  t  linii  1  o  i>rev('iit  it.  Tlie 
universal  use  of  gas  woiih I  no  douhl  ； ifTm-'l  nia n v  oi)por- 
1  unities,  and  some  of  those  a rv  discussed  hv  Prof.  Vivian 
IjCWcs.  As  re^arfls  1  lie  steam  eiigint'  and  t  lie  steam  tm'l>im'. 
it  is  not  probable  that  much  better  results  will  be  allaiiied 
tlian  1  lios?  now  secured  in  t ho  larger  units  of  the^e  t'ypes  of 
motors.  Their  heat  efficiency  is  】ow,  as  compared  、vitli  oil 
謹 1  gas  engines,  but  they  a  re  tlie  only  motors  available  wlicre 


large  power  units  are  required.  In  ilie  best  steam  engine  not 
more  ilian  1^0  per  cent,  of  the  heat  of  the  fuel  burnt  under 
boilers  is  converted  into  mechanical  work,  wliile  in  small 
power  unit s  it  prohal)! y  does  not  excec'l  half  1  his.  Sir  ('.  A. 
Parsons  states  that  with  a  steam  turbine  of  10, ()()(►  kw.  a  con- 
sunipiion  of  very  little  over  1  lb.  of  coal  per  shaft  liorse-power 
lias  been  realised.  The  thermal  effi<-iency  of  gas  ami  oil  en^'ines 
leaves  the  sieain  engine  a  loii^^  way  bf-liirul,  and,  moreover,  they 
possess  tlie  advantage  thai  a  small  power  unit  is  nearly  as 
economical  as  a  large  one,  a  60  h.p.  gas  engine,  lor  example, 
being  practically  as  ecoiio"ii('a】  as  one  of  1,000  h.p"  and 
yielding  an  overall  efficiency  of  25  to  'M)  jkt  (•("".，  while,  in 
the  ()|Miiioii  of  I\1  r .  Dugald  Clerk ,  this  si  ill  leaves  a  possible 
further  iinpioveiijcnt  of  10  per  cent.  The  difficully  with 
ill  tenial-coin  bust  ion  motors  at  present  is  tlie  inability  to  ron- 
stnict  tlipiii  ill  large  luiits  to  work  satisfactorily,  1 ,000  h.|). 
being  about  the  niaxiinuui  ；"  present  attempt (m1  in  a  single 
cylinder.  Looking  at  the  question  all  rounH  it  woiiUI  seem 
that  greater  effi(— ieucy  in  doiiiestii-  heat ing  ami  iiiecliani- 
cal  improvements  in  the  construction  of  oil  and  gas  motors, 
combined  with  concentration  of  power  production  iu  central 
stations,  are  the  main  avenues  along  wliich  future  economies 
in  the  transformation  of  energy  for  liuriian  needs  will  be 
found.  There  is  a  general  agreement,  however,  amongst  the 
various  authors  of  tlie  papers  in  the  report  tliat  something 
should  be  done  to  secure  the  cont  inuity  of  the  enquiry  of  the 
Royal  Commission  on  Coal  Supj>ly,  and  it  is  probable  that 
representations  will  be  made  to  the  Government,  some  of  the 
nienibsrs  of  which,  it  is  stated ,  view  the  proposal  sympatheti- 
cally, to  secure  this  end. 


INSTITUTION  OF  MINING  AND  METALLURGY. 

The  21st  annual  general  meeting  was  held  in  London  on  the 
21st  lilt . ,  the  retiring  president,  Mr.  II. 】；. Sulmaii,  bei n in 
the  chair.  The  reports  for  last  session  s  work  were  submitted, 
and  showed  that  the  membership  had  increased  by  over  200 
during  the  session.  The  financial  balance  has  also  increased, 
and  additional  awards  have  been  made  by  the  council.  Their 
gold  medals  were  presented  to  three  members  for  eminent 
services  in  the  advancement  of  technological  edm—'atiou  and 
metallurgical  practice,  the  recipients  being  Mr.  Edward  P. 
Mathewsoii,  Sir  Julius  Wernher,  and  Mr.  Walter  M  Derniott. 
The  Consolidated  Goldfield  (Company's  gold  medal  was 
awarded  to  Mr.  W.  R.  Uowlitig  for  his  paper  on  ••  The  Aiiial- 
gamation  of  Gold  in  Banket  Ore,"  and  the  prenuuni  of 
40  guineas  went  to  Mr.  A.  M.  Finlayson  for  his  paper  on  the 
copper  deposits  of  Huelva,  Spain.  The  -  daudet  '，  and  the 
'•  Frecheville  "  prizes  of  1(1  guineas  each  were  awarded  to 
student  members,  Mr.  A.  C.  lloare  and  Mr.  F.  P.  Rolfe  resper 
tively,  for  papers  by  them  which  have  been  published  in  the 
transactions  of  the  Institution.  Two  post  -graduate  scholar- 
ships each  of  £50  were  allocated  to  Messrs.  F. 】）. Lat  v  and 
S.  J.  Lock,  both  of  the  Royal  School  of  Mines,  and  ot her  eight 
students  have  been  appointed  to  post-t^ratluato  courses  in 
mines  and  siiiolters  abroad.  During  last  session  tlie  i(jni|)- 
nieiit  of  the  Bessemer  Laboratory  was  completed  by  funds 
granted  by  tlie  Institution  and  formally  liaiided  ever  to  tlie 
governors  in  .1  aiuuirv  of  this  year.  Tlie  iiewlv-oltM'f oi!  Presi- 
dent, Mr.  Edward  Hooper,  then  delivered  his  presidential 
address,  iu  whirli  he  reviewed  the  recoil t  iinpiovenuMits  in 
niiniiif;  and  metallurgical  methods  of  dealing  with  varicms 
(liUk'ult  prohleins. 

New  Electric  Railway  for  Berlin. ― It  is  annouiu-ed  !>、'  ，li'、 
A  K  (:■  t  hat  a  coiilrart  lias  been  a nangod  between  tluMii  and 
t  lie  cit  V  council  of  Herlin  whereby  an  elect rir  railway  will  hr 
const riicted  from  GesumU"u"m，ii  to  Hormaiinplatz,  in  Nen- 
kolln  (Rix(l("'f),  two  of  the  most  densely-populatofl  parU  of 
Berlin,  at  a  tost  of  90  inillioii  marks,  of  which  S.'i  millions  will 
be  found  by  the  A  E  G.  The  hue  will  be  9  ;VJ  km.  in  length, 
"»(、stly  inidergrouud. 
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IVATT'S  COMBINED  SPARK  ARRESTER  AND  SUPERHEATER 
FOR  LOCOMOTIVES. 

The  coiiibiiied  spark  arrester  and  steam  superluviter  shown  in 
the  accompanying  illustrations  has  been  designed  and  patented 
by  Mr.  II.  A.  Ivatt,  Avenue  House,  Donrastor.  It  ('(""prises 
two  vertically  arranged  headers  A  located  one  at  each  side  of 
the  sinokebox  near  the  tube  plate  B  but  clear  of  the  tubes 
thereof.    The  upper  end  of  each  header  is  formed  with  ；)  truii- 


access  to  the  fire  tubes,  Ihn  headt'ns  A  arc  each  turned  about  a 
(jiKi rtcr  of  a  revolution  ho  iliat  the  U -shaped  iiihcs  M  extend 
outwardly  towards  the  door  S  of  the  siiiokeVjox. 


A  NKW 

nickel,  a 
been  ))at( 


Ivatt's  Combined  Spark  Arrester  and  Superheater  for  Locomotives, 


nion  C  mounted  to  rotate  in  a  packed  gland  D  secured  to  a 
steam  supply  branch  E  leading  from  the  boiler,  A  similar 
trunnion  F  at  the  lower  end  of  the  header  A  is  mounted  to 
rotate  in  a  packed  gland  G  connected  to  the  steam  chest  of 
the  engine  cylinder  at  the  correspoiidiiig  side  of  the  smoke- 
box.  East  header  A  is  divided  by  a  partition  H  into  two  longi- 
tudinal chambers,  with  one  of  wliich  the  upper  trunnion  C  is 
ill  free  commuuicatioii,  and  with  the  other  of  which  the  lower 
trunnion  F  freely  communicates.  The  inlet  ends  of  a  vertical 
row  of  horizontally  extending  U-shaped  tubes  M  are  con- 
nected to  the  header  at  one  side  of  the  partition,  and  the  out- 
let ends  thereof  are  connected  thereto  at  the  other  side  of 
the  partition,  so  that  steam  from  the  boiler  passes  from  the 
inlet  chamber  of  the  header  to  the  outlet  clianiber  thereof 
through  the  tubes  M.  Each  header  A  is  provided  with  a 
removable  cover  N  whereby  access  can  be  obtained  to  the 
tubes.  Adjacent  to  eacli  trunnion  tlie  headers  A  are  each  pro- 
vided with  a  flange  O  wliich  is  formed  with  holes  for  a  tommy 
bar  whereby  the  standard  can  bs  easily  turned  about  its  trun- 
nions. The  length  of  the  superheater  tubes  M  is  such  that  when 
the  apparatus  is  in  operative  position  with  the  tubes  extend- 
ing across  the  sniokebox  parallel  or  nearly  so  and  somewhat 
close  to  the  tube  plate  B,  the  curved  ends  of  the  tubes  of  one 
standard  are  close  to  the  curved  ends  of  the  tubes  of  the  other 
standard  so  that  the  tubes  together  form  a  rectangular  grid 
extending  considerably  below  the  mouth  of  the  blast  pipe  P, 
and  above  the  lower  end  of  the  petticoat  or  chimney  R,  which 
may  be  made  removable  from  the  main  part  thereof.  The 
holes  in  the  tube  plates  of  the  headers  A  are  staggered  to 
enable  the  tubes  M  to  be  arranged  closely  above  one  another, 
alternate  tubes  being  in  different  vertical  planes  according  to 
the  staggering  of  the  holes  in  the  tube  plate.  When  the 
apparatus  is  moved  into  inoperative  position  to  enable  free 


A  NEW  WHITE,  NON-CORROSIVE  ALLOY. 

wliile,  non-corrosive,  hihI  inaileahle  alloy  of  iron, 
ul  copper  has,  according  to  "  The  Brass  World," 
III  <m!  hv  0.  1 1 .  (Majiier,  of  t  he  Ajax  Met  al  Coiiipaiiy, 

of  rhiladelphia,  Pa.  This 
alloy  m ay  be  rolled  into 
sheet,  rods,  or  bars,  or  drawn 
into  wire,  and  may  also 
be  cast  in  sand.  It  has  a 
whitish  colour,  and  can  be 
made  in  the  following  range 
of  percentages  :  Iron,  30  per 
cent,  to  70  per  cent.  ；  nickel, 
25  per  cent,  to  50  per  cent. ； 
copper,  5  per  cent,  to  20  per 
cent. 

Pure  copper  and  iron  will 
alloy  in  ； ill  proportions  and 
forniahornof^eneous  mixture; 
but  when  carbon  is  present, 
as  it  is  in  steel  or  cast  iron, 
the  two  metals  do  not  alloy 
well  and  hard  nodules  sepa- 
rate, depending  upon  the 
quantity  of  carbon.  When 
cast  iron  is  used  for  alloying 
with  copper  there  is  almost 
a  perfect  separation.  In  the 
alloys  patented,  it  is  stated 
that  carbon  should  not  be 
present  to  any  extent  or 
there  will  be  a  separation 
of  hard  nodules  in  the 
metal.  If,  however,  carbon 
is  present,  then  the  ten- 
sile strength  of  the  alloy 
is  increased  but  the  quan- 
tity should  not  exceed 
the    best    conditions.  The 


0'2  per  cent,  in  order  to  have 
strength  of  the  alloy  is  high,  and  the  inventor  states  that  a 
mixture-  of  iron  65  per  cent.,  nickel  25  per  cent.,  copper  10 
per  cent.,  and  carbon  0'2  per  cent,  has  the  following  physical 
properties  :    Tensile  strength  96，1001bs.  sq.  in. ,  elastic  limit 


Ivatt's  Combined  Spabk  Akbestku  and  Supkuheater  for  Locomotives. 

51 .7501bs.  sq.  in.,  elongation  in  2in.  VI  per  cent.,  reduction 
ill  area  537  per  cent. 

To  make  the  alloy,  the  metals  are  melted  so  that  rarbon 
is  kept  low  and  a  small  amount  of  manganese  or  magnesium 
added  for  deoxidising  purposes. 
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THE  SMOKE  ABATEMENT  CONFERENCE. 

At  the  International  Smoke  Aljalciiieut  Coiifereuce  held  (lur- 
ing the  past  week  at  the  Agricultural  Hall,  London,  a  variety 
of  matters  bearing  on  the  question  of  tlie  smoke  nuisance  in 
large  towns  were  discussed.  The  most  important,  of  these  was 
the  jH'oposed  Bill  whose  provisions  were  ou"iii('(l  on  page  379 
of  our  last  issue,  and  which,  it  is  announced,  Mr.  Gordon 
Harvey,  M  .l).，  has  ofTered  to  iiiiroduce  to  Parliaiiieiii.  The 
scope  of  the  measure,  which  was  explained  by  Principal  J .  W. 
Graham,  led  to  soiiio  discussion.  Concerning  the  special  diffi- 
culties of  the  sice]  industry,  and  respecting  which  a  prolonged 
discussion  took  place  recently  in  the  '•  SliofTield  Daily  Tele- 
graph/' in  the  course  of  which  Prof.  Arnold,  of  the  Metallurgi- 
cal Department  of  the  University  of  Sheffield,  refused  to 
grant  that  high-grade  steels  could  possibly  be  i^i  aim  fact  ii  red 
without  producing  smoke,  he  said  there  was  a  difference  of 
opinion  among  experts,  but  as  against  Prof.  Arnold's  views 
he  quoted  experienced  testimony  from  Coatbridge,  near  Glas- 
gow, to  the  effect  that  it  was  being  done  there  in  two  iron  and 
steel  works  with  sinokelessness  and  economy,  while  a  represen- 
tative of  Messrs.  Siemens  asserted  that  numerous  firms  in 
Sheffield  used  their  furnaces,  which  were  practically  smokeless, 
for  liigh-class  steel,  and  Mr.  Victor  Stobie,  of  Sheffield,  claims 
to  have  re-heated  high  carbon  steel  without  producing  one- 
tenth  of  the  usual  quantity  of  smoke  and  with  almost 
aiitoiiiatic  certainty.  Mr.  Scott  Anderson,  Sheffield  t'Oii- 
sulling  engineer,  also  denied  that  black  smoke  was  essential  in 
the  making  of  any  grade  of  steel. 

I II  these  circumstances  the  proposal  of  the  Smoke  Abate- 
iiioiii  League  was  to  permit  exoni])tion?  froiti  tlie  absolute 
rule  to  be  made  to  particular  rliiinneys  for  a  limited  period 
by  the  Smoke  Departiiiont  wliicli  tliey  proposed  to  have 
created  in  the  Local  GovernnieJit  Board.  They  proposed  that 
these  should  be  renewable  for  two  years,  and  that  the  power 
of  exempt. ion  sliould  for  tlie  pi'escid'  only  be  granted  for  ten 
years  in  all . 

The  introduction  by  Parliamont  of  tlie  word  "  black  '  in 
the  Act  as  a  necessary  quality  of  smoke  liable  to  prosecution 
had,  lie  said,  proved  a  fatal  flaw,  for  no  smoke  was  strictly 
black,  whilst  brown  and  yellow  smoke  were  cq ually  objection- 
able. Tliey  had,  therefore,  left  the  word  "  black  "  out  cf 
their  Bill,  but  had  left  the  words,  "  in  sii ch  quantity  as  to  be 
a  nuisance,  inconvenience,  or  annoyance."  With  regard  to 
fines,  they  had  put  tlie  penalty  for  the  first  ofTence  between 
£5  and  £1 ,  for  the  second  offence  between  <£10  and  £5,  with 
power  for  the  line  to  be  doubled  on  successive  convictions 
within  Hii  interval  of  two  years.  By  way  of  mininiising  midm' 
local  influence  and  establishing  an  authority  which  would  fuul 
it  difficult  totally  to  neglect  its  duties,  tliey  proposed  to  divido 
the  country  into  large  districts,  each  managed  by  an  w/  //or 
authority  composed  of  inernl>ers  of  the  local  sanitary  authoi  i- 
ties  within  its  borders,  with  provisions  for  co  opting  those  who 
had  specially  studied  the  question.  In  order  to  meet  llie  case 
of  the  few  localities  at  ]n'esont  doing  their  duty,  tliey  proposed 
to  exempt  tlieni  from  the  operation  of  that  clause  after  enquiry 
by  tlie  Local  Government  Board. 

Mr.  W.  Nicholson,  Chief  Sniokt"  InsjxH'tor,  Sheffield,  said 
he  was  not  in  favour  oF  the  proposed  Bill ,  because  it  was  to 
a  large  extent  retrogressive.  1 1  limited  1  he  powers  of  】（）（'al 
authorities,  and  it  proposed  the  deletion  of  tlie  words  black 
smoke."  If  those  words  were  deleted  it  would  make  it  very 
inucli  more  difficult  to  obtain  a  conviction,  because  so  many 
convictions  in  the  past  had  been  obtained  on  tlie  word  '  blark," 
which,  lie  urged,  should  be  retained,  with  tlie  addition  of  the 
words  J  "  or  other  smoke  in  such  quantity  as  to  be  a  nuisance. ' 
lie  was,  however,  in  favour  of  certain  ameiidrnents 
of  the  Public  Health  Act,  which  would  be  miirli  more  prac- 
ticable than  those  proposed  in  tlie  now  Bill.  Another  objer- 
ti (川 al)l(、  t'oat  lire  of  I  he  Bill  was  t  liat  a  mamifart  I'rcr  must 
make  applicatioii  for  exemption  for  smoke  emitted  1  roin  fur- 
naces the  prevention  of  which  was  said  by  some  to  be  imprac- 
ticable, tlie  a])])licant,  oven  if  successful,  to  pay  tlie  costs  cf 
tlie  applicalioii.  That  lie  cliaracterised  as  absurd  aiul  con- 
trary to  all  the  principles  of  equity. 

Subsofjueutly  Mr.  W.  Nicholson  sulnii it t rd  a  ]);:pcr  on 
" Sinoke  xVbaieinent   I'roiii  the  Inspector's  Point   ot"  、'"'、、.'• 


After  a  reference  to  the  wholesale  destruction  of  public  and 
private  property,  too  great  for  tabulation,  caused  by  smoke, 
he  said  that  Sheffield  in  1890  was  called  "  a  suburb  of  Hell." 
Tliere  were  tlieii  1 ,000  chimneys  serving  boilers  and  furnaces 
and  over  3,000  serving  almost  every  type  of  luniacc,  pouring 
out  day  and  night  dense  volumes  of  black  smoke  up  to 
40  iniimtes  in  the  hour.  At  】t、ngth  it  dawned  upon  the  minds 
cf  a  few  public-spirited  citizens  that  】nore  smoke  was  made 
iln,n  was  necessary,  and  as  a  consequence  of  tlieir  import  unity 
the  Corporation  appointed  a  smoke  inspect  or.  As  a  result  of 
the  action  of  the  authorities,  he  stated  that  in  less  than  10 
years  111  ere  was  a  iiiarkod  im])roveiiient  in  the  at  mosphei'ir 
conditions  :  boiler  chinineys  had  ceased  in  general  to  emit  over 
40  niiiiutes  of  black  smoke  in  the  hour,  for  the  8,000  hourly 
observations  yearly  on  the  worst  offenders  only  averaged 
2*2  iniiuites  per  hour. 

As  one  result  of  this,  Sheffield  had ,  in  1907,  】，428  hours' 
sunshine  :  more  sunshine,  in  fact,  tliat  year  than  any  other 
large  city  or  town  from  tlie  North  of  Scotland  to  the  South  of 
Eng ；】 ami,  the  average  excess  being  273  hours. 

Metallurgical  furnace  smoke  was  as  mufh  inside  the  Act 
as  boiler  smoke.  Furnace  smoke,  like  boiler  sinoke,  was  only 
fxeni])t  up  to  the  point  of  practicability.  Some  metallurgical 
experts,  however,  said  they  must  have  an  unlimited  amount  of 
smoke,  as  it  was  part  of  the  process  of  steel-making.  But 
how  much  was  the  necessary  amount  of  smoke  ？  Surely  the 
iiiolallurgist  could  fix  it  to  10  or  20  minutes  in  the  hour. 
Ill  furnaces  where  the  normal  temperature  was  above  gas 
ignition  point,  tlie  re  was  little  difficulty  in  preventing  (with 
a  profit)  70  per  cent,  or  80  per  cent,  of  tlie  sinoke  made.  Many 
of  the  high-temperature  furnaces  were  successfully  worked  by 
gas  and  electricity,  the  steel  being  either  melted  or  ro-lieated 
for  forging,  pressing,  or  rolling,  while  similar  satisfactory 
results  were  being  obtained  from  coal -fired  furnaces,  with  a 
sensible  system  cf  stoking.  In  conclusion,  Mr.  Nicholson 
suggested  the  creation  of  a  "  Smoke  Department  "  to  heljj  the 
health  authorities.  Tt  was  not  suggested  that  tlie  Department 
should  supersede  llie  local  autlioritv,  but  supervise,  advise, 
and  co-operate,  and  he  knew  they  would  warnilv  welcome  such 
Government  help. 

Prof.  Hodgkinson  read  a  paper  on  ••  The  Smoke  Abate- 
iiieiit  Problem,"  with  special  reference  to  domestic  fires  and 
the  smokeless  production  of  steel.  Dealing  with  the  pollution 
that  comes  from  the  domestic  fire,  Prof.  Hodgkinson  sutjgested 
a  plan,  which  he  admitted  was  most  Utopian  and  not  possible, 
excepting  in  the  case  of  a  garden  city  just  (onmiem'iiig  exis- 
tence, or  -planned  suburbs.  The  idea  was  to  have  each  cliiiii- 
ney  of  a  house  connected  by  a  side  flue  conveniently  arranged, 
with  a  main  conduit  laid  under  the  roadway,  this  main  lead- 
ing" to  a  centra!  tower  of  considerable  diinciisious  and  height. 
Wit  li  an  artificial  draught  it  could  be  arranged  for  the  small 
fires  to  bum  downwards,  the  ideal  condition,  for  llicn  on 
addition,  of  fuel,  the  worst  period  of  smoke  product  ion,  the 
fumes  of  the  decomposing  coal  must  pass  throng^h  llie  mass  of 
red  hot  material,  where  it  would  become  for  the  most  part 
decomposed  and  burnt  more  completely  than  is  now  possible 
witli  an  up-drauglit  and  contact  with  the  excess  cold  air 
entering  tlie  chimney  above  the  fire.  Maiiv  steel  works  pro- 
duced much  smoke  from  heating  furnaces,  converters,  and 
the  like.  Most  of  this  was  quite  unnecessary  and  due  to 
ignorance  or  laziness.  A  reducing,  or  at  any  rate  a  non- 
oxidising  flame  or  (ire  was  certainly  essential  in  working  steel 
to  preserve  its  properties,  but  the  sinoke  escaping  from  the 
iops  of  the  chinineys  was  too  far  away  from  the  steel  to  have 
any  effect.  The  cementation  or  converting  furnace,  could  quite 
well,  and  nuioli  more  cheaply,  be  worked  hy  producer  gas,  and 
the  same  witli  most  re-heat furnaces  ioi  largt'r  articles. 
Iiuleod,  most  ol'  I  lie  lari^er  tilings  made  in  Slieflield  were  now 
h('at?(l  in  prodmvr 卞' as  furnaces,  ami  that  alone  liad  made  a 
groat  (lilTereiice  in  tlie  atm(>sj)hero  of  the  place.  Tlio  waste  of 
coal,  as  smoke,  in  Sheffield  tlirougli  Inirrv  and  iiruoiiinoe  was 
still  groat,  ami  the  steel  prcKhu'ed  was  no  better  therefor. 

Ainoiigsl  oilier  papers  read  was  one  by  Sir  Arllnir  (Miun  li. 
cloalin^  with  the  action  of  coal  sinoko  on  huildiiii:  "om»s  and 
mural  paintings.  lie  stated  tlint  the  sulplnir  products  of 
(•(inibustion  gave  rise  to  an  amount  of  oxidisml  sulpluir  com- 
|uniiuls  ('(>rrosi)onding  to  lialf  a  million  tons  of  sulphuric  aoul 
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poured  every  year  into  the  London  atmosphere.  Putting 
aside  the  blackening  of  lead  compounds,  which  should  be  ex- 
cluded from  the  palette,  it  was,  he  said,  sulphuric  acid  thai 
was  the  chief  culprit  wliere  paintings  in  true  fresco  are  con- 
cerned. To  protect  pictures  and  objects  of  art  wlierever 
possible  by  means  of  glazing  or  by  reclusiori  in  glass  c  ases  was 
a  sound  precaution.  ITe,  however,  uttered  the  caution  tliat 
abateiuent  of  the  smoke  iiiiisaiice,  or  even  its  entire  abolition, 
however  great  the  advantages  to  liealtli  and  com  fort  and  tho 
amenities  of  life  wliicli  it  would  hriiio-,  could  not  get  rid  of 
tho  injury  and  pollution  caused  by  sulphuric  acid. 

Mr.  Noel  Heaton  dealt  with  "The  iiiflueuce  of  smoke  on 
decorations."  He  said  it  was  really  tlie  indirect  action  of 
smoke  in  acting  as  a  collector  and  carrier  for  the  destructivo 
agencies  that  was  its  chief  menace  to  decorative  work.  If  all 
siiioko  were  entirely  abolished,  the  amount  of  sulphuric  acid 
discharged  into  the  air  would  be  just  as  great  as  1( 川" r  as 
coal  combustion  continued,  but  the  point  wliich,  in  liis 
opinion,  thoroughly  justified  the  agitation  in  favour  of  smoke 
prevention  was  that  in  the  absence  of  smoke  the  ellect  of  the 
presence  of  these  impurities  would  be  niininiised.  Every  smut 
that  lodged  on  a  building,  though  lianiiless  in  itself,  acted  as 
a  carrier  for  the  moistiirev  charged  witli  tlie  active  products 
of  coHibustion,  which  were  the  agents  of  destruction. 

Dr.  S.  Rideal,  who  spoke  of  "  The  effects  of  town  air  on 
meta!  work/'  showed  that  tarnishing,  disfigurement,  and 
corrosicn  by  coal  smoke  were  phenomena,  partly  meclianical 
and  partly  chemical.  Atmospheric  corrosion  e fleeted  constant 
damage,  resulting  sometimes  in  serious  accidents  by  causing 
loosening  or  detachment  of  metallic  fastenings.  In  this  con- 
nection he  recalled  the  accident  which  occurred  at  Charing 
Cross  Station  in  1005,  when  the  roof  girders  collapsed  through 
rusting.  If  the  use  of  coal  and  coke  could  be  abolished,  and 
、ve  depended  exclusively  on  a  gas  supply,  90  per  cent,  of  the 
sulphur  impurity  in  the  atmosphere  would  be  removed. 

The  Hon.  Rollo  Russell,  in  a  communication  dealing  with 
" Smoke  and  Fog,"  expressed  the  opinion  tliat  London  fogs 
were  less  frequent  and  less  dense  than  in  the  'eighties,  and 
that  if  it  were  practicable  to  revive  the  old  law  against  the 
burning  of  slack  and  smoky  coal  without  apparatus  for  smoke 
consumption  the  result  would  be  a  large  economical  gain  to 
the  coinniunity.  The  worst  offenders'  in  his  opinion,  were 
domestic  fires,  and  as  evidence  of  this  instanced  that  the  dark- 
est fogs  had  been  on  Sundays  and  Christinas  Day. 

In  a  lecture  on  "  The  Relation  of  the  Gas  Industry  to 
Smoke  Abatement  "  Prof.  Vivian  B.  Lewes  remarked  that 
the  coal  strike  had  supplied  the  finest  possible  object-lesson 
as  to  the  conditions  which  would  exist  a  few  generations  hence, 
when  the  fuel  supplies  upon  which  the  supremacy  of  the 
nation  entirely  depended  began  to  fail  from  the  extinction 
of  the  coal  itself  ：  and  the  coimtry  would  iiever  have  a  better 
opportunity  for  inaugurating  those  reforms  which  alone  could 
purify  the  atmosphere  and  lengthen  tlie  period  before  the 
fatal  day  when  the  working-out  of  the  main  seams  raised  the 
price  of  coal  to  such  a  point  as  to  be  prohibitive  for  many  of 
the  purposes  for  which  we  had  been  in  the  habit  of  using  it. 
It  was  a  duty  to  posterity  to  do  what  we  could  to  make  up  for 
the  mistakes  of  the  past  by  the  most  rigid  economy  iu  every 
branch  of  fuel  consumption,  more  especially  as  by  economising 
in  the  proper  way  better  results  could  be  obtained  than  ever 
before,  and  our  town  atmospheres  purified  from  the  bliglitiiig 
influence  of  smoke. 

If  after  a  coal  fire  had  been  replenished  with  fuel,  the 
products  that  were  passing  up  the  cooler  portion  of  the  chim- 
ney above  were  examined,  it  would  be  found  that  until  the 
fire  had  burnt  clear  there  would  be  a  mixture  of  steam,  com- 
bustible gases,  tar  vapour,  solid  carbon  particles  on  which  tar 
was  rapidly  condensing,  and  particles  of  ash  and  dust  drawn 
up  by  the  draught,  and  it  was  this  mixture  to  which  was 
given  the  name  of  '-  smoke."  If  the  same  coal  used  in  the 
fire  had  been  destructively  distilled  in  a  gas-maker's  retort,  it 
would  have  yielded  coke,  coal  gas,  tar,  and  gas  liquor.  Tho 
coke  would  burn  with  little  or  no  flame,  giving  none  of  the 
constituents  of  smoke  with  the  exception  of,  perhaps,  some 
steam  and  a  little  ash  dust.  The  coal  gas  also  could  be  burnt 
in  atmospheric  burners  in  a  gas  stove  without  the  production 
of  a  trace  of  smoke,  and  thus  it  was  clear  that  tlie  coiistitupiits 


of  the  coal  which  gave  the  smoke  were  those  which  in  gas- 
inakiiitr  were  left  in  the  licjuid  products.  If,  therefore,  the 
gas  manager  were  allowed  to  deal  first  with  our  fuel  supplies, 
ami  after  removing  the  tar  were  to  supply  tlie  coke  and  gas 
as  fuels,  the  problem  of  smoke  abatement  would  be  solved. 

Referring  to  tlio  oljjcrtious  tliat'  gas  cokf'  burnt  without 
flame  was  (lifriciilt  to  ignite,  gave  ofT  noxious  fumes,  and  pro- 
duced a  dull  and  cheerless  fire,  vvhilt!  gas  was  imu.-h  more  ex- 
pensive than  coal,  he  said  these  objections  had  a  inoriiruiti 
oi'  foundation  in  fact.  I)  11  ri II tlie  last  of)  v'oars  I lif*  t em pfivi- 
"in、s  employed  in  tlie  (list illation  of  coal  for  the  iiianufiu'ture 
of  i^as  had  been  pressed  so  liigli  that  everything  that  could  be 
volatilised  out  of  it  liad  been  <fiven  off.  Now  the  oaso  wit  h 
wliicli  any  carboiiact'ous  luatcrial  i^Miited  and  tlie  rapidity 
with  wliicli  it  burnt  depended  largely  upon  ilie  presence  in  it 
of  volatile  matter,  but  tlie  gas  manager,  desiring  to  make  tho 
largest  volume  of  gas  lie  could  and  looking  upon  coko  as  a 
by-product,  pressed  tlie  lieats  to  so  high  a  point  that  the 
volatile  matter  left  in  the  coke  rarely  excefcled  1  per  <ent . 
If  the  public  could  get  coke  which,  like  the  old  iron  n'tort 
coke,  contained  5  per  cent,  or  6  pov  cent,  of  volatile  matter, 
it  would  be  a  perfect  domestic  fuel,  wliich  would  not  only 
^^ive  considerably  more  heat  tlian  bituiiiiiious  coal,  but  would 
also  do  away  wit  h  tlie  pollution  of  the  atinospliere.  If  only  the 
gas  companies  would  seize  I  he  present  opportunity  and  start 
a  crusade  to  (loinoiistrate  what  could  be  done  with  good  coke 
and  coal  gas,  at  tho  same  time  using  tlieir  utmost  eiideavour 
to  improve  tlie  burning  ([iiality  of  tlieir  coke  to  fit  it  for  domes- 
tic requirements,  it  would  be  a  revelation  to  the  world  of  the 
relation  of  the  gas  industry  to  smoke  abatement. 

Gas  fires,  gas  cookers,  gas  water  heaters,  and  gas  engines 
all  had  been  developed  to  a  point  which  left  no  valid  excuse 
for  overlooking  their  claims,  and  ever  since  Bun  sen  in  the 
early  fifties  invented  tlie  atmospheric  burner,  iu  which  non- 
】iuniiious  combustion  was  obtained  and  smoke  renderrd  im- 
possible, coal  gas  had  progressed  steadily  in  favour  for  lieat 
and  power  as  well  as  light. 

Iu  considering  the  cost  of  gas  fires  as  compared  with  coal 
the  usual  method  was  to  argue  that  as  a  pound  of  coal  con- 
tained on  an  average  about  14,000  B.Th.U.  and  it  would  take 
25  cub.  ft.  of  London  coal  gas  to  give  this  heat  value,  the 
cost  of  the  gas  stove  would  stand  to  the  cost  of  the  coal  grate 
ill  tlie  ratio  of  lib.  of  coal  to  25  cub.  ft.  of  gas.  This  was 
absurdly  wrong,  the  reason  being  that  only  one-fifth  of  the 
effective  heat  of  the  coal  was  utilised.  If  gas  was  used  in  a 
flueless  stove  or  radiator,  which  utilised  the  whole  heat  in  the 
room,  the  cost  would  be  equal  as  regards  raw  material.  These 
forms  of  stove,  however,  should  never  be  used  except  in  a 
hall  or  large  building  where  there  was  pleut\  of  air  space.  In 
a  dwelling-room  the  products  of  combustion  must  be  taken 
up  by  a  flue  into  the  chimney,  and  under  these  conditions 
good  gas  stoves  should  give  35  per  cent,  of  the  calorific  value 
of  the  gas  as  radiant  heat  and  25  per  cent,  as  coiivected  l】eat， 
so  that  60  per  cent,  was  utilised,  or  three  times  as  much  as 
with  coal.  If  one  took  into  consideration  the  labour  expended 
in  the  use  of  coal  and  grate  cleaning,  and  the  economy  of 
lighting  the  gas  stove  when  it  was  wanted  and  turning  it  out 
when  done  with,  it  would  be  seen  that  the  difference  was  very 
small. 

Oil  Fuel  in  the  Navy.  ― In  presenting  his  statement  on  the 
Navy  Estimates  in  the  House  of  Commons,  Mr.  W.  Churchill 
referred  to  the  use  of  oil  fuel  on  war  vessels.  He  said  :  "  The 
adoption  of  oil  as  a  motive  power  raised  anxious  and  perplex- 
ing problems.  They  were  among  the  most  difficult  that  the 
Admiralty  had  ever  been  confronted  with.  Oil  as  a  fuel 
offered  enormous  advantages  to  ships  of  all  kinds,  and  particu- 
larly to  the  smallest  kinds.  If  iiiternal-coinbiistion  engines  of 
sufficient  power  to  drive  warships  could  be  perfected,  as  might, 
lie  thought,  be  hoped  for  within  a  very  reasonable  time,  all 
the  advantages  of  oil  would  l)e  multiplied,  and  some  of  them 
would  be  multiplied  three  or  four  times  over.  On  the  other 
hand,  could  we  make  sure  of  obtaining  full  supplies  of  oil  at 
reasonable  prices  in  time  of  peace  and  without  rest rittion  or 
interference  in  time  of  war ？  Could  we  accumulate  ajul  store 
a  sufficient  reserve  of  oil  to  meet  our  growing  requirements, 
and  could  we  make  that  reserve  properly  protected  against 
attack  by  aeroplane  or  sabotage?  All  these  methods  were 
receiving  patient  attention/'  ' 
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THE  BALANCING  OF  LOCOMOTIVES.— Vll. 

ItV  .IAS.  Dl'NI.Or. 

Outside  cylinder  locomotives  with  medium  or  large-size 
coupled  wheels  present  no  special  difficulties  in  the  way  of 
placing  the  necessary  amount  of  balance  weight  in  their 
wheels.  There  is  not,  unfortunately  as  it  happens,  any  way 
of  reducing  tlie  amount  of  balance  weiglit  used  by  altering 
the  angle  between  the  coupling  cranks  as  in  tlie  case  of  inside 
cylinder  engines,  so  that  outside  cylinder  engines  of  ordinary 
construction  will  always  require  the  maximum  ainount  of 
balance  weight. 

Special  constructions,  of  course,  require  special  treat- 
ment, and  Fig.  58，  wliidi  illustrates  tlie    outside  cylinder 


Fig.  .vs.— Odtside  T\vo-(  ylindku  Fuuit-coui'LKJ)  Uun  iiu  CitAJir'iojN  IjucOMuxivi;. 
Transuiils  ils  "  hammer  blow  "  throut^h  its  springs. 

equivalent  of  the  engine  illustrated  in  Fig.  47，  is  a  case  in 
point.    As  may  be  seen  from  the  illustration,  the  connecting 
rods  actuate  outside  cranks  fixed  on  the  ends  of  an  inter- 
mediate crank  sliaft  from  which  cranks,  coupling  rods  are 
led  forward  and  backward  to  actuate  the  leading  and  trailing 
coupled  wheels.      In  these  wheels  the  coupling  cranks  and 
the  half  of  each  coupling  rod  are  the  only  parts  for  which 
balance  weights  are  provided,  tlie  i-eniainiiig  parts  of  tlie 
coupling   rods,   along  with 
the  outside  cranks,  the  con- 
necting rods,  and  the  recip 
rocating  parts,  in  tlieir  due 
proportion,   being  balanced 
by    the    large    sector  tail 
weight'  on  tlie  outside  cranks 
seen  behind   the  eccentrics 
and  rods.  The  result  is  that, 
as  in  the  case  of  the  equiva- 
lent inside  cylinder  engine, 
this    engine    transmits  its 
hammer  blow  to  the  rails 
through  its  springs.    In  the 
longitudinal    direction  the 
engine  is  balanced    in  the 
same  degree  as  an  ordinary 
engine. 

Fig.  59  illustrates  an  out- 
side cylinder, .  8-cou])le(l, 
driver  engine  with  an  inter- 
mediate crank  shaft,  the 
cylinders  in  this  case  being 
vertical.      Tlie    placing    of  the 

an  intermediate  crank  shaft  at  the  centre  of  the  engine 
enabled  a  very  equable  distribution  of  the  weis^^ht  on 
the  coupled  wheels  to  be  made,  especially  as  two  boilers 
with  their  fireboxes  towards  t  he  centre  of  the  engine  were 
used,  and  the  combust  ion  prod  nets  led  to  a  central  rluinney 
through  rot  urn  flues  along  the  tops  of  the  boilers.    In  other 


vertically  would  make  tlie  engine  unsteady  in  its  running, 
but  such  is  not  tlie  case  ；  in  fact,  it  is  equally  as  steady  as 
an  ordinary  engine  with  liorizontal  cylinders,  and  requires 
somewhat  less  balance  weight  to  make  it  so.  There  are  no 
balance  weights  shown  in  the  wheels,  but  had  tlie  engine 
been  correctly  balanced  the  revolving  parts  attached  to  each 
wheel  should  have  had  a  correspoiidiiig  balance  weight.  To 
"lake  the  engine  equal  in  balance  to  an  ordinary  engine, 
with  two-thirds  of  its  reciprocating  parts  balanced,  a  weight 
equal  to  one-thii'd  of  the  reciprocating  parts  would  require 
to  be  placed  opposite  the  main  ('rank,  and  in  all  likelihood 
sucli  a  weight  actually  was  provided  in  the  form  of  a  sector 
(,ast  on  the  back  of  the  crank  disc  Tlie  reduction  in  weight 
therefore  corresponds  to  one-tliinl  of  the  weight  of  the 
reciprocating  parts,   but  actually  would  be    somewhat  less 

owing  to  the  lesser  radius  of  the  crank 
disc  compared  with  the  coupled  wheels. 
Balanced  in  this  way  the  engine  would 
transmit  its  hammer  blow  to  the  rails 
through   its   springs,  and,  it  may  be 
noted,  the  fact  of  the  connecting  rods 
being  threaded  inside  the  coupling  rods 
would  be  in  favour  of  the  steadiness 
of  the  engine.    Had  the  balance  weight 
on  the  crank  disc  been  equal  to  two- 
thirds  of  the  weight  of  the  recipro- 
Ciitin<^  parts,  as  in  an  ordinary  engine, 
the   hammer    blow   effect    would  be 
differently   produced,  but  not  altered 
in  amount.    This  may  be  understood 
when   it   is  remembered  an  ordinary 
engine   is  left   \vith  one-tbird   of  the 
reciprocating  parts  unbalanced  in  the 
longitudinal  direction.    As  the  amount 
of    the   balance   weight  in  the  crank 
disc  is  assumed  to  be  equal  to  two- 
thirds  and  as  this  amount  would  be  acting 
longitudinally  and  quite  independent  of 
the  balance  it  was  effecting  vertically, 
the  balance  weights  for  the  revolving 
parts  in  the  wheels  would  require  to  be  made  less  in  weight  so 
that  half  of  the  longitudinal  effect  of  the  balance  weight  in 
tlie  crank  disc  would   be   counteracted   by  a  corresponding; 
deficiency  in  balance  of  tlie  revolving  parts  attached  to  tlie 
wheels.    As  a  result  half  of  the  hammer-blow  effect  would  be 
transmitted  to  tlie  rails  direct  and  only  half  through  the 
springs,  as  com  pared  with  the  case  of  the  crank  disc  weit^ht 
being  equal  to  oiie-t  hird  tlie  weight  of  tlie  reciprocal iiit^  parts. 


wonls,  t  i.e  contrc  of  gravity  coiiicidos  witli  tlie  centre  of  the 
on^MUo.       It  niii^lit   be  t liought  that   nlnciiii;    tliQ  cvliiulers 


KiG.  59.-  Outside  Two-cyuni>ku  ( Vkiitical)  KiGHT-con-LKn  Urivku  1"r."motive. 

•yliiulers    vertically    over     This  engine  was  known  as  the  Raub  Central  Power  Loco- 
motive and  was  built  in  America  some  16  years  ago. 

Although  ill  the  course  of  these  articles  some  rather 
ancient  spefiiiiens  of  loroinotives  liave  been  illuFt rated,  they 
earli  served  to  ilhist rate  soiue  peculiar  ronst ruot ion 
affei-ting  I  lie  balance,  but  are  not  intended  in  any  way  to  be 
taken  as  representing  a  connected  reoord  of  the  development 
of  the  locomotive  even  from  a  ]>alaiuiniz  point  of  view, 
Xovortlieless,  in  view  of  the  fact  t liat  t he  use  of  an  inter- 
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are  placed  between  the  frames  above  t\\o  \}(>i\cr  in  t  liis  <*ase, 
and  ill  Ijot li  cases  outside  cranks  on  the  enrls  of  the  inter- 
iiHMliatc  crank  slia fl  are  used.  Tt  will  he  noticed  t Ik?  iiiter- 
MKulial*'  crank  shaft  rises  and  falls  along  wit li  1 1 1 e  driving 
axle  and  i  hat  the  driving  st  rains  imposed  by  t  he  vert  ical 
coupling  rods  are  taken  up  by  the  strut  rofls  coimecting  the 
axleboxes  ami  bearings.  So  far  as  balancing  is  concerned  the 
vert  ical  coupling  rods  are  purely  rr^vol  vin^  j>ai*t  s  and  are 
balanced  as  usual  by  woit.'li1  s   placed   opposite  t  lie  cranks. 


Fig.  60.— Hackworth  Outside  Two-cylinder  (Vertical)  Six-cottpled  Driver  Loc-omotivk  *'  WiMiKRFORCE. 

Storkloii  aufl  Darlington  Railway,  1832. 


mediate  crank  shaft  on  a  locomotive  is  in  some  quarters 
regarded  as  an  original  conception  introduced  on  the  Cramp- 
ton  locomotives,  it  may  be  desirable  to  illustrate  here  a  loco- 
motive of  Mr.  Timothy  Hackworth's  design  built  for  the 
Stockton  and  Darlington  Railway  in  1832.  TIuh  engine  is 
illustrated  in  Fig.  GO,  and  from  tlie  fact  that  no  balance 
weights  are  evident  it  will  be  easily  enough  concluded  that 
balance  had  nothing  to  do  witli  tlie  use  of  the  intorniodiate 
frank  shaft  or  the  vertical  cylinders.      At  the  time  this 


1  hat  IS  to  say,  no  matter  in  wlucli  direction  the  coupling  rods 
in  ay  be  working,  vertically,  inclined,  or  horizontally,  the 
position  of  the  balance  weight  is  the  same  in  all  cases. 

Tlie  engine  illustrated  in  Fig.  63  represents  a  type  of 
which  considerable  numbers  have  been  built  for  tramway  and 
contractors'  purposes  on  the  Continent.  Probably  the  first 
engine  of  this  type  was  a  passenger  engine  designed  for  the 
Belgian  State  Railways  by  M.  Belpaire,  the  inventor  of  tlie 
square-topped  firebox  so  extensively  used  in  modern  loco- 


Ftg.  62.— Cross-section  of  Inside  Two-cylinder  Locomotive  with  Intkrme- 
i>iATK  Floating  Crank  Shaft  and  Vertical  Transfer  Coupling  Hods. 

motive  boilers.  The  engine  in  question  was  built  in  1872  bv 
Messrs.  Carel  F  re  res,  of  Ghent,  and  exhibited  in  the  Vienna 
Exhibition  of  1873.  The  distinguishing^  feature  of  the  tvpe  is 
the  use  of  a  rocking  beam  between  the  piston  rod  orosshead 
and  the  coimerting  rod.  This  constriu'tioii  has  a  ronsiderable 
influence  on  the  anioiint  of  balance  weight  required  to 
effectually    balance    1  he    inoviui;    parts.       To    balance  the 


engine  was  built  locomotive  engineers  were  more  concerned 
about  the  blow  given  to  the  rails  by  the  dead  weight  of  the 
engines  than  about  any  liainiiier-blow  effect  from  unbalanced 
moving  parts,  most  of  the  engines  of  that  period  having  their 
cylinders  either  vertical  or  so  mm'li  inclined  that  springs 
could  not  be  used  on  the  driving  axles.  The  purpose  of  the 
intermediate  crank  shaft  therefore  on  tlie  Hackworth  engine 
was  to  enable  all  the  wheels  to  have  springs  ami  so  obviate 
the  shocks  to  the  rails  as  well  as  to  the  engine  itself  from 
unevenness  in  the  road. 

In  each  of  the  eases  of  intermediate  crank  shaft  engines 
so  far  illustrated  the  crank  shafts  revolve  in  bearings  fixed 
on  the  frames  of  the  engines.      Fig.  61  illustrates  a  small 


F^iG'  61.— Outside  Two-ctlindkr  Locomotive  with  Intermediate  Floating 
CitANK  Shaft  and  Vertical  Transfer  Coupling  Rods. 


engine  in  which  an  intermediate  crank  shaft  is  used,  but  in 
this  case  the  crank  shaft  revolves  in  bearings  sliding  between 
liornblock  guides  similar  to  the  axlebox  guides.  The  purpose 
in  using  the  intermediate  crank  shaft  in  this  case  is  that  of 
keeping  the  working  parts  well  up  out  of  the  dust  from  the 
roadbed,  the  crank  shaft  being  carried  by  strut  rods  from  the 
axleboxes  and  the  power  transmitted  to  the  driving  axle  by 
vertical  transfer  coupling  rods.  The  construction  in  detail 
will  be  understood  from  Fig.  62,  which  illustrates  the  cross- 
s action  drawing  of  a  small  inside  cylinder  engine  with  a 
similarly-arranged  intermediate  crank  sliaft.      The  cyliiulers 
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reciprocating  parts  it  is  only  】iecessary  to  leave  a  correspond- 
ing amount  of  the  revolving  parts  unbalanced,  due  regard 
being  given  to  the  fact  that  the  rocking  beam  requires  no 
balance.  The  remainder  of  the  revolving  part's  is  balanced  in 
the  usual  iiiainier.  It  will  be  seen  therefore  tliat  only  a 
)niiii))iiiiii  of  balance  weight  is  required  for  an  engine  of  this 
type.    The  engine  illustrated  whs  built  by  the  Swiss  I.oco- 


single  cylinder  and  transmitting  its  power  to  the  driving 
wheels  by  spur  gearing.  From  the  cross-section  drawing  illus- 
trated in  Fig.  G6  it  will  be  seen  the  pinion  and  spur  wheel 
are  maintained  in  correct  mesliing  by  struts  between  the 
driving  axle  and  the  crank  shaft  in  the  same  manner  as  in 
Figs.  61  and  62,  As  regards  balancing,  the  relative  speeds 
of  the  crank  si  i  a  ft  and  the  driving  axle  make  it  impossible  to 


】'，IG.  63.— Outside  Two-cylinder  Locomotivk  with  Balanced  Rooking  Beam.    Requires  a  iiaiuimum  amount  of  Kaliuu-c  "W'-iulit. 


motive  Works  of  Wintertlnir  to  the  design  of  the  late  Mr. 
Charles  Brown,  an  English  iMis^iiieer  in  charge  of  these  works 
and  the  inventor  of  the  coinbiiuition  of  radial  valve  gears 
usually  known  in  this  country  as  the  Joy  gear.  Amongst 
other  uses  to  which  this  type  of  engine  has  been  put  on  the 
Continent  is  that  of  operating  rack  railways,  and  when  a 
rack  railway  was  made  up  Mount  Suowdon  in  this  country 
the  English  engineers  obtained 
the  engines  for  the  railway 
from  the  Swiss  Locomotive 
Works.  Of  course  something 
distinctly  original  had  to  be  im- 
parted to  the  design  of  the 
engines.  This  feature  is  shown 
on  the  engine  as  illustrated  in 
Fig.  64.  The  rocking  beam, 
instead  of  providing  for  a  mutual 
balance  of  parts  in  this  case 
increases  the  wcij^bt  to  be 
balanced,  and  it  may  be  under- 
stood from  the  relative  size  of 
the  coupled  wheels  that  to  pro- 
vide the*  necessary  balance 
weights  in  the  wheels  was  prac- 
tically impossible.  Considering 
the  weight  of  reciprocating  and 
revolving  parts  in  motion  on 
each  side  of  the  engine  thus 
left  unbalanced,  it  is  not  at  all 
surprising  to  learn  that  these 
engines  were  very  unsteady  in 
their  working,  and  that  one 
of  them  ultimately  threw 
itself  off  the  road  ami  rolled 

down  the  mountain.  The  succeeding  engines  had  ihcir  parts 
arranged  as  in  Fig.  G3. 

'「0  make  the  series  of  illusl  rations  accoiupaii vin^  Iht-so 
articles  cover  probably  all  the  niolluxls  that  have  Imhmi  used  to 
(omiect,  the  pistons  of  frame  engines  with  the  wheels, 

pie  three  engines  following  are  given,  altliougli  from  ； i  balanc- 
1""'  l)oint  of  view  they  are  of  roniparativolv  little  interost. 
Fig.  (If)  illustrates  a  cliea))  tv|»(、  ol'  r(uUia,'h  • 


place  balance  weights  in  the  driving  wheels,  consequently  all 
that  can  be  done  is  to  provide  tail  weii^lits  on  the  crank  webs 
to  balance  the  crank  arms  and  half  the  foiiiiecting  rod .  As 
regards  reciprocating  parts,  these  also  can  have  tail  balance 
weights  and  the  corresponding  secondary  weight  usually  pro- 
vided to  maintain  transverse  balance  would  be  placed  in  tlie 
flywheel,  but  it  will  be  understoofl  that  the  secondary  weight 


Fig.  W.—Outsidk  Two-rYLisDEn  Locomotivr.  with  no  Halancf.  and  with  nKFKCTivi:  AnnxN'OKMKsr  of 

UOCKINO  Bl'AM. 

will  set  up  a  longitudinal  dislurljance,  altliougli  eliiiunatin^ 
vertical  (list  urbaiires. 

Fijj.  i)7  illustrates  an  outside  12  *  yliiidor  eiii^iiip  in  whirli 
t  he  power  is  transmitted  bv  a  ronibiiiat  ion  <»f  spur  and  cliaiii 
pea rs.  The  driving  wheel  rims  are  made  nearly  semi-ciroular 
in  section  so  that  the  eiisjine  tan  run  on  rails  formed  of 
wooden  ])oles,  lliis  type  of  engine  being  used  in  lar^e  numbers 
in  t lie  timher  regions  of  America. 
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tioii  is  deteriniiied  \)y  the  total  weight  on  the  various  wlieels, 
but  the  niecliaiiical  efficiency  of  such  an  arrangement  must  in 
any  case  be  extremely  low,  owing  to  the  excessive  friction  set 
up  on  the  various  journals  by  the  wed^jin^  action  taking  place 
between  the  various  wheels. 

Narrow-gauge  engines  are  mostly  HJiiall-wheelefl  engines, 
and  ill  most  cases  require  to  be  built  with  outside  cranks. 
The  use  of  the  outside  cranks  introduces  extra  factors  into 
the  balancing  calculations.    These  take  \      following  form  : ― 

Form  of  Balance  Weight  Calculation    {OtUside  Cranks), 


Let 


a  = 


b  = 


d  = 

Note.— 
= 

w  = 


c 


distance  between  centres  of  gravity  of  balance 
weight. 

distance   between   coupling  rod  centre   and  far 

balance  weight, 
distance  between  connecting  rod  centre  and  far 

balance  weight, 
distance  between  craiik  arm  centre  and  far  balance 

weight. 

weight  of  crank  arm  acting  at  distance  <l  and 

balanced  by  tail  on  crank, 
weight  of  revolving  masses,  i.e.^  part  of  coupling 

rod  with  included  part  of  crank  pin  acting  at 

distance  h. 

weight  of  revolving  masses,  i .r . ,  part  of  connecting 
rod  with  included  part  of  crank  pin  acting  at 
distance  c  and  balanced  by  tail  on  crank. 

-No  part  of  coupling  rod  or  pin  should  he  balanced  by  tail  on 
crank,  but  as  much  as  possible  of  half  the  connecting 
rod  and  pin. 

weight  of  revolving  masses,  i.e\,  half  con riecting 

rod  (less  W/")  with  included  part  of  crank  pin 

acting  at  distance  r. 
weight  of  reciprocating  masses  to  be  balanced  in 

each  wheel  and  acting  at  distance  c  in  all 

cases. 

primary  balance  weights, 
secondary  balance  weights, 
combined  balance  weights. 


Driving  Wheels  {with  tail  on 
crank). 


w,, = 

W,, = 

wv  = 

二 

W,, = 
W^w  = 

w,, = 

Wr  = 
= 

0  = 

= 

w: 


w. 


Leading  or  Trailimj  Wheels 
{no  tail  on  crank), 
d 


h 
a 

- W.. 


If, 


IF. 


c 
a 


一 

+  w,. 


+  \v 


w 

C 

If 


= F, 

= W, 
= W., 
= PFp 

= 
= 

= 


a 

- ]]\ 


a 

- w, 

c 
a 

- W, 
+ 

= V 而' +， 〜"- 

= tan  of  angle  of 
divergence  4> 


tan  of  angle  of 
divergence  <f) 


Note. ― All  weights  are  taken  at  crank  pin  radius ― 
i.e.,  inch-pounds ― and  are  to  be  reduced  in  ratio  according 
to  balancing  moment  of  crescent  found . 

The  reference  above  to  tail  weights  on  the  driving  cranks 
is  due  to  the  clifiiculty  already  commented  upon  of  getting  the 
necessary  amount  of  balance  weight  into  the  driving  wheels 


Fig.  67.— Outside  Two-cylindeu  Loco\roTivE  with  Spur  and  Chain  Gear 

Transmission. 

power  is  transmitted  by  a  compound  friction  gearing,  the 
intensity  of  contact  being  increased  by  the  wedging  relation 
between  the  various  wlieels.    At  the  rails  of  course  the  trac- 


Fig.  68  illustrates  an  outside  li-cylinder  engine  which  i's 
primarily  a  4-coupled  driver  engine,  but  which  by  a  com- 
bination of  4-wheeled  and  G-wheeled  trucks  under  each  pair 


Fig.  65.— Insidk  Single-cylinder  Locomotive  with  Spuk-gear  Transmission. 

of  drivers  becomes  virtually  equivalent  to  a  12-coupled  driver 
engine.  The  truck  wheels  are  in  both  cases  of  two  diameters, 
the  main  driving  wheels  riding  on  the  smaller  diameters  of 
the  wheels  of  the  4-wlieeled  trucks,  the  larger  diameters  of 


Fig.  66. 


-Cross-section  op  Single-Cylinder  Spur-gear  Transmission 
Locomotive. 


these  wheels  iu  their  turn  riding  on  the  smaller  diameters  of 
the  wheels  of  the  6-wheeled  trucks.  The  larger  diameters  of 
the  wlieels  of  the  6-wheeled  trucks  ride  on  the  rails  and  form 
the  actual  driving  wheels.      From  this  it  will  be  seen  the 
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of  small-wlieeled  engines.  Except  in  rases  where  it  is  impos- 
sible to  get  the  necessary  amount  of  balance  weight  for  the 
revolving  parts  attached  to  the  coupled  wheels  conveniently 
placed  in  these  wheels,  it  is  unnecessary  and  not  at  all  desir- 


probable  that  t he  majority  of  narrow  gauge  sniall-\vheele*l 
engines  with  outsifle  ('ranks  are  by  no  means  completely 
balanced . 

Fig.   7 1  illustrates  the  half-plan  section  of  a  6-cou])led 


Ficj.  tiS.— OuTSiDK  Two-CYLiNDEU  LocoMOTi V WITH  FiiiCTioN  Okah.    Tiaasiuissiou  eti uivaluat  to  l-i-CuuiilLd  Drivers. 

able  to  have  tail  weights  on  1  lie  coupling  cranks,  as  their  use 
involves  an  extra  amount  of  weiglit  in  romparisou  with  the 
effect  produced. 

Fig,  69  illustrates  an  engine  with  outside  cranks  built  for 
a  2ft.  Gin.  gauge,  having  six  wheels  coupled  in  the  usual 
manner,  i .f'.，  the  cou pling  rods  are  threaded  in  a  straiglit  line 
and  the  connecting  rods  are  placed  outside  the  coupling  rods. 
From  the  half-plan  view,  and  more  especially  from  the  cross- 
section  drawing];  illuslratefl  in  Fig.  70,  it  may  be  noticed  liow 
rapidly  tlie  amount-  of  balance  weight  necessary  increases  as 
the  cylinder  and  coupling  rod  centres  are  increased  in  rela- 


Ki<i.  (>9.— Outside  Two-cylindkr  Six-coxjpled  Driver  Locomotive,  with  Separate  Outside  Cranes. 


Fig.  70.  —Cross-section  of  IjOcomotive  with 
SEP.VKATE  Outside  Cranks  Showing  Hewt 

PRLM.Utr   AND  SECOKDAHY  BALANCE  WEIGHTS 


lion  to  the  balance  weight  centres  in  the  wheels.  Being 
coupled  up  in  the  usual  manner,  this  engine  requires  only  the 
number  of  primary  and  secondary  balance  weights  given  in 


driver,  metre  gauge  engine  built  for  the  Indian  Stale  Rail- 
ways in  which  special  efforts  have  been  made  to  overcome  the 
difficulties  of  balancing  engines  with  outside  cranks.    It  will 


Fig.  71.— Halk  1)lan  Skction  of  Six-covpled  Duiver  Locomotive,  witb  Outside  Cranks  and  Coupling  Hops,  threaded  in  parallel  lines 

outside  tue  connecting  rods. 


the  form  of  calculation  above.  The  fart  that  the  engine  lias 
a  trailing  wheel  set  well  back  as  shown  is  aii  important  factor 
so  far  as  longitudinal  stability  is  concerned,  as  it  is  very 


he  not  iced  1  he  cylinders  were  j)l;u*e<l  as  dose  as  possible  to  t  lie 
longitudinal  centre  plane  of  the  engine,  the  connecting  ro<ls 
being  placed  inside  the  coupling  rods.      These  latter  are 
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threaded  in  parallel  lines,  so  that  the  cranks  of  the  leading 
coupled  wheels  may  clear  the  piston  rod  crossheads.  To 
enable  the  connecting  rods  to  be  placed  inside  the  coupling 
rods  it  was  necessary  to  set  tlie  cylinders  at  a  <-oiisiderable 
inclination  so  tiiat  the  piston  rod  crossheads  should  (； lear  the 
crank  bobses  on  the  leading  coupled  axle.      In  determining 


to  the  other  axles.  Tl，(，  conslru'-t  ioii  (  hat  enables  \  his  ncA  ion 
to  take  place  is  illustrated  in  the  cross-seclioii  drawing  ^ivcii 
in  Fig.  73.  It  will  be  noticed  the  trailing  wheels  are  con- 
nected by  a  sleeve  and  flriven  from  the  centre  of  llio  axle  by 
a  universal  joint  wliicli  peniiits  of  lateral  inovenuMit  of  ilie 
wheels  under  control  of  coiled  springs.    The  lateral  niove- 


FiG.  72.— Outside  Two-cti.tndeu  Eight-coupled  Driver  Locomotivk  with  Cuanks 【、•  Wiikkls  as  wi':t 山 at  Skpaiivtk  Oi  tsidi:  ('u\nks' 


the  balance  weights  to  be  placed  in  tlie  driving  wheels  of  this 
engine  it  may  be  noticed  there  would  be'  no  less  than  10 
separate  weights  to  be  combined  in  one  in  each  wheel ― 
5  primaries  and  5  secondaries ― and  that  the  crank  planes 
are  different  for  all  the  wheels.  .      ，.  ' —— 

The  8-coupled  driver  engine  illustrated  m  Fig.    7'J  is 


nieut  is  made  radial  by  controlling  bars  journalled  on  the 
outside  of  the  sleeve  as  shown.  From  this  it  will  be  recog- 
nised that  it  would  be  extremely  undesirable  to  place  any 
balance  weights  in  these  wheels,  as  tlieir  motion  planes  ami 
radii  vary  according  to  the  radii  and  direction  of  the  curves 
over  which  the  engine  is  passing.  As  a  matter  of  fact,  the 
outside  cranks  on  the  axie  should  have  had  tail  weights,  but 
consideration  of  the  amount  of  dead  wei" 小 t  already  concen- 
trated on  that  axle  probably  accounts  for  tiieir  absence. 


Fig  73  -Cross-section  of  Eight-couplkd  Dkiveu  Locomotive  Showin(. 

COUPLKD  WHEeS  IN  WHICH  NO  BALANCE  WEIGHTS  SHOULD  BE  PLACED. 

interesting  from  the  fact  that  it  shows  a  combination  of 
coupling  cranks  in  the  wheels  and  separate  outside  cranks 
used  on  the  same  engine.  The  reason  for  the  combination  is 
that  the  trailing  wheels  are  arranged  to  radiate  on  curves, 
while  the  axle  oil  which  they  are  uiouuted  remains  parallel 


The  Andrew  Carnegie  Gold  Medal. ― Die  Council  of  the  Iron 
and  Steel  Institute  have  tliis  year  decided  to  award  the  Andrew 
Carnegie  Gold  Medal  of  the  Institute  to  Dr.  Paul  Goerens,  of 
Aachen.  Dr.  Goerens  is  a  distinguished  metallurgist,  ami  is 
a  member  of  the  staff  of  the  Royal  Technical  College  at  that 
city.  In  1910  he  was  awarded  one  of  the  Carnegie  Scholar- 
ships of  the  Iron  and  Steel  Institute,  to  enable  him  to  pursue 
his  investigations  on  the  influence  of  col(l-\vorkiiig  on  the  pro- 
perties of  iron  and  steel.  The  gold  medal  is  now  awarded  to 
him  in  recognition  of  the  highly  meritorious  character  of  his 
research  work  on  this  subject. 

Oil  Fuel  for  Locomotives. ― An  iiiterestiug  experiment  in  the 
use  of  oil  fuel  for  locomotives  is  being  made  by  the  Caledonian 
Railway  Company.    At  their  locomotive  works  at  Glasgow  an 
engine  has  been  fitted  up  with  oil-burning  apparatus.  The 
oil  is  stored  in  a  cylindrical  tank  placed  on.  the  top  of  the 
tender,  in  a  part  of  the  space  usually  occupied  by  the  coal. 
The  oil  flows  from  the  tank  to  the  engine  injectors,  which  force 
it  into  the  firebox  at  two  separate  points,  about  18iii.  apart, 
where  a  current  of  steam  from  the  boiler  causes  it  to  assume 
the  form  of  fine  spray  spreading  itself  through  the  firebox.  By 
means  of  a  thin  layer  of  wood  or  coal  fire  covering  the  firebars 
this  spray  is  ignited,  and  so  generates  steam  for  the  motive 
power  as  well  as  for  the  injecting  and  spraying.      The  extent 
of  the  flame  is  regulated  by  a  controlling  valve  on  each  of  the 
injectors.    The  firebox,  ii/ addition  to  the  customary  firebrick 
arch,  is  equipped  with  a  firebrick  wall  to  protect  the  copper 
front  plate  from  the  effects  of  the  great  heat  produced  by  the 
oil  fuel.    The  special  fittings  are  of  such  a  kind  as  permit  of 
the  engine  using  oil  or  coal  as  may  be  found  desirable.  Ou 
several  non-stop  runs  made  on  Friday  last  with  tliis  engine, 
having  a  special  carriage  attached,  the  oil  consumed  was 
U  gaits,  per  mile.     Drawing  a  full  train  it  is  estimated  that 
tlie^loconiotive  will  require  3  galls.,  or  '>71bs.,  per  mile  of  the 
crude  oil  with  which  the  furnace  is  fed.    The  tank  winch 
carries  the  supply  contains  520  galls.— sufficient  for  a  train 
run  of  140  miles.    The  runs  were  thoroughly  successful,  and 
the  locomotive,  which  is  the  first  in  Srotland  so  fitted,  has 
now  taken  its  place  in  the  regular  service  of  the  company. 
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THE  GEARED  TURBINE  CHANNEL  STEAMERS  "NORMANNIA" 
AND  "画 TONIA" 

BY  VHOV.  J.  H.  niLES,  LL.U.,  D.SC. 

The  fact  that  the  turbine  has  to  run  a  higher  number  of 
revolutions  than  the  screw  propeller,  in  order  that  both  may 
develop  their  highest  efficiency,  has  led  to  the  consideration 
of  means  of  transmitting  the  power  through  some  reduction 
gear.  Electrical  transmission  has  been  strongly  advocated, 
and  in  cases  where  a  great  range  of  high  efficiency  is  required 
it  has  some  advantages.  Its  rnaximum  efficiency  cannot, 
however,  be  placed  at  more  than  90  per  cent.  In  some  cases 
it  may  be  an  overall  advantage  to  sacrifice  maxiimuii  efficiency 
in  order  to  gain  a  high  iriean  efficiency  over  a  large  range  of 
speed.  In  the  case  of  a  warship  in  which  its  circumstances 
called  for  a  great  radius  of  action  at  moderate  speeds,  it  might 
be  of  more  importance  to  have  a  high  mean  efficiency  than  a 
high  maximum  efficiency.  This  was  the  case,  as  a  rule,  in 
warships  which  had  reciprocating  engines.  They  were  gene- 
rally not  so  efficient  at  full  speeds  as  were  the  mercantile 
steamers  of  the  same  period,  but  their  mean  efficiency  over 
the  varying  lower  speeds  was  higher  than  if  they  liad  been 
more  efficient  at  full  speeds.  Hydraulic  transmission  has 
been  used  in  some  cases,  and  the  system  associated  with  the 
name  of  Dr.  Fottinger  is  described  in  Mr.  Holzapfel's  paper. 十 
Its  efficiency  is,  however,  below  90  per  cent,  at  full  speed . 
Both  tlie  electrical  and  hydraulic  systems  of  transmission 
admit  of  very  large  powers  astern  without,  separate  prime 
movers. 

The  system  of  transmission  which  is  the  most  obvious  one 
to  adopt  is  that  of  mechanical  gearing.  It  was  adopted  in 
the  earlier  days  of  the  screw,  when  the  engine  was  slower 
running  than  the  propeller.  The  gear  wheel  was  on  the 
engine  and  the  pinion  on  the  shaft.  Mechanical  gearing  was 
not  popular  in  those  days.  The  noise  was  objectionable.  The 
wear  of  the  teeth  was  considerable.  Its  efficiency  must  have 
been  low.  But  the  gradual  increase  in  speed  of  engines 
rendered  the  gearing  unnecessary.  The  engineers  blessed  the 
decease  of  mechanical  gearing.  Its  suggested  resurrection 
was  looked  upon  with  horror.  But  the  advent  of  the  motor- 
car lias  familiarised  us  with  the  possibility  of  quiet-running 
mechanical  gearing.  Machine-cut  helical  teeth  have  made  it 
possible  for  us  to  look  upon  the  reintroduction  of  gearing 
with  some  degree  of  hope  that  the  most  obvious  method  of 
mating  the  turbine  with  t  he  propeller  could  become  a  prac- 
tical possibility. 

De  Laval  showed  how  gearing  could  be  successfully  applied 
in  his  turbine,  which  runs  at  many  thousands  of  revolutions 
per  minute.  The  Westinghouse  Company  have  applied  helical 
gearing  to  large  powers  on  the  Melville  and  Macalpine 
system.  Sir  Charles  Parsons  tried  gearing  in  connection  with 
】iis  earliest  turbines,  but  did  not  continue  its  use,  preferring 
the  disadvantages  of  the  small  screw  iii  marine  work  to  those 
of  the  gearing.  There  is,  however,  a  limit  of  speed  of  ship, 
below  which  it  does  not  seem  to  be  economically  desirable  to 
go  in  the  directly-coupled  turbine  and  screw.  With  a  view 
to  applying  gearing  to  a  turbine-propelled  vessel  of  low  speed, 
the  Parsons  Company  adapted  the  s.s.  "  Vespasian"  for  this 
purpose.  Two  papers  have  been  read  by  Sir  Charles  Parsons 
describing  his  method  of  applying  gearing  to  this  vessel. 
The  first  described  the  results  of  comparison  of  steam  trials 
between  the  old  reciprocating  engines  of  this  ship  and  the  new 
turbine  geared  engines.  These  trials  showed  that  an  increase 
of  20  per  cent,  of  power  was  gained  with  20  per  cent,  liigher 
efficiency.  The  】oss  due  to  transforming  the  power  from  the 
high  speed  of  revolution  of  t lie  turbine  to  the  low  speed  of  the 
propeller  was  only  1 1  per  ceui.  The  second  paper  gave  the 
results  of  a  year's  work  of  this  vessel  ami  showed  complete 
justification  for  the  adopt  ion  of  this  nietliod  of  traiisfornung. 

Ill  the  winter  191()-1 1  tlie  London  and  South-western 
Railway  Company  bad  taken  delivery  of  two  3-screw  turbine- 
driven  vessels,  the  "  Ca^sarea  ，'  ami  "  Sarnia,''  ])uilt  by  Messrs. 
CanimelU  Laird,  &  Co.  for  the  Channel  Islaiuls  service.  The 
design  and  construction  of  these  vessels  was  supervised  bv 
my  linn.    The  trial  speed  of  these  two  ships  was  20  knots. 

*  Paper  read  at  the  sprin«  lueetinws  of  the  fifty-third  session  of  the  Institution 
of  Naval  Architects,  March  '29th,  】91'2. 

t  This  paper  was  reproduced  in  ouv  issue  of  March  29tb.  See  p.  386  ante. 


The  sea  speed  required  was  18  to  19i  knots.  This  speed  is 
not  so  advantageous  as  liigher  speeds  for  the  application  of 
the  directly-coupled  turbine.  The  company  were  considering 
building  two  similar  vessels  for  the  Havre  and  Southampton 
service.  It  was  desired  to  get  all  the  advantages  of  the 
" Csesarea  '  and  "  Sarnia,'"  but  witli  a  considerable  reduction 
of  fuel  cousumption. 

The  gradual  increase  in  the  requirements  of  the  passengers 
in  speed  and  accommodation  could  not  be  met  without 
increased  horse-power  and  consumption.  To  give  some  idea 
of  the  growth  of  horse-power  which  lias  been  associated  with 
the  development  of  the  cross-Channel  services  of  the  London 
and  South-western  Railway  Company  the  following  table  has 
been  prepared : — 


Built. 

I'ass-nKer 
Accommo- 
dation. 

Six  Hours' 
Trial. 

Ke- 
marks. 

1st. 

2nd. 

Speed. 

HP. 

-'Aliiia.'   

1894 

1 .350 

102 

51 

18-5 

3,250 

I.H.P. 

••  Alberta  '"  

1900 

1,.-)30 

135 

50 

1!)  0 

4.500 

I. HP. 

" (Jaesaiea  '  &  ''fSamia" 

1910 

1,990 

186 

114 

200 

0,070 

To  effect  the  object  of  reducing  consumption  without 
reducing  the  advantages  of  speed  and  accommodation  to  the 
travelling  public  which  had  been  secured  in  tlie  last  two 
steamers  did  not  appear  at  first  sight  to  be  an  easy  problem, 
because  these  vessels  were  very  efficiently  propelled. 

Perhaps  it  may  be  permissible  to  refer  to  the  results  of  the 
earlier  turbine  steamer  "  Londonderry,"  built  in  1904  to  iny 
firm's  designs  for  the  Midland  Railway  by  Messrs.  Denny,  in 
order  to  show  how  with  higher  speeds  higher  turbine  effi- 
ciencies have  been  obtained.  The  "  Londonderry  "  attained 
a  speed  of  21'6  knots  on  a  6-hours'  trial.  The  machinery 
was  of  the  ordinary  3-snrew  turbine  type,  and  the  water  con- 
sumption oil  the  6-hours'  trial  was  15'71bs.  per  shaft  horse- 
power per  hour.  The  "  C?esarea，"  the  London  and  South- 
western Railway  Company's  3-screw  turbine  steamer,  already 
referred  to，  obtained  a  mean  speed  of  20  knots  on  the  6-liours' 
trial  with  a  mean  water  consumption  for  all  purposes  of 
17* libs,  per  horse-power  hour.  On  service  the  "  Ccesarea  " 
was  run  at  speeds  which  aimed  at  being  about  18，  19，  and  20 
knots  for  each  of  a  series  of  trips  of  two  double  runs  across 
the  Channel,  and  the  coal  used  on  these  runs  was  carefully 
measured.  The  shaft  horse-powers  were  not  measured,  but 
were  carefully  estimated  from  the  revolutions  and  the  receiver 
pressures.    The  results  are  given  in  the  following  table  : ― 

Table  A. 


Proposed -speed   

18 

ly 

•20 

Actual  sea  speed   

18'2->* 

19-49 

Shaft  horse-power  

5,060 

5,830 

6,460 

Coal  per  S.H.P.  lbs.  ... 

* 

o 

t、 

1-48 

1-71 

*  During  one  of  the  runs  at  this  speed  the  engines  were  eased  for  40  luinutes  in 
a  snow-storm.    If  this  pair  of  runs  be  omitted  the  coal  per  shaft  horse-power  is 

l'541bs. 


The  coal  used  on  the  builders'  official  trip  at  20  knots  of 
the  "  Sarnia  "  was  carefully  measured,  and  showed  a  con- 
sumptiou  of  r721bs.  per  shaft  Iiorse-power.  The  results  given 
in  the  table  are  those  upon  which  it  was  desired  to  improve. 


The  dimensions  of  the  "  Czesarea  "  and  "  Sarnia  "  are  as 
follows  :  一 

Length  over  all    L^OGft.  Oiti. 

Length  between  perpendiculars    *J84ft.  Gin. 

Breadtli  moulded    ； 59ft,  Oiii. 

Depth  moulded  to  promenade  deck   *Joft .  lOin. 

The  boilers  are  two  double-ended  ones  of  the  following 
dimensions  ： ― 

Leiigtli   :  23ft.  Oin. 

】）iameter     16ft.  5in. 

Grate  surface   338  sq.  ft. 

Heating  surface   12,985  sq.  ft 

Pressure   IGOlbs.  ])er  square  im'li. 


The  siu'cessful  results  of  the  Parsons  Conipanv's  work  in 
the  "  Vespasian  ''  induced  us  to  consider  the  adoption  of 
geared  turbines.      Tlie  Parsons  Company  estimated  that  a 
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water  consumption  of  12Mbs.  per  shaft  horse-power  for  the 
propelling  engines  could  be  obtained  by  the  adoption  of  geared 
turbines.  Allowing  for  the  auxiliaries  the  amount  consumed 
ill  the  "  Csesarea  ',  we  were  able  to  make  a  reduction  of  the 
boiler  power,  so  that  one  double  and  (me  single-eiided  boiler 
could  be  adopted  instead  of  two  double-ended  ones.  By 
placing  these  with  their  axes  at  the  middle  line  of  the  ship 
it  was  possible  to  reduce  the  beam  of  the  vessel  if  a  form 
could  be  found  which  would  give  the  necessary  stability.  The 
principle  enunciated  by  Dr.  Froude  that  resistance  depends 
on  the  beam  of  the  ship,  the  curve  of  cross-sectional  areas, 
and  the  form  of  the  water-line  forward  enabled  us  to  adopt 
a  water-line  on  a  reduced  beam  which  had  sufficient  moment 
of  inertia  to  give  as  much  metacentric  height  as  the  wider 
form  of  the  "  Caesarea."  In  fact,  it  was  found  possible  to 
reduce  the  beam  from  39ft.  to  36ft.  The  39ft.  beam  of  the 
" Csesarea  "  was  necessary  to  properly  contain  the  two  double- 
ended  boilers,  and  with  this  beam  a  fine  water-line  aft  was  full 
enough  to  give  the  necessary  stability.  The  saving  in  weight 
of  the  reduced  hull  and  boilers  reduced  the  displacement  and 
the  horse-power  necessary  to  drive  the  vessel.  A  further 
reduction  in  horse-power  was  made  by  reducing  the  6-hours' 
speed  from  20  to  19^  knots.    These  figures  are  given  to  show 


one  of  the  advantages  of  the  3-8crew  turbine  in  sea  work  is 
the  great  imniersioii  of  the  screw  tips  and  the  consequent 
freedom  from  racing  and  loss  of  propulsive  efficiency  by  the 
screws  coming  out  of  water.  The  diameter  of  the  propellers 
in  tlie  3 -screw  ships  is  only  about  5 A f t .  It  is  not  generally 
possible  with  reciprocating  engines  in  vessels  of  this  size  and 
power  to  increase  the  revolutions  very  much,  ami  therefore 
the  disadvantage  of  racing  is  accepted.  In  the  geared  turbine 
there  is  much  more  elasticity  of  choice  of  diameter  of  pro- 
peller, and  it  was  decided  to  adopt  a  speed  of  revolution  which 
would  allow  of  a  propeller  of  8ft.  diam.  to  be  used.  This 
propeller  has  a  tip  immersion  of  3ft.  more  than  in  the  recipro- 
cating engines,  while  the  loss  of  efficiency  due  to  its  smaller 
diameter  is  not  serious.  Judging  from  model  experiments 
with  screws  the  relative  efficiencies  of  a  lO^ft.,  8ft.,  and  5^ft. 
diam.  propeller  may  be  taken  as  in  the  ratio  of  about  1*2，  11, 
and  rO  respectively.  There  is  reason,  however,  to  believe 
that  the  efficiences  of  the  full-sized  screws  are  not  so  greatly 
different  as  appears  from  these  figures,  though  it  is  extremely 
probable  that  there  is  a  considerable  difference  between  the 
10ft.  and  the  5ft.  screws.  Taking  the  relative  efficiencies  in 
smooth  water  into  account,  and  the  fact  that  in  sea  work  the 
greatly  increased  tip  immersion  would  increase  the  average 


Geabed  Turbines  op  s.s.  '*  Normannja  "  and  "  Hantonia. 


to  what  causes  it  was  looked  to  reduce  the  horse-power  and 
consumption  in  the  proposed  vessels. 

The  adoption  of  the  geared  turbine  was  recommended  by 
us  for  two  reasons ― first,  for  the  reduced  consumption  per 
shaft  horse-power  ；  second,  for  the  adoption  of  two  slower- 
running  larger  diameter  propellers,  in  place  of  three  small 
diameter  propellers,  of  the  earlier  ordinary  turbine  type. 
The  advantage  of  the  present  arrangement  lies  in  the  increased 
efficiency  of  the  propellers  both  at  full  speed  at  sea  and  at 
manoeuvring  speeds  when  entering  harbours.  Before  such 
advice  as  this  could  be  adopted,  the  directors  of  tlie  railway 
had  to  give  the  matter  most  careful  consideration.  The  time- 
honoured  objections  to  gearing  had  to  be  taken  into  account. 
The  chairman  of  the  railway,  Mr.  Hugh  Drummond,  and 
the  marine  manager,  Mr.  Williams,  took  a  trip  in  the  "  Ves- 
pasian/' and  as  a  result  of  what  they  saw  they  took  their 
courage  in  both  hands  and  gave  the  order  to  the  Fairfield 
Company  to  build  two  vessels  with  geared  turbines.  The  first 
of  these  vessels,  tlie  "  Normannia/'  has  been  recently  tried, 
and  it  is  with  a  view  of  placing  the  results  of  this  trial  before 
this  Institution  that  this  paper  has  been  written . 

The  revolutions  of  the  3 -screw  turbine  are  about  500，  while 
those  of  the  2- screw  geared  turbine  are  only  about  300.  At 
first  sight  it  may  appear  that  full  advantage  has  not  been 
taken  of  the  reduction  possible  in  gearing.  In  reciprocating 
engines  of  about  the  same  power  in  similar  cross-channel 
steamers  the  revolutions  are  170  to  180  and  the  propellers  are 
lOift.  to  lift.  diam.  These  propellers  have  a  high  efficiency 
in  smooth  water,  but  with  the  limited  draughts  of  these 
vessels  they  have  not  much  tip  immersion.  Undoubtedly? 


sea-going  efficiency  of  the  smaller  propeller,  it  was  decided 
to  adopt  300  revs,  instead  of  the  lower  number,  which  at  first 
sight  appeared  to  be  the  best  for  geared  turbines. 

The  dimensions  and  particulars  of  the  geared  turbine 
vessels  "  Normannia  "  and  "  Hantonia  •，  are  as  follows : ― 

Length  over  all    299ft.  Oiii 

Length  between  perpendiculars   -.   290ft.  Oin. 

Breadth  moulded    36ft.  Oin. 

Depth  moulded  to  promenade  deck   23ft.  6in. 

Boilers.  One  double-ended.       One  single-ended. 

Length   21ft.  lOin.     ...     lift.  4in. 

Diameter   17ft.  Oiu.     ...     17ft.  Oin. 

Total  grate  surface   303  sq.  ft. 

Total  heating  surface  ...10,221  sq.  ft. 

Pressure   160  lbs.  per  square  inch. 

The  weight  carried  on  the  trial  of  the  "  Normannia  ，'  was 
tlie  same  as  on  the  Csesarea  ，，  and  "  Sarnia."  The  trial 
took  place  on  the  Firth  of  Clyde.  Tlie  vessel  was  first  tried 
progressively,  and  the  relation  between  revolutions  and  speed 
was  established  on  the  measured  mile.  The  maximum  speed 
at  which  the  vessel  was  run  was  20  4  knots  with  6,100  shaft 
horse-power.  To  do  the  contract  speed  of  19 J  knots  it  was 
shown  that  4,750  shaft  horse-power  would  be  required.  The 
vessel  was  run  for  6  hours,  and  maintained  an  average  of 
5,000  shaft  horse-power,  which  corresponds  to  a  speed  of  19'7 
knots.  The  average  air  pressure  in  the  stokeholds  was  less 
than  ； Un.    The  niaxiimim  air  pressure  never  exceeded  JJin. 

The  total  coal  burut  was  carefully  weighed  out,  and  showed 
a  consumption  per  shaft  liorse-power  per  hour  of  r34!bs.  The 
water  consumption  for  all  purposes  was  14'31bs.  per  horse- 
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power  hour.  From  the  trials  of  the  "  C?esarea  ，，  and  "  Sarnia  ，， 
it  was  found  that  the  water  consumption  for  auxiliaries  was 
1.961bs.  per  shaft  horse-power  per  hour,  when  the  total  con- 
sumption was  17-llbs.,  leaving  IS'llbs.  for  propulsion  only. 
In  this  case  the  shaft  horse-power  was  6,000.  ，  In  other  cases 
it  was  measured  with  confirmatory  results.  The  act  ual  quan- 
tity of  water  used  for  auxiliaries  was  between  12,5001bs.  and 
13，0001bs.  When  running  at  5,000  shaft  horse-power  the 
water  consumption  for  auxiliaries  in  the  "  Normannia  ，，  would 
be  ll,5001bs.,  which  is  2-;Mbs.  per  shaft  horse-power  liour. 
Hence  the  water  consumption  for  the  propelling  engines  was 
14'3  ―  2,3  =  12-Olbs.,  as  compared  with  15' libs,  in  tlie 
" Csesarea."  The  total  coal  consumed  in  G  hours  in  the  iwo 
cases  was  18  tons  for  the  "  Normannia  at,  lO  T  knots,  aiul 
29  tons  in  the  "  Caesarea  "  at  20  knots. 

In  the  run  from  the  Clyde  to  Southampton  the  "  Nor- 
mannia " averaged  13}^  knots,  which  would  require  about 
1,250  shaft  horse-power.  Tlie  (  onsimiptioii  of  coal  works  out 
at  2^1bs.  per  shaft  horse-power  hour.  Tlie  coal  consunied 
on  service  in  the  ((  Cyesarea  "  at  her  highest 
speed  is  *25  ton  per  nautical  mile.  A  simi- 
lar figure  for  the  '(  Normannia  '，  is  not  yet 
available.  The  arrangement  of  the  gearing 
and  turbines  is  shown  on  the  accompany- 
ing illustration. 

It  is  evident  that  the  adoption  of  the 
geared  turbine  enabled  us  to  produce  an 
improved  design  of  ship.   The  only  element 
of  doubt  present  to  the  minds  of  those  who 
had  the  responsibility  of  the  decision  was 
the  amount  of  noise  which  the  gearing 
would  make.    Undoubtedly  the  running  of 
turbine  steamers  has  pleased  the  travelling 
public  by  their  freedom  from  noise.  The 
throb  of  the  reciprocating  engines  has  be- 
come a  thing  of  the  past,  and  to  introduce 
a  means   of  propulsion  which  is  not  as 
quiet    as    the    turbine    would    not  be 
looked  on  with  favour  by  passengers.    A  careful  consideration 
of  the  causes  of  what  little  noise  there  was  in  the  "  Vespasian  ，， 
(the  only  geared  turbine  tlien  in  existence  in  a  ship)  led  to 
the  conclusion  that  the  noise  would  be  negligible.    The  trials 
of  the  "  Normannia,"  and   her  passage  from  the   Clyde  to 
Southampton,  have  proved  to  those  who  were  on  board  that 
the  anticipation  was  a  correct  one.      By  listening  carefully, 
wlien  in  the  passenger  quarters,  a  slight    whistling  sound, 
something  like  a  small  steam  escape,  can  be  heard .      As  to 
vibrations  or  trepidations,  there  is  an  absolute  freedom  from 
them,  and  the  difference  between  even  the  ordinary  3-screw 
turbine  and  this  vessel  is  very  marked.      Altogether,  in  the 
opinion  of  those  who  were  on  board  the  vessel,  the  geared 
tiirljiiic,  as  it  is  at  present,  has  notliiiig  to  fear  in  comparison 
with  any  other  method  of   propulsion,  so  far  as  comfort  of 
passengers  is  concerned.      Time  only  will  show  whether  it 
maintains  this  position,  but,  at'  any  rate,  a  stage  has  been 
re;idie<l  where  tlie  installation  can  be  judged  on  its  merits,  and 
not  upon  the  opinion  of  optimistic  or  pessimistic  prophets. 


for  each  explosion,  or  the  supply  can  be  entirely  cut  off  for 
one  or  inore  reciprocations  of  t lie  piston. 

Fig.  1  is  a  part  sertional  elevation  sliowing  the  general 
arrangement  of  the  apparatus  as  applied  to  a  gas  engine. 
Fig.  2  is  a  detail  view  of  the  cam  roller  lever,  and  Fig.  3  is  an 
eiul  view  of  Fig.  2.  A  rotatory  ball  governor  A  is  employed 
which  can  "iuse  a  lever  B  to  rise  or  fall.  Suspended  at  the 
free  end  of  this  lever  is  a  rod  C  and  on  its  lower  end  is 
adjustably  fixed  a  setter  block  D  whicli  can  be  made  to  move 
up  or  down  on  a  vertical  guide  E  wit  liin  certain  limits.  On 
； I  rotatory  sliaft  F  is  a  single  lift  cam  G  in  touch  with  a  cam 
roller  II  on  a  finger  lever  J  adjustably  pivoted  to  the  engine 
at  K.  At  tlie  free  end  of  this  lever  is  an  adjustable  spring 
])1  linger  L  whose  adjustment'  can  be  effected  by  means  of  the 
nuts  M.  A  second  spring  plunger  O  similar  in  design  to  that 
first  mentioned  is  arranged  on  the  lever  J  in  the  position 
shown.  In  front  of  the  lever  J  is  a  similar  lever  P,  its  free 
end  having  on  it  a  push  knob  R  which' can  be  made  to  come 
against  the  stem  of  tlie  valve  S  and  tlius  open  tlie  valve 


Fig. 


Fig.  2. 


Fig.  3. 
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APPARATUS  FOR  GOVERNING  AND  OPERATING  VALVES 
OF  GAS  ENGINES. 

A  TYPE  of  apparatus  for  governing  aiul  operating  admission 
valves  in  such  a  manner  that  the  opening  of  a  valve  will  be 
inversely  in  proportion  to  the  speed  of  the  engine  of  which 
the  valve  is  a  part  has  recently  been  patented  by  0 rices'  Gas 
Engine  Company,  Ltd.,  and  D.  A.  Willshaw,  Taynioutli  Engi- 
neering Works,  Carnoustie,  Forfar.  The  apparatus  is  applicable 
t  o  tlie  gas  and  air  admission  valves  of  an  internal-combust  ion 
engine  or  to  any  other  valve  of  that  type  where  it  is  desired 
to  regulate  tlie  volume  of  flu  id  admitted  to  the  cylinder.  In 
gas  engines  the  rate  of  rotation  of  the  crank  shaft  is  deter- 
mined by  the  quantity  of  explosive  mixture  admitted  to  the 
cylinder  in  a  stated  period,  by  the  ricliness  of  the  mixture 
<nul  by  the  amount  of  compression  of  sucli  mixt ure  before 
ignition.  The  quantity  of  mixture  admitted  is  deteniiiiierl 
either  by  the  "  liit  ami  miss  "  inetliod,  or  by  varviuf^  tlie 
amount  required  for  each  explosion.  The  apparatus  under 
notice  is  applicable  to  the  two  methods  of  I'esjulatinsj  tlie 
supply  of  explosive  mixture  for  iiiteriial-toinhiistion  eiii^iiies. 
that  is  to  say,  t ho  (|iiantity  of  explosive  mixture  r;ui  1"、  variod 


against  the  pressure  of  a  spring.  On  the  face  of  this  lever  P 
and  opposite  the  path  of  the  presser  block  D  is  an  inclined 
plane  T. 

The  apparatus  operates  as  follows :  The  cam  G  when 
rotating  moves  forward  the  finger  lever  J,  which  inoveinent  is 
transmitted  through  the  spring  plungers  L  and  O  to  the 
finger  lever  P,  this  lever  in  turn  moving  forward  and  lifting 
the  admission  valve  S.  The  amount  of  valve  lift  is  deter- 
mined by  the  position  of  the  setter  block  D  relative  to  the 
inclined  plane  T  on  the  lever  P,  the  excess  motion,  if  any,  of 
the  lever  J  being  taken  up  by  the  spring  plungers.  The 
springs  operating  the  plungers  are  jnore  than  strong  enough 
to  open  the  valve  S.  When  the  setter  block  D  is  at  its  lower 
position  as  shown  by  the  full  lines  in  Figs.  1  and  2  the  engine 
is  running  below  its  normal  speed,  the  inclined  plane  of  the 
front  lever  does  not  come  in  contact  witli  the  block  D  and  tlie 
two  levers  J  and  P  can  vibrate  to  the  full  extent,  tlms  fully 
opening  the  valve  S，  and  when  the  setter  block  is  at  the 
highest  position  it  is  in  contact  with  the  inclined  plane  of  tlie 
lever  P  as  shown  by  the  dotted  lines  in  Figs.  1  and  、1  aixl  the 
push  knob  R  cannot  operate  the  valve,  the  lever  J  at  that 
time  moving  as  before,  the  spring  plungers  also  moving  out 
and  ill  due  to  the  want  of  movement  of  tlie  front  lever.  At 
intermediate  positions  of  the  setter  block  I)  the  front  lever 
(ran  move  accordingly  and  through  it  the  valve. 

Difficulty  is  soinetinies  experienced  in  throttle  governing 
when  rich  gas  is  used  as  fuel .  and  the  eiiLrine  on  very  light 
load  owing  to  what  is  termed  "  bark  firing,  "  thus  necessitating 
only  a  niiniinum  lift  of  the  valve.  To  overcome  this  difticulty 
the  throttle  system  of  governing  is  used  from  50  per  rent, 
upwards  of  tlie  engine  load  and  from  oO  per  cent,  downwards 
to  no  load  tlio  lut-aM<l-iiiiss  system.  This  combination  is 
a<*fOi]iplishe(l  by  the  lever  V  having  a  parallel  face  for  a  short 
distance  down  the  inclined  plane.  The  action  is  as  follows  ： 
At  lialf-load  tlie  setter  block  D  is  about  the  position  Z. 
Tinmediately  the  setter  Work  passes  up  beyond  the  point  Z  it 
is  impossible  for  the  lever  P  to  move  forward,  thus  shuttini; 
off  the  gas  from  tlie  engine.  As  the  speed  of  tlie  engine 
decreases  the  setter  hlork  falls  below  Z,  which  allows  tlie  lever 
P  to  move  suffi,'"、iitlv  forward  as  to  open  t he  valve  S  wide 
enoufjli   to   admit  oc|nal   to   approxiinatoly  half-engine 
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STEAM  REGENERATIVE  ACCUMULATORS.* 


BY  D.  It,  MOKIHON. 


It  was  in  1894  that  Sir  Charles  Parsons  recognised  the  possi- 
bilities of  the  exhaust  steam  turbine,  by  means  of  which 
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Fig.  1.— Steam  Expansion  Diagram. 


exhaust  steam  from  reciprocating  engines  could  be  utilised 
for  the  production  of  power  to  greater  advantage  tlian  had 
been  previously  possible.  In  1901，  Prof.  Raieau  solved  the 
problem  of  utilising  exhaust  steam  from  intermittently-run- 
ning land  engines.  The  practical  result  of  the  development  of 
exhaust-  and  mixed  pressure  turbines  has  been  that,  on  land 
alone,  nearly  two  million  liorse- power  of  electrical  energy  is 
being  generated  by  means  of  exhaust  steam  which  had  been 
previously  wasted. 

Representative  Plants. ―  At  the  works  of  the  Dominion  Iron 
and  Steel  Company,  Sydney,  Cape  Breton,  the  exhaust  steam 
from  one  cogging-  mill,  one  billet  mill,  and  one  rail  mill  is 
utilised  to  generate  8,000  kw.   of  electrical  power.  There 


AOtABAItC  EXPUtSIOn  CURVE  OfiAWn  THROUGH  DtltASf  Mifll  Of  H  P  OlAGAAM 
ADIABATiC  OPMSKm  CURVf  WMM  IHfiOUGH  ReUiS(  POINT  (X  L.f!  OUGRAM 


^EXHAUST  STEAM  TuW^UNAGWiC^^T^ 

I  tV.Tc  ？ Tt  7^7Xirc~-  ―      一  一-  ■  


miriM  PfiESSURt  At  EUUUST  STtAH  lUftBmt 

--- LBS  Pf-  ： 


， rtf  VATUIIM 


~ 6  VACUUM  ―  VACUUM 


Fig.  2.— Steam  Expansion  Diagram. 


are  four  accumulators  employed,  each  9ft.  6iu.  diain.  and 
40ft.  long,  designed  to  receive  300,0001bs.  of  exhaust  steam 
per  hour  and  to  bridge  periods  of  30  seconds,  other  two  of 
140,0001bs.  capacity  being  in  course  of  erection. 

The  electrification  of  the  Fife  collieries  has  been  carried 
out  on  a  scale  approaching  the  dimensions  of  a  power  supply 
system,  and  the  number  of  generating  units  at  work,  the 

*  Abstract  of  paper  read  before  tbe  Institution  of  Engineers  and  Shipbuilders 
in  Scotland,  Maicli  19th,  1912. 


overhead  transmission  lines,  and  tho  numbor  and  size  of  motors 
installed,  make  this  company's  installation  a  vei'y  large  and 
important  one.  There  are  four  stations,  each  equipped  \vitli 
mixed  pressure  turbo-generating  units  of  750  kw.  capacity, 
and  one  station  having  a  GOO  kw.  unit :  all  these  being  in 
regular  operation  and  delivering  electrical  power  into  cables 
led  down  into  tho  pits,  or  into  overhead  lines  con neotod  with 
tho  (:oiiij)any's  adjacent  collieries,  to  be  used  for  operating 
haulages,  pumping,  coal-cutting  plant,  and  the  auxiliary 
machinery  required  for  screening,  washing,  and  liandliiig  tlie 
coal  after  it  reaches  the  surface.  This  company  has,  therefore, 
followed  the  most  modern  lines  with  regard  to  power  pn»- 
diiction,  and  made  use  of  exhaust  steam  to  provide  power  to 
an  extent  not  generally  realised  outside  colliery  (circles. 

A  nurnber  of  pits  are  served  in  the  West  of  Fife  district 
with  the  overhead  transmission  lines  connecting  each  pit. 
The  generating  stations  for  this  area  are  situated  at  Aitken 
Pit,  Kelly,  and  Mary  Pit,  Locliore.  The  efjuipinent  at  tho 
latter  consists  oi'  a  750  kw.  mixed-pressure  turbo-alternator, 
the  system  adopted  being  3 -phase  with  alternating-current  at 
a  pressure  of  3,000  volts,  and  a  periodicity  of  50  cycles.  The 
turbine  is  the  "  Curtis  "  Impulse  type,  and  is  supplied  with 

live  steam  at  an  absolute  pressure  of 
12/51  hs.  per  square  inch  at  the  turbine 
stop-valve,  the  exhaust  steam  being 
delivered  at  a  pressure  of  1611)8.  abso- 
lute. This  exhaust  steam  is  derived 
principally  from  a  pair  of  3Hin.  by 
72in.  winding  engines,  making  33 
revs,  per  wind  and  about  ； jOO  winds 
in  16  hours.  The  diameter  of  the 
drum  is  20ft.,  the  depth  of  the  shaft 
340  fathoms,  and  about  2  tons  of  coal  are  raised  at  each  wind. 
The  engine  makes  33  revs,  per  wind.  The  first  six  revolutions 
of  the  engine,  during  acceleration,  are  made  on  steam  at  a 
pressure  of  1251bs.  per  square  inch  absolute  without  cut-off  ； 
the  following  18  revolutions,  at  full  speed,  are  made  on  one- 
tliird  cut-off,  and  the  remainder,  during  retardation,  with  no 
steam  ；  therefore,  approximately  3221bs.  of  steam  are  delivered 
during  the  first  7  sees,  or  8  sees.,  and  3231bs.  during  the  follow- 
ing 】8  sees.,  making  a  total  of  6451bs.  of  steam  per  wind.  This 
quantity  of  steam  is  delivered  into  the  accumulator  about  31 
times  per  hour,  making  an  average  of  20，0001bs.  of  steam  per 
hour  delivered  into  this  apparatus,  which  is  9ft.  diain.  by 
30ft.  long.  The  turbine  carries  a  steady  average  load  of  about 
75  per  cent,  of  the  total,  and  during  the  winding  period  tlie 
power  is  derived  entirely  from  exhaust  steam.  The  only  ex- 
haust steam  supplied  to  the  accumulator  in  addition  to  that 
supplied  by  the  winding  engines  is  obtained  from  a  small 
electric-power  engine  carrying  an  average  load  of  about  80  kw. 
In  connection  with  the  regenerative  effect  of  the  accumulator, 
and  the  use  of  exhaust  steam  at  the  lower  ranges  of  absolute 
pressure,  it  is  of  interest  to  note  that,  when  the  winding 
engine  is  not  at  work,  and  there  is  a  load  of  about  100  kw.  on 
the  turbine,  the  exhaust  steam  from  this  reciprocating  engine 
maintains  the  load  at  an  inlet  pressure  of  between  91bs.  and 
121bs.  per  square  inch  absolute.  Experience  has  shown  that 
the  cost  of  production,  including  12 h  per  cent,  interest  ami 

depreciation  on  the  capital  outlay 
_  for  the  complete  station  equip- 
I,  ment,    has    been   as  low  as  *18d. 

per  unit,  and  rarely  exceeds  2d.  per 
St  unit. 

In  the  North  of  England  electrical 
energy  from  exhaust  steam  and  waste 
gases  is  generated  at  various  power 
stations,  all  of  which  are  linked  to- 
gether and  supply  an  area  of  500 
square  nnles.  Within  the  area  of  the  Cleveland  and  Durham 
Power  Company  on  the  North -East  Coast  alone  there  are, 
apart  from  rolling  mills  and  collieries,  about  70  blastfurnaces 
ill  operation,  the  blowing  engines  for  which  continuouslv  dis- 
charge approximately  850,0001bs.  of  steam  per  hour.  Tliere 
is,  in  addition,  the  exhaust  steam  from  rolling  mills  and 
collieries  which  will  amount  to  at  least  as  much,  so  that  from 
50,000  kw.  to  60,000  kw.  are  available.  Apart  from  privatelv- 
owned  concerns,  the  Waste  Heat  Company  has  at  present  five 
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exhaust-steam  stations  of  a  capacity  ranging  from  1,000  kw. 
to  5,000  kw.,  the  total  capacity  being  about  12,000  kw. 

At  Wingate  Colliery  the  exhaust  from  the  winding 
engines  drives  a  mixed-pressure  turbine,  a  heat  accumulator 
forming  part  of  the  installation.  Other  interesting  plants  in 
the  same  district  are  two  large  exhaust-steam  stations,  one  at 
Messrs.  Bolckow,  Vaughan  &  Co.，s  South  Bank  works,  where 
plant  of  a  capacity  of  11,000  h.p.  is  installed,  and  another 
at  Messrs.  Dorman,  Long,  &  Co.'s  rolling  mills,  which  has  a 
capacity  of  4,000  kw.  In  both  cases  heat  accumulators  form 
part  of  the  installation. 

These  examples  are  sufficient  to  show  tliat  the  importance 
of  the  waste  heat  in  exhaust  steam  is  no  longer  ignored,  and 


to  the  atmosphere,  at  least  half  of  the  available  heat  drop  is 
rejected. 

Fig.  1  shows  the  theoretical  amouut  of  work  which  can 
be  obtained  from  the  steam  exhausted  at  atmospheric  pressure 
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Fig.  3.— Heat  Balance  Diagram. 

that  ts  utilisation  for  the  production  of  cheap  electrical  power 
is  now  recognised  practice.  Results  may  vary  with  the  con- 
ditions prevailing,  but  in  most  cases  the  cost  of  the  entire 
installation  can  be  saved  in  from  three  to  four  years.  The 
proposition  is,  therefore,  very  attractive  from  the  commercial 
point  of  view. 

Exhaust -steam  Turbine.  ―  The  degree  to  which  the  expan- 
sion of  steam  can  be  carried  in  a  reciprocating  engine  is 
governed  by  the  limitations  of  design,  but  in  a  steam  turbine 
ail  exhaust  pressure  can  be  utilised,  limited  only  by  the  lowest 
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rio.  4.— Rateau  Accumulator. 

temperature  to  which  external  factors  allow  the  heat  to  be 
degraded.  The  simplicity  of  construction  also  permits  of  tur- 
bines being  built  which  practically  prevent  air  leakage,  and 
enables  the  necessarily  high  vacuum  to  be  obtained  with  con- 
densing plant  of  normal  size  ；  it  is  this  feature  which  has 
made  the  exhaust  turbine  so  valuable  when  used  in  combina- 
tion with  a  reciprocating  engine.    When  an  engine  exhausts 


from  a  reciprocating  engine  working  with  an  initial  pressure 
of  751bs.  per  square  inch,  the  heat  units  available  per  pound 
of  steam  in  the  engine  and  in  the  turbine  being  103  and  135 
respectively.  As  the  diagram  neglects  losses  due  to  condensa- 
tion, radiation,  &c,，  the  theoretical 
gain  is  135  per  cent.  Fig,  2  shows 
a  corresponding  diagram  for  a  com- 
pound - condensing  engine.  The 
shaded  portion  shows  the  work 
theoretically  available  in  the  steam 
turbine  which,  with  a  vacuum  of 
28^in.,  is  approximately  60  per  cent. 

Fig.  3  is  a  heat-balance  diagram 
showing   the    distribution    in  the 
various  parts  of  an  installation  utilis- 
ing exhaust  steain  from  an  intermit- 
tently running  reciprocating  engine. 
The  heat  supplied  to  the  engine  is  for 
convenience  taken  as   100，  and  is 
represented  by  the  distance  between 
the  lines  indicated  by  the  arrows. 
The  branches  to  the  right  of  the 
diagram  represent  the  proportions  of 
heat   converted    into    useful  work 
and  absorbed  by  losses.    After  deducting  the  losses,  the  useful 
energy  generated  by  the  exhaust -steam  turbine  is  equal  to  that 
of  the  reciprocating  engine,  or  a  s^ain  of  100  per  cent. 

Intermittently  -  running  Engines.  ―  In  engines  of  the  type 
used  at  collieries  and  rolling  mills  the  nature  of  the  service 
demands  an  initial  effort  quite  out  of  proportion  to  the  aver- 
ago,  and  consequently  tlie  amount  of  exhaust  steam  at  tlie 
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conniiencement  of  the  working  period  is  relatively  very  large. 
Ill  order  to  utilise  these  irregular  and  interniiiient  supplies  of 
steam  and  regularise  the  discharge  to  the  turbine,  it  must  of 
necessity  be  stored  in  some  way.  The  use  of  a  receiver  for  such 
a  purpose  involves  proportions  which  are  prohibitive  except 
for  very  short  periods  of  storage  ；  moreover,  experience  has 
also  shown  that  such  a  system  lias  a  prejudicial  effect  upon  the 
working  of  the  turbine,  because  it  prevents  the  effective  daitip- 
ing  down  of  the  rapid  fluctuations  of  large  amplitude  which 
occur  witli  winding  or  rolling  mill  engines. 

Rateau  Accumulator. ~  Prof.  Rateau  solved  this  important 
problem  in  a  very  simple  yet  effective  manner  by  interposing, 
between  an  irregularly-working  high-pressure  steam  engine 
and  a  continuously-running  low-pressure  turbine,  a  vessel 
which  converts  the  irregular  disc^liarge.s  of  exhaust  steam  front 
the  high-pressure  engine  into  a  regular  and  coulinuous  supply 
for  the  turbine.  The  apparatus  thus  acts  as  a  Leat  flywheel. 
Prof.  Rateau's  original  conception  consisted  of  a  reservoir 
comprising  a  series  of  metal  trays  containing  water  placed 
vertically  above  one  another,  or  as  an  alternative  a  large  quan- 
tity of  old  rails  piled  together  so  as  to  provide  space  for  the 
free  circulation  of  the  steam.  This  mass  of  metal  had  a  certain 
calorific  capacity  and  effectively  regularised  the  steam-flow  to 
the  turbine,  but  although  successful  in  practice  it  was  very 
costly  by  reason  of  its  size  and  weight.    Prof.  Rateau  then 
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Fig.  7.— Accumulator  I^rkssurk  Diaoiiams. 

employed  water  as  the  heat-absorbing  medium  and  effected 
the  condensation  of  the  steam  by  passing  it  through  sub- 
merged apertures. 

Fig.  4  illustrates  an  accumulator  of  this  type.  It  consists 
of  a  cylindrical  vessel  about  half-filled  with  water.  Four  oval 
tubes  longitudinally  disposed  in  pairs  below  the  water  level 
are  perforated  on  their  adjacent  sides  with  rows  of  small  holes. 
The  tubes  being  connected  to  the  steam  supply  pipe,  the  steam 
on  entering  passes  through  the  holes  into  the  water  by  which 
it  is  entirely  or  in  part  condensed,  and  the  issuing  streams  by 
causing  an  active  circulation  of  the  water  tend  to  equalise  its 
temperature. 

Heat  Absorption.  ― The  heat  absorbing  capacity  of  this  type 
of  accumulator  depends  on  the  quantity  of  water  it  contains 
and  the  temperature  range  through  which  it  works.  In  prac- 
tice the  range  varies  according  to  particular  conditions  and 
requirements.  As  an  illustrative  example,  suppose  the  safety- 
valve  on  the  accumulator  is  loaded  to  21bs.  above  atmospheric 
pressure,  and  the  exhaust-steam  admission  valve  on  the  turbine 
shuts  off  when  the  pressure  in  the  accumulator  falls  to  131bs. 
absolute,  or  3iin.  of  vacuum,  then  the  temperature  range  is 
from  218。  Fab.  to  206°  Fah.,  and  the  number  of  lieat  units 
which  can  be  theoretically  absorbed  per  ton  of  contained  water 
is  equal  to  2G,880.  This  is  equivalent  to  730  cub.  ft.  of  steam 
at  atmospheric  pressure,  and  on  tliis  assumption  one  cubic  foot 


of  water  can  absorb  1 9  5  culj.  ft.  of  stoaiii .  Tlic  action  of 
the  apparatus  depends  on  t lu*  physical  principle  according  to 
which  a  body  of  water  having  taken  up  heat  will  give  off  Hte.irn 
wlieii  tlie  prt^ssure  is  reduced .  In  the  supposed  example  let 
it  be  assumed  tli;it,  when  Llio  liigh-prcssure  engine  stops  after 
a  period  of  working,  the  temperature  of  the  water  in  tlie 
accumulator  is  218""  Fah.,  and  the  corrcspoiulinf^  pressure  in 
its  steam  space  2 lbs.  The  turbine  cont iiiues  to  d raw  t rom  the 
steam  space,  and  the  pressure  by  falling  causes  the  water  to 
boil  and  give  up  its  stored  heat  in  the  form  of  steam  ；  tliis 
continues  until  tlie  lower  limit  of  the  pressure  ami  temperature 
range  is  readied.  Wlien  the  liigl 卜 pressure  entwine  restarts,  the 
steam  is  condensed  by  the  water  in  the  accurnulator,  aiul  lieat 
is  stored  until  the  temperature  and  pressure  again  rise  to  the 
liigli  limit  of  the  range,  the  cycle  being  repeated  for  every 
N'Hriatioii  of  pressure  witliin  the  range. 

Winding  Engines. ― In  the  working  of  a  colliery  winding 
engine,  the  {XM'iod  of  acceleration  is  al)out  one-fifth  of  the  total 
period,  so  that  during  acceleration  the  amount  of  exhaust 
steam  may  be  many  times  the  average  and  tail  off  to  nothing 
before  the  wind  is  completed,  Tn  rolling  mill  work  iho  effect 
is  similar  but  the  periods  are  shorter.  Fig.  5  is  a  typical 
diagram  from  a  winding  engine  showing  the  rate  of  exhaust 
during  acceleration,  uniform  motion  and  coasting.  Tlie  hori- 
zontal straight  line  iiulicjit es  the. average  steam  consuinption 

of  the  turbine.  During  the  first 
part  of  the  wind  the  quantity  of 
exhaust  from  the  primary  engine 
is  in  excess  of  that  required  by  the 
turbine.  This  excess  is  repre- 
sented by  the  area  of  the  diagram 
above  the  turbine  steam-consump- 
tion line  and  is  available  for 
storage  in  the  accumulator.  The 
quantity  of  steam  regenerated  ia 
represented  by  the  area  of  the 
diagram  below  the  turbine  steam - 
consumption  line  during  the 
periods  of  coasting  and  rest.  The 
period  during  coasting  and  rest 
is  usually  termed  a  bridge,  j^nd 
it  is  this  gap  that  an  accur  u- 
lator  is  designed  to  span.  Fi^.  6 
shows  a  similar  diagram  for  a 
rolling  mill  engine.  On  examining 
individual  cases  it  has  been  found, 
with  small  installations  consisting 
of,  say,  a  single  engine  with  inter- 
mittent exhaust,  that  the  peak  load, 
i.e.,  the  maximum  momentary  rate 
of  absorption  by  the  accumu- 
lator, does,  not,  as  a  rule,  exceed 
double  the  required  rate  of 
regeneration.  I  a  installations  with  a  large  number  of  engines 
it  is  safe  to  assume  that  the  peak  loads  are  considerably  less, 
as  it  is  only  in  exceptional  cases  that  all  the  engines  start  at 
about  the  same  moment  and  cause  peaks  to  occur  of  double 
the  normal  regenerative  load. 

Bridge  Periods. —- The  duration  of  tlie  stops  to  be  bridged 
varies  for  dillerent  services,  but  in  the  majority  of  cases  may 
be  taken  at  60  sees,  in  colliery  work,  and  from  30  sees,  to 
45  sees,  in  rolliiig-niill  work.  Exliaust-steaui  turbines  are 
usually  designed  for  an  average  admission  pressure  of  IGalbs. 
per  square  inch  absolute,  and  it  has  hitherto  been  customary 
to  provide  for  a  pressure  range  from  181bs.  to  151bs.  per  square 
inch,  or  a  corresponding  temperature  range  of  10。  Fall  There 
is,  however,  no  reason  why  a  lower  range  should  not  be 
adopted,  and  there  are  a  number  of  plants  at  work  in  this 
country  in  which  the  back  pressure  never  rises  more  than 
half  a  pound  above  atmospheric  pressure,  and  in  wliirh  the 
pressure  in  the  acciunulator  drops  to  121bs.  per  square  inch 
absolute,  or  5  A  in.  of  vacuum.  In  such  cases  it  is  advisable 
to  fit  a  self -actings  valve  in  the  exliaust  main,  between  tlie 
accumulator  and  the  exhaust  of  the  engine,  which  closes  as 
soon  as  the  flow  of  exhaust  steam  stops  and  prevents  a  vacuum 
rearliiiig  the  reciprocating  engine.  This  is  of  importaiire  in 
t lie  case  of  winding  engines  as  their  regulai'  iiianipuhit ion  is 
not  interfered  with,  and  air  leakage  into  the  system  is  avoided. 
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The  effect  of  an  accumulator  on  the  exhaust  pressure  is 
shown  in  the  diagrams,  Fig.  7，  which  were  taken  from  cogging- 
mill  engines  by  a  recording-pressure  gauge.  Diagram  No.  1 
was  taken  with  the  accumulator  empty,  and  clearly  shows 
the  large  amount  of  back  pressure  of  the  engine  when  coupled 
direct  to  a  turbine,  even  with  a  large  relief-valve  the  pressure 
amounting  in  one  instance  to  about  61bs.  Diagram  No.  2  was 
taken  during  the  filling  of  the  accumulator  with  water,  and 
shows  a  marked  reduction  in  the  back  pressure,  although  the 
cogging  mill  was  doing  the  same  work  as  in  Diagram  No.  1. 
Diagram  No.  3  was  taken  with  the  turbine  at  work  and  with 
the  accumulator  full  of  water  at  212。  Fah.,  and  although  the 
pressure  in  the  accumulator  was  slightly  increased  the  reduc- 
tion in  its  variation  was  very  marked.  At  the  point  marked 
3  on  the  diagram,  the  cogging  mill  was  stopped  for  75  sees., 
during  which  regeneration  was  in  full  operation. 

{To  be  continued.) 


UNDERFEED  GAS  PRODUCERS. 

Two  designs  of  gas  producers,  the  invention  of  A.  E.  Pratt, 
B.Sc.，  （'  Glinton/'  Farnborough,  Kent,  are  shown  in  the 
accompanying  illustrations.  They  are  of  the  type  in  which 
the  fuel  is  fed  continuously  or  intermittently  in  an  upward 
direction  to  a  fixed  point  within  the  producer,  whence  it 
passes  more  or  】ess  radially  downwards  over  the  grate  to  a 
peripheral  dis barge  opening. 

Referring  to  the  design  shown  in  Fig.  1，  tlie  producer  is 
provided  with  an  exit  C  for  the  gas,  and  poking  holes  D. 
The  shell  and  lining  are  supported  on  flanged  castings  E，  tlie 
upper  parts  of  which  form  a  seal  with  the  water  in  the  fixed 
tank  F.  The  lower  parts  of  the  flanged  castings  E  have  open 
spaces  at  intervals  to  allow  the  water  to  circulate  and  to 
admit  a  shovel  for  removing  the  ashes  or  clinkers  from  time 
to  time.  The  blast  is  delivered  into  the  horizontal  pipe  H  and 
passes  upwards  ihrougli  an  annular  vertical  passage  to  the 


KiG.  ].— Underfeed  Gas  Producer. 


inside  of  the  annular  grate  J,  having  apertures  through  whicli 
the  blast  passes  to  the  bed  of  fuel  in  the  producer. 

The  fuel  from,  the  hopper  K  is  raised  upwards  by  means 
of  the  archimedeaii  screw  M.  The  screw  receives  its  motion 
from  gearing  at  the  top  of  the  producer  by  means  of  the 
revolving  water-cooled  shaft  N.  Tliis  shaft  lias  one  or  more 
projections  which  serve  as  distributing  or  spreading  arms  for 
the  fuel  as  it  emerges  from  the  vertical  passage.  The  height 
of  the  projection  above  the  grate  may  be  adjusted  to  suit 
various  kinds  of  fuel.  The  shaft  N  is  so  arranged  that  it  has 
a  certain  amount  of  vertical  play  which  takes  place  against 


the  pressure  of  the  springs  P.  When  the  vertical  displace- 
ment of  the  shaft  exceeds  a  certain  amount  in  either  an 
upward  or  downward  direction  it  ceases  to  revolve.  This 
prevents  breakage  of  the  shaft  or  distributing  arm  in  the 
event  of  any  obstruction  (such  as  large  masses  of  clinker) 
causing  the  shaft  to  rise  above  or  sink  below  the  limits  of  play 
provided  by  the  adjustment.  The  shaft  N  is  water  cooled. 
Hoppers  may  be  provided  at  the  top  of  the  producer  for  intro- 
ducing live  fuel  at  starting,  or  for  charging  fuel  from  above 
at  any  time  when  it  is  not  desired  to  decompose  the  hydro- 
carbons. 

In  operation,  for  decomposing  the  hydrocarbons,  the  blast 
passes  through  the  grate  in  the  usual  way,  the  fuel  is  fed 
upwards  from  the  hopper  K  by  the  archimedeaii  screw  M  and 


Fig.  2.— Underfeed  Gar  Producer. 

is  distributed  by  the  revolving  arm,  the  gas  which  is  produced 
passing  out  at  C  to  the  gas  mains.  The  burnt  ashes  and 
clinkers  pass  downwards  into  the  tank  F  around  the  circum- 
ference of  the  grate,  and  are  removed  at  intervals.  The 
clinkers  are  broken  up  as  occasion  requires  bv  inserting  a  bar 
through  the  poking  holes  D. 

Referring  to  the  arrangement  shown  in  Fig.  2,  the  pro- 
ducer is  of  the  same  general  construction  as  in  Fig.  1，  and  a 
hopper  S，  for  charging  fuel  from  above,  when  desired,  is  also 
shown.  The  supporting  brackets  of  the  producer  are  situated 
outside  the  tank  F  so  as  to  permit  the  latter  to  revolve  on 
a  ball  race.  The  grate  consists  of  a  fixed  inner  part  J  having 
apertures  for  the  blast  and  also  a  revolving  outer  part  wliii-h 
is  attached  to  the  tank  F  and  lus  apertures  for  the  blast. 
The  fuel  from  the  gas-tight  hopper  K  is  raised  upwards 
through  the  vertical  passage  by  means  of  the  arohiniedean 
screw  M.  The  screw  receives  its  】iiotion  from  the  worm 
shown.  The  fuel  emerging  from  the  top  of  tlie  vertical 
passage  is  distributed  by  the  action  of  the  revolving  outer 
part  of  the  grate,  the  top  of  which  is  constructed  so  as  to 
slope  downwards  at  different  angles  in  different  directions, 
thus  acting  like  a  screw  and  whicli  also  varies  in  width  iti 
different  directions  as  shown  in  the  figure  ou  the  right  and 
left  sides  respectively.  Owiiig  to  these  irregularities  in  shape 
and  to  the  revolution  of  this  part  of  the  grate,  the  fuel  is 
(list ributed  from  the  centre  towards  the  i-inninifereiu-e. 


Fatal  Crane  Accident. ― A  serious  accident  occurred  on  the 
-Otli  lilt,  in  the  yard  of  the  Forth  Sliipbreaking  Company  at 
Hrid^jeness,  resulting  in  the  death  of  one  man  and  serious 
injury  to  another.  A  heavy  load  of  wood  was  being  slung 
ashore  by  means  of  a  steam  crane  from  a  ship  in  course  of 
demolition.  The  sling  <*hain  snapped,  and  the  load  fell  upon 
and  buried  one  of  the  men,  wlio  was  unconscious  when 
extricated,  and  subsequently  died.  The  other  worker  was 
also  badly  injured. 
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RESULTS  OF  EXPERIMENTS  WITH  A  WATER-TUBE  BOILER, 
WITH  SPECIAL  REFERENCE  TO  SUPERHEATING.* 

BY  HAKOLD  E.  YAKKOW. 

Our  firm  having  recently  tried  some  important  experiments 
with  a  water-tube  boiler,  it  was  thought  that  the  results 
would  be  of  interest  to  the  Institution,  and  I  therefore  ven- 
ture to  bring  them  before  this  meeting.  Being  convinced 
that  superheating  is  one  of  the  directions  in  which  advances 
in  marine  engineering  will  be  made,  we  constructed  a  water- 
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prise  many  marine  engineers  to  know  that  on  the  Great 
Western  Railway  alone  no  fewer  than  500  locomotives  are 
now  running  fitted  with  superheaters.  Taking  the  average 
of  several  land  turbine  installations,  there  is  found  by  super- 
heating to  100°  Fah.  to  be  a  saving  in  consumption  of  fuel 
of  from  8  to  10  per  cent.,  and  in  steam  consumption  from 
10  to  12  per  cent.  The  reduction  in  steam  consumption  is 
specially  important  for  marine  work,  as  it  enables  a  reduc- 
tion to  be  made  in  the  size  and  weight  of  the  condensers,  air 
pumps,  (circulating  pumps,  and  feed  pumps,  and  probably  of 
the  flistilliii^  plant.  Independent  of  1  he  ^^ain  directly  flue 
to  superheating,  the  risk  of  water  passing  into  the  turbine 


Fig.  1. 

tube  boiler  which  was  fitted  with  a  special  form  of  super- 
heater. 

The  objections  which  have  hitherto  been  raised  to  super- 
heating for  marine  work  are  :  (1)  Owing  to  the  dryness  of 
the  steam,  oil  for  the  internal  lubrication  in  reciprocating 
engines  becomes  a  necessity,  and  the  oil,  finding  its  way  into 
the  boiler,  leads  to  trouble.  (2)  The  probability  of  burning 
the  superheater  when  the  passage  of  tlie  steam  through  it  is 
suddenly  reduced  or  stopped. 

By  the  introduction  of  turbines  the  difficulty  of  lubrication 
does  not  occur,  and  with  regard  to  burning  the  superheater 
tubes,  the  arrangement  we  adopt  avoids  this 
risk.  The  boiler  with  which  these  tests 
were  made  was  of  the  Yarrow  type,  and 
was  fitted  up  in  our  experimental  shop ， 
which  is  equipped  with  the  necessary  plant 
for  making  very  complete  tests.  Through- 
out the  experiments  oil  fuel  only  was  used, 
and  as  it  iS  possible  with  oil  to  maintain 
steady  and  uniform  working  conditions,  very 
accurate  results  were  obtained,  which  would 
not  have  been  possible  with  coal,  in  which 
case  irregularity  of  stoking  and  other 
sources  of  discrepancy  occur.  During  the 
experiments  careful  records  were  taken  of 
the  oil  consumed,  the  water  evaporated, 
steam  pressure,  temperature  of  the  super- 
heated steam,  and  the  temperature  of  the 
gases  at  various  points  during  their  passage 
past  the  boiler  tubes. 

As  is  well  known,  superheating  is  very  largely  adopted  in 
land  installations,  and  in  locomotives  it  is  being  rapidly  intro- 
duced. From  information  kindly  given  us  by  the  locomotive 
superintendents  of  the  inain  railway  lines  in  this  country,  it- 
appears  that  the  economy  realised  in  locomotives  due  to  super- 
heating averages  fully  20  per  cent,  in  fuel  consumption,  and 
rather  more  in  water  consumption.      It  may,  perhaps,  sur- 

*  Paper  read  at  the  spring  meetings  of  the  fifty-third  session  of  the  Institution 
of  Naval  Architects,  March  '28th,  1912 . 


Fig.  2. 

from  any  cause  whatever  is  reduced,  and  the  fear  of  damage 
in  consequence  of  water  causing  the  stripping  or  cutting  of 
the  blades  is  diminished,  and  any  additional  cost  of  upkeep 
of  the  superheater  will,  doubtless,  be  fully  balanced  by  the 
diminished  risk  of  injury  to  the  turbine  blades  by  the  action 
of  water  when  using  saturated  steam. 

Turning  now  to  the  design  of  the  boiler  and  superheater 
with  which  the  various  experiments  were  carried  out,  Fig.  1 
shows  a  cross  section  of  the  boiler,  and  it  will  be  seen  that 
it  consists  of  a  top  steam  collector,  as  usual,  and  two  lower 
water  pockets.  On  the  left-hand  side  the  superheater  is 
shown,  and  it  will  be  observed  that  on  this  side  of  the  boiler 
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INDICATES  POSmOMS  OF  PVOOMETERS 


Fig  3.— Showing  Position  of  Pyrometeus. 

there  are  fewer  rows  of  generator  tubes  than  on  the  other 
side,  where  there  is  no  superheater,  it  being  thought  desirable 
that  the  total  heating  surface  and  the  resistance  to  the  gases 
on  both  sides  of  the  boiler  should  be  approximately  the  same. 
The  total  heating  surface  of  the  boiler  was  6,700  sq.  ft.,  of 
which  1,265  sq.  ft.  consisted  of  superheating  surface  ；  the 
total  heating  surface  on  the  superheater  side  of  the  boiler  was 
3,453  sq.  ft.,  and  on  the  other  side  3,247  sq.  ft. 

The  superheater  consisted  of  a  number  of   "  U  ，'  tubes 
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damper  is  litted  in  the  up-take  on  the  same  side,  as  shown  on 
the  diagram.  If  this  damper  is  closed  the  whole  of  the  gases 
are  deflected  towards  the  opposite  side  of  the  boiler,  and  no 
heated  gases  pass  the  superheater,  the  object  being  that  if 


per  hour,  the  degree  of  superheat  was  9，T^  Fah.  Correspond- 
ing figures  are  given  at  the  lower  rates  of  evaporation.  We 
now  pass  to  similar  trials  with  the  damper  closed,  and  on 
these  the  heating  surface  of  the  boiler  is  assumed  to  be  tliat 
of  the  large  nest  of  generator  tubes  only,  as  all  the  gases  have 
to  pass  on  that  side  of  the  boiler.  The  results  of  this  series 
are  shown  on  Table  II. 


Heating;  surface 


Table  I. ― Trials  with  Dam.'per  Open. 
Large  Nest  of  Generator  Tubes  =  3,247  square  feet 


6,700  square  feet  total. 


-' Small  Nest  of  Generator  Tubes  =  2，鄉 square  feet 
( Superheater  =  1,265  square  feet 

On  these  trials  the  heating  surface  is  taken  as  the  total  heating  surface  of  6,700  square  feet. 


From  and  at  212。  Fah. 

Lbs.  of  Oil  Fuel 

burnt 
per  stmare  foot 
of  heating 

surface 
pur  hour. 

Temperature 

Teuiperature  of  Uptake , 
Dey.  Fah. 

steam 
Pressure, 

Lbs. 
per  SQ.  in. 

Air 
Pressure. 
Inches  of 
Water. 

Lbs.  of 
Water 
evaporated 
per  hour. 

Lbs.  of 
Oil  Fuel 

burnt 
per  liouv. 

tiire  of 
Feed  Water, 
Deg.  Fah. 

))etween 

Superheat 
in 

Deg.  Fah. 

Lbs.  of  Water 

evaporated 
lier  lb.  of  Oil 
per  hour. 

Lbs.  of  Water 

evaporated 
j)er  square  foot 
of  heating 

surface 
l)ui'  hour. 

Suiall  Nest  of 
GeneratfOi- 
Tubes  and 

Superheater, 
Deg.  Fah. 

Al  »ovc 
Superheatrer 

Above 

Large  Nest 
of 

Generator 
Tubes. 

■242 

93-5 

5-0 

94,659 

8,286 

14-6 

18-0 

1-237 

58.0 

1,121 

828 

887 

243 

93  0 

3-16 

76,(J21 

6,454 

15-0 

144 

•9635 

63-5 

926 

698 

727 

243-7 

82-5 

2-44 

68,387 

5,695 

15*2 

12-9 

•850 

63-5 

90o 

685 

688 

242-8 

61-1 

46,041 

3,630 

15-9 

8-6 

•542 

64-0 

647 

5：{6 

551 

241-8 

31-0 

•998 

20,059 

1,540 

16-1 

3'7 

•230 

62-2 

481 

432 

448 

242-2 

20-75 

•625 

8,478 

649 

161 

155 

•096 

()3-5 

465 

409 

416 

Tablk  II,  — Trials  with  Damper  Shut. 

( Large  Nest  of  Generator  Tubes  ^  3,247  sqimre  feet 
Heating  surface     J   Small  Nest  of  Generator  Tubes  =  2, 188  sijuare  feet 
( Superheater  =1,265  square  feet 

On  these  trials  the  heating  surface  of  boiler  is  taken  as  heating  surface  of  Large  Nest 


6,700  s(|uare  feet  total, 
of  Generator  tubes  =3,247  square  feet. 


From  and  at  '2】2。  Fah. 


Steam 
Pressm-e. 

Lbs. 
pev  "1.  in. 


Air  Pressure 
Inches 

of 
Water. 


Lbs.  of  Water 
I'ivaporated 
per  hour. 


！       Lbs.  of 
Oil  Fuc;l  bmnt 
per  hour. 


libs,  of  Walor 


per  lb.  of  Oil 
per  hour. 


J 山 s.  of  Water 
t'vaponi  ted 
prr  s(iuarc  loot  of 
lu'aUni;  surface 
l>er  hour. 


libs,  of  Oil  Fuel 

burnt 
per  square  foot  of 
boating  surface 
per  hour. 


Tom  i»i'ra  lure  of 
F*H*d  WhU'I*. 
Deg.  Fah. 


Temivrrtture  of 
Uptakes.  D''K.  Kah. 
above 
Lar^c  Nfst  of 
GeueratfOr  Tubis. 


the  main  engines  should  be  suddenly  eased  or  stopped,  or 
when  raising  steam,  the  superlieater  may  be  shut  off,  so  as 
to  prevent  the  tubes  being  damaged,  or  the  steam  hein^ 
superheated  to  an  excessive  extent,  owing  to  there  not  being 
sufficient  circulation  of  steam.  In  this  way  one  objection  to 
the  introduction  of  superheating  for  marine  installations  is 
overcome. 

A  further  advantage  of  this  arrangement  is  that  when 
ilie  consumption  of  steam  is  suddenly  reduced  or  stopped,  not 
only  does  the  damper  prevent  the  superheater  tubes  from 
being  burnt,  but  it  also  greatly  diminishes  the  output  of  tlie 
boiler  at  the  time  when  a  reduced  supply  of  steam  is  wanted, 
because  only  about  one-half  of  the  heating  surface  comes  into 
contact  with  the  hot  gases.  To  avoid  the  possibility  of  ihe 
damper  getting  distorted  through  over-heating,  it  is  prpvi.l 
with  a  hollow  spindle,  to  which  air  is  admitted  and  which 
passes  from  tlience  between  the  two  plates  of  the  damper, 
escaping  at  the  edge,  and  thus  keeping  the  damper  cool . 
This  arrangement  of  dainper  has  proved  thoroughly  successful 
under  the  most  trying  conditions. 

In  order  to  carefully  measure  the  temperature  of  the 
superheated  steam  and  of  the  gases,  a  complete  installation 
of  thermoineters  and  pyrometers  was  fitted  to  the  boiler,  and 
we  have  to  thank  the  Director  of  the  National  Physical 
Laboratory,  Dr.  Glazebrook,  and  also  Dr.  Harker.  for  the 
assistance  which  they  kindly  afforded  us  in  the  selection  of 
the  most  reliable  instruments  for  this  purpose. 

Turning  to  Table  I.，  giving  particulars  of  one  series  of  tlie 
trials  with  the  damper  open,  it  will  be  seen  tliat  the  results 
are  given  for  six  rates  of  evaporation.  It  will  be  observed 
that  at  the  maximum  rate  of  evaporation,  namely,  when 
burning  l'2371bs.  of  oil  per  square  foot  of  heating  surface 
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expaurlori  into  two  lont;i1  inlinal  collectors,  small  floors  being 
fitted  so  that  a(xess  could  be  olitaiiicd  to  tlie  lubes  vvlieii  i  e- 
q Hired.  Tlie  leading  feature  of  the  arrangement  is  that  the 
superheater  is  placed  on  one  side  of  the  boiler  only,  and  a 
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As  one  of  the  objects  of  the  marine  eii^nneer  is  lo  oIjIhIii 
more  and  more  sieaiTi  onl  of  a  given  weight  of  boiler,  we 
iliouglit  it  would  "five  useful  infortnation  to  make  tests  burning 
oil  fuel  ai  a  rnie  of  coiisimi])ii()ii  ronsi(l(>ra.l>ly  grc;ilcr  than  has 
hitherto  been  the  cusioiii,  in  ； iscortnin  if  the  boiler  would, 
under  such  (-011(11110118,  sliow  any  defects.  It  will  ho,  seen 
from  Table  11.  that  i\i  i'lie  lii "小" si  rates  of  evaporation  nearly 
'Jibs,  of  oil  per  square  foot  of  licnlint^  sm'i'are  ])er  hour  were 
being  consumed,  if  we  disregard  the  lieatiii^^  surface  on  the 
superlieaier  side  of  the  boiler.  Tims,  ilie  surface  on  the  opj)o 
site  side  of  the  superlieaier  was  subject  to  the  healing  e fleet  of 
all  the  g.-ises  plus  half  the  radiation.    Every  part  of  tlio  boil'T 


Fig.  .1. 


withstood  the  severe  test,  and  trials  burning  this  quaiKtjiy 
of  fuel  were  made  on  several  occasions.  The  results  of  other 
experiments  indicate  that  in  a  properly  designed  boiler  of  the 
type  we  are  dealing  with,  it  is  possible  to  burn,  without  injury 
to  the  boiler,  21bs.  of  oil  per  square  foot  of  heating  surface 
per  hour. 

Since  these  experiment's  were  carried  out  t'lie  official  Irinls 
have  taken  place  with  one  of  the  destroyers  built  by  us  lor 
the  British  Admiralty,  H.M.S.  "Archer,"  in  whicli  boilers 
fitted  witli  superheaters  were  provided.  The  result  of  those 
trials  showed  that  the  gain  we  expected  was  fully  realised, 


Fig.  5. 


and  on  the  fuD-speefl  trial  the  degree  of  superheat  at  the 
turbines  was  94""  Fah.  ；  the  shaft  horse-power  developed  was 
slightly  over  18,500,  which  compares  with  about  1 7,000,  which 
is  the  shaft  horse-power  we  should  have  expected  had  the 
boilers  been  of  the  usual  type.  The  mean  speed  obtained 
on  the  six  runs  on  the  measured  mile  at  Skelniorlie  was 
30*9  knots,  and  the  mean  speed  for  eiglit  hours  30"3  knots, 
the  contract  speed  being  28  knots. 

One  point  to  which  Mr.  Charles  Mei'z  (to  whom  I  am 
greatly  indebted  for  much  valuable  information)  has  drawn 
attention  to  the  necessity,  with  the  use  of  superheated  steam, 


of  ('(liricntly  rovcriii 仁' t  lic  lii^li -pressure  port  ions  of  I  In;  tnrhin*.' 
cylitider  with  noii-coiuluctiiig  inaierial,  because  ftieial  on 
i\w  inside  of  the  cylinder  in  contact  with  the  steam  becomes 
holler  than  thai  on  the  outside,  especially  at  the  edges  of 
flanges  and  ribs.  The  inside  ieiuh  to  exjmiul,  and  tliis  ex 
])aiisi()n  is  resisted  by  tlie  colder  nietal  on  tlie  outside  ；  con- 
K(n|ueiiily,  if  the  temperature  difTerence  is  ^'reai  enough,  the 
metal  will  be  distorted?  and  perhaps  strained  beyoiul  its 
clastic  limit.  For  this  reason  the  design  of  t lio  ribs  slioulrl 
be  carefully  considered,  the  thickness  of  metal  ilirouglioui  the 
structure  being  kept  as  uniform  as  possible. 

These  exporirnents  were  also  the  means  of  pointing  out  to 
us  another  important  improvement  in  the  Yarrow  boiler, 
and  Fig.  "2  has  been  prepared,  wliicli  illustrates  tlie  onl i nary 
type  of  boiler  without  superheater,  from  which  it  will  be  seen 
that  the  last  two  rows  of  tubes  farthest  from  the  fire  are  par- 
1  it  ioiied  off  for  the  feed  water  to  ascend.  When  working' 
iJio  boiler  at,  high  rates  of  evaporation  we  found  that  iioiwiili 
standing  all  possible  precautions,  even  with  turned  rivets  and 
carefully  rearnered  holes,  we  were  unable  to  prevent  ilu? 
riveted  seaTii  of  the  water  pockets  from  leaking.  We  foun<l 
ilie  pocket  was  sometimes  liot  and  sometimes  cool  ；  indeed,  in 
places  sufficiently  cool  to  be  able  to  bear  one's  hand  on  it. 
These  trials  were  frequently  repeated  with  the  same  result, 
and  we  iillim ately  foiuul  out  the  cause.  The  fact  was  that 
the  suction  down  the  tubes  which  were  iu  close  proximity  to 


FIG.  6. 

the  feed-healing  lubes  was  so  great  that  ilic  cool  fue*1  water 
which  hful  passed  up  the  feed  heating  tubes  was  instantly 
drawn  down  into  the  water  pocket  without  liaviiig  had  time 
to  mix  with  the  liot.ter  water  in  the  upper  chamber,  as  indi- 
c;iied  by  ilie  arrow  in  Fig.  2.  This  action  took  place  inier- 
mitteiitly,  and  the  water  pockets  locally  clianged  their 
temperature,  one  portion  of  the  water  pocket  being  one  minute 
hot  and  another  minute  comparatively  cool ,  dependent  upon 
the  working  of  the  feed  pu mp.  The  strain  thus  thrown  on 
the  nietal  of  the  water  pockets  by  this  short-circuit i rig  of  tlie 
feerl  was  evidently  severe,  and  resulted  in  the  leakage  of  the 
seams.  Having  discovered  the  cause  of  our  trouble,  it  was 
not  difficult  to  find  a  remedy.  It  was  found  thai  by  simply 
placing  a  longitudinal  partition  plate  in  the  upper  clianiher, 
so  as  to  avoid  the  short-circuiting  of  the  feed,  all  difficulties 
(disappeared.  This  plate  is  shown  on  the  riglit-liaiid  side  of 
(he  diagram  o】ily、  but  in  practice  it  would,  of  course,  be  fitted 
on  both  sides.  The  same  trouble  has  before  been  met  with, 
especially  abroad,  but  the  true  cause  was  never  suspected  ；  it 
was  generally  put  down  to  inferior  workmanship.  Even 
when  no  trouble  is  experienced,  it  is  evident  that  serious  ami 
undesirable  strains  must  at  times  be  taking  place,  wliicli  may 
in  the  end  lead  to  the  failure  of  the  metal,  due  to  constant 
fatigue.  By  the  fitting  of  this  partition  plate,  however,  r】l 
such  strains  are  eliminated.  Fig.  3  has  been  prepared  to  show 
the  positions  of  the  pyrometers. 
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Fig.  3a  shows  the  temperature  of  the  gases  at  various 
points  in  ilie  boiler.  The  vertical  lines  correspond  to  tlie 
position  of  the  pyrometers  as  shown  in  Fig.  3.  The  upper 
curve  indicates  the  gas  temperatures  at  a  rate  of  evaporation 
of  161bs.  of  water  per  square  foot  of  heating  surface,  and  the 
lower  curve  represents  the  gas  temperatures  at  a  rate  of  evapo- 
ration of  slightly  over  31bs.  per  square  foot  of  heating  surface. 
The  horizontal  lines  represent  temperatures,  and  the  line  B  C 
repr€seiifs  the  temperature  of  the  steam  at  2001bs.  pressure  ； 
and  tlie  line  E  F  the  temperature  of  the  air  pump  discharge 
taken  at  78。  Fah. 

It  will  be  observed,  the  very  great  drop  in  temperature 
which  takes  place  (luring  the  passage  of  the  gases  through  the 
first  rows  of  tubes,  showing  the  large  proportion  of  heat  that 
is  taken  out  of  tlie  gases  by  these  tubes.  Also,  it  will  be 
observed  that  there  is  a  sudden  drop  in  the  temperature  at  A 
and  A'，  that  is,  where  the  gases  pass  through  the  last  rows  of 
tubes.  This  is  due  to  the  fact  that  the  cold  feed  water  (which 
enters  a  portion  of  the  water  pocket)  abstracts  a  greater 
amount  of  lieat  from  the  gases  in  ascending  the  two  outside 
rows  of  tubes  than  would  be  the  case  if  these  tubes  were  full 
of  water  at  the  temperature  of  the  steam . 

Referring  to  Fig.  3a,  it  will  be  seen  that  the  temperature 
of  the  gases  at  the  point  A'，  i.e.,  just  prior  to  the  gases 
passing  the  feed  heating  tubes,  is  about  550°  Fall.,  and  the 
temperature  of  tlie  steam  at  2001bs.  pressure  is  388""  Fah.,  a 
difference  of  only  162°,  whereas  the  temperature  of  the  air 


pump  discharge  of  78°  Fah.  gives  a  difference  of  472°.  This 
clearly  shows  the  gain  due  to  this  system  of  feed-heating, 
and  the  desirability  of  extending  it,  which  can  be  effected  by 
having  separate  water  collectors  and  feed-heatiug  tubes  apart 
from  the  main  water  collectors  and  main  generator  tubes,  i.e,, 
there  would  be  two  water  collectors  on  each  side  of  the  boiler, 
the  tubes  connected  to  the  top  one  acting  as  a  feed  heater, 
and  such  a  design  of  boiler  is  shown  (Fig.  4). 

It  should  also  be  pointed  out  that  there  is  a  supplementary 
and  an  important  advantage  in  this  feed-heating,  namely, 
that  any  grease  or  sediment  that  comes  over  with  the  feed 
is  deposited  in  these  tubes  which  are  not  subject  to  fierce  he;it, 
rather  than  in  those  nearer  the  fire,  which  are  exposed  to  the 
intense  radiation  of  the  furnace,  and  tlius  the  life  of  tlie  boiler 
is  prolonged.  With  tlie  introduction  of  oil  fuel  some  siirli 
arrangement  is  the  more  necessary,  because  it  lias  been  foiuul 
tliat  the  oil  heaters  leak,  with  the  result  that  oil  mixes  with 
the  steam  and  passes  ultimately  into  the  boiler. 

As  I  thought  it  would  interest  the  meeting  to  itulicaie 
some  of  the  arrangements  for  superheating  and  feed-heating 
which  may  be  adopted  with  a  view  to  still  further  improving 
the  results  in  connection  with  such  a  boiler  as  the  one  we 
are  dealing  witli,  T  beg  your  ！' eiereuce  to  1  hree  illustrat ions. 

Fig.  5,  it  will  be  seen,  shows  the  superheating  tubes  uniled 
to  the  steam  drum,  and  to  a  steam  receiver  sufficiently  large 
for  a  man  to  enter,  the  tubes  being  expanded  at  both  ends. 
In  this  arrangement  all  the  tubes  are  straight,  a  condition 


much  appreciated  by  many  authorities,  and  also  there  is  an 
additional  advantage  by  this  system,  as  the  superheating 
tubes  on  the  one  side  of  tlie  boiler  and  the  feed-heating  tubes 
on  the  other  side  of  the  boiler  are  of  such  a  length  that  they 
can  be  withdrawn  and  replaced  from  inside  the  steam  drum. 

Fig.  6  shows  a  set  of  U-shaped  tubes  placed  between  the 
generator  tubes  and  the  nest  of  feed-heating  tubes,  the  nest 
of  generator  tubes  being  recessed  for  about  two-thirds  of  its 
length  to  receive  the  superheater.  The  ends  of  the  super- 
heater lubes  are  expanded  into  two  longitudirial  steam  re- 
ceivers. This  arrangement  will  probably  be  the  most  efficient 
for  a  given  quantity  of  heating  surface. 

Fig.  7  shows  the  superheater  tubes  placed  at  right  angles 
to  the  generator  tubes.  This  arrangement  has  the  advantage 
that  all  the  tubes  are  straight.  I  would  mention  that  tlie 
arrangement  of  running  the  tubes  at  right  angles  to  the 
generator  tubes  has  already  been  adopted  in  boilers  of  certain 
warships  coustructed  by  Messrs.  John  Brown  and  also  by  our- 
selves, with  the  exception  that  a  superheater  was  fitted  on 
both  sides  of  the  boiler,  and  was,  therefore,  not  under  the 
same  control  as  in  the  case  of  the  superheater  fitted  only  on 
one  side  in  conjunction  with  a  damper. 

It  is  proposed  in  some  cases  to  have  an  additional  damper 
on  the  opposite  side  to  the  superheater,  the  two  dampers  beiiij; 
arranged  so  that  either  can  be  open,  or  both  open,  but  under 
no  condition  can  both  be  closed.  This  enables  the  superheater 
side  of  the  boiler  to  be  used  to  a  greater  or  less  extent  as 
desired.  When  cruising  at  a  slow  speed,  tliis  arrangement 
may  possibly  lead  to  a  more  economical  result  than  if  hot  1 1 
sides  of  the  boiler  are  equally  free  for  tlie  passage  of  the  hot 
gases. 

Judging  by  tlie  best  practice  in  laud  installations, 
100。  Fall,  superheat  is  by  no  means  the  limit  that  can  be 
adopted  with  advantage.  It  is  reasonable  to  suppose  that  the 
requisite  condition  to  be  desired  is  that  the  steam  should 
remain  iu  gaseous  form  as  far  as  possible  during  its  passage 
through  the  turbine,  because  any  condensation  that  takes 
place  must  diminish  the  energy  given  out  by  the  steam  to 
the  blades  of  the  turbine,  also  the  steam  remains  in  gaseous 
form  the  steam  friotion  is  reduced. 

I  would  submit,  from  the  results  of  the  accumulated 
experience  of  others,  and  from  our  own  experiments,  that 
there  will  be  a  certain  gain  by  the  use  of  superheated  steam 
of  from  8  to  10  per  cent,  iu  fuel  economy  when  using  lOCT  Fah. 
of  superheat,  and  from  11  to  13  per  cent,  gain  when  using 
150。  Fah,  of  superheat  in  combination  with  a  pressure  of 
2001bs.  per  square  inch.  Also,  a  further  gain  iu  fuel  economy 
can  be  obtained  by  an  efficient  system  of  heating  the  feed 
from  the  gases  after  they  have  passed  the  generator  tubes,  so 
that  some  of  the  remaining  heat  should  be  absorbed  whicli 
would  otherwise  be  lost. 

Although  the  experiments  were  made  with  an  oil-burning 
boiler,  the  various  arraugenieuts  as  shown  in  the  diagrams 
would  be  equally  suitable  if  coal  were  used,  and  there  is  no 
reason  to  suppose  that  similar  advantages  could  not  be 
obtained. 

With  regard  to  the  relative  weights  of  boilers  with  and 
without  superheaters,  provided  the  total  heating  surface  were 
the  same,  there  would  be  no  appreciable  difference.  If,  how- 
ever, the  complete  machinery  installation  is  taken  into 
account,  there  would  probably  be  a  small  saving  iu  weight  in 
the  case  of  the  installation  witli  superheated  steam.  I  would 
therefore  submit  that  in  the  propelling  maclnnery  of  war- 
ships improved  results  can  be  obtained  by  superheating,  with- 
out increased  weight ,  cost .  space,  or  upkeep,  and  a  further 
extension  of  feed-heating  by  the  waste  gases. 

In  conclusion,  I  should  like  to  thank  those  gentlemen  wlio 
have  assisted  in  canyiug  out  the  experiments  I  have  had  the 
privilege  of  describing,  and  also  those  who  have  assisted  me 
ill  t  he  preparation  of  this  paper,  especially  my  father,  Mr. 
A.  F.  Yarrow,  Mr.  Crush,  Afr.  Marriner,  Mr.  Cotton,  and 
Mr.  Stone. 
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ELECTRIC  MOTOR  AND  GENERATOR  BRUSHES.* 

liY  \V.  H.  WUITNKV. 

Director  Research  aboratory,  (ieiieral  Klectrio  Coniitany. 
The  object  of  this  paper  is  to  describe  some  experiments 
which  are  being  carried  out  with  the  view  of  assisting  in  an 
improvement  in  the  qualities  of  motor  and  generator  brushes, 
and  partirularly  of  the  carbon  type.  It  is  well  known  tliat, 
while  there  have  been  very  many  improvements  in  all  sorts  of 
electrical  apparatus  during  the  past  20  years,  there  has  not 
beeii  a  corresponding  improvement  in  the  quality  of  bruslies. 
It  is  a  peculiar  commercial  or  niauufat'turiug  condition—- 
whit'h  all  engineers  will  recognise  when  their  attention  is 
called  to  it— that  an  electrical  manufacturing  conipany 
usually  puts  upon  its  motors  and  generators  all  the  legitimate 
accessories  of  its  own  make  which  are  possible,  excepting  the 
brushes,  and  forces  the  users  to  purchase  brushes  from  com- 
panies not  necessarily  in  very  close  touch  with  electrical 
requirements. 

If  the  brush  were  as  simple  an  article  of  manufacture  as 
the  lag-screw  with  which  the  apparatus  is  attached  to  the 
floor,  this  would  not  be  serious  ；  but  quite  a  different  con- 
dition exists.  Tn  fart,  I  think  it  is  safe  to  say  that  a  poor 
carbon  brush  or  brush  of  a  wrong  type  may  render  inoperative 
any  kind  of  electrical  apparatus.  When  one  considers  the 
stoppage  of  a  long  line  of  electric  cars  or  the  temporary 
shut-down  of  a  generating  plant,  because  of  defects  in  a 
brush,  one  wonders  that  the  demands  have  not  already  made 
an  art  of  brush-making.  One  finds,  in  fact,  that  the  pro- 
duction of  this  very  essential,  unobtrusive  little  block  of 
carbon  has  hardly  bad  any  study  at  all. 

Every  electrical  machine  is  carefully  designed  in  detail  as 
to  size  and  shape  of  copper,  iron,  and  insulation,  all  of  which 
vary  with  each  madiine,  but  as  yet  the  important  charac- 
teristics of  a  brush  are  not  included  in  the  design,  although 
some  one  grade  of  brush  is  expected  to  operate  satisfactorily 
over  a  great'  range  of  design.  So  long  as  this  unfortunate 
condition  exists  the  best  that  can  be  hoped  for  is  a  brush 
which  will  do  fairly  well  for  a  large  number  of  machines, 
very  well  on  a  few,  and  cause  (continuous  trouble  on  a  small 
balance,  until  investigation  of  the  constants  of  the  particular 
machine,  or  its  operating  condition,  shows  the  need  of  a 
different  type  of  brush . 

The  careful  investigation  now  in  progress  leads  us  to  hope 
that  the  various  characteristics  of  carbon  brushes  will  soon  be 
sufficiently  understood,  so  that  before  long  the  designers  of 
dynamos  and  motors  will  be  enabled  to  use  a  brush  exactly 
fitted  to  a  particular  design  of  niai-hine,  rather  than  a  brush 
which  does  fairly  well  on  machines  of  that  general  size  and 
character. 

Apparently  the  carbon  brush  was  first  made  from  sucli 
stock  as  is  used  for  arc  lamp  electrodes  and  dry  cell  carbons. 
It  was  mixed,  moulded,  and  baked  in  practically  the  same 
way,  and  the  prices  fixed  on  that  basis.  We  have  experi- 
mented with  the  understanding  that  a  product  might  he 
producible  wliich  could  bear  a  tenfold  greater  cost  of  pro- 
duction than  ordinary  carbon  brushes,  and  it  is  probable  that 
our  present  methods  are  not  far  from  this  condition. 

In  what  we  call  the  early  days,  the  motor  or  generator 
brush  consisted  of  a  brush  of  leaves  of  copper,  and  tliis  had 
to  be  treated  with  the  best  of  care.  It  was  frequently  cleaned 
and  oiled,  and  on  some  types  of  machines  gave  much  trouble. 
It  was  usually  set  at  an  angle,  so  that  the  ends  of  the 
lamin?e  bore  upon  the  commutator.  Any  reversal  of  direc- 
tion of  rotation,  as  has  frequently  to  take  place  in  such 
apparatus  as  railway  motors,  was  out  of  the  question  with 
this  kind  of  brush.  A  block  of  solid  copper  bearing  directly 
upon  the  commutator  on  such  】nacliines  causes  arcing  and 
spattering  of  the  metal,  as  there  is  a  relatively  hi^li  current 
passing  from  one  commutator  segment  to  the  adjacent  seg- 
ment through  that  part  of  the  brush  which  connects  tlieni. 
This  was  a  reason  for  laminae  in  the  brush. 

Our  first  experiments  were  taken  up  along  the  line  of 
previous  methods  of  manufacture,  and  attempts  were  】na(le 
to  get  at  some  sort  of  life  tests  and  standards  of  comparison. 
We  tried  to  learn  what  a  good  brush  had  to  do  ^nd  how  long 

*  Paper  presented  at  a,  joint  meeting  of  tho  Franklin  Institute  and  Phila- 
delphia section,  American  Institute  of  Electrical  Engineers,  January  17tb,  〗91'2. 


it  inight  be  expected  to  do  it.  In  lamp  manufacture  the 
testing  is  an  art  by  itself.  An  incandescent  laiiip  is  made  to 
burn  a  certain  time  at  a  prefixed  efficiency.  We  questioned 
whether  a  rai'bon  motor  brush  could  be  submitted  to  similar 
life  and  quality  tests.  We  recognised  llie  importance  of 
learning,  if  possible,  what  physical  properties  or  constants 
for  brushes  would  help  in  determining  quality  for  electrical 
uses.  The  art  is  undeveloped^  so  that  there  is  no  considerable 
agreement  between  engineers  even  on  important  points.  For 
example,  it  would  be  made  clear  by  one  engineer  that  a  brush 
must  be  miu'li  softer  than  copper,  so  as  not  to  wear  away  the 
cominutator,  ami  must  not  contain  any  liard  spots,  because 
these  Jiiiglit  take  up  metal  from  tlie  commutator.  Against 
this. was  the  equally  powerful  argument  that  tlie  brush  must 
be  harder,  so  as  to  cut  mica  and  prevent  the  insulation 
finally  protruding  above  the  copper,  and  for  this  reason  car- 
borundiun,  the  hardest  practiral  material,  lias  been  exppii- 
mentally  introduced  into  brush  mixtures.  That  the  contact 
resistance  should  be  relatively  high  and  the  body  resistance 
low  were  also  practical  suggestions.  Tti  order  to  operate 
systeinat.ically,  we  attempted  to  choose  properties  or  tests  to 
which  uunierical  values  could  be  attached.  It  was  not 
assumed  that  all,  or  even  any,  of  these  factors  could  be  inter- 
preted strictly  in  terms  of  brusli  quality,  but  some  such 
system  of  co-ordinating  and  romparing  experimental  prmliu'ts 
seemed  necessary.  There  were  finally  adopted  ineasurenients 
of  hardness,  tensile  strength,  density,  electrical  resistivity, 
and  such  mechanical  tests  as  a  cIud  and  fracture  tests. 

The  hardness  is  determined  by  the  Shore  scleroscope, 
which  consists  essentially  of  a  diamond-pointed  weight  which 
falls  freely  in  a  perpendicular  glass  tube  and,  striking  upon 
the  brush,  rebounds  to  a  height  in  the  tube,  wliich  height 
is  read  from  a  scale.  In  general,  tlie  harder  tlie  uiatei'ial  the 
higher  will  be  this  rebound.  In  the  case  of  brushes  it  dis- 
tinguishes qualities  over  a  range  of  about  70  units,  and  is  of 
considerable  value  in  determining  regularity  of  product. 

A  brush  as  made  for  railway  motors,  and  containing  coke, 
graphite,  lampblack,  and  binder  carbon,  if  properly  baked 
and  fired,  would  have  a  hardness  about  50,  while  if  tlie  firing 
be  interniptefl  at,  say,  500°  C.，  its  hardness  value  would  be 
about  20.  If  the  coke  and  lampblack  be  oitiitted,  wlule  the 
binder  carbon  is  3  per  cent. ，  and  natural  graphite  be  used, 
the  hardness  value  will  fall  to  about  16，  even  after  firing  for 
maximum  liardiiess.  In  other  words,  such  brushes  as  find 
c'oninion  use  on  electrical  apparatus  may  vary  in  hardness, 
depending  upon  the  desired  use,  from  15  to  75  units  of 
liarclness. 

The  tensile  strength  is  determined  by  cutting-  from  the 
brush,  held  between  steel  guide  plates,  a  definite  testing  piece 
of  the  carbon  wliich  can  be  held  in  the  grip  of  the  strength- 
testing  machine  and  which  will  break  at  a  point  where  the 
cross-section  is  exactly  one-quarter  square  incli.  The  break 
is  produced  by  the  addition  of  sliot  at  a  definite  rate  to  a  pan 
supported  by  the  test  sample.  The  strength  is  expressed  in 
pounds  per  square  inch  section.  The  density  compared  to 
water  is  calculated  from  the  weight  of  the  brush  and  its 
physical  dimensions. 

The  resistivity  is  deteniiined  by  measuring  the  voltage 
drop  across  contact  points  Hin.  apart,  which  points  bear 
heavily  upon  the  brush  when  a  current  is  sent  through  the 
brush.  Separate  rontacts  are  used  for  the  current.  The 
accuracy  of  the  measurement  is  about  3  ver  cent,  of  itself. 

Some  sort  of  chipping  test  seemed  desirable,  becausa 
brushes  in  Wse  often  deteriorate  and  wear  away,  due  to  flaking 
off  of  chips  from  the  edges  of  tlie  bearing  surface.  This 
would  be  expected  from  the  nature  of  the  impacts  given  a 
brush  when  it  chatters  on  a  rough  armature  revolving  at 
high  peripheral  speed.  The  chip  test  we  have  used  consists 
in  a  clamp  for  holding  the  brush  firmly  on  a  solid  base  or 
anvil,  and  in  a  weight  guided  by  perpendicular  rods,  which 
weight  falls  from  a  fixed  height  and  strikes  the  bearing  face 
of  the  brush  repeatedly  at  the  same  point,  about  a  milli- 
metre from  the  edge.  The  niniiber  of  iniuacts  necessary  to 
force  off  a  chip  is  called  a  chip  test.  This  is  quite  surprisingly 
uniform  for  uniformly  made  brushes.  It  is  usually  weighted 
so  that  a  brush  of  best  quality  will  regularly  chip  after  about 
10  impacts  of  tlie  weight  when  dropping  from  an  ini-reasin» 
height  in  stens  of  one  centimetre  eacli. 

Additional  qualitative  tests  have  resulted  from  com- 
parison of  product  under  different  conditions.    For  example, 
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the  fracture  or  appearance  of  the  fresh  surface  produced  by 
breaking  the  brush  across  its  longer  dimensions  discloses  very 
effectively  any  irregularities  produced  by  improper  baking 
or  pressing.  This  cross-section  should  be  quite  homogeneous 
and  the  fracture  regularly  (； onclioidal  or  square.  No  shelves, 
cracks,  or  angular  markings  will  bo  disclosed  on  breaking  a 
well-made  brush.  It  is  believed  that  such  internal  irregu- 
larities represent  weakened  structure,  that  even  miniature 
cracks  might  take  up  ami  carry  copper  from  ilie  conunutator, 
and  thai  (n'eaking  of  a  brush  in  use  may  often  be  attributed 
to  internal  cracks  produced  in  the  】tianufacture.  Un- 
doubtedly a  rough  commutator  or  heavy  pressure  of  the 
spring  of  the  brusli  holder  accounts  for  the  breakage  of  many 
brushes  in  use,  but  in  our  tests  on  operating  machines  these 
variables  are  kept  under  control  as  much  as  possible. 

The  com  position  of  the  mixture  from  which  tJie  hnish  is 
moulded  has  been  varied  greatly  to  suit  various  requirements, 
but  in  general  it  is  made  up  of  two  or  more  of  the  four 
elements  :  lampblack,  finely-ground  petroleum  coke,  graphite, 
and  some  kind  of  tar  or  petroleum  pitch  which  serves  as  a 
binder.  The  effect  produced  by  each  of  these  ingredients  is 
a  different  one,  and  a  suitable  balance  seems  necessary  and 
varies  with  the  use  of  t'lie  brush.  A  brush  made  mostly  of 
lampblack,  with  suitable  binder,  would  be  denser  and  hard, 
but  of  poor  conductivity,  and  would  cut  copper  badly.  One 
iiia(le  mostly  of  grapliite  is  usually  too  soft,  and  on  ungroovod 
commutators  wears  away  too  rapidly.  The  mica  between 
the  bars  gradually  protrudes  and  wears  away  the  brusli.  Its 
electrical  resistance  is  very  low.  One  made  mostly  of  coke 
is  hard  and  of  high  resistance.  It  usually  cuts  t he  copper 
badly.  The  petroleum  coke  is  used  because  of  its  uniformity 
and  freedom  from  mineral  matter.  It  can  readily  be  appre- 
ciated that  for  some  special  purposes  it  may  be  well  to  incor- 
porate liard  polishing  material  into  a  brush,  as  where  iniu'h 
mica  has  to  be  cut  and  where  high  conductivity,  and  there- 
fore much  graphite,  is  desired.  The  accidental  grains  of 
sand  or  such  mineral  impurities  as  often  occur  in  ordinary 
coke,  oil  the  other  hand,  are  to  be  carefully  excluded. 

It  might  seem  that  by  using  the  above  four  forms  of 
carbon  (for  the  pitch  leaves  a  fourth  form  of  carbon,  after 
the  heat  treatment)  a  satisfactory  product  could  be  obtained, 
and  it  has  become  apparent  that-  the  qualities  may  be  varied 
over  a  wide  range  by  proper  variation  ；  but  the  require- 
ments are  continually  advancing,  so  that  all  sorts  of  experi- 
ments in  oonipositioii,  such  as  adding  sulphur,  special  oils, 
&c.，  have  been  carried  out. 

Tt  may  be  stated  as  a  general  rule  that,  except  for  special 
(conditions,  the  finer  the  state  of  sub-division  of  the  brush 
ingredients,  the  better  the  quality  of  the  finished  brush.  We 
have  foil  11(1  it  desirable  to  grind  not  only  the  t  oke  but  also 
the  mixture  of  all  the  ingredients,  to  ensure  thorough  mixing 
cIikI  a  dense  brusli. 

The  finely-divided  materials,  coke,  lampblack,  and 
graphite,  are  placed  in  a  mechanical  dough  mixer  and  a 
solution  of  the  pitch  in  benzol  is  added  and  the  whole  kneaded 
for  several  hours.  The  benzol  is  then  driven  off  by  lie  at 
ami  the  dried  product,  which  is  then  quite  hard,  is  regrouml 
to  about  200  mesh ,  and  this  powder  is  rompresswl  into  brush 
form  in  steel  moulds. 

It  was  first  thought  t  hat  the  best  way  to  form  t  he  brush 
was  to  squirt  bars  of  the  mixture  by  means  a  hydraulic 
press.  These  bars  could  then  be  cut  to  desired  length.  So 
far  as  our  work  went  along  t  his  line,  t  he  prodiu't  was  imt  as 
satisfactory  as  when  the  brushes  were  individually  pressed. 
Experiments  were  Jiiade  in  which  various  proportions  of  pitch 
binder  were  used.  The  temperatures  of  the  press,  inoiild, 
and  brush  material  were  carefully  controlled;  special  presses 
were    built,  but    irregularities  often  appeared  in  the 

product.  The  tendency  of  the  material  to  flow  unequally 
within  itself  during  the  passage  throu^Mt  t he  die  seemed  to 
be  responsible  for  fleavage  planes  and  internal  curved  sur- 
faces, which  would  often  not  develop  iiitl  il  t  lie  brush  was 
coni pletod  bv  l)aking，  and  even  then  could  only  he  disclosed 
by  breaking  the  brush.  We  do  not  mean  to  comcIikIo  that  a 
satisfactory  brusli  cannot  be  made  by  s(|uirti»ii(  the  liot  mix- 
ture throuijh  a  die,  as  the  reverse  is  probably  true,  but  for 
our  purposes  we  finally  adopted  the  accurate  weighing  of  the 
Tiiixturo  for  each  individual  brush,  aiul  the  compression  of 
this  weii^hed  material  to  an  exact  size  in  a  mould  under  siu  li 
.fi  high  pressure  that  additional  pressure  produces  no  I'm  t  Uov 


change.  This  pressure,  for  a  standard  railway  motor  brush, 
is  about  25,0001bs.  per  square  inch.  Above  this  pressure 
the  quality  is  not  appreciably  affected  ；  mm'li  below  it, 
inferior  product,  as  shown  by  density,  resistance,  and 
strength,  results.  Marked  effect  is  produced  by  variation  in 
the  tein]>eratu re  at  which  the  mixture  is  pressed.  For  this 
reason  t  are  is  taken  to  have  the  pressing  done  at  about  25'  C. 
Tlie  pressed  brushes  are  then  packed  in  cast-iron  boxes,  in 
lots  of  1 00  to  200,  and  covered  with  a  liberal  layer  of  fine 
coke.  A  cast-iron  t'over  which  well  fits  the  box  is  then 
inserted,  ； iiul  this,  in  turn,  is  covered  with  coke  dust.  This 
box  fits  snugly  into  an  electrically-heated  jiiuffle. 

Early  in  the  investigation  it  became  evident  that  a  large 
part  of  tlie  in-e^ularity  of  product,  tlie  shrinkage  cracks,  i'c.， 
were  to  he  att  ributed  to  a  too  rapid  rate  of  rise  of  tern pera- 
ture  during  the  early  stages  of  heating  the  pressed  brush. 
The  pitch,  or  binder,  wliidi  on  its  fractional  distillation 
leaves  the  cenienting  ca rhoii,  wliicli  in  turn  largely  deter- 
mines the  hardness  and  strength  of  the  brush,  is  a  mixture 
of  organic  com pou nrls  which  liquefies  at  moderate  tempera- 
t  III?  ( 1  Oif  C.)  and  rapidly  evolves  gases  far  below  red  heat. 
This  led  us  to  test  rnetlioHs  of  electric  heating,  and  tlie  rate 
of  distillation  of  the  volatile  materials  at  gradually-rising 
teniperatu re  was  determined.  This  work  resulted  finally  in 
hlie  adoption  of  a  very  small  typo  of  muffle,  for  fomniercial 
produci  ion,  wliicli  had  a  capacity  for  not  over  200  brushes, 
rt  was  heated  by  a  special  resistance  wire  wound  upon  it,  and 
t  he  teniperatu  re  was  controlled  hy  a  thermo-element  and 
resistance,  so  that  the  rate  of  rise  of  the  temperature  on  each 
lot  of  brushes  was  at  the  rate  of  aKout  C.  per  hour  over 
a  period  of  about  100  liours.  Tlie  (list illation  of  the  binder 
under  this  treatment  does  not  rupture  or  weaken  the  brush. 

When  la  1*1(6 r  volumes  of  brushes  are  heated  or  tlie  heatini; 
of  small  containers  iti  a  large  furnace  of  usual  type  is  carried 
out,  the  brushes  near  the  walls  receive  a  very  different  heat 
treatirieiit  from  those  near  the  centre  of  the  furnace.  This 
causes  much  irregularity  of  product,  so  that  we  still  give  all 
brushes  the  first  firing  or  baking  in  the  small  wire -wound 
and  heat-insulated  muffles.  The  control  resistam'es  enable 
the  operator  to  gradually  raise  the  temperature  in  each 
niufile.  The  rate  of  this  rise  is  learned  by  means  of  pvro- 
mf'ter  cou pies  ijissrted  into  the  niiiilles.  In  this,  which  is  3 
preliminary  heating  only,  the  temperature  rises  after  100 
Iiours  to  500。  C.  In  this  process  the  volatile  products  of 
(list illation  have  been  so  slowly  eliminated  from  the  brush 
1  lial  nu  strias  laminations,  splits,  or  blisters  are  produced. 
The  l)rusli  is  now  bound  together  by  a  material  largely  car- 
l)oii,  hut  still  capable  of  furtlier  shrinkage,  hardening,  and 
(lecoiJiposit ion  bv  higher  teiii])erature. 

After  the  preliniinary  heating  at  .「)00°  C.  the  brushes  are 
unpacked  and  a  series  of  tests  would  show  relatively  inferior 
qualities  throughout,  about  as  follows,  for  one  type  of  railway 
motor  brushes  : —— 

Hardness.  Tensile  KtrenHlh.  Rpsistanco. 

20        9，0001bs.  per  square  inch.      (»  043  ohm  per  inch  cube. 

The  material  can  still  shrink  greatly  and  be  improved  by 
H  higher  heat  treatment  -  Tliis  is  accomplished  in  an  ordi- 
nary porcelain  hakiiii^-kilii  at  about  1，400。  C.，  the  brushes 
l)ei"g  packed  as  before,  tlioui^h  not  in  iron,  but  in  iireclay 
containers  or  saggers,  the  whole  being  covered  with  (oke  dust 
and  tlie  i-over  carefully  luted  on.  The  slightest  carelessness 
in  this  protection  process  causes  a  softening  of  tlie  outer 
surface  of  the  brush,  where  a  little  <"onihiistion  has  removed 
the  binder  carbon.  This  binder  carbon  is  easily  combustible 
ill  the  presence  of  an  excess  of  coke  powder. 

Owing  to  the  severe  requirements  for  railway  motor 
brushes,  the  work  for  a  lonjj  time  was  devoted  extlusively  to 
this  field,  and  there  is  probably  still  plenty  of  improvement 
possible.  As  the  work  has  advanced,  tlie  refinements  possible 
luive  become  more  and  more  apparent,  ami  il  is  (|uite  evident 
now  that  several  different  carbon  brush  types  are  necessary 
to  satisfy  the  requireiiieiits  for  different  types  of  machines. 
In  case  of  this  pa rtinilar  brush,  however,  it  is  worth  atten- 
tion that  l)v  slii(ht  nHHlilicat io»»s  in  tlie  proi'ess.  siuli  as  fine- 
ness of  t^M-iiulin^',  pressure  on  the  liv 山' aul"'  press,  iW'.,  the 
record  of  tests  kept  during  the  past  two  years  shows  the 
following  cliaui^es.  Attempts  have  been  made  to  operate 
williout  rhaiige  in  the  loniponeiits.  as  weighed  out .  These 
qualities  have  all  improved  through  Pinall  retineinents. 
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Year.  Hardness.  Resistance.  Tensile  Htrengtli. 

1909    52-3    -00135    1,800 

1911    58-60    -00120    2,700 

Development  of  the  railway  brush  led  to  trying  the  same 
product  on  other  types  of  electrical  apparatus,  and  it  was  at 
once  evident  that  the  general  brush  requirements  call  for 
more'  than  one  kind  of  brush  and  more  than  a  single  com- 
position. Generator  brushes,  while  they  (lo  not  meet  the 
severe  conditions  met  by  railway  motor  brushes,  and  may 
therefore  be  softer  and  of  lower  physical  tests,  should  have 
higher  coiuluctivity  and  should,  in  use,  develop  a  polished 
('Oiiunutator  without  cutting  or  smutting  t  lie  met  al.  A  fairly 
satisfactory  type  of  generator  brush  may  be  made  almost 
entirely  of  ash-free  grapliite  and  binder  carbon,  and  will 
have  approximately  tlie  following  values  on  test :  Hardness 
35，  resistance  '00078,  tensile  strength  2,500,  cliip  test,  G.  It 
has  been  found  that  a  brush  needs  some  lubri<*ation  qualities 
which  are  difficult  to  quantitatively  express.  In  the  past  it 
has  even  been  customary  to  treat  some  brushes  with  oils, 
vaseline,  Ac,  to  give  them  this  lubricating  effect.  It  lias 
also  been  found  possible  to  improve  operation  of  a  com- 
mutator by  using  hard,  strong,  iioii-lubricatiiig  brushes  and 
to  interpose  in  several  of  tlie  brusli  liolders  a  pure  grapliite 
brush,  which  serves  to  give  desired  】ubri('ati<)ii  for  the  other 
brushes.  This  has  led  to  experiments  on  a  combination 
brush.  Ill  this  case,  by  a  proper  selection  of  proportions  of 
binder  or  pitch  and  tlie  mixture,  it  has  become  possible  to 
gain  the  same  shrinkage  in  the  two  widely  different  mate- 
rials, a  hard  brush  body  and  a  body  largely  composed  of 
graphite,  so  that  the  two  are  still  firmly  bound  together  after 
firing.  A  sort  of  laminated  brush  is  thereby  produced,  and 
if  there  were  service  demands  for  suoli  laiiiinatefl  brushes 
they  could  be  produced. 

A  PECULIAI<  CASE  OF  SEASON  CRACKS  IN  SHEET  BRASS. 

One  of  the  peruliar  obstacles  frequently  met,  with  in  the  use 
of  sheet  brass  is  the  formation  of  cracks  in  the  surface  after 
the  article  composed  of  tlie  brass  has  been  in  use  for  some 
time.  Many  an  article  has  been  ruined  on  this  account. 
Season  cracks  seem  to  be  simply  a  sort  of  crystallisation  in 
the  metal,  for  the  fracture  of  tlie  brass  shows  a  crystalline 
structure  when  examined  and  the  metal  is  more  or  less  brittle 
around  it.  The  fact  that  brass  will  crystallise  or  season- 
erack  under  some  conditions  and  not  under  others  indicates 
that  the  brass  itself  is  not  always  at  fault.  External 
influences,  it  is  believed,  have  a  niuch  greater  bearing  on 
the  subject  than  usually  believed.  In  the  turreiit  issue  of 
" The  Brass  World  ，'  reference  is  made  to  a  case  of  the  season - 
cracking,  of  an  acetylene  generator  of  drawn  brass  which 
occurred  within  a  few  montlis  after  use.  A  singular  thing 
in  connection  with  the  cracking  was  that  the  dealers  who 
sold  the  generator  maintained  that  it  had  frozen  and  the 
expansion  of  the  ice  had  caused  the  cracks  ！  The  fact  was, 
the  generator  was  used  only  for  a  short  time  during  the 
summer  months.  There  are,  says  our  contemporary,  a  num- 
ber of  things  that  will  bring  about  season-cracks  in  sheet 
brass,  wire,  or  tubing,  and  among  them  are  solutions  、whi('li 
contain  or  evolve  ammonia.  For  a  reason  not  clear, 
animoniacal  compounds  seem  to  affect  the  brass  in  this 
inaiHier.  One  would  naturally  expe(、t，  however,  that  in  tlie 
generating  of  acetylene  gas  from  cak-iuni  carbide  there  would 
be  no  ammonia  produced,  but  sucli  is  not  the  case.  Impuri- 
ties in  the  calcium  carbide  in  the  form  of  nitrogen  com- 
pounds form  ammonia  when  it  comes  in  rontact  with  water. 
It  is  believed  that  these  compounds  of  ammonia  are  the 
cause  of  the  cracking  of  many  kinds  of  brass  goods,  as  it  was 
in  the  case  of  the  acetylene  generator.  Other  agencies  which 
will  rause  the  season-cracking  of  brass  are  mercury  or  mer- 
curial compounds.  This,  as  well  as  the  ammonia,  are  external 
influences,  but  a  very  common  internal  one  is  the  shape  of 
the  dies  which  are  used  for  drawing  the  brass  shell.  It.  is 
now  well  known  that  in  order  to  prevent  season-cracking  (or 
firecraekin^-  during  the  annealing)  the  brass  shall  actually 
be  drawn  out  ("  ironed  ''  out,  so  to  speak)  by  the  punch  so 
that  the  metal  is  really  stretched.  It  will  not  suffice  to 
！ nerely  form  tlie  brass,  but  it  inust  be  stretched.  This  fact 
is  well  known  in  the  brass  trade,  but  many  outside,  of  course, 
are  ignorant  of  it.  It  is  not  believed,  however,  that  this  was 
the  cause  of  the  cracking  of  the  acetylene  generator,  as  it 
had  been  in  stock  for  a  loiii^  time  before  being  used,  and  had 
not  cracked,  ' 


HIGH-SPEED  ELECTRICAL  MACHINERY  * 

HY  F.  H.  CLOUGH,  A.M. INST. C.E. 

The  develo])iiieiit  of  liij^li-spoed  electrical  machinery  lias 
been  very  closely  associated  with  development  of  the  steam 
turbine.  On  account  of  the  very  high  spee(i  of  rotation  of 
this  prime  inover,  the  mechanical  energy  produced  by  it, 
except  for  sliip  propulsion,  can  only  be  made  use  of  in  special 
rases,  such  as  driving  liigl 卜 speed  pumps,  &(•.  I$y  ('oupliug 
the  turbine  to  a  liigli-speed  electrical  generator,  liowever,  a 
very  compact  power  unit  is  obtained  at  a  very  in iich  lower 
cost  per  kilowatt  of  capacity  t  lian  has  been  possible  witli 
slower  speed  generating  units.  Tt  thus  happens  that  the 
of  couvertiiig  t  lu*  median ical  power  into  electrical 

energy  has  enormously 
C  increased   the   field  of 

utility  for  the  steam 
turbine  ；  and  also  the 
possibility  of  having  a 
compact,  cheap,  and 
A I  II  I  B     economical  steam-elec- 

tric generating  unit  has 
given  a  big  impetus  to 
the  generation  and  dis- 
tribution of  electric 
power. 

The  most  usual  form 
of     e  lec t ric  energy 
Fig.  1.  produced      by  turbo- 

generators is  3-phase,  r)0- ryrle,  alternating  current.  Two- 
pliase  machines  can  be  b iiilt  equally  readily,  and  single-j)liase 
iiiac'hines  can  also  be  made,  altliough  the  design  of  these 
latter  presents  rather  greater  difficulties  than  that  of  the 
polyphase  machines.  The  capacity  of  (.'ontinuous-ciirrent 
generators  is  very  much  lower  than  that  of  alternators,  due 
to  the  necessity  of  comniutating  the  armature  current  and 
collecting  it  from  a  high-speed  commutator.  Witli  a  fre- 
quency of  50  cycles  the  possible  speeds  are  3,000，  1 ,500,  1,000， 
and  750  revs,  per  minute,  with  two,  four,  six,  and  eight  poles 
respectively  ；  and  due  to  the  greater  economy  and  lesser  cost 
of  turbines  whicli  run  at  a  high  rotating  speed,  the  majority 
of  turbo  sets  run  at  the  highest  of  these  speeds.  At  the 
present  time  the  usual  capacity  for  3-pliase,  50- cycle  gene- 
rators running  at  3,000  revs,  per  minute  may  be  said  to  be 
about  1,000  kw.  to  2,000  kw.，  altliough  machines  of  3,000  kw. 
or  slightly  higher  ratings  have  been  built.  For  1,500  revs, 
per  iiiiiiiite  machines  the  capacity  may  be  said  to  be  from 
2,000  kw.  to  6,000  kw., 
although  here  again  ma- 
chines of  considerably 
greater  output  have  been 
built.  For  continuous- 
current  machines,  an  out- 
put of  about  300  kw.  at 
3,000  revs,  per  minute 
may  be  taken  as  repre- 
senting the  present  posi- 
tion of  the  art  of  designing 
these  machines.  How- 
ever, in  all  cases  the 
tendency    is  towards 

greater  outputs  and  higher  Ftg.  2. 

speeds,  and  in  the  course  of  a  year  or  two  it  will  probably 
be  quite  usual  to  have  a  3,000  kw.  alternator  running  at  a 
normal  speed  of  3,000  revs,  per  minute,  and  a  10,000  kw.  to 
12,000  kw.  alteiniator  witli  a  speed  of  1,500  revs,  per  minute. 

An  understanding  of  the  design  of  a  high-speed  generator 
may  possibly  best  be  obtained  by  enumerating  the  principal 
difficulties  whiclt  are  inherent  to  such  a  machine.  These  are  : 
(1 )  Centrifugal  force  ；  (2)  vibration  ；  and  (3)  ventilation. 
These  may  be  taken  as  the  chief  difficulties  in  the  order  given, 
though  others,  such  the  enormous  forces  which  come  into 
play  in  case  such  a  generator  is  accidentally  short-circuited 
at  full  voltage,  and  tlie  elimination  of  pulsations  whicli  orrur 
in  single-phase  machines,  are  very  serious  difficulties  ；  tlie 
more  so  as  they  probably  come  as  a  surprise  to  most  designers 
when  first  encountered. 
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The  amount  of  centrifugal  force  met  with  in  a  high-speed 
rotor  may  best  be  understood  by  quoting  a  few  examples. 
To  start  with,  it  can  easily  be  shown  that  a  mass  of  lib" 
revolving  at  a  radius  of  lin.  at  3,000  revs,  per  minute,  exerts 
a  force  of  2561bs.  There  are  two  simple  forms  which  a 
revolving  body  may  have  ；  firstly,  it  may  consist  of  a  series 
of  spokes  tied  to  a  comnioii  centre,  and  secondly,  it  may  be 
ill  the  form  of  a  ring.  Let  us  consider  tlie  case  of  the  spoke 
construction,  which  for  simplicity  we  will  assume  to  be  】nade 
of  steel  and  to  have  a  section  of  1  sq.  in.  If  this  SDoke  is 
rej^resented  by  A- B  in  Fig.  1 ,  and  be  revolving  about  tlio 
axis  C-D,  any  small  portion  of  it,  h、  will  exert  a  force  ecjuul 
to  "28  X  /•  X  h'  ('28  being  tlie  weight  of  a  cubic  inch  of  steel). 
If  we  integrate  this  for  the  whole  length  of  the  spoke,  wliirh 


Fig.  3, 

TP. 

we  take  as  R，  this  force  becomes  256  x  '28  x 卜 x  S  r,  which  is 

equal  to  35*8  R-  ；  and  if  we  limit  tlie  total  force  to  15,0001bs. 
per  square  inch,  it  will  be  seen  tliat  this  length  E  t-annot 
be  greater  than  about  20 Jin. 

Similarly,  if  the  structure  takes  the  form  of  a  ring, 
represented  in  Fig.  2,  we  assume  that,  as  before,  this  ring  i? 
comparatively  thin,  and  has  a  section  of  1  sq.  in.  Further, 
consider  a  small  portion  of  this  which  subtends  an  angle  at 
the  centre  of 級  The  weight  of  such  a  small  portion  will 
be  r  X  8^  X  '28,  and  the  centrifugal  force  of  this  will  be 
256  X '28  X  7*2  X 献  This  force  acts  radially  from  the  centre, 
and  its  component  tending  to  cause  the  ring  to  break  acrospi 
the  axis  A— B  is  256  x  '28  x  r'~  x  ^0  x  sin  0,  and  so  the  total  force 
tending  to  cause  a  breakage  across  the  axis  A-B  will  be  the 
sum  of  all  sucli  coniponents  contained  in  the  quadrant 
A-D-C,  which  can  be  shown  to  be  equal  to  256  x  '28  x  r'-.  If, 
again,  we  limit  our  stress's  to  l「)，0001bs.  to  the  square  incli,  it 
can  be  shown  that  the  maxiniiun  radius  of  such  a  ring  is 
approximately  14.Un. ,  that  is,  a  diameter  of  29iii. 

The  above  calculations  are  rather  elementary,  but  they 
tend  to  bring  out  clearly  the  limits  of  such  forms  of  constriU'- 
tion.  It  is  possible,  by  iiiaking  the  rotor  in  the  form  of  a 
disc,  to  combine  both  these  forms  and  so  get  a  greater 
maximum  diameter.  This  is  made  use  of  in  the  steam  tur- 
bine, particularly  of  the  impulse  type  ；  but  in  an  electric 
rotor,  the  limits  imposed  by  tlie  ring  form  of  construftioii 
usually  come  in,  as  although  it  may  be  possible  to  make  the 
central  portion  of  the  rotor  of  discs  or  solid,  it  is  usually 
necessary  to  have  retaining  rings  to  liold  the  end  portions  of 
the  exciting  windings  in  place.  The  diameter  of  the  ring 
worked  out  in  the  example  is  practically  the  limit ini;  value 
for  a  3,000  revs,  per  minute  rotor,  for  althous^h  il  may  be 
possible  to  use  material  which  allows  a  liigher  stress  than 
15,0001bs.  per  square  inch,  still  such  rings  are  usually  loaded, 
that  is  to  say,  thev  have  to  carry  a  considerable  amount  of 
material  not  capable  of  supporting  itself,  and  so  the  stress  is 
considerably  increased. 

Some  of  the  earlier  forms  of  high-speed  rotors  were  built 
with  salient  Doles,  hvit  tlie  diflifulties  of  suitably  holding  tlie 
exciting  windings  in  place  on  this  type  of  rotor  were  such 
til  at  nearly  all  rotors  at  the  n  resent  time  are  built  in  a 
cylind rical  form  ami  carry  tlie  excitins:  windini^s  in  a  lunnber 
of  slots  round  the  outer  i)eri|)lierv.  This  construct  ion  allows 
the  exciting  windings  to  be  very  imu'li  sub-divided,  and  so 
minimises  the  centrifugal  forces  bv  distribiiting  them  evenly 
throiitrlioul  \  ho  stool  i^nrtions  of  the  rotor.       Also,  by  sub- 


dividing the  windings,  a  large  cooling  surface  is  provided, 
ami  so  the  lieat  is  readily  abstracted  from  the  copper  coils. 
Fig.  3  shows  the  stator  and  rotor  puncliings  of  a  3- phase  alter- 
nator as  made  by  tlie  British  Tlioiiisoii-Houston  Company, 
and  illustrates  the  considerations  just  given. 

It  will  be  noticed  that  a  portion  of  the  rotor  disc  is  cut 
away  between  poles.  This  is  necessary  because,  usually,  tlie 
stator  is  made  in  one  piece  and  the  rotor  is  threaded  through 
from  one  end,  and  as,  of  course,  the  retaining  rings  at  one 
end  must  be  smaller  than  the  bore  of  the  stator.  ami  sudi 
rings  have  to  be,  for  】iiechanica】  reasons,  rather  thicker  than 
the  air  gaj)  required,  it  becomes  necessary  to  cut  away  som(、 
of  the  material  in  order  to  prevent  excessive  magnetic  leakai;? 
froiii  T)o】e  to  pole. 

Some  makers  use  open  slots  on  the  rotors 一 in  fact,  in  some 
cases  the  rotor  consists  of  a  solid  steel  forging,  ami  these 
slots  are  planed  or  milled  out.  Tlie  coils  are  then  laid  in 
from  tlie  outside  and  held  in  nl;ice  by  bronze  or  steel  keys. 
The  method  illustrated,  however,  offers  some  advantage, 
inasmuch  as  it  gives  greater  possibilities  for  proper  ventila- 
tion of  the  rotor,  ami  also  avoids  tlie  use  of  keys,  which  】mist 
always  be  considered  as  separate  pieces  and  therefore  liable 
to  become  displaced. 

From  what  has  already  been  said  about  the  value  of  the* 
centrifugal  force  associated  with  such  high  speed  of  rotation 
as  3,000  revs,  per  minute,  it  will  easily  be  seen  that  if  a 
heavy  mass  such  as  a  rotor,  whicli  may  weigh  about  2  tons, 
is  revolved  about  an  axis  otlier  tliaii  its  centre  of  gravity, 
very  considerable  vibration  will  occur.  Tt  is  therefore  neces- 
sary in  all  such  machines  to  first  of  all  take  great  care  that 
all  parts  are  perfectly  symiiietrical,  and,  in  addition  to  tliat, 
make  ample  provision  for  balance  weights,  as  a  large  pro- 
portion of  an  electrical  rotor  is  composed  of  copper,  cotton, 
mica,  and  other  such  unmechanical  materials,  ami  it  is  not 
always  possible  to  get  these  parts  exactly  synnnetrical.  These 
balance  weights  must  be  provided  at  both  ends  of  tlie  rotor, 
and  the  rotor  must  invariably  be  balanced  (lynaniically, 
that  is  to  say,  should  be  run  up  to  full  speed,  or  beyond  full 
speed  in  suitable  bearings,  and  balance  weights  added  until 
it  runs  perfectly  true.  It  is  not  sufficient  to  put  such  rotors 
oil  knife  edges  and  balance  them,  because  sucli  a  static 
l)alam、e  can  be  produced  by  adding  weights  opposite  to  one 
another  at  different  ends  of  the  rotor,  and  when  the  niachins 
is  run  tliese  weights  are  not  in  t lio  same  plane,  ami  can  pro- 
rhire  considerable  vibration . 

To  repeat,  it  will  be  seen  that  a  rotor  must  be  built  up 
as  far  as  possible  so  that  no  displacement  of  any  of  the  parts 
takes  place,  and  ample  provision  must  be  made  for  sup- 
plementary balance  weights.  This  is  a  more  or  less  straight- 
forward side  of  tlie  question.  The  otlier  side  of  the  question 
is  that  whii-h  deals  with  the  so-called  "critical  speed.  "  This 
is  a  rather  more  complicated  side  of  the  balancing  problem, 
but  perhaps  on  tliat  account  a  more  interesting  one,  ami  is 


Fig.  4. 

clue  to  the  elasticity  of  tlie  shaft,  whirh  causes  the  vibration 
to  be  much  more  pronounced  at  one  ])artitular  speed  and  to 
(liminisli  again  as  the  speed  is  increased. 

This  critical  speed  is  one  example  of  the  phenonienon  of 
resonance  which  occurs  in  so  many  rases  in  nature.  It  can 
probably  be  best  understood  by  coiisideriiitr  an  elastic  steel 
shaft  supported  at  both  ends  in  hearings  and  having  a  mass 
in  the  centre.  If  by  some  means  this  mass  could  be  dis- 
placed and  then  released,  it  would  spring  back  again,  owins; 
to  the  elasticity  of  the  shaft,  and  oscillate  about  its  proper 
centre.  The  frequency  witli  wliicli  it  will  oscillate  depends 
on  the  length  and  elastit-ity  of  tlie  shaft  and  on  the  mass  of 
the  rotor.  If，  now,  the  rotor  be  revolved,  it  will  be  founH 
that  as  tlie  speed  approaches  tlie  frequenrv  at  wliioli  the 
shaft  naturally  oscillates,  the  ost  illatioii  heoomes  enonnouslv 
-exatrgerated  until  at  this  exact  speeil  the  vibration  may 
1  fvonie  so  sfreat  as  to  permanently  st rain  the  shaft  or  pveli 
hreixk  the  bearings  and  wreck  the  whole  marhino.  The 
pml 山、" 、 of  satisfactorily  ilonlins:    with    the    critical  speed 
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already  lueutioiied  gave  a  good  deal  of  trouble   before  its 
proper  solution  was  arrived  at. 

If  a  rotor  is  out  of  balance,  its  centre  of  mass  may  be 
considerecl  to  be  displaced  from  its  axis  of  rotation,  and  tiie 
following  diagram  (Fig.  4)  shows  this  (lisj)lacenient :  A  1)  H 
represents  the  shaft  straight  ；  C  E  represents  the  initial  dis- 
placenient  of  the  mass  ；  T)  E  the  bending  of  the  shaft  under 
centrifugal  forces  ；  so  thai  CI)  represents  the  total  disjilacc- 
meiit  of  the  centre  of  mass  from  its  axis  of  rotation  when  tlie 
inachine  is  revolving.  The  condition  of  equilibrium  when 
the  jnacliine  is  revolving  is  that  the  fenirifugal  forces  exerted 
by  tlie  mass  of  the  rotor  due  to  its  eccentricity  CD  shall  be 
counterbalanced  by  the  elastic  forces  of  the  shaft  due  to  its 
deflection  D  E. 

In  other  words,  let  a   be  the  initial  eccentricity  of  tlie 
mass  and  8  the  deflection  of  the  shaft. 

The  centrifugal  force  exerted  will  be  M  x  (r.p.m.)^  x 
( a  +  8)  X  B.    (B  is  a  constant  depending  on  the  units  chosen.) 

The  elastic  force  of  tbe  shaft  correspoiuling  to  the  (lefltv- 
tiou  =  A  X  S-  (A  is  a  constant  depending  on  the  dimensions 
and  elasticity  of  the  shaft.) 

Equilibrium  occurs  when  these  two  forces  are  equal,  i .r" 
Ax^=::BxMx  (r.p.m.)-  X  (  a-  (  a  +  8)  is  ilie  total  eccen- 

tricity of  the  mass  at  any  speed.    Therefore,  taking  C 

A 

the  total  eccentricity  (  a  +  S  )  becomes 

Ca  一 
C  —  (r.p.m.)- 

from  which  it  will  be  noted  that  this  eccentricity  becomes 
infinite  when  C  ―  r.p.ni.'-  =  U  or  r.p  m.  ―  y/G,  wliicli  is  the 
critical  speed  of  the  shaft. 

It  should  further  be  noted  that  if  tlje  speed  be  iiuTeasod 
above  this  particular  value  the  ecreiiiricity  becomes  finite 
again  and  has  changed  its  sign,  so  that  finally,  at  very  high 
speeds,  the  centre  of  mass  coincides  almost  exactly  with  the 
centre  of  rotation.  This  means  that  it  is  possible  to  run  a 
marhiue  perfectly  satisfactorily  above  this  critical  speed  if 
means  are  provided  to  ensure  that  no  damage  occurs  while  ' 
passing  through  this  critical  speed. 

A  diagram  showing  the  eccentricity  of  tlie  rotor  at  various 
speeds  from  standstill  up  to  full  speed  of  3,000  revs,  per 
minute  is  shown  on  Fig.  5.  This  shows  that  the  critical 
speed  is  approximately  1,400  revs,  per  minute  in  this  case, 
and  tliat  after  passing  through  this  critical  value  the  JiiachiiiG 
settles  down,  and  finally,  at  the  normal  speed  of  3,000  revs, 
per  minute,  the  total  eccentricity  is  approximately  one-third 
the  original  value  at  a  standstill. 

On  account  of  the  high  speed  of  rotation  the  torsional 
forces  ill  a  shaft  are  low,  which  means  that  the  diameter  of 
the  shaft  can  be  comparatively  small,  and  further,  on  account 
of  the  high  velocity  of  the  shaft  tlie  bearing  is  able  to  support 
a  very  high  pressure  per  square  inch.  Botli  these  factors 
mean  that  a  small  shaft  can  be  used  ；  a  suitable  diameter  for 
a  1,000  kw. ,  3,000  revs,  per  minute  machine  would  be  about 
3 1  in.  to  4in.  in  the  journals  and  possibly  5in.  to  Gin.  in  the 
centre.  If  we  calculate  the  critical  speed  of  such  a  shaft  we 
should  find  that  this  is  about  1,400  to  1,500  revs,  per  minute, 
so  that  if  the  normal  speed  of  this  machine  is  to —be  3,000， 
either  tlie  critical  speed  has  to  be  passed  through  or  the  shaft 
has  to  be  radically  changed  so  that  this  critical  speed  lies 
well  above  the  normal  running  speed,  i .('. ,  it  has  a  value  of 
about  4,000  to  4,500  revs,  per  minute.  A  shaft  to  fulfil 
these  conditions  has  a  diameter  of  approximately  the  full 
diameter  of  the  machine,  that  is  to  say,  either  the  rotor  has 
to  be  a  solid  forging  with  slots  milled  on  the  outer  periphery 
to  take  the  windings,  or  else  it  is  necessary  to  pass  througfi 
tlie  critical  speed.  In  machines  built  by  the  British 
Thomson-Houston  Company,  this  latter  course  is  generally 
adopted,  principally  for  the  reason  that  by  using  a  small  shaft 
the  ventilation  of  the  machine  can  obviously  be  iinxch  better 
eflFe<'ted  than  when  tlie  rotor  is  practically  a  solid  mass,  and 
in  order  to  ensure  that  no  danger  occurs  when  passing  through 
this  critical  speed,  a  specially-designed  bearing  has  been 
adopted  which  allows  this  to  take  place  without  danger. 
This  bearing  ^;ives  a  small  amount  of  freedom  at  one  end  of 
the  shaft,  and  so  allows  the  shaft  to  revolve  about  its  centre 


of  mass  and  prevent  the  excessive  vibration  that  iniglit 
otherwise  cx'cur.  A  somewhat  similar  device  to  this  lias  been 
used  by  Messrs.  Parsons,  consisting  of  a  number  of  rings 
； I  round  the  journal,  each  of  which  has  an  oil  film  b(»l\veen  it 
and  t  he  next.  These  oil  films  give  a  slight  (•usiiioiiiiig  efTert , 
； m(l  so,  providing  the  balance  of  the  rotor  is  good,  allows 
iho  critical  speed  to  be  passed  through  without  umlue 
vibration. 

Usually,  if  a  rotor  is  carefully  balanced,  its  cenlre  of 
mass  can  be  made  to  coincide  wil  li  its  axis  of  rotation  wiiliiii 
Y?jf)oth  or  T"i(7TTths  of  an  inch,  and  as  the  clearance  usually 
allowed  in  the  bearings  is  ,',;;„ths  or  y,\f,^ths  of  an  inch,  it 
i:s  easily  seen  t  liat  it  is  not  necessary  to  have  iiiucli  displace- 
ment  of  the  oil  film  to  allow  the  rotor  to  revolve  about  its 
true  centre  of  mass,  and  thus,  if  a  rotor  be  carefully  balanced, 
it  will  usually  pass  through  its  (Tiiical  speed  with  very 
slight'  vibration.  However,  tlie  <'oiitingency  tliat  soiiietliing 
may  become  displaced  must  always  be  provided  for,  and 
definite  means  should  therefore  be  provided  to  allow  the  rotor 
to  pass  tlirough  its  critical  speed  even  wlieii  considerably 
out  of  balance.  The  bearing  wliidi  lias  just  been  referred  to 
has  been  tested  with  out-of-balance  weights  placed  on  the 
rotor  ；  and  has  also  been  tested  with  the  unbalanced  mag- 
netic pull  caused  by  exciting  one  pole  of  the  rotor  only  ； 
ami  although  uiulcr  these  conditions  the  vibrai  ion ,  wlien 
passing  through  the  critical  speed,  is  very  considerable,  still 
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Fig.  5. 


it  is  not  enough  to  cause  damage  or  permanent  strain  to 
the  shaft.  , 

The  problem  of  ventilation  is  wrapped  up  very  closely 
with  the  other  two  problems  already  described,  as  the  sub- 
division of  the  windings  into  a  large  iiiiniber  of  small  slots 
not  only  minimises  the  centrifugal  force,  but  also  allows  a 
large  cooling  surface  to  be  presented  to  the  coils,  and  so 
enables  the  heat  from  these  to  be  transferred  into  the  iron 
of  the  rotor.  Suitable  ducts  in  the  rotor  allow  ventilating 
air  to  pass  through,  and  in  turn  abstract  this  heat  from 
the  iron. 

With  regard  to  the  stator  punchings,  many  schemes  have 
been  devised  for  ensuring  proper  circulation  of  air  among 
the  core  plates  ；  but,  generally  speaking,  these  consist  either 
of  providing  ducts  between  laminations  and  forcing  the  air 
through  these  ducts  in  a  radial  direction,  or  else  punching 
a  series  of  holes  and  forcing  tlie  air  through  in  an  axial 
direction  ；  or,  of  course,  combinations  of  both  these  schemes* 
111  all  these  cases,  however,  it  is  necessary  to  provide  adequate 
cooling  surfaces  to  take  care  of  the  large  quantity  of  heat 
developed  in  a  very  small  volume. 

Practically  the  only  satisfactory  way  of  cooliiii^  high- 
speed generators  is  by  means  of  blowing  air  through  tlie 川， 
as,  although  water  and  oil  cooling  devices  have  been  tried, 
these  liave  generally  been  found  to  be  unsatisfactory-  Gene- 
rally speaking,  the  rotor  itself  can  be  const riu'tecl  so  as  to 
provide  sufficient  fanning  action  to  force  all  the  air  netes- 
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sary  for  ventilating  purposes  through  the  】naehine ;  though 
in  some  cases  external  blowers  have  been  provided.  The 
； ulvaiita^^e  of  the  latter  arrangement  lies  in  the  fact  that  a 
standard  blower  running  at  a  low  speed  can  be  made  a 讓 eh 
more  efficient  blower  than  can  the  high-speed  rotor.  How- 
ever, this  problem  has  been  studied  very  carefully  during  the 
last  two  or  tliree  years,  and  the  tendency  is  to  do  away  witli 
the  auxiliary  blowers. 

On  account  of  the  large  volume  of  air  passing  through 
all  high-speed  machinery,  and  also  the  large  number  of  small 
air  ducts,  there  is  a  great  tendency  for  dirt  to  accumulate 
inside  the  machine  ；  and  in  nearly  all  cases  filters  are  now 
installed  which  clean  the  air  of  suspended  dust  before  it 
passes  into  the  machine.  The  amount  of  air  required  will 
vary  with  the  size,  speed,  and  type  of  machine  in  question. 
To  take  a  specific  example,  however,  it  will  be  found  that 
about  6,000  cub.  ft.  per  minute  will  be  required  for  a 
1 ,000  kw.  alternator  with  an  efficiency  of  94  per  cent.,  and 
the  air  passages  both  inside  tlie  machine  and  in  the  ducts 
which  conduct  the  air  to  the  niacliine  must  he  proportioned 
to  carry  this  quantity  of  air. 

The  output  of  an  alternator  (or,  in  fact,  of  any  electrical 
nifichiiie)  is  proportional  to  tlie  product  of  the  total  flux  per 
pole,  the  armature  reaction  per  pole,  the  number  of  poles, 
ami  t  lie  frequency.  As  the  number  of  poles  and  the  fre- 
qiioiu-y  are  generally  fixed  beforehand,  the  design  of  an 
alternator  resolves  into  a  proper  proportion  of  the  first  two 
quantities,  and  although  a  complete  consideration  of  how 
these  two  quantities  are  related  to  one  another  is  outside  the 
scope  of  this  paper,  it  may  be  interesting  to  consider  roughly 
some  of  tlie  features  which  influence  the  amount  of  flux  and 
i\  nil  at  lire  reactioii  which  ran  be  allowed  for  in  any  particular 
inacliiiie. 

With  reference  to  the  11  ux,  this  is  influenced  by  the  per- 
meability of  the  steel  employed,  as  naturally  the  greater  the 
permeability  the  greater  the  flux  that  will  pass  through  a 
given  section  of  steel ,  and  consequently  the  greater  the  out- 
put that  can  be  obtained  from  a  given  size  of  machine. 
Fit  rther,  in  connection  with  this,  tlie  re  is  another  considera- 
tion ；  that  is,  that  high  flux  densities  produce  liigh  iron 
losses,  and  the  question  of  ventilation  and  efficiency  has  to 
be  considered  in  determining  what  densities  can  be  used. 
Rout^hly  speaking,  a  density  of  approximately  100,000  lines 
per  square  iiicli  is  about  the  limit  to  whirli  dynamo  steel  can 
be  used - 

As  regards  armature  reaction,  it  may  first  be  well  to  say 
that  by  ariiiaiiire  reaction  is  meant  the  resultant  magnetising' 
force  along  any  one  axis,  due  to  the  instantaneous  values 
of  the  currents  flowing  in  all  the  phases  of  the  〗nachine. 
The  (leterniiiiation  of  the  permissible  value  of  armature 
reaction  depends  very  largely  on  the  total  amount  of  ampere 
conductors  which  can  be  carried  in  the  slots  of  the  stator 
and  rotor  of  the  machine  ；  and  here  again  a  limit  is  imposed 
by  the  nature  of  the  material  used.  If  any  material  were 
available  other  than  copper,  wliicli  only  produced,  say,  half 
the  heating  for  a  given  amount  of  current,  it  would  be  pos- 
sible to  very  much  increase  the  armature  reaction  allowable. 
In  the  case  of  liigli-speed  machines  the  limit  usually  conies 
in  in  the  number  of  ampere  turns  or  ampere  conductors 
which  can  be  carried  on  the  rotor,  on  account  of  the  diffi- 
culties of  supporting  a  large  mass  of  copper  against  tlie 
centrifugal  force  of  rotation  and  abstracting  the  heat  from  it. 

The  relationship  between  the  stator  and  rotor  ampere 
turns  is  shown  in  diagram  on  Fig.  6.  In  this  diagram  these 
quantities  are  represented  as  revolving  vectors  ；  the  direc- 
tion of  rotation  is  assumed  to  be  clockwise,  as  sliown  by  the 
arrow.  The  starting  point  is  taken  as  the  voltage  vector 
A  E.  The  magnetising  force  producing  this  voltage  is  ahead 
of  t  his  vector  by  90。，  as  represented  by  the  line  A  C.  This 
is  the  state  of  affairs  before  any  load  comes  on  tlie 編 ('liiue. 
The  magnetising  force  of  the  stator  wIumi  the  ！ nacliiiie  is 
carrying  load  is  represented  by  the  line  A  D.  This 
iietising  force  is  in  phase  with  tlie  stator  our  rent,  find  has 
a  phase  displacement  from  t  ho  voltage  vector,  due  to  the 
power  factor  of  the  load,  represented  bv  tlie  angle  0，  or 
BAD.  Now,  in  order  that  the  voltage  may  remain  at  its 
orifjinal  value,  tlie  resultant  nia^iietisiiit;  force  of  the  stator 
ami  rotor  must  of  course  produce  the  original  value  A  (，，  aii<1 
i"  order  to  do  this  the  original  excitation  AC  on  tlif  rotor 


must  be  increased  to  C  D.  Suppose,  now,  that  the  machine 
is  carrying  load  and  the  excitation  on  the  rotor  has  a  value 
represented  by  C  D  and  the  load  is  thrown  off,  that  is  to  say, 
the  de-magnetising  force  of  the  armature  is  entirely  witli- 
drawn,  the  diagram  will  now  become  a  line  AE  =  CD  and 
the  voltage  in  the  machine  will  be  considerably  increased  due 
to  this  large  increase  in  excitation  available.  From  this 
diagram  it  will  be  seen  tliat  in  order  that  the  alternator 
may  have  a  reasonable  regulation,  ； .e.，  the  voltage  remain 
reasonably  steady  under  variation  of  load,  the  armature 
reaction  A  D  ought  to  be  small  compared  with  the  initial 
value  of  the  excitation  A  C,  so  that  any  variations  in  load 
do  not  materially  affect  the  voltage  of  the  niacliine.  If, 
however,  the  total  number  of  ampere  turns  carried  on  tlie 
rotor  is  limited  by  heating  and  centrifugal  force  to  the  value 
C  D,  it  can  easily  be  seen  that  tlie  output  of  the  machine  is 
considerably  reduced  by  making  A  C  large  and  A  D  small 
and  so  obtaining  close  regulation  ；  hence  the  tendency  is  for 
such  high-speed  machines  to  have  a  comparatively  poor 
inherent  regulation ,  and  to  obtain  constant  voltage  by  use 
of  some  supplementary  device,  which  usually  takes  the  form 
of  a  "  Tirrill  "  regulator.  This  device  automatically  changes 
the  excitation  of  the  macliine  so  as  to  keep  the  voltage  con- 
stant under  all  conditions  of  load,  and  so  allows  a  large 
a nnature  reaction,  and  consequently  a  large  output  to  be 
obtained  with  a  limited  rotor  capacity. 

In  single-phase  alternators  a  different  form  of  rotor  is 
lUH'ossary  from  that  used  in  3-j)liase  macliiiies.  In  the  case  of 
polyphase  machines  the  armature  reaction  remains  constant 


Fig.  b. 

in  value  :  for  whilst  the  rotor  revolves  the  current  changes 
in  the  different  stator  phases  so  that  tht'  resultant  magnetising 
force  ill  any  instant  due  to  all  the  phases  remains  steady  and 
revolves  with  the  rotor.  In  a  single-phase  machine,  the  stator 
phases  lie  along  one  axis  only,  and  consequently  are  incapable 
of  producing  any  magnetising  force  along  any  oilier  axis, 
hence  the  resultant  iiiagnelising  force  due  to  the  ampere  turns 
oil  tho  rotor  and  on  tlie  stator  will  vary  according  to  whether 
the  rotor  is  lying  along  the  axis  of  the  stator  coils  or  at  right- 
angles  to  it,  and  consequently  a  big  pulsation  takes  place, 
which  causes  very  largely  increased  losses  throughout  the 
iiiachine. 

The  remedy  for  this  trouble  has  been  to  provide  tlie  rotor 
with  H  series  of  short-circiiited  copper  bars  lying  along  the 
outer  periphery.  Currents  are  induced  in  these  bars  by  the 
rotation  of  tlio  rotor  in  tho  magnetic  field,  atid  these  produce 
a  magnetising  force  along  tlie  axis  at  right -angles  to  the  axis 
of  the  stator  coils  :  and  thus  in  conjunction  with  the  stator 
coils  a  continuous! V  revolviiit;  nniforni  artnature  reaction  is 
produced,  wliich  is  equivalent  to  that  which  (u-ciirs  in  a  poly- 
phase machine. 

Without  suc-h  a  short-circuited  wiiuling  on  the  rotor,  the 
single-phase  output  obtainable  from  a  given  size  of  inarliine 
is  only  about  30  per  cent,  to  40  per  cent .  of  that  possible  if 
it  were  wound  as  a  polvphase  innchiiie,  wliereas  with  this 
winding  it  only  falls  beliiiid  tlio  -j)hase  rating  bv  tlie  amount 
of  the  losses  in  tho  auxiliary  sliort -circuit od  winding,  wliich 
t^^enerally  makes  the  output  about  80  per  <  '、，"  lo  8'»  ]>or  rout  - 
of  the  3-phase  rating. 

All  iiiterestiiii^  form  of  lu<;h -speed  irciuTalor  wliicli  hai* 
t  \\v  merit  of  extreme  siiii|)licity  of  rotor  construction  is  t  he 
iiiductiou  generator.    Such  a  generator  is  simply  an  indue- 


April  5,  1912] 


THE   MECHANICAL  ENGINEER. 


437 


tiou  】iiotor  driven  slightly  above  its  synchronous  speed,  wlicii, 
instead  of  acting  as  a  motor,  the  direclioii  of  energy  flow  is 
reversed  and  the  machine  becomes  a  gcMierator.  It  has  the 
merit  of  extreme  siinplicity  in  rotor  construction,  as  the  rotor 
consists  simply  of  a  laminated  core  with  sliort-circuiled  copper 
bars  carried  in  slots  on  the  outer  periphery.  This  form  oi 
generator  has  been  used  in  conjunct  ion  with  exliaust  steam 
turbines  in  order  to  increase  the  capacity  of  existing  recipro- 
cating electrical  sets.  It  has  the  great  disadvantage,  however, 
that  it  is  incapable  of  running  hy  itself,  ami  de))etuls  entirely 
on  another  generator  to  iiuiintaiii  the  voltage,  and  further 
than  that,  not  only  is  it  incapable  of  supplying  lagging  current 
to  magnetise  induction  motors,  but  it  draws  a  certain  amount 
of  inductive  current  from  the  other  generator  ；  and  thus  its 
use  is  almost  entirely  limited  to  systems  where  synchronous 
machinery,  or  more  particularly  rotary  converters,  are  used 
and  where  the  power  factor  is  inherently  very  high. 

It  may  be  of  interest  to  briefly  show  what  happens  when 
ail  alternator  is  suddenly  short-circuited  when  running  at  full 
voltage.  To  do  this  it  is  necessary  to  refer  again  to  Fig.  3. 
Suppose  now  that  the  machine  is  generating  full  voltage  ；  the 
flux  comes  out  of  t  he  rotor  at  the  cent  re  of  t  he  pole  and  passes 
into  the  stator  tlirout^h  the  stator  windings.  If  these  stator 
windings  are  suddenly  short-circuited,  the  flux  can  no  longer 
flow  into  the  sta-tor,  as  currents  will  be  induced  in  tlie  stator 
windings  wliicli  will  prevent  it.  The  teiuleiicy  is,  therefore, 
for  the  flux  to  disappear  entirely,  but  in  doing  t'lii?  it  generates 
heavy  currents  in  the  rotor  conductors,  wliirli  are  short- 
circuited  by  tlie  exciter  circuil-,  and  tliese  currents  tend  to 
maintain  the  flux  at  its  original  value.  Thus  furrenis  are 
produced  in  the  stator  windings  preventing  the  flux  entering 
the  stator,  and  the  other  currents  are  induced  in  the  rotor 
winding  which  keep  the  flux  at  its  original  value  ；  therefore 
the  flux  has  to  find  a  path  along  the  air  gap  between  the  two 
windings.  If  the  windings  are  close  together,  this  path  is  a 
restricted  one,  and  in  order  that  the  flux  may  flow  along  it, 
enormous  magnetising  forces  are  necessary,  that  is  to  say,  the 
stator  ami  rotor  currents  may  rise  to  a  value  20  or  30  times 
their  original  value.  This  state  of  affairs  only  lasts  for  a  few 
cycles,  for  a  fraction  of  a  second,  but  during  the  time  it 
lasts  enormous  mechanica]  forces,  due  to  the  very  heavy 
currents  which  are  flowing,  are  produred,  and  these  forces  are 
in  many  instances  sufficient  to  wrench  the  end  windings  of 
the  stator  from  their  supports  and  sometimes  even  to  twist 
the  shaft  of  the  rotor  ur  break  the  coupling  bolts.  As  to  the 
remedy  for  this  trouble,  we  have  seen  that  the  output  of  the 
machine  is  proportional  to  the  product  of  the  flux  and  the 
armature  reaction  ；  so  that  if  we  increase  the  armature 
reaction  and  decrease  the  flux,  firstly  the  amount  of  flux  that 
has  to  pass  between  the  two  windings  is  less,  ami  therefore 
takes  a  lesser  force  to  send  it  along  this  path,  and  secondly, 
the  magnetising  force  to  send  it  along  this  path  is  initially 
greater,  due  to  the  greater  armature  reaction  ；  so  tliat  by 
iimkiiig  such  a  change  tlie  severity  of  the  shock  can  be  con- 
siderably reduced.  Such  a  modification  as  this,  however,  as 
has  been  seen  earlier  in  the  paper,  tends  to  make  the  inherent 
regulation  of  the  machine  poorer,  and  this  is  another  reason 
why  it  is  generally  necessary  to  use  a  "  Tirrill  ■•，  regulator  in 
connection  with  high-speed  niachines  ；  as  of  (-ourse  it  is  of 
first  importance  that  the  machines  should  be  safe  under  all 
conditions  of  operation. 

Ill  designing  direct-current  machinery  to  run  at  turbine 
speeds,  the  problem  of  commutation  has  to  be  considered  far 
more  thoroughly  than  is  necessary  for  slower  speed  machines  ； 
and  in  addition  to  this,  there  is  the  problem  of  designing  a 
suitable  commutator  and  brush  gear  wliicli  will  remain  in  con- 
tact with  one  another  at  the  high  speeds  which  are  necessary. 
It  is  this  latter  portion  of  the  problem  whicli  is  really  tlie 
more  difficult  of  the  two.  Practically  tiie  only  suitable 
material  for  brushes  is  carbon,  or  preferably  graphite  ；  and  as 
surli  brushes  are  necessarily  rigid,  it  is  necessary  that  the  com- 
mutator should  remain  perfectly  true  when  running  at  full 
speed,  and  should  not  distort  under  the  action  of  heat  or  centri- 
fugal force.  For  this  reason  the  form  of  commutator  con- 
struction usual  on  slow-speed  machines  is  unsuitable,  and 
instead  of  this  the  shrink-ring  type  of  commutator  is  used. 
This  form  of  commutator  consists  of  copper  bars  held  in  place 
by  heavy  steel  rings  sliruiik  on  over  mica  bands. 

The  conditions  necessary  for  proper  commutation  are,  first 
of  all,  that  there  should  be  a  well-defined  neutral  zone;  that 
is  to  say,  places  on  the  commutator  where  there  is  no  voltage 


between  adjacent-  segnieiils,  ai,  wliicli  places  the  hruslies  ran 
he  a  r  on  the  coiiimutator  and  cover  several  segments  without 
producing  any  sliort-circuit  current  through  the  brusli. 
Secondly,  as  the  loads  coine  on,  the  ina^iiet  ic  distorting  effect 
of  t  he  armature  sliould  he  neiit  ralised  by  compensat  ing  wind- 
ings, so  that  these  neutral  places  remain,  under  all  conditions 
of  load,  the  same  as  at  no-load  ；  as,  of  course,  if  the  armature 
reaction  were  to  sliift  the  flux  so  as  to  cause  the  brushes  to  be 
in  a  position  where  there  was  considerable  volt  aj^e  between 
segments,  a  big  sliort-cir (； uit  current  would  be  produced  and 
bad  sparking  ensue.  The  third  condition  is  that  each  coil 
of  the  armature  during  the  time  it  is  under  the  brushes  must 
have  a  voltage  induced  in  it  .sufficient  to  reverse  the  current 
it  is  carrying  from  the  value  on  one  side  of  the  armature, 
to  that  on  the  other  side  of  the  armature.  The  force  neces- 
sary to  cause  tliis  reversal  is  proportional  to  the  current  to 
be  reversed,  and  therefore  tlie  cornitiutat iiig  poles  or  equiva- 
lent devices  which  are  fitted  to  such  direct-current  jiiacliines 
are  provided  with  windings  connected  in  series  with  the 
armature,  so  that  the  reversing  strength  is  proportional  to 
the  armature  current. 

Tlie  compensating  windings  referred  to  above  consist  of 
similar  series  coils  embedded  in  the  pole  faces,  connecter!  so  as 
to  directly  oppose  the  current  flowing  in  the  armature  con- 
(liiciors.  Tlie  strength  of  this  compensating  winding  must 
be  very  nearly  equal  to  that  of  the  armature  ；  as  otherwise, 
as  the  load  comes  on,  a  considerable  distortion  of  the  (lux 
takes  place,  and  if  the  load  is  suddenly  changed  the  flux  dis- 
tribution will  suddenly  change  also  and  give  an  inductive 
voltage  which  may  cause  a  flash-over  on  the  commutator. 

The  consideration  of  critical  speed  already  touched  on 
applies  more  particularly  to  direct-current  machines  tlian  to 
alternators,  because  in  the  case  of  alternators  it  is  in  most 
cases  possible,  at  the  sacrifice  of  a  certain  amount  of  ventila- 
tion, to  make  the  rotor  solid  and  so  put  the  critical  speed 
above  the  running  speed,  but  iti  the  case  of  direct-current 
luacliiiies,  on  account  of  the  necessity  of  having  laminations 
and  also  on  account  of  the  increased  length  of  the  armature 
flue  to  the  commutator,  tliis  becomes  in  nearly  all  cases  im- 
possible ； therefore,  high-speed  direct-current  machines  must 
almost  invariably  run  above  the  critical  speed  of  the  shaft. 

Direct-current  machines  are  usually  protected  from  the 
clanger  of  short-circuit  by  means  of  a  circuit  breaker,  as  this 
will  usually  open  and  interrupt  the  current  before  damage 
occurs.  However,  in  case  of  failure  of  the  breaker,  the  best 
way  is  io  provide  coupling  bolts  between  tlie  turbine  and  the 
generator,  proportioned  so  that  tliey  will  shear  through  before 
tlie  shaft  is  twisted,  and  then,  if  such  a  short-circuit  should 
occur,  the  worst  that  can  happen  is  that  new  coupling  bolts 
will  liave  to  be  provided.  Means  have  been  discussed  for 
installing-  a  reactance  in  series  with  the  armature  and  connect- 
ing the  field  leads  on  tlie  far  side  of  this  reactance.  Tn  this 
case,  if  a  short -circuit  occurs,  the  voltage  beyond  the  reactance 
momentarily  drops  to  zero  ；  and  consequently  the  exciting 
current  dies  out  and  the  reactance  in  the  meantime  prevents 
the  armature  current  from  suddenly  attaining  a  liigli  value. 
Such  a  reactance,  however,  would  have  to  be  large  and  expen- 
sive ； and  the  means  mentioned  abovi  is  probably  the  simplest 
for  dealing  with  the  danger  of  short-circuit. 

In  concluding  this  paper,  the  author  wishes  to  show  a  few 
slides  illustrating  various  forms  of  high-speed  niacliiiiery,  and 
wishes  to  thank  the  British  Thomson-Houston  Company  for 
the  courtesy  they  have  extended  to  liim  in  the  preparation  of 
the  paper  and  slides. 


Railway  Electrification. ― The  Lancashire  unci  Yorkshire 
Railway  Company  have  decided  to  electrify  their  Holroinbe 
Brook  branch,  a  short  line  about  three  miles  long,  running 
from  Bury  to  Holcombe  Brook.  The  work  is  being  undertakeu 
for  experimental  purposes  by  Messrs.  Dick,  Kerr,  &  Co.,  Ltd., 
and  will  probably  be  completed  in  a  few  months.  The  higli-ten- 
sion  direct-current  system  will  be  used ,  in  which  current  will  be 
transmitted  to  the  motors  at  3,500  volts  from  an  overhead  con- 
ductor. The  car  equipment  will  consist  of  four  150  h.p.  gear- 
driven  motors  mounted  on  the  trucks.  The  control  will  be 
series  parallel  multiple  unit,  enabling  tile  cars  to  run  singly 
or  coupled  up  to  form  a  train.  The  equipment  of  a  line  at  this 
voltage  has  become  possible  only  by  tlie  development  of  con- 
iro\  apparatus  fitted  witli  Messrs.  Dick,  Kerr  s  metallic  shield 
magnetic  blow-out  which  permits  this  entire  current  of  the 
equipment  to  be  broken  at  a  single  contact. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Locomotives  for  Argentine. ― Tlie  North  British  Locomotive  Com- 
pany, oi  (ilas^ow,  have  sec  tired  an  ovdev  to  I'on.striict  2i)  |'mv(>rliil 
locomotive  engines  and  tenders  for  the  Ceiiti  ;i!  Kailwa.v  ('(""- 
j);iMy  of  tli(、  Ar<i(MitiM(*  IN'piiblic. 

New  Ocean  going  Destroyers. —— Messrs.  Sainiifl  White  A'  Co.,  ot 
Cowos,  have  received  an  order  i'rom  tlio  Admiralty  for  two  "('("ui 
u;oinn;  destroyers,  each  270rt.  in  】('"gtli.  They  aiv  toj"'  l>nilt 
to  the  Admiralty  desif^n,  and  will  coiisuiiio  oil  tm'l.  This  firm 
has  already  on  hand  an  extensive  order  for  ocean-going  (k'strovers 
lor  tlic  (yliiiiHii  (jJovernnieiit. 

Clyde  Shipbuilding.— The  output  new  tonnage  from  the  Clyde 
shipyards  diirin-;  -、 I:m'h  \mis  52,000  tons,  which,  notwitlistand 
iiio-  "the  strike,  is  only  ahoiit  8,000  tons  less  than  in  :Mar('h  of 
last  year.  Tlio  new  sliipbuHding  l;um(,h(、(l  in  the  first  quarter 
of  tlio  your  amounted  to  1:35,140  tons,  、、  liicli  is  the  greatest  ever 
]n'()(lnce(I,  ami  nearly  IG, ()()()  tons  above  the  previous  n、('()rd  out- 
put in  tho  first  tluvV  montlis  of  190G.  The  new  tomiage  placed 
on  the  Clyde  dmiiig  March  has  boon  exceptionally  large. 

Trade  Catalogues.  From  the  General  Electric  Company,  87， 
(、)mH'ii  X'icloria  Str(K't，  K.C.,  we  have  received  a  catalogue  of  their 
various  ty])es  of  olcctrical  nieasuriii}^  iiistriinuMits.  Special  atten- 
tion is  called  to  the  fact  that  all  switchboard  instruments  sliown 
in  the  list  are  now  calibrated  in  accordance  with  the  Hritish 
Engineering  Standards  .Committee's  specification  of  accuracy 
kiunvii  as  "first  grade."  Messrs.  Cochran  &  Co"  Anniin,  N.B., 
send  us  ； I  l)n)churo  of  photo  views  illustrating  the  accessiliility  for 
iuspoctioii  and  cleaning  purposes  ol'  tlie  Cochran  hoilor. 

Scottish  Tube  Combine. ― The  Scottish  tube  combine  has  just  beoii 
iv^i.storcd  as  a  limited  liability  company  with  30{),000  prcfcreiu-e 
aiul  450, 000  oi-dinnry  shares  of  £1  each.  It  is  to  l)e  known  ;is 
tlio  Scottish  Tube  C()nii);uiy,  with  offifos  at  •「)，  Wellington  Street, 
Glasgow,  aiul  tho  businosses  it  :uual.Li:un:ites  are  :  The  CaltHloninii 
Tube  Company,  Coatbridge;  the  ('oats  Tube  C(>ini):my,  C'(mt 
bridge;  J.  Kadie  &  vSons,  K uthergloii  ；  Hendry  Bros.,  Ltd.  ；  John 
.Mursliiill  tV'  Sons,  Glasgow  ；  D.  Richmond  &  Co.,  Ltd.;  the  Tracle- 
ston  Tube  Company.  Glasgow;  and  AVilsoiis  and  Union  Tiil)o 
Company,  Ltd. 

New  Type  of  Furnace.— lu    the    Caylcy    Uobinsoii    furnace,  a 
(lemoiistratioii  of  w  liicli  was  recently  iiivru  at  14,  Hillitcr  Bmld 
iiigs,  London,  E.C.,  the  n;asificati()ii       the  coal  is  hmuj^lit  ahouL 
in  m，（、  clKunluM-  and  th^  coinbustion  of  the  j-'as  in  another.  Tlw 
asiHcMtioii  process  having  beon  started  by  lightiiifj;  the  coal  m 

ordiiiary  way,  a.  small  quantity  of  live  coko  is  trniistoired 
from  the  liiv  into  the  adjacent  couihustioii  clianihor  in  which  tlio 
o-ases  are  made  to  circuiato  ceiitrifiigally  l>v  means  of  :i  jet  ot 
steam,  aiul  in  which,  it  is  claimed,  they  aro  coniplotely  c-onsiuucd 
without  ash,  smoke,  or  clinkor.  The  stoaiu  is  generated  froni 
";it('r  in  IX  coil  of  pipes  placed  in  the  ('()1111)11«11011  clianibor.  No 
； ictnal  tests  hiivv  yet  been  carried  out  with  tlie  furnace,  but  it  is 
claiinod  that  over  75  per  ('("it.  of  the  laloritic  v;iluo  of  tho  fuel 
is  utilised.  Kxporimeiits  n ro  now  iteiii^  carried  out  with  ； i  view 
to  adapting-  the  principle  for  use  in  locomotives. 

Mechanical  Filters.— Messrs.  Mather  &  Piatt,,  Salfonl  Ironworks, 
M:uK-ln'st(M',  send  vis  n  copy  oi'  a  new  issue  of  their  booklet  describ- 
ing and  illustrating  their  various  opon  and  pn'ssmv  typos 
filters.  These  are  designed  to  deal  oitlior  witli  uspcndod  or 
(lissolvod  inipm  ilies.  The  importance  of  an  abundant  supply  of 
water  is  ('miiimm  to  most  iiulustrios.  It  is  freciuontly  lound. 
liowovor,  that  tho  available  wiitcr  supply  contains  suspoiided  ami 
colouriiij^;  matter  whicli  rciuler  it  iiiisuitiiblo ― espocially  is  this 
tlie  case  i"  tho  textiir  and  paper-inakiiijj;  trades —— with  tho  result 
tliat  tow  ii's  wator  has  to  be  purchased  at  considerable  cost. 
J)m'injj;  reccMit  years  a  cousiderable  nmuber  of  miimifactiirers  have 
recogiiisod  that  there  is  no  necessity  to  continiio  to  incur  the 
hir^c  yearly  c-ost  associated  with  tho  use  of  town's  water,  as  it 
has  hvon  (l(Miioiistrato(l,  k'.voml  doubt,  that  there  are  few  natural 
waters  w  liich  caiuiut  he  hmkUmvcI  snitalile  lor  iu;m'"';i('tm'inK  pur- 
poses Ijy  the  adoption  of  ； in  oflicioiit  inochaiiical  liltratioii  plant. 
For  niiiny  years  the  firm  li;ivi、  special iscMl  in  the  construction  of 
this  kind  of  appn ratus,  and  li;u(、  iiistalh'd  a  large  mm 山 ('r  of 
plants,  both  at  home  and  al)i<>;ul. 

Industrial  Output. ― A  i>rinto<l  ro plv  lias  been  funilslicd  to  M i-. 
Aim'r.v,  M.I*.,  u  lio  a^sk(、（l  tho  Sot-rc^tary  oF  tlu'  Hoiu  tl  ul  Tratlt、 
what  was  \  ;iluo  of  tho  net  output  of  tho  coal  miniiij^  iiulustr>\ 
tlio  cottoii  industry,  the  iron  and  stool  iiuhistry,  and  tho  t、，ij_iim'c，'- 
ing  industry  rcspectivc'l'v  ;  w  hat  m""l>(、r  uoi-kcrs  、、.("•('  omployod 
in  (、： u'li  ("'  these  industi'io.s  ；  :uul  w  liat  profits  or  loyalties  had  l)oen 
r(、tiun(、d  lor  income  tux  in  v:\rh  of  those  indiistrios.  Mr. 
K (山 CM'tso"  says  the  vali  '-  oT  tl"'  m't  "'"put  and  tlio  avorn^^r  nnni 
IxM's  (Mnploytui,  as  shown  in  tho  prcliininai  y  tables  su!)unari.sin;j. 
tlir  naiiriis  rccoivod  under  tlio  Census  ot  I'ludiiction  Act,  IWti, 
were  as  I'ollow  s  in  11)07  :  ■Mim's  iimli'r  tUr  Coal  .M int's  J?o^uI;i  t  ion 


Act ― Net  output  of  £1  Of), 30 4. 000  :  avpra^o  niinihcr  employed, 
840,280.  Cotton  factor"— £— ";,"41  ，(扇 ； huiiiIkm*  employed, 
572,869.  lion  a ncl  steel  factories  (smelting,  foimding,  ami  roll- 
— £30，948， (鎖； inuiiber  oinployod,  20:2/225.  Eu^inoeiiii^ 
factoi'ies  (including!;  (、l(n'tri(  :i  1  oiifj;inot'riu^) ― £49,42o,()0() ； 
(»jn))l()yes,  -V5,'*3(U.  .Maiiiic  f'】i;i;im'r'in;j;  curried  on  in  coiUHH-tion 
with  shiplniilclin^,  (Mi^ii!t*ei  iii;j;  work  cioiio  I>y  railw  ay  coni[);uii(»s. 
a  11(1  heating.  \(Mitilatin^,  and  .san ita r.v  ('，i;4iii('(>ri，ij_^  arc  not 
includt'd  in  the   last  figiir (弋 s. 

The  Railways  of  Switzerland. ― S\\  itzt'i  laiifl.  according  to  an  Aiiu-ri 
(•ail  (.'onsiil  at  Zurich,  takes  eiulitli  place  anions  tlio  】':ur*,|' ('； I'l 
im'niljcrs  of  the  Intern atioiuil  Uailroad  C(»，i v(、iiti""  in  the  Icii^th 
of  its  railw  ays.  Statistics  for  ",】 1  sl!mv  that  Kiissia  is  first  w  itli 
l(),fn*」  miles,  (icniiaiiy  second  with  37,936,  and  other  countrios  in 
the  (n  (U>r  named  :  Austria-Huii^iui  y.  26,302  iniios  ；  France,  2o,12(i 
miles;  Italy,  J>,089  miles;  Sweden/  o,695  inilos;  Bt'lgiiini,  2,908 
miles  ；  and  Switzerland,  2,848  niilos.  Switzerland  has  more  rail- 
ways tliau  the  Netherlands,  Deiiniark,  Sorvia,  or  iioumania.  Of 
tlie  Swiss  mileage  in  1911,  ]  ,()72  、、("•('  State  owned  railways,  and 
1 ,1  7()  inilcs  private  firms.  }5<>si(l(».s.  there  are  81)  miles  of  foroi^ii  rail- 
ways  within  the  ConitMleratioii.  There  a  re  at  present  aljont  41 .000 
pei'sons  employed  on  the  railroads  in  Switzerland,  3o,2()0  of  wlioiii 
are  with  the  State  lines,  and  0,700  on  the  private  roads.  Tlu* 
rolling- stock  ol"  the  country  consists  of  1 ,015  locomotives,  of  which 
】，224  are  on  the  State  lines  ；  3,GG2  passen^or  coaches,  of  which 
3,237  are  vState  property;  ami  】，2J^7  baj^gagt'  and  mail  cars,  of 
w  liicii  730  a  re  on  tlio  State  railw  ays.  Tlioic  are  also  in  Su  itziT- 
laiul  17，'"")广)9  freight  cars,  of  which  luiiiilicr  1 4. }  U>  "are  ou  tlic 
(i!()\('rmii('iii  lines. 

Power. Gas  Corporation,  Ltd. ― Tlio  works  <>i  liic  I'ow er-Gas  Cor 
])()i'ati()n,  Ltd.,  Stocktoii-oii-Tces,  are  fully  occupied  at  the  pioscnt 
time,  and  the  ioll()、viiig  is  a  list  ot.  the  most  important  ('"iitract-s 
recently  seoured  by  tliem  :  4,-5()0  kw .  (' Ah>ii(l  ，'  hyc-prodiiet  ^a.s 
plant,  for  Japan  ；  4,500  h.p.  "  Moiid  "  bye-product  gas  plant,  for 
Australia  ；  "  M(mcl  •，  hye-procluot  ^as  plant  (capacity  09  tons  of 
hveozc  per  day),  for  stoel  melting;  "  Moiul  ''  coko  breeze  *xiis  plant 
vcapacity  lo  tons  of  breeze  per  day),  for  I'etoi  t  heating  ；  "  Moiul  " 
l)y(^-prodiict  '^ns  producei's  {capacity  40  tons  per  day),  for  tonuMit 
works  ；  1,500  li.j).  "  Mond  ，，  hye-product  gas  plant,  for  Spain: 
2,000  h-i).  "  ^Nloiid  ，，  l),ve-i)ro(lu('t  ^as  plant,  for  electric  j»;eiuM'atih^ 
station  ；  2,000  kw.  "  ^lond  "  h.v (、- pmdiict  gas  plant,  for  ('leftr'>l.、 
(•■ioniit;il  u  m'ks;  oOO  h.p.  "  Mond  ',  i>(;\\  cr  gas  plant,  for  South 
Ainorifa  :  "  Mond  '，  coke  breeze  gas  i>l;uit  f capacity  U)  tons  cl;iy ) 
for  hvick  hurninjj; ;  (),0(K)  h.]).  '*M<)ud"  Ityo-pi'otluct  ^as  plant  <.»xt<Mi 
yioii  to  the  South  Staffordshire  M"'i(l  (； as  Conipany'.s  ；: as 
(li.stril)iitin^  station  at  Dudley  port.  In  addition  to  the  al")vi'. 
】n:m.v  smaller  plants,  to  use  bituminous  coal,  aiithracitc.  coke, 
charcoal,  and  sawmill  wood  waste  for  power  purposes,  are  ou  order. 

Large  Turbines  for  America. ― Tlio  Crjiiiinoinvealtli  Edison  Com 
paiiy,  of  Chicago,  lia、'（'  cU'cidcd  to  ca rry  out  some  further  cxlcii 
sioiis  in  connection  with  their  Fisk  Street  station.  This  station 
at  present  contains  ten  turbo-generators  of  14,(M)0  kw.  each,  and 
tho  proposed  extensions  will  consist  of  four  turbo  units  of  2'*),0()0 
kw.  maximum  contiiuunis  load,  niul  20,000  ku ,  ocoiioniical  load. 
Tlu*  order  for  the  Hrst  iiuK-hiiu*  has  hoeu  placed  with  Messrs.  C.  A. 
Parsons  &  Co.,  anil  it  、vill  he  huilt  at  tliefr  works  at  Healoii- 
oii-Tyne,  Tlic  inacliine  will  .uciuM-ato  throo-piiase  current  at  2-3 
cycles  and  9,000  volts,  and  will  run  at  750  revs,  per  minute.  Tli<» 
tm-hine  will  bo  of  the  t\\  o  cylinder  type,  the  lii^h-pressnn* 
cylinder  being  a  siii^lo-How  turltinc.  and  the  low-pressure  t ylindor 
a  double-flow  turhiiio.    Tlie  prrssure  ( ylinder  body  will  ho  (it 

stoel.  The  oxcitd-  will  Ix'  (li'vct  ['oupled  to  the  end  of  tlic 
alternator  shaft.  The  c-urroiit  genera  tod  Itv  tho  ； ilt(、rn:»t"r  "ill 
iictually  be  at  4，:)(K)  volts,  but  will  l»e  sieppod  up  to  double  lliiit 
pressme  by  an  auto-transfornuM-  t<»  be  supplied  l)y  the  General 
Electric  Company  in  America.  The  specified  steam  conditions 
a  ve  2(X)lbs.  steam  pressmv.  200°  Fall,  suporhoat,  and  •_>!""■ 
vaciuini.  Tl"'  j^ippl'v  t'oiiipaiiv's  extensions  and  the  dosi^n  of  the 
turbo-generators  arc  beinu  carried  ，>ut  hy  M。sm's.  Sor;:e;n»t  and 
Limdv,  the  (Mi^iiieors  of  tho  company,  in  ((HijuiKtion  with  Messrs. 
M(M  z  A-  McLHIan.  nt'  Westiiiinstcr. 

Oil  Production  in  New  Zealand.  H .  M .  Trailr  (，im'missi(m''r  for 
、'（、、、  Zoalnnd,  adverting  to  tlio  oxi.slrnci' 《" oil  i"  many  parts  ot 
tho  Dunuuion,  remarks  that  much  inonoy  has  boon  s]n*nt  on 
l))>rin»X  operations  in  (liff(、，'t、nt  plafOJ>,  luil  oxcopt  at  N«'\\  Ply- 
n.outh  )U)  oil  has  yet  hovn  produrod.  At  Motorua  a  third  l>nre 
lias  just  been  l)roujj:ht  into  play,  ami  oil  to  the  extent  of  some 
lM)0,IU Ki  -iallons  has  airojuly  Ikmmi  run  into  m"l'、r;:rm"i(l  cistorns, 
pending  tlio  arrival 《" roHuin;:  plant .  l)i'tn»"'mn  exports  cdii- 
sidor  proyiHH'ts  tavoiiraMt*.  and  IIumo  api»oars  to  onlv  one 
soi'ioiis  prohtoni.  viz.,  that  ot  a  niarkot  tor  the  oil.  From  the  first 
lioio  oil  has  now  hptMi  rm)"iiij:  tor  two  yt»a is.  which  is  takiMi  :ih 
a  N  i'iy  jiodd  sign.  Tin*  oil  is  I»imu;;  <iI>i :umMl  fmm  n  doptli  <»f  only 
:;l>i»nl  'J.oOOft..  the  strata  tlmnitrli  wliirli  tlu*  hm's  |»n»sontinu 
MO  Icilniiral  (li 出，' "hirs.    Tlu'  oil  cnntairiN  an  oNti;n»rdin;uy  iht- 
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ccutage  of  the  most  valual)lo  of  tho  h.ye  】>rodm'ts，  viz.,  petroleum 
wax.  So  high  is  this  i)(、r('t、iit;ige  that  it  is  louiid  that  costly  pre- 
pared cisterns  can  be  dispensed  with  and  mere  trenches  dug;  as 
soon  as  the  puro  petroleum  toiiclies  the  cold  earth  it  solidifies  and 
inakos  an  iinpeivious  lining,  inside  which  much  of  the  oil  also 
solidities.  Tlicrt*  ;u'(、  those  ^rcat  iiMtnral  advantages  to  (nit 、、- (、i"li 
tho  cost  labour,  iicvoi  tlieloss  the  real  question  .soeiiis  to  he 
whether  eiioii^Ii  can  Ix*  mnrketod  locally  to  ni;iko  a  refinery  j>ay. 
Outside  th(»  Doniiiiion,  and  pos:sibly  tlio  C'oinni()!i\ve;iHIi  of  A  us 
traiia,  it  is  hardly  to  be  expected  that  New  Zcahmd  produccts 
could  coiupoto  with  California  and  】iiirni;i，  itc. 

(Railway  and  Canal  Traffic. ― Hcpresoiitativcs  ol"  county,  nnuiici- 
l»al，  and  Joca I  autltoritit's,  ami  chaniluM's  oi'  conmuMce  and  agri- 
culture and  other  kind  red  m'ganisatimis,  presided  over  by  Sir 
Alfred  Mond,  JVl.P.,  assembled  in  London  on  the  2GtIi  iilt.  iit  a 
coiifercMice  on  the  subject  of  railway  and  coal  traffic.  After  a 
discussion,  the  following  resolutions  were  unanimously  adopted  : 
(a)  "  That  this  conference  is  of  opinion  that  the  proposed  Goveni- 
ment  lo^i-slation  resjxH'tin^  the  Jiaihvay  and  Canal  Traffic  Act, 
1894,  ； us  oxplaineJ  by  the  President  ot  tlic  Board  of  Trade,  would 
be  prejudicial  to  trade  and  agricultural  interests,  and  resolves 
therefor  *  to  oppose  such  legislation  or  any  measure  which  may 
be  calculated  to  destroy  or  diminish  the  protection  afforded  by 
the  Act."  (b)  ''  That  this  couterence  is  api)rehensive  that  legis- 
lation giving  effect  to  certain  of  the  rGConimeiidations  of  the 
Departmental  Committee  on  Railway  Agreements  and  Amalga- 
liiations  will  l>e  detrimental  to  traders  and  agriculturists,  as  the 
Committee,  while  expressing  themselves  in  favour  of  '  the  more 
complete  eliniinatioii  of  competition  ，  between  railway  companies 
and  giving  them  greater  freedom  to  enter  into  agreements  with 
each  other,  fails  to  recommend  any  safeguards  for  traders  and 
agriculturists  under  such  new  conditions,  and  resolves  that  iiu 
legislation  will  be  satistactory  to  traders  and  agriculturists  that 
does  not  remedy  their  loiig-staiidiiig  grievances  and  in  particular 
restore  to  them  the  right  of  appeal  against  any  rate  or  charge.'' 
The  gentle  men  present  at  the  conference  were  sobseqiieutly 
received  as  a  deputation  by  Mr.  J .  M.  Robertson,  M.P.,  Parlia- 
mentary Secretary  to  the  lioard  of  Trade.  Mr.  Kobe rt son  in- 
formed the  deputation  that  their  views  would  be  placed  fully 
before  the  Presidout  of  the  Board  of  Trade. 

Trend  of  Invention  in  I9II. ― The  twenty-ninth  report  of  the 
Comptroller-Geueral  of  Patents,  Designs,  and  Trade  Marks  just 
issued  states  that  the  ever-increasing  importance  of  means  of 
locomotion  to  the  community  iii  general  is  demonstrated  by  tlio 
promiuence  this  subject  takes  undei*  an  analysis  of  the  whole  field 
of  inventive  activity.  The  internal-combustion  engine,  an  im- 
portant factor  in  the  science  of  locomotion^  is  greatly  in  evidence, 
particularly  in  connection  with  the  revolviug-cyliuder  type,  and 
the  so-called  "  valveless  "  engine,  in  which  poppet  valves  are  dis- 
pensed with.  Wheels  for  vehicles  are  a  still  more  prolific  source 
of  invention.  Motor  vehicles  and  motor  cycles  maintain  their 
claiui  to  attention,  variable-speed  gearing,  ciutcheSj  and  engine- 
starting  devices  being  especially  noteworthy.  Aeronautics  show  a 
considerable  diminution  in  comparison  with  the  previous  year, 
but  the  number  of  applications  is  still  sufficiently  great  to  make  the 
subject  one  of  the  outstanding  features  of  the  year's  invention. 
It  is  interesting  to  note  that  efforts  are  being  made  to  utilise 
aeroplanes  as  auxiliaries  in  naval  warl'are  by  contriving  means  for 
launching  them  from  the  decks  of  battle-ships.  In  view  of  the 
recent  dispute  in  the  taxi-cab  industry,  it  is  significant  that  many 
applications  were  received  dealing  with  the  registration  of 
"extras.''  In  the  textile  industry  the  most  noticeable  feature  of 
interest  is  the  remarkable  batch  of  inventions  designed  to  obviate 
the  objectionable  habit  known  as  "  kissing  the  shuttle."  Efforts 
are  still  being  directed  towards  abating  dust  and  improving  ven- 
tilation in  the  carding- room  of  spinning  mills.  Chemical  and 
fermentation  processes  for  the  extraction  of  fibre  from  flax,  ramie, 
and  other  plants,  both  for  spinning  and  paper  making,  are  also 
worthy  of  remark.  In  the  chemical  industry  considerable  activity 
has  been  shown  iu  connection  with  the  synthetic  production  ot 
india-rubber  and  of  ammonia,  the  catalytic  reduction  of  11  n satu- 
rated fats,  oils,  and  the  like,  and  the  production  ot"  vat  dyes  of  the 
anthracene  series.  As  a  result  ot  certain  recent  railway  colli- 
sions that  occurred  towards  the  end  of  1910  ami  early  iu  1911 
(such  as  those  at  Hawes  Junction  and  Pontypridd),  caused  in 
each  case  by  a  train  being  signalled  into  a  section  of  the  line 
already  occupied  by  a  standing  train  or  engine^  many  applica- 
tions were  received  dealing  with  the  prevention  of  such  accidents 
by  automatic  apparatus.  Increasing  attention  is  being  given  to 
the  utilisation  of  the  characteristic  properties  of  the  gyroscope, 
nioi'e  particularly  in  its  application  as  a  substitute  for  the 
magnetic  compass,  and  in  its  use  as  an  anti-skidding  device  for 
vehicles  ； 1  iid  as  a  stabilising^'  means  for  flyinj^  machines. 


ELECTRICAL  DRIVING  IN  COTTON  MILLS. 

A  PAPER  on  "  The  Individual  Electrical  Drive  for  Looms  "  was 
read  by  Mr.  J.  F.  Crowley  at  a  meeting  of  the  Lancashire 
Section  of  the  British  Association  of  Managers  of  Textile 
Works  on  Saturday  night  at  tlie  Victoria  Hotel,  Manchester. 

Mr.  Crowley,  with  the  aid  of  lantern  views,  described  an 
installation  of  700  individually-operated  looms  established  by 
Messrs.  Siemens  Jh'ot'liers  at  the  Wellfield  Mill  of  Messrs. 
Frear,  Lord,  &  Bi'oUiers,  a  I  Bradley  Fold.  A  three  jiionihs' 
com poiit'ion  between  the  iiuliviclual  and  the  group  system  at 
tJiat  shed,  Mr.  Crowley  said,  resulted  iu  the  individual  system 
showing  an  increase  of  10  per  cent,  in  production.  The  out- 
come of  40  tests  carried  out  by  himself  in  Lancasliire  and 
Yorkshire  was  tliat  he  had  never  got  less  than  this  increase, 
but  had  obtaiuecl  as  mucli  as  25  per  cent.  Five  years  ago,  lie 
said,  it  was  doubtful  whether  a  motor  of  the  size  used  had  an 
efficiency  exceeding  67  or  70  per  cent.,  whereas  some  of  tlie 
individual  motors  iu  the  shed  referred  to  gave  an  efficiency  of 
88  5  per  cent,,  and  it  was  this  advance  that  had  made  indi- 
vidual driving  so  important.  The  simplicity  of  the  madiine 
was  one  of  it's  recojiuneiKlaiioiis.  If  one  broke  down  a  spare 
one  could  be  slipped  into  its  place  in  a  few  minutes,  though 
this  had  not  once  been  necessary  during  the  time  the  installa- 
tion had  been  in  operation.  The  starter  supplied  witli  each 
loom  was  of  the  simplest  kind,  and  the  motor  was  so  designed 
as  to  give  1  J,  h.p.  instead  of  tlie  -I  li.p.  ordinai*ily  required. 

The  advantages  claiuied  by  electrical  engineers  for  tlie 
individual  drive  were  numerous.  There  was  greater  rapidity 
of  erection,  and  a  saving  in  capital  expenditure  011  the 
building,  due  to  the  saving  in  cost  of  tlie  main  roof  which  liad 
not  to  carry  heavy  shafting,  and  the  design  of  which  was  of 
extreme  lightness.  While  the  weaving  efficiency  of  the  loom 
was  increased  from  75  per  cent,  to  88  per  cent,  without  aiiv 
special  arrangements.  There  was  also  better  lighting  anrl 
atmosphere.  Estimated  with  regard  to  profits,  power  con- 
sumption, wages,  &c.，  he  claimed  that  the  10  per  cent, 
increased  production  meant  to  the  textile  manufacturer  an 
increased  profit  of  34  per  cent,  and  an  improved  material. 

In  the  discussion  which  ensued,  Mr.  Pollit  enquired 
why  Mr.  Crowley  had  compared  the  individual  electric  drive 
with  the  group  drive  instead  of  with  the  ordinary  steam 
system.  Mr.  Crowley's  reply  was  that  in  comparison  with 
steam  tlie  individual  drive  came  out  even  better,  but  he  had 
chosen  the  comparison  in  which  most  doubt  still  lingered. 
Several  further  points  were  entered  upon.  Mr.  Crowley  said 
his  use  of  the  Board  of  Trade  returns  was  to  avoid  the  assump- 
tion that  any  shed  was  worked  at  a  certain  profit,  an  assump- 
tion, which  might  be  objected  to.  In  the  census  returns  the 
value  of  the  output  per  operative  is  given  at  £82  per  annum, 
while  the  average  wage  is  given  at  £52  per  annum.  He 
therefore  framed  a  formula  equating  profit,  power  consumed, 
maintenance,  interest  on  capital,  and  depreciation,  all 
expressed  in  terms  of  the  number  of  operatives,  against  £30 
(the  difference  between  £52  and  £82).  Raw  material  plus 
82  times  the  number  of  operatives  equals  the  value  of  the 
output  for  the  year.  In  the  worsted  trade  the  constant  would 
be  79，  and  in  the  coal  trade  129.  Manufacturers  soineUmes 
miscalculated  the  power  required  for  electric  driving  by  basing 
it  on  the  full-rated  power  of  the  motor.  Where  with  steam 
driving  there  were  three  looms  to  the  horse-power  and  with 
electric  power  three  0*5  h.p.  motors  are  installed  for  three 
looms,  it  does  not  mean  than  1*5  h.p.  is  being  consumed.  For 
manufacturing  reasons  no  motors  are  made  of  a  size  between 
0  33  h.p.  and  0'5  h.p.,  and  in  reckoning  three  looms  to  the 
horse-power  it  must  be  remembered  that  the  proportion  of 
looms  working  at  one  moment  is  taken  at  only  about  75  per 
cent.  Witli  electric  driving  when  the  loom  stopped  the  iiiotoi* 
stopped  too,  and  when  running  normally  absorbed  a  good  deal 
less  than  its  full-rated  power.  Tlie  proper  calculation  was  to 
take  the  actual  running  horse -23 owe r  ami  assume  a  loss  in  the 
motor  of  14  per  cent,  and  in  transmission  of  3  per  cent.  That 
is  17  per  cent.,  against  25  per  cent.,  which  is  usually  assumed 
as  the  minimum  loss  in  steam  driving.  Witli  regard  to  the 
quick  starting  of  the  loom  by  the  individual  motor,  it  was 
erroiieous  to  say  that  because  this  liad  ill-effects  on  warp 
winding,  breaking  the  threads,  it  would  have  the  same  dis- 
advantage Avith  a  loom.  The  initial  jerk  was  absorbcrl  by  the 
first  pick  of  the  sluiUle,  and  tlie  acceleration  did  not  damage 
the  warp. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  xce  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
"Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1910. 

Heat  iiiMilatiii^  material.    J''(>n.:i.    28(if" . 


(nil. 


"289. 


Boik'r 


(1  tin.      Holloway  and 


()849. 


r 氣 


760. 
tension 


Knf^iiie  ；!: oveniors.   Tnylor  &  Evans.  3290. 
Firin;^;  of  l)oiIers  with  iniIv<Mised  fuel.    MiclKley.  H4(i3. 
Speed  indicators.    Jiraml^'v -Mooro.  4747. 
Friction  (； hitches.    Goclwin.  5497. 

Variable- compression   device   for    iiitej  iial  coinhiistion  c 

Portway.    5630. 、  ― 
Po、v(ir- storing  mechanism.    Gilbert.  5785. 
AVater  heating  ami  purifying  appariitus.    Lake,    of  "»1  an- 
Kovolving-cyliiickM-  internal  combustion  eiif^ines.  H^'iuy. 
Pulleys.    Alirofl  Steel  A'  Sons,  Ltd.,  and  Steel.    fil  U). 
Valve.    Purser.  (>2()9. 

Valve  gear  for  internal-combustion  ('"gim's.  M fColiiiiii. 
Pressure-reducing,    pressiiro-controlling,    and  governor 

David  Auld  t 、-  Sons,  Ltd.,  Auld，  and  (Jraluuii.  0342 
AVIuH'ls  and  piillcyt^.    Oarsido  tV:  Morjj;an.  <)4()9. 
Apparatus  loi*  renioviiif^  boiler  scale.      Kloctric  Satetv 

CltMm'r,  Ltd.,  and  Ardill.  G427. 
Hotar3'  pumps.    Lehnc  (riol. 

Autoiuatif  screw  cutting  and  finishing  uiacliiiies.  Uohcrtson.  ). 
Fviol-iiijecting  means  lor  interiial-conibustioii  engines.  D'Harveiig. 

arm. 

Acetylene  gas-liglitiny;  plantfi.    Caiiiiichncl.  ti(380. 

J{o<j;uIatiii^-    the    iuoi    supply    ">    iiitcrnal-combubtiuii  oii^^ines. 

Daimler  Motoreii-Ges.  67(iO. 
Ball-bearings.    Wingqiiist.  6765. 
Steam  generators.    Aitkeu.  6832. 
Smelting  of  ores  containing  tungsteti 

Warper.  "837. 
(； (Mieratiou  of  water  ga.s.  Stcplionson. 
Chucks  tor  boring  madiiiics  and  latlif^s. 
Brakes  of  tramcars.    Glcav'es  it  Holliday.  72(56. 
Starting  devices  for  motor  vehicles.  Demoiite. 
Shock  absorber  for  chains,  ropes,  <■ 

Hi  ley.    792r>.  . 
I'ixliaustin^  means  of  intiMnal-cunihustion  engines.  Martin.  8243. 
liitoi  iial  ('oinljustion  <>iijj;im's.    Cartor  dc  Cai  ter.  8334. 
K lectors  for  exhausting  or  moving  gaseous  tiuids.  Hay  cV  Buckley. 
' 9187. 

Apparatus  lor  removing  l)()iler  scale.      Electric    Sal  fly  Boiler 

Cleaner,  Ltd.,  and  Ardill.    VodT . 
Ferro -concrete  railway  sleepers.    AVormh.  10/34. 
Clningo-speed  gearing  lor  Ira nic; 

inter nal-conibiKstiou  eii;4,iiies. 

Squire,  Ltd.    11 138. 
Air  stipply  and  cooling  devices 

Bonnis.  11445. 
Files  lor  metal.     Donh-y.  12-560. 

Coal  cutting  nuichinos.    Sutc-liffo.    】2'、9'_).  一 
Screw  j^earing  for  steering  ships  and  、  t'liiclrs.    Lord.    13835 . 
Friction  clutchos.    Lucas  ct  Jackson.    .1  i02G. 
Chaiige-.speed  gearing  for  motor  vehicles.    Loi  cl.    liSO>  . 
SUreveless   and    valvoless    i"tern;il- ('(m 山 asti(m    onginos.  B;iv"l 

Hrowii  tfc  Sons  (Hiuldcrshold),  Ltd.,  and  Biir^^e^s.  l-i')H>. 
SniokeU'ss  1)oU(m'  iuniaces.    Cook.    1  H>1'(>. 
Metal  couplings  for  connecting  iraiuos.    Nees.  l:'""- 
Conibiiiod    double-piston    and    d<)\ibie  sleeve   "、(:ipi'o('aU"y«'  and 

(lifforontial  v:、lv(、  I'or  use  in  coiuioction  with  motors.  Wilson. 

15540. 

Drill  !u<>uiitin<;.s.    Now  ton.  1<>OoO. 
Bull  ivtaiiuMs  ior  l"、;iri"'"s-  Wiiijjiquist. 
8p{M»tl    luultiplyin;:   or    n''lm'iii;r   (ir  v;iivi 

17592.        •  ― ― 

Set'iioiuil  boilers,     nciiuiitz.  171)71). 
Funiacr  tor  extract  in^  zinc.  Scliiircniilcli 
Stocks  and  (lies.     I'Vc'v.  18(>:U. 
】>"、  jH'i'SHOs.     I'hoiupsoii .     IH08 1. 

Multiple  wire-drawing  jn;u*liiiirs.    Nad"'".  18302. 
Apparatus    i'm'    consuinin^i  siuoko 

Sclinoider.    18">")1 . 
Nut  locks.    Collior  iV-  (； mv(、.  2(KH)0, 
Shait  (oup!in-s.    Do  Dion  Houton  (l*»n7l.  U《l. 
l{ec'or(lin;j;  nuTcury  ha rtnu<^t(M*s.    A^ioliiii.    -*  188 1 . 
Suporhcalor  an; ，"； :i、im'"ts  lor  vortioal  Kteaiu  generators.  S"gtU?". 

21900. 

Packing  rings.     Harty.  1*26(30. 


('I 


uhI  locomotives  driven  by 
re,  and  Sidney  Strakcr  and 

iu.aljlo    to    coking  stokers. 


17290. 


18008. 


Leistriz, 


ill 


fill 


Case-haifleninjj;  procos.ses  for  articles  ol  iron.  strc!.  and  steel 
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20t li  .liiinos  Konost  lecture  will  bo  delivered  at  the  Institu- 
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Ariiulpli  Mallock.  F  R.S.,  liis  subject  being  ■'  Aerial  Flight. 
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The  Inspection  of  Electrical  Machinery. 

Although  the  number  of  fatal  accidents  from  the  use  of 
electricity  is  small  having  regard  to  its  innumerable  applica- 
tions,- investigation  shows  thai  most  of  those  which  do  occur 
could  be  avoided  by  the  adoption  of  precautions  tliat  any 
electrical  expert  would  regard  as  reasonable.  That  tbey  are 
not  adopted  is  due  largely  to  the  belief  of  many  power  users 
tliat,  once  installed,  an  electric  motor  needs  no  care  or  atten- 
tion beyond  the  lubrication  of  the  journals,  a  belief  to  which 
support  is  afforded  by  their  generally  good  behaviour  under 
very  adverse  conditions.  It  is  unfair,  however,  to  presume 
too  much  on  such  conduct,  and  a  section  of  power  users 
seem  to  need  educating  on  this  point.  This  is  the  more 
surprising,  as  tlie  sniiie  people  would  not,  as  a  rule,  dreaiu 
of  running  their  steam  boilers  or  engines  without  first 
insuring  them  against  explosion  or  breakdown  to  secure  tlie 
benefit  of  supervision  and  periodical  examination  by  engineer- 
ing experts.  Now  similar  supervision  is  just  as  valuable  for 
electrical  mac-liiiiery  and  as  easily  obtained,  for  j)rattifally 
every  boiler  insurance  company  makes  the  inspection  and 
insurance  of  electrical  machinery  a  special  branch  of 
its  business.  J  n  no  iiuhistry  are  the  conditions  of 
working  of  electrical  inacliiuery  more  onerous  than  in  coal 
mines,  where  it  is  so  constantly  assailed  by  its  worst  enemies 
in  the  shape  of  damp,  dust,  and  ill-treatment,  and,  therefore, 
ill  no  industry  is  there  greater  need  for  iiidepencleiit  super- 
vision. This  is  clearly  brought  out  by  Mr.  Robert 
Nelson,  ii.JU.  Electrical  Inspector  of  Mines,  in  a 
table  appended  to  his  last  report  setting  forth  the  details 
and  causes  of  the  various  electrical  fatalities  that  cnrurretl 
(luring  1910.  While  it  may  be  adiuitted  that  juudi  of  the 
electrical  plant  below  ground  is  not  all  it  might  be.  and  in 
some  cases  calls  for  replacement  beftiuse  actively  or  poten- 
tially dangerous  from  the  point  of  view  of  risk  of  electric 
shock,  a  brief  study  of  the  statistics  shows  tliat  a  great  pro- 
portion of  the  .'uridtMits  which  ； u-t iially  omirrrM  ,，，ul'l.  as 
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he  observes,  "  have  been  avoided  by  systematic  and  thorough 
inspection/'  It  is  not  suggested  that  those  responsible  for 
the  upkeep  of  electrical  plants  below  ground  are  less  con- 
scientious than  others  occupying  similar  positions  on  the  sur- 
face, but  the  risks  of  defects  arising  owing  to  the  conditions 
of  the  service  are  uiiidoiibtedly  greater,  and  the  multifarious 
nature  of  the  duties  imposed  on  those  in  charge,  coupled  with 
the  absence  of  evidence  of  the  positive  value  of  inspecting 
work  when  well  performed —— 八^^，  wlien  no  accidents  occur 
and  nothing  calls  for  remark ― is  apt  to  lead  to  lack  of 
appreciation  and  its  concomitant  result,  indifference.  It  is 
easier  to  assume  that  everything  is  right  until  something 
goes  wrong  than  it  is  to  be  always  on  the  alert  against  the 
latter  possibility.  As  specific  instances  of  the  result  of  this 
attitude,  Mr.  Nelson  mentions  the  accidents  arising  from 
the  common  failure  to  protect  uimrmoiu'ed  cables  during 
shot-firing  operations,  the  casual  and  inefficient  way  in  which 
earth  connections  are  often  made,  and  the  neglect  to  periodi- 
cally test  the  insulation  of  apparatus.  Each  of  these  causes 
is  directly  or  indirectly  responsible  for  some  of  the  fatal 
accidents  every  year,  and  is  the  more  to  be  regretted  as  it 
tends  to  damage  electrical  development  by  giving  undue 
weight  to  the  arguments  of  those  who  would  prohibit  its  use 
below  ground,  notwithstanding  its  economic  advantages  and 
its  benefits  to  the  workman  by  saving  him  much  arduous 
labour.  When  inspection,  with  its  accompanying  super- 
vision, is  exercised  by  outside  independent  authorities  instead 
of  by  the  owners'  servants  it  is  almost  invariably  carried  out 
in  a  more  efficient  manner,  for  the  inspector  is  free  from  any 
doubts  as  to  the  correct  appraisement  of  his  work,  which  he 
knows  is  most  efficient  when  there  is  least  reason  for  referring 
to  it  afterwards. 


Diesel  Engines. 

It  would  be  a  pity  if  the  recent  development  of  the 
Diesel  oil  engine  received  a  set-back  through  the  extravagant 
expenditure  of  capital  in  schemes  for  the  extensive  construc- 
tion of  this  type  of  motor,  and  yet  we  fear  there  is  a  serious 
risk  of  this.  Two  large  companies,  mainly  of  foreign  origin, 
are  already  seeking  floatation  in  this  country.  The  basis  of 
their  appeals  for  public  capital  is  that  they  have  had  a  certain 
amount  of  experience  in  this  type  of  motor  for  ships,  and 
that  the  success  met  with  will  probably  lead  to  their  extensive 
adoption.  Without  wishing  to  discount  in  the  slightest  the 
merits  of  such  success  as  has  been  attained,  it  appears  desirable 
to  point  out  to  prospective  investors  that  no  master  patent 
now  controls  the  manufacture  of  Diesel  engines.  It  is  open 
to  anyone  to  make  them .  Such  patents  as  do  exist  relate 
only  to  details  of  the  kind  which  cling  by  the  score  to  the 
steam  engine  or  any  other  prosperous  industry,  and  which 
often  stand  more  for  novelty  than  for  special  excellence  eitlier 
in  construction  or  workmanship.  In  the  absence  of  any 
monopoly,  and  in  face  of  the  fact  that  orders  for  Diesel  engines 
will  be  evolved  ratlier  from  slow-growing  confidence  in  them 
than  from  any  boom  demand,  it  is  improbable  that  scope  for 
any  large  outputs  will  be  found  for  considerable  time  to  come, 
besides  which  it  should  be  remembered  that  most  】ai'ge  builders 
of  steamships  already  have  tlieir  own  engine  shops,  and  it  is 
very  unlikely  they  will  place  orders  outside  their  own  works 
for  propelling  machinery  simply  because  oil  vapour  replaces 
steam  in  the  engine  cylinder.  The  appliances  suitable  for 
manufacturing  the  one  are  equally  suitable  for  the  other, 
though  it  is  true  greater  care  in  workmanship  is  essential  in 
cylinder  and  valve  construction  wlien  compression  pressures  of 
6001bs.  to  SOOlbs.  on  the  inch  are  dealt  witli  than  is  necessary 
with  t lio  pressures  (iidinarily  used  in  steam  engines.  The 
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constructional  difficulties,  however,  are  of  the  kind  sur- 
mounted by  the  workniansliip  which  soon  springs  out  of 
experience  and  necessity.  The  firms  who  already  make  a 
speciality  of  Diesel  engines  are  sufficient  to  cope  with  such 
orders  as  are  now  available,  and  in  view  of  this  it  would  see 川 
a  foolish  policy,  from  a  shareholder's  point  of  view,  to  call 
more  firms  into  being  in  this  country.  We  do  not 
want  to  see  a  repetition  of  the  ruinous  "  cut-throat  "  policy 
that  marked  the  entrance  of  one  or  two  monster  electrical 
enterprises  engineered  by  Americans  into  the  British  indus- 
trial field  some  dozen  years  ago,  and  which  in  the  long  run 
proved  disastrous  to  everybody  except  the  original  promoters. 
True  progress  with  Diesel  engines,  as  with  other  motors,  will 
best  come  by  "  making  liaste  slowly,"  and  by  recognising  tliat 
in  any  new  departure  tliere  is  always  much  to  learn.  We 
are  forcibly  reminded  of  this  by  a  reference  to  a  destructive 
breakdown  of  a  Diesel  engine  in  the  current  issue  of  our  con- 
temporary " Vulcan,"  and  which  is  worth  noting  at 
the  present  time,  when  the  adoption  of  this  tyj)e 
of  engine  is  being  considered  by  many  central  station 
engineers,  and  other  power  users.  The  engine  in 
question  was  one  of  four  identical  engines,  eacli  driving 
alternators  running  in  parallel,  and  of  the  4 -cylinder  type 
having  cylinders  12in.  diam.  by  1ft.  O^in.  stroke,  running  at 
250  revs,  per  minute,  and  rated  at  200  b.h.p.  The  primary 
cause  of  the  breakdown  was  seizure  of  one  of  the  pistons, 
following  which  the  niomeiitum  of  the  flywheel,  alternator, 
&c,，  proved  sufficient  to  break  the  crosshead  bolts  after 
elongating  them  and  reducing  their  diameter  from  lin.  to  |in. 
The  connecting  rod  which  was  then  freed  caused  breakage  of 
the  piston  and  liner?  and  was  itself  badly  bent,  while  one  of 
the  nuts  of  the  crosshead  bolts  fouled  the  crank  shaft  ami 
punched  a  hole  in  the  bedplate.  The  crank  shaft  being  tlien 
only  held  at  the  one  end  and  rotated  at  the  other  by  the 
flywheel  and  the  alternator,  was  twisted  through  an  angle  of 
about  15°  in  its  entire  length.  It  will  be  evident  from  these 
details  that  the  repairs  would  be  extensive  and  costly.  Our 
contemporary,  in  discussing  the  breakdown,  says  tliere  was 
no  evidence  of  failure  of  the  piston  lubrication,  the  seizure 
of  the  piston  being  apparently  due  to  overheating  con- 
sequent on  the  too  onerous  nature  of  the  work .  Very  little 
excess  of  tempei'atm'e,"  it  remarks,  "  would  be  required  for 
this,  as  the  diameter  of  the  piston  was  only  Y^^^^^in,  less  than 
the  bore  of  the  liner."  The  engines,  it  is  added,  "  were  com- 
paratively new  by  makers  of  repute,  and  tlie  workmanship 
itself  of  the  highest  grade."  The  general  coiu'lusioii  drawn 
is  that  Diesel  engines — which,  in  order  to  keep  up  effi- 
ciency and  obtain  smooth  running,  must  be  built  with  very 
fine  clearances  and  adjustments ― should  have  a  large  capacity 
for  overload,  and  receive  the  most  careful  supervision  to  ensure 
that  the  fuel  and  lubricating  oils  are  of  the  right  quality, 
the  circulating  water  of  the  right  temperature,  and  tliat  the 
oil  fuel  jet  and  lubrication  are  properly  regulated.  "  The 
attendant,  in  i'act，  requires  to  be  an  expert  mecliaiiir  and 
more  than  usually  careful.  Having  regard  to  tlie  sou  ire  fro 川 
whence  this  advice  emanates,  and  tlie  breakdown  by  whicli 
it  is  emphasized,  and  which  we  know  does  not'  stand  alone, 
the  lesson,  it  is  to  be  hoped,  will  be  taken  to  lieart  l>y 
both  makers  and  users  of  this  type  of  prime  mover. 


New  Diesel  Engine  Works. 一 The  Consolidated  Diesel  Entjine 
Alaiiufactuieis,  Ltd.,  are  to  erect  works  at  Ipswich  for  build- 
ing Diesel  engines  of  both  the  stationary  and  the  marine 
types.  Some  40  acres  of  land  have  been  acquired,  con- 
venientlv  situated  for  dock  an'l  railway  »onuiiuni<  at ion . 


April  12,  1912] 


THE    MECHANICAL  ENGINEER. 


443 


AN  AUTOMATIC  SELF-CONTAINED  OPTICAL  LOAD- 
EXTENSION  INDICATOR, 

IJY  PROF,  W,  E.  DALBY,  MA.,  B.S.C. 

The  object  of  the  paper  is  to  show  a  few  load-extension 
diagrams  of  steel,  copper,  and  iron  obtained  photographically 
by  means  of  an  instrument  recently  designed  by  the  author 
ill  which  the  effects  of  inertia  and  pencil  friction  are 
eliminated.    The  instrument  itself  is  shown  in  Fig.  1  sup- 


Fia.  1. 

ported  on  a  tripod  frame,  but  when  it  is  used  to  obtain  a 
diagram  it  is  taken  out  of  this  frame  and  placed  in  the 
testing  machine,  the  nut  A  of  the  frame  being  replaced  by 
the  upper  shackle  of  the  testing  machine. 

The  instrument,  in  fact,  hangs  from  the  upper  shackle 
with  the  lower  end  free.  The  upper  end  of  the  specimen  to 
be  tested  is  screwed  into  the  coupling  B,  and  the  lower  end  is 
screwed  into  the  lower  shackle  of  the  testing  machine.  The 
specimen  and  the  "  weigh-bar  "  C  of  the  instrument  are  thus 


lin. 


Fig.  2. 


placed  in  series,  and  when  the  load  is  applied  it  is  transmitted 
equally  through  the  specimen  and  the  "  weigh-bar  "  C.  The 
cross-sectional  areas  of  the  specimen  and  the  weigh-bar  are 
so  related  that  the  breaking*  load  for  the  specimen  produces  a 
stress  on  the  weigh-bar  C  well  within  the  elastic  limit.  The 
extension  of  the  weigh-bar  is  proportional  to  the  load  acting 
on  it,  and  is  therefore  a  measure  of  the  load,  not  only  on  the 
weigh-bar,  but  on  the  specimen  coupled  to  it.    A  mirror  in 

*  Paper  read  at  the  Bpi'hig  meetings  of  the  fifty-thivd  session  of  the  lustitution 
of  Naval  Architects,  March  29tb,  1912. 


the  instrument  is  connected  to  the  weigh-bar  so  that  its 
angular  displacement  is  proportional  to  the  extension  of  tlie 
bar,  hence  its  angular  mot  ion  is  a  measure  of  the  load  applied 
to  the  specimen. 

T  lie  re  is  a  second  mirror  in  the  instrument  mounted  on 
t  lie  axis  D  connected  by  linkage  or  by  a  steel  wire  attached 
by  the  arm  E  to  the  speciinen  in  such  a  way  that  tlie  exten- 
sion of  the  specimen  produces  a  corresponding^  angular 
displacement  of  tlie  mirror.  The  two  mirrors  are  placed  in 
the  instrument  with  their  axes  at  right  angles.  A  source  of 
light  is  arranged  in  the  head  F,  a  beam  from  which  is 
reflected  from  each  mirror  in  succession  to  tlie  focusing 
plane  of  the  camera  G.      The  whole  instrument  is  self- 
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Extension  on  5  inches. 

Fig.  3.— Mild  Stkkl  01-2  C. 


contained,  and  is  in  contact  with  the  testing  machine  only 
at  the  upper  shackle. 

The  weigh-bar  is  calibrated  by  means  of  the  steelyard 
of  the  testing  machine  in  which  the  instrument  is  placed. 
For  calibrating  purposes  the  lower  end  of  the  weigh-bar  is 
attached  directly  to  the  bottom  shackle  of  the  machine.  The 
photographic  scale  of  the  weigh-bar  is  obtained  by  balancing 
the  beam  of  the  testing  machine  at  a  series  of  loads,  and  at 
each  load  giving  a  slight  angular  motion  to  the  mirror 
attached  to  the  axis  D  by  slightly  moving-  the  arm  E. 

Figs.  3  to  7  and  9，  10  show  (half  full  size)  the  load  scale 
of  the  instrument  illustrated  in  Fig.  1.  It  corresponds  very 
nearly  to  1  centimetre  per  ton,  over  a  range  of  10  tons. 
With  this  particular  weigh-bar,  the  maximum  load  which  can 
be  applied  to  a  specimen  coupled  to  it  is  10  tons.  If,  how- 
ever, a  larger  maximum  load  is  required,  it  is  only  necessary 
to  replace  tlie  weigh-bar  of  Fig.  1  by  another  of  larger  cross- 
sectional  area.  For  instance,  if  the  bar  were  made  10  times 
the  sectional  area,  the  maximum  load  would  be  100  tons,  but 
the  load  scale  would  then  be  1  mm.  to  the  ton.  A  series  of 
weigli-bars  enables  the  instrument  to  be  used  over  a  wide 


~1 

iin.  Sin. 
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Fig.  4.— Mild  Steel. 


range,  just  as  a  series  of  indicator  springs  extends  the  range 
of  action  of  a  steam  engine  indicator  from  the  lowest  to  the 
highest  pressures. 

There  are  several  ways  of  connecting  the  specimen  with 
the  mirror  on  the  axis  D  in  order  to  ensure  that  its  angular 
motion  is  proportional  to  the  extension  of  the  specimen.  In 
any  case,  tlie  extension  scale  is  found  by  placing  gauges  of 
known  size  in  the  linkage  in  such  a  way  that  an  angular 
movement  of  the  mirror  is  produced  corresponding  to  a  known 
rotative  linear  displacement  of  the  gauge  points  of  the 
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specimen.  A  slight  load  applied  to  the  specimen  then  pro- 
duces a  small  moveinent  of  ilie  spot-  of  light  on  the  photo- 
graphic j)late,  wliicli  serves  afterwards  as  a  point  of  known 
dimension  in  the  extension  scale. 

Fig.  2  is  a  reproduction  (lialf  full  size)  of  a  negative 
obtained  from  a  piece  of  mild  steel,  and  shows  the  lines  which 
appear  when  the  negative  is  developed.    The  horizontal,  line 


mechanical  multiplication  to  obtain  both  the  load  and  the 
extension  of  the  specimen,  and  also  by  Mr.  Wick  steed,  who 
uses  1  he  beam  of  tlie  testing  niacliine  in  c-oniUM-tiun  wit li  a 
spriiii^  and  mechanical  multiplication  to  obtain  the  curves. 
The  results  obtained  optically  ami  pliotographically  with  tlie 
consequent  elimination  of  pencil  friction  and  inertia,  as  will 
be  seen  from  Fig.  2,  and  Figs.  3  to  9，  bring  out  the  peculiar 
10  I  '  — I 
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Fig.  6.— Mild  Stkix  01  C. 

sion  scale,  it  is  convenient  to  draw  on  the  calibrating  ne^'ative 
a  series  of  lines  at  right  angles  to  the  load  lines  to  form  an 
extension  scale,  the  two  sets  of  lines  forming  a  network  of 
small  squares  on  the  calibrating  negative. 

Figs,  3  to  7  and  9，  10  have  been  drawn  in  t lie  followiufj^ 
way.  Prints  were  taken  from  the  negatives,  and  the  curves 
ami  lines  were  pricked  through  on  to  a  sheet  of  drawing 
paper  and  the  lines  and  figures  completed  from  the  points  so 
obtained. 

The  poinb  of  interest  is  tlie  way  t  lie  a  |)  par  at  us  hriiif^s  out 
tlie  peculiar  relation  between  the  load  and  the  extension  in 
the  neighbourhood  of  the  yield  point.  This  ])eculiarit y  lias 
beeii  observed  by  Prof.  Kennedy,  wlio  used  a  weigh -bar  with 


Fig.  h. 


analyses  of  the  specimens  <-orrespondiiig  to  these  diagrams  a  re 
given  ill  the  following  table  : ― 

Table 工. 


Load-extension  Diagram 
sliown  ia 

Fig.  3. 

Fig.  5. 

I'ig.  6. 

Fi-.  7. 

Carbon  

i» 十-' 

0'J3 

0-4 

0-5 

Silicon  

0-03 

0  07 

0  iU6 

UU36 

Sulplmr   

M  U;M 

(IO40 

0  ti:»5 

0  0:)2 

Pli<)S|ili(>ni>   

0  t».'7 

0  04  > 

0  03 

0  029 

Man;;aiiese  

0  50 

1  01 

0G4 

Orijrinal  diameter   

Distance  between  gauge  points 

0-625iii. 

oin. 

0-56in. 

51  n. 

0"7in. 

if?  S  1 

These  diagrams  are  reduced  to  a  common  stress  extension 
scale  ill  Fig.  8，  the  load  now  beingj  i;iven  in  tons  per  square 
iiu-h  reckoned  on  tlu*  original  area  of  liio  bar. 


It   will  be  seen  from  this  figure  tliat  the  curves  corre- 
spondiug  to  the  diagrams  Figs.  3，  G,  and  7  form  a  series  in 
•  Tho  figures  here  reproduced  aru  half  ibcir  ori^iunl  size. 


0  条 in.  lin.  l^in. 

Extension  on  5  inches. 

Fig.  5. —Mild  Steel  0  23  C. 
A  B  corresponds  to  a  load  of  1  ton.  It  is  obtained  by  balanc- 
ing the  beam  of  the  testing  machine  at  1  ton  and  then  slightly 
moving  the  arm  E  (Fig.  1).  Three  divisions  are  shown  on 
the  extension  scale.  These  were  obtained  in  the  manner 
indicated  above  by  means  of  three  gauges  inserted  in  the 
linkage.  Each  division  represents  ^in.  extension  of  the 
specimen.  The  diagram  itself  is  obtained  quite  automati- 
cally. Having  obtained  the  1-ton  line  and  the  scale  divisions 
on  the  extension  scale  the  jockey  weight  is  run  out  on  the 
beam  to  about  12  tons,  so  that  tlie  beam  falls  on  the  bottom 
stop,  and  the  load  is  applied  through  the  straining  apparatus 
of  the  machine.  The  spot  of  light  then  moves  over  the  plate 
and  photographically  records  the  load-extension  diagram  of 
the  specimen. 

The  load  corresponding  to  any  point  of  the  curve  in  Fig.  2 
is  found  by  placing  over  the  negative  a  second  negative,  on 
which  the  load  scale  of  the  weigh-bar  has  been  photo- 
graphically produced  in  the  way  explained  above,  so  that  tlie 
1-ton  line  of  the  load  scale  of  the  second  or  calibrating 
negative  coincides  with  the  1-ton  line  on  the  negative  on 
which  the  load  extension  diagram  is  taken.  The  scale  of  the 
calibrating  negative,  may  be  divided  as  closely  as  desired,  and 
if  a  large  number  of  specimens  are  broken  to  the  same  exten- 


0  *in.  lin. 

Extension  on  5  inches. 
Fig.  7.— Mild  Steel  0-5  C. 

plienomenon  connected  with  tlie  yield  point  witli  great  clear- 
ness and  accuracy.  In  the  author  s  instrument  the  extension 
scale  can  be  magnified  to  any  desired  extent.  In  Fig.  3  the 
extension  of  the  specimen  is  magnified  3i  times.*  In  Fig.  4 
a  diagram  is  sliowu  in  which  the  extension  is  magnified 
7  times,  but,  of  course,  in  this  case  the  whole  of  the  load- 
extension  curve  cannot  be  shown  on  the  plate.  By  magnify- 
ing the  extension,  the  peculiarities  in  the  region  of  the  yield 
point'  may  be  specially  studied.  The  magnification  can  easily 
be  increased  even  to  200  times,  and  in  this  case  the  extensions 
of  the  specimen  are  brought  within  the  elastic  region,  and  tlie 
form  of  the  line  just  before  the  yield  point  fan  be 
investigated. 

Figs.  5，  6，  and  7  are  load-extension  diagrams  from  steels 
containing  increasing  proportions  of  carbon,  and  form, 
together  with  the  diagram  of  Fig.  3，  a  series  of  four.  The 
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which  the  effect  of  the  increasing  perceiiiage  of  carbon  on  ilio 
stress-extension  diagram  is  well  hrouglit  out.  Tlie  cu rve 
corresponding  to  Fig.  5  is  dotted  in  Fig.  8，  ami  it  does  not 
appear  to  fall  in  the  series  at  all.  The  peculiarity  is  due  to 
the  much  larger  proportion  of  manganese  contained  in  this 
particular  sample.  In  the  case  of  Figs.  3，  5，  and  G,  1  In- 
proportions  of  the  constituents  of  the  steel  otlier  than  carbcjii 
remain  fairly  constant.  Another  point  of  interest  in  connec- 
tion with  these  diagrams  is  that  the  load  on  the  specimen  at 
the  instant  of  fracture  can  be  read  ofi*  without  any  ambiguity. 


CURTIS  MARINE  STEAM  TUJ^BINES. 

H  KKKTOFOKK  ill  t  lie  con^'l  met  ion  ol"  rtiarme  slearii  lurljiiif^s 
liaviii"r  initial  jet  velocity  staji^es,  ami  built  in  two  eleiaeiits 
complete  on  one  shaft,  it  has  been  the  practice  to  employ  in 
the  lu^li-pressure  element  a  number  of  velocity  stages  only, 
which,  liaviiig"  the  same  steHiii  pressure  on  opposite  .sides  of 
tlift  wheels,  avoid  the  product  ion  in  tliis  element  of  excessive 
longitudinal  thrusts  wliicli  would  have  to  l>e  carried  by  the 


^in.  lin. 
Extension  on  5  inches. 

Fig.  9.~Farnlet  Iron. 


The  load-extension  diagram  of  a  piece  of  Farnley  iron  is 
shown  in  Fig.  9.  It  presents  the  same  general  rliaracteristics 
as  tlie  steel  specimens  in  the  region  of  the  yield  point.  The 
original  diameter  of  the  specimen  was  0*625,  and  the  gauge 
point,  length  was  5in.  The  diameter  at  the  fracture 
was  0*42in. 

The  load-extension  diagram  of  a  piece  of  copper  contain- 
ing 0295  per  cent,  of  arsenic  is  shown  in  Fig.  10.  Its 
original  diameter  was  0'625,  and  the  gauge  point  length  was 
4'5in.  There  is  with  this  material  nothing  approaching  the 
complicated  stress-strain  relation  at  the  yield  point  exhibited 


lin.  ]|in. 
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Fig.  10.— Copper. 
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by  tlie  mild  steels  and  the  iron  samples.  The  material  simply 
gives  way  and  d raws  out  without  discontinuities  in  the  load- 
extension  curve  of  any  kind.  This  example  shows  that  the 
irregularities  in  the  yield  point  regions  of  the  steel  and  iron 
diagrams  are  not  due  to  any  peculiarities  of  the  instnuneiit, 
otherwise  the  same  irregularities  would  appear  in  tlie  load- 
extension  curve  for  the  copper  specimen. 

In  conclusion,  I  should  like  to  record  my  thanks  to  Mr. 
Witcliell,  University  Demonstrator  in  the  City  Guilds 
College,  for  his  able  assistance  in  connection  with  the  work. 


New  Clyde-built  Destroyer. ― The  destroyer  "  Attack,  '  built 
for  the  British  Admiralty  by  Messrs.  Yarrow,  of  Glasgow, 
ran  very  successful  official  full-speed  trials  on  Saturday,  the 
30tli  lilt.,  on  Skelmorlie  deep-water  measured  mile,  attaining 
a  mean  speed,  during  a  continuous  run  of  eight  hours,  of 
30*6  knots,  tluis  exceeding  the  contract  speed  of  28  knots  by 
2"6  knots.  The  vessel  is  240ft.  long  by  25ft.  Tin.  beam,  and 
is  propelled  by  Brown-Curtis  turbines  driving  twin  screws. 
Steam  is  supplied  by  three  Yarrow  water-tube  boilers,  fitted 
with  tlie  firm's  superheating  and  feed-heating  appliances. 


Fig.  1.— Ccrtih  Marivk  Turbine. 
Longitudinal  section  of  liif^b-pressure  element  on  line  1—1  of  Figs.  4  and  5. 

thrust  block  and  which  retluce  tlie  steam  pressure  to  the  low 
pressure  required  to  neutralise  the  propeller  thrust  ；  and  to 
employ  in  the  low-pressure  element  a  drum-pressure  stage, 
having  a  steam  tight-pressure  head  closing  the  steam  space 
between  the  drum  and  the  shaft,  and  producing  a  tlirust 
opposed  to  the  propeller  thrust.  The  construction  indicated 
is  open  to  the  objection  of  using  a  considerable  number  of 
velocity  stages  with  accompanying  diaphragms  and  steam 
spaces  which  increase  the  cost  and  length  of  the  turbine,  and, 
on  account  of  the  inaccessibility  of  the  diaphragm  bushings, 
increase  the  difficulty  and  expense  of  repairs. 

In  the  designs  illustrated,  the  invention  of  Mr.  C.  G. 
Curtis,  2,  Rector  Street,  New  York,  U.S.A.,  these  objections 
are,  it  is  claimed,  overcome  by  replacing  tlie  velocity  stages  in 
the  high-pressure  element  largely  or  partly  by  drum-pressure 
stages  with  steam  tight  pressure  heads,  wliicli  drum  stages 
are  reversed  and  are  so  proportioned  relative  to  the  steam 
pressures  that  the  thrust  produced  by  one  drum  stage  is  prac- 
tically neutralised  by  the  other  drum  stage,  and  the  shaft 
thrust  when  present  is  also  practically  neutralised,  at  all 
substantial  powers,  so  that  the  thrust  carried  by  the  thrust 
block  for  this  element,  if  any,  is  small  in  amount.  Tlie 
propeller  thrust  is  wholly  or  largely  neutralised  at  all  sub- 
stantial powers  in  the  low-pressure  element  by  a  single  direct 
drum-pressure  stage. 

A  further  feature  of  the  designs  relate  to  means  for  adjust- 
ing the  relative  thrusts  of  the  reversed  drums  in  the  higli- 
pvessnre  element  so  as  to  secure  a  more  complete  balance  in 
this  element  under  (liffercrit  conditions   of   steam   flow  and 


Fig.  '2.— Curtis  Marine  Tubbtnk. 
Longitudinal  section  of  lii^ih- pressure  element  on  line  '2—2  of  Fi^'s. 
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pressure.  Tliis  is  accomplished  by  providing  a  by-pass  for  the 
steam,  controlled  by  a  valve,  around  one  or  each  of  the  druin 
stages  so  as  to  vary  the  pressure  drop  between  the  ends  of  one 
or  each  of  such  drum  stages  to  suit  the  roiulitions  of  operation. 
Anot  her  feature  relates  to  the  const  ruction  of  a  turbine  for  a 
4-sluift^ arrangement,  in  wliich  the  turbine  is  divided  into  four 
elements  i»H)unle<l  o"  two  shafts,  i .，'.、  a  Ingli-pressure  element 
oil  one  shaft,  an  in(ernie(liate-[)ressure  element  on  the  oIIhm- 
shaft  of  llie  same  power  as  the  higli-pressure  element  and 
taking  the  full  flow  of  steam  from  the  high-pressure  element, 
and  two  low-pressure  elements  (one  on   eac!i  shaft)  which 
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receive  the  steam  flow  from  the  intermediate-pressure  element 
ill  multiple.  The  liigh  and  intermediate  pressure  elements  are 
balanced  within  themselves  by  the  use  of  reversed  drum- 
pressure  stages,  while  the  two  low-pressure  elements  receive  a 
low  enough  steam  pressure  to  wholly  or  largely  neutralise  the 
t  hrust  of  the  propellers  at  all  substantial  powers  by  the  em- 
ployment in  each  of  a  single  direct  drum-pressure  stage. 


Fig.  3.— Cdrtis  Mabine  Turbine. 
Sectional  elevation  of  low-pressure  element. 


Figs.  1  to  6  show  the  turbine  composed  of  a  high  and  low 
pressure  element  complete  on  one  shaft.  A  and  B  are  respec- 
tively the  high  and  low  pressure  elements.  Referring  first 
to  the  high-pressure  element,  its  shaft  section  C  which  carries 
the  rotating  parts  is  stepped  down  to  smaller  dia- 
meters where  it  passes  through  the  stuffing-boxes,  producing 
shaft  thrust  areas  subje(— 't  to  the  steam  pressures  at  the  ends 
of  the  shell.  The  higi 卜 pressure  element  is  provided  with  two 
initial  jet  velocity  stages.  The  nozzles  E  of  the  first  stage 
are  carried  by  the  head  D.  The  wheel  F  of  the  first  stage 
carries  a  plurality  of  rows  of  moving  buckets  co-acting  with 
stationary  intermediate  buckets  carried  by  the  shell.  Follow- 
ing tlie  wheel  F  is  a  diaphragm  G  supported  by  the  shell  and 
having  a  bushing  or  packing  surrounding  the  shaft.  The 
space  in  front  of  the  diapliragm  G  is  large  enough  to  permit 
the  removal  and  repair  of  the  bushing  or  packing  in  segments, 
and  access  is  given  to  this  space  by  manholes  and  by  openings 
in  the  web  of  the  wheel  F.  The  diaphragm  G  carries  the  second- 
stage  nozzles  H，  and  these  deliver  the  steam  to  the  buckets 
of  the  second  jet  velocity  stage  which  are  carried  by  the  wheel 
J  and  by  the  shell.  The  wheel  J  is  mounted  upon  the  pressure 
liead  K  of  the  first  drum-pressure  stage,  which  pressure  head 
is  formed  and  proportioned  so  as  to  withstand  without  change 
of  shape  the  difference  in  pressure  to  which  it  is  subjected. 
The  drum  L  of  the  first  drum  stage  is  supported  in  part-  by 
the  head  K  which  closes  steam  tight  the  space  between  the 
drum  and  the  shaft.  The  first  drum  stage  carries  the  steam 
in  the  same  direction  as  the  initial  velocity  stages  and  receives 
it  directly  from  the  second  velocity  stage.  The  drum  of  the 
first  drum  stage  carries  a  number  of  annular  rows  of  buckets 
separated  by  annular  rows  of  stationary  buckets  carried  by 
the  casing.  These  buckets  operate  on  the  impulse  or  on  the 
reaction  principle.  In  either  case  there  is  a  difference  in 
steam  pressure  between  the  admission  and  discharge  ends  of 
the  drum  stage  which  is  effective  on  the  head  K  to  produce 
an  aft  thrust  on  the  shaft.  The  admission  of  steam  to  the 
buckets  of  the  first  drum  stage  is  a  complete  peripheral  one. 
while  at  the  velocity  stages  the  nozzles  occupy  only  a 】）ai't  of 
the  peripheries  of  the  wlieels.  In  passing  through  the  velocity 
stages  the  steaia  is  reduced  in  pressure  aiul  increased  in  volume 
so  that  a  complete  peripheral  admission  can  be  had  at  tlie 
first  drum  stage  with  buckets  of  a  sufficient  radial  depth  to 
keep  the  tip  clearance  leakage  within  permissible  limits.  The 
radial  depth  of  tlie  bucket's  of  the  velocity  stages  can  be 
made  as  great  as  desired  because  of  the  fact  that  a  partial 
peripheral  admission  (').，  "jet"  admission)  is  employed  in 


these  stages.  The  use  of  tlie  initial  jet  velocity  stages  also 
results  in  a  reduction  in  pressure  within  tlie  casing  head  to  that 
which  can  be  practically  controlled  by  the  shaft  stuffing-box. 

Following  the  first  drum  stage,  the  steam  space  between 
the  shell  and  the  shaft  is  closed  by  a  diaphragm  M  having  a 
bushing  surrounding  the  shaft.  A  working  space  is  provided 
in  which  this  bushing  or  packing  may  be  repaired  or  replaced 
in  segments,  which  space  is  accessible  through  a  covered  man- 
hole in  the  casing.  The  diaphragm  M  is  made  necessary 
because  the  steam  flow  is  reversed  through  the  second  drum 
stage.  The  second  drum  stage  has  a  drum  N  carrying  a  num- 
ber of  annular  rows  of  buckets  co-acting  with  annular  rows  of 
intermediate  buckets  carried  by  the  casing,  and  operating  on 
the  impulse  or  reaction  principle.  In  either  case,  as  with  the 
first  drum  stage,  there  is  a  difference  in  steam  pressure  between 
the  admission  atid  discharge  ends  of  the  stage  which  is  effective 
on  a  steam  tight  pressure  liead  O  closing  tlie  space  between 
the  drum  and  the  shaft  and  formed  and  proportioned  to  with- 
stand the  pressure  difference  to  wliicli  it  is  subjected  without 
change  of  shape.  The  steam  is  admitted  to  the  aft  end  of 
the  second  velocity  stage  by  channels  P  in  the  casing  (Figs.  2, 
4，  and  5)  connecting  the  space  in  front  of  the  diaphragm  M 
with  the  space  aft  of  the  pressure  head  0，  while  the  steain 
discharged  from  this  stage  into  the  space  forward  of  the  head 
O  is  carried  back  to  the  chamber  Q  in  the  aft  head  of  the 
higl)-pressure  element  by  channels  R  (Figs.  1，  4,  and  5).  The 
difference  in  pressure  on  the  shaft  thrust  areas  and  the  differ- 
ence in  pressure  on  the  first  drum  stage  produce  an  aft  thrust 
on  tlie  shaft,  while  the  difference  in  pressure  on  the  second 
drum  stage  produces  a  forward  thrust  on  the  shaft.  By 
properly  proportioning  the  steam  passage  areas  through  the 
drums,  so  as  to  secure  the  proper  pressure  drop  between  the 
two  ends  of  eadi  drum,  and  by  having  each  drum  of  the  proper 
relative  area,  these  thrusts  in  opposite  directions  will  be  prac- 
tically neutralised  or  balanced  or  reduced  to  a  practicable 
amount  at  all  powers,  so  that  the  unbalanced  thrust,  if  any, 
will  be  small.  In  order  to  secure  a  more  complete  balance 
of  the  thrusts  under  different  conditions  of  operation,  a  con- 
trollable by-pass  may  be  provided  around  one  or  each  of  the 
drum  stages  so  as  to  enable  the  adjustment  of  the  differences 
in  pressure  carried  by  the  pressure  heads  K  ami  O.  A  ])ipe  S 
having  a  valve  performs  this  office  for  the  first  drum  stage. 


2  1 


Fig.  4.— Curtis  Makine  Turbine. 
Cross-section  on  line  4 ~ 1  of  Fi«.  1. 


2  Jl 


Fig.  5. — Curtis  Maiune  Tdkiunk. 
Cross- section  on  lino  5—5  of  Fig.  1. 


wlulo  ail  optMiing  T  (controlled  by  a  valve)  between  I  lie  iliani- 
ber  Q  and  the  admission  side  of  the  second  drum  stage  serves 
to  shunt  steam  around  the  second  drum  stage. 

The  shaft  section  of  the  lui:h-]H*essure  element  A  is  con- 
nected with  tlie  shaft  section  of  the  low-pressure  element  B  Ijy 
a  slip  coupling.  The  casing  of  the  low-pressure  element  has 
fore  and  aft  lieads  provided  with  stuffing-boxes  surrounaing 
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reduced  diameters  of  the  shaft.  One  or  "lore  pipes  U  convey 
the  steain  from  the  chamber  Q  of  the  high-pressure  elenieiit  to 
the  low-pressure  element,  and  have  a  slip  or  expansion  joint 
permitting  the  relative  movement  of  the  two  elements.  Within 
the  casing  of  the  low-pressure  element  is  a  drum-pressure  stage 
having  a  number  of  annular  rows  of  movin""  and  stationary 
buckets  operating  on  the  impulse  or  reaction  principle.  The 
drum  V  of  this  drum  stage  is  supported  from  the  shaft  in  part 
by  a  steam  tight  pressure  head  W，  formed  and  proportioned 
to  withstand  the  difference  in  pressure  to  which  it  is  subjected 
without  change  of  shape.  This  pressure  head  is  subjected  on 
its  forward  side  to  the  steam  pressure  existing  at  the  admission 
end  of  the  drum  stage,  while  its  rear  side  is  open  to  the  exhaust 
X，  and  hence  receives  the  exhaust  pressure.  By  properly  pro- 
portioning the  steam  passage  area  through  tlais  drum  stage 
ami  by  giving  it  a  proper  thrust  area,  the  thrust  aft  produced 
by  it  will  balance  practically,  or  reduce  to  a  practicable 
amount,  at  all  powers,  the  forward  thrust  of  the  propeller. 
Any  unbalance'!  thrust,  one  way  or  the  other,  will  be  small. 
In  Fig.  6,  the  higli  and  low  pressure  elements  are  shown 
assembled.  The  reversing  turbine  is  shown  as  enclosed  in  the 
rear  end  of  the  casing  of  the  low-pressure  element.  It  has 
a  drum-pressure  stage  opposing  the  propeller  thrust. 

The  turbine  shown  in  Figs.  1  to  6  is  useful  in  any  arrange- 
ment of  one  or  more  propeller  shafts,  in  which  it  is  desired  to 
employ  a  complete  independent  turbine  on  each  shaft.  A 
special  construction  of  tlie  turbine  adapted  for  a  4-sliaft 
arrangement  is  illustrated  in  Fig.  7.  In  this  arrangement  the 
turbine  is  divided  into  four  elements,  C，  D,  E，  and  F.  The 
elements  C  and  D  are  respectively  high  and  intermediate 
pressure  elements,  the  latter  taking  the  entire  flow  of  steam 
from  the  former,  while  the  elements  E  and  F  are  low-pressure 
elements  which  receive  the  steam  from  the  intermediate- 
pressure  element  in  multiple,  each  taking  one-half  the  flow 
of  steain.  The  elements  C  and  1)  are  of  practically  equal 
power,  as  likewise  are  the  elements  E  and  F，  so  that  the  power 
developed  on  each  shaft  will  be  the  same.  The  two  shaft 
sections  G  H  of  the  high-pressure  element  are  connected  by 
a  slip  coupling.  The  high-pressure  element,  as  shown,  has 
one  jet  velocity  stage  J,  and  two  drum-pressufe  stages  K  and 
L  separated  by  a  diaphragm,  and  connected  so  as  to  have  a 
reversed  steam  flow  by  channels  M.  These  drum  stages  have 
steam  tight  pressure  heads  N  0，  which  exert  thrusts  upon  the 
shaft  section  G  in  opposite  directions  so  as  to  practically 
neutralise  the  thrust  within  the  high-pressure  element  of  the 
turbine  at  all  substantial  powers.    The  low-pressure  element 
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Fig.  6.— Curtis  Marine  Turbine. 
Elevation  showing  two  elements  of  one  shaft  turbine  connected  together. 


E,  which  is  mounted  ou  the  shaft  section  H，  lias  a  single  direct 
drum-pressure  stage  proportioned  with  respect  to  the  area  of 
its  steam  passage  and  to  its  thrust  area  so  as  to  practically 
neutralise  the  propeller  thrust  at  all  substantial  powers.  The 
shaft  sections  G  and  H  are  provided  with  independent  thrust 
blocks.  The  intermediate-pressure  element  D  receives  the 
full  flow  of  steam  from  the  liigh-pressure  element  through 
pipes  P.  This  element  is  provided  with  two  drum-pressure 
stages  having  steam  tight  pressure  heads  S  and  T,  separated 
by  a  diaphragm.  The  drum-pressure  stages  Q  R  receive  tlie 
steam  flow  in  opposite  directions,  tl\e  discharge  end  of  stage 
Q  being  connected  with  the  head  end  of  stage  R  by  steam 
channels  U.  The  reversed  drum-pressure  stages  Q,  R  are  pro- 
portioned so  as  to  produce  thrusts  in  opj^osite  directions  and 
to  practically  neutralise  at  all  substantial  powers  the  tlu'usts 
upon  the  shaft  within  this  element  of  the  turbine.  The 
rotating  parts  of  this  element  D  are  mounted  upon  the  shaft 
section  V,  which  is  connected  with  the  shaft  section  W  by  a 
sli])  coupling.  The  low-pressure  element  F,  which  is  mounted 
on  the  shaft  section  W，  is  similar  to  the  low-pressure  element 
E,  having  a  single  direct  drum-pressure  stage  with  a  steam 


ti^rlit,  pi-essur head  adaptfvl  to  practically  neutralise  the  pro- 
peller thrust  at  all  subsifiritial  loads.  The  shaft  sections 
V  W  are  provided  with  indepeiuleiit  tlirust  blocks.  The 
exhaust  from  the  intermediate-f>ressure  element  is  divide*! 
between  two  pipes  X  Y，  wlii'  li  divide  the  steain  flow  between 


Fig,  7.— Curtis  Marine  Turbine. 
Four-shaft  arrangement. 


the  two  low-pressure  elements  E  and  F，  giving  the  large 
bucket  areas  required  to  pass  the  steam  at  the  low  pressure 
and  large  volume  existing  near  the  exhaust  end  of  the  turbine. 
It  will  1)6  understood  that  the  shafts  shown  in  Fig.  7  are  two 
shafts  of  a  4-sliaft  arrangement,  and  that  the  other  two  shafts 
will  be  provided  with  a  similarly-divided  turbine. 


THE  DANGER  OF  OPEN  BLOW-OUT  TAPS. 

The  danger  of  entering  a  steam  boiler  willi  a  blow-out  tap 
open,  if  it  be  one  of  a  range,  has  been  exemplified  by  many 
fatalities,  for  groups  of  boilers  are  almost  invariably  con- 
nected to  a  common  waste  pipe,  and  in  the  event  of  one  of 
the  blow-out  taps  of  the  other  boilers  being  opened  undpr 
pressure  the  water  and  steain  in  the  waste  pipe  is  liable  to 
back  up  into  the  empty  boiler  and  scald  anyone  who  happens 
to  be  there.  This  danger  applies  also  to  keirs  used  at  bleach 
and  dye  works,  where  it  is  customary  for  two  or  mere  of  these 
vessels  to  be  coupled  to  a  common  supply  pipe  by  which  caustic 
or  other  hot  liquor  is  introduced.  A  sad  fatality  arising  in 
this  way  occurred  on  Monday,  the  1st  inst.，  at  the  "Whitehall 
Bleachworks,  Chinley.  Two  men  were  laying  cloth  in  one 
of  a  pair  of  keirs,  and  owing  to  some  oversight  the  tap  of  the 
waste  pipe  at  the  bottom  was  left  open  after  emptying  the 
previous  charge.  While  so  engaged  an  attendant  proceeded 
to  blow  off  tlie  companion  keir，  with  the  result  that  the  scald- 
ing caustic  liquor  was  showered  on  the  two  men,  one  of  whom 
was  so  horribly  injured  that  he  died  the  following  day. 


A  2,000-frcqucncy  Alternator. ― In  the  course  of  a  paper  read 
before  the  Physical  Society  of  London,  Mr.  \V.  Duddell 
described  and  exhibited  a  small  2,000-frequency  alternator 
which  he  had  designed  and  had  constructed  for  testing  pur- 
poses, mainly  in  connection  with  telephonic  ineasureinents. 
The  alternator  was  of  the  salient  pole  revolving  field  type, 
running  at  8,000  revs,  per  minute.  The  stator  was  smooth 
and  wound  like  a  gramme  ring,  the  object  being  to  obtain  as 
near  as  possible  a  sine  wave.  The  author  gave  curves  showing' 
the  open-circuit  characteristic,  the  short-circuit  current,  and 
the  regulation  of  the  alternator  at  four  different  frequencies. 
The  output  of  the  alternator  amounted  to  as  nuich  as  h  kw.  at 
the  higher  frequencies.  Oscillograph  curves  of  the  alternator 
on  open-circuit  and  when  loaded  with  non-inductive  resistance, 
inductances,  and  condensers  were  shown.  These  appeared  to 
be  practically  sine  waves.  This  was  not,  however,  strictly  the 
case,  as  there  was  a  slight  third  harmonic  present.  To  demon- 
strate this  a  further  set  of  oscillograph  curves  of  the  P.D.  cf 
the  alternator  were  exhibited.  In  taking  these  curves  the  iioii- 
iiuluctive  resistance  in  series  with  the  oscillograph  strips  was 
replaced  by  a  small  condenser  so  as  to  accentuate  the  upper 
harmonics. 
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OIL  FUEL  IN  THE  NAVY. 

One  important  consequence  of  tlie  strike  which  will  not  be 
without  a  certain  effect  on  coal  output  and  price  is  the  unex- 
pected impetus  which  the  stoppage  has  given  to  tlie  use  ot 
oil  fuel  for  Admiralty  purposes.  There  is  little  prospect,  even 
if  the  cost  is  considerably  enhanced,  of  coal  being  supplanted 
by  oil  in  the  great  proportion  of  the  industrial  purposes  for 
which  it  is  used  on  land  owing  to  the  expense  of  liquid  fuel  ； 
but  in  the  Navy,  where  efficiency  is  the  main  factor,  and 
expense  takes  a  back  seat,  the  superior  heating  power  of  oil 
has  for  a  long  tTme  encouraged  experiments  in  its  use, 
and  its  adoption  has  already,  in  many  types  of  vessel,  made 
great  lieadway.  In  some  ships  this  fuel  is  used  almost  ex- 
clusively, while  in  others  arrangements,  which  will  probably 
now  be  extended,  are  made  by  which  it  can  be  used  to  supple- 
ment coal  for  boiler-firing  purposes  ；  while  the  development 
of  the  oil  engine  foreshadows  a  time  when  steam  may  become 
obsolete  and  be  replaced  by  oil  fed  directly  into  the  engine 
cylinder  in  all  cases.  The  Navy  Estimates  for  the  coming  year 
contain  a  large  provision  for  storage  accommodation  for  oil 
fuel,  and  include  extra  provision  for  the  tanks  in  the  Med- 
way,  the  Humber,  at  Invergorden,  Cromarty  Firth,  and  at 
Portsmouth,  Dundee,  Dover,  Portland,  Pembroke,  and  Haul- 
bowline,  no  less  than  £429,750  additional  expenditure  is 
being  incurred  on  this  particular  service. 

Nearly  all  the  p re-Dreadnought  battle-ships  carry  some  400 
tons  of  oil  as  an  emergency  fuel, while  in  later  ships  this  amount 
is  greater,  and  in  a  large  number  of  small  craft  oil  is  used 
exclusively.  The  first  vessels  so  equipped  were  the  36  torpedo 
boats,  which  were  originally  called  "  coastal  destroyers."  These 
vessels  of  225-300  tons  are  fitted  with  engines  of  4,000  h. p. 
The  designed  speed  is  26  knots,  but  their  steaming  radius, 
although  they  carry  only  from  20  to  25  tons  of  fuel,  is  1,000 
knots.  The  success  of  these  vessels  led  to  further  advances, 
and  oil-fired  boilers  were  applied  exclusively  to  the  12 
destroyers  of  the  "  Tribe  "  class,  the  designed  speed  of  which 
was  38  knots.  These  boats  proved  very  successful  on  the 
score  of  speed ,  though  it  was  officially  admitted  that  the  heat 
in  the  furnaces  made  the  repairs  a  constant  and  costly  busi- 
ness. Ill  the  next  batch  of  destroyers  (1908-9)  the  Ad- 
miralty dropped  oil  altogether,  and  relied  solely  upon  coal. 
This  policy  was  reflected  in  the  speed  records,  for  though  the 
vessels  were  designed  for  only  27  knots,  they  hardly  ever 
exceeded  25  knots  in  service,  whereas  in  the  "  Tribe  "  class 
the  designed  speed  has  in  one  case  been  exceeded  by  over 
seven  knots. 

Since  1908  all  the  destroyers  laid  down  for  the 
British  Navy  have  been  entirely  oil- driven.  In  last  year's 
vessels  the  designed  speed  was  32  knots,  and  in  the  new  pro- 
gramme it  is  understood  even  this  speed  will  be  exceeded.  The 
storage  capacity  in  the  first  coastal  torpedo  boats  was  only 
25  tons  ；  this  was  increased  to  90  in  the  "  Tribe  "  class,  174  in 
the  vessels  of  the  1910  programme,  and  is  now  to  be  further 
increased  to  200  tons  or  more. 

The  use  of  oil  f uel ,  however,  is  by  no  means  free  from  diffi- 
culties. Certain  problems  of  storage,  both  on  ship  and  on 
shore  are  serious,  but  its  compactness  and  ease  of  handline; 
is  a  great  advantage.  A  ton  of  oil  occupies  about 
38  cub.  ft"  and  a  similar  weight  of  coal  about  44  cub.  ft.  ；  but 
the  steam  value  of  oil  is,  weight  for  weight,  some  33  per  cent, 
superior  to  that  of  tlie  best  Welsh  coal,  so  that  38  cub .  ft.  cf 
tlie  liquid  fuel  is  equal  to  about  60  cub.  ft.  of  coal.  The  reduc- 
tion in  the  stokehold  personnel  is,  of  course,  great.  Taking 
wages  and  victuals  into  account,  it  is  estimated  by  competent 
authorities  that  on  a  naval  vessel  the  cost  of  burning  a  ton  of 
oil  is  only  about  4d.，  as  compared  with  about'  2s.  6d.  for  an 
equal  weight,  of  ('oa】.  Further,  oil  can  be  taken  on  board  more 
quickly  than  coal,  and  whereas  a  torpedo  boat  or  destroyer 
burning  coal  can  only  run  at  full  sj^eed  for  three  or  four  lionrs, 
owing  to  tlie  necessity  of  cleaiiini^  the  funiaces,  an  oiM)urniii^ 
furnace  can  nm  conl  imiouslv. 


THE  WORKING  OF  THE  BOILER  EXPLOSIONS  ACTS. 

The  Assistant  Secretary  to  the  Board  of  Trade,  in  his  report 
ou  tlie  above  Acts,  just  published,  remarks  as  follows : ― 

Under  the  provisions  of  the  Boiler  Explosions  Acts,  88  pre- 
liminary enquiries  and  12  formal  investigations  have  been 
held  respecting  boiler  explosions  which  occurred  during  the 
year  ending  June  30tli,  1911.  Of  these  100  explosions,  47 
resulted  in  loss  of  life  or  personal  injury ― 13  persons  being 
killed  and  61  injured.  The  13  deaths  were  caused  by  11  ex- 
plosions, of  which  nine  occurred  on  land  and  two  on  sliips. 
Although  the  number  of  explosions  included  in  the  report  is 
considerably  above  the  average,  it  is  satisfactory  to  iiote  that 
the  number  of  persons  killed  is  only  half  tlie  average  (26  2) 
since  the  Act  came  into  force  in  1882.  The  number  of  injured 
(61)  is  slightly  above  the  average  (58-1).  It  may  be  noted 
that  in  one  explosion  (Report  No.  2,047)  there  were  11  persons 
injured,  this  number  being  a  considerable  proportion  of  tlie 
total  for  the  year.  A  summary  of  tlie  reports  of  enquiries  and 
also  the  causes  of  the  explosions  and  the  types  of  boilers  which 
exploded  are  given  in  the  appendix,  whicli  also  shows  the 
cases  in  which  the  boilers  were  uiulcr  the  inspection  ot*  public 
bodies,  and  the  cases  in  which  no  inspection  had  been  made  by 
any  competent  person  for  several  years  before  the  explosion. 

A  report  by  the  Board's  solicitor  on  the  formal  investiga- 
tions is  given  in  Appendix  C.  In  seven  out  of  the  12  cases 
in  which  these  investigations  were  held,  the  courts  found  that 
persons  who  had  been  connected  with  the  boilers  were  to 
blame  for  the  explosions,  and  they  mJide  orders  for  the  pav- 
ment  of  costs  in  six  of  these  cases,  the  total  sum  ordered  to  be 
paid  amounting  to  £365.  Dealing  with  these  reports  in  detail, 
the  Board's  solicitor  states  that  in  two  cases  owners  were  found 
to  blame  ；  in  one  case  the  owners  were  found  responsible  for 
the  explosion  ；  in  one  case  an  engineer-in-chief  ami  a  superin- 
tending engineer  were  found  responsible  for  the  explosion  ： 
in  one  case  a  foreman  meclianic  was  found  to  blame  ；  hi  one 
case  the  user  and  an  engine  owner  wlio  advised  him  were 
found  responsible  for  the  explosion  ；  in  two  cases  the  users  of 
boilers  let  on  hire-purchase  agreements  were  found  to  blame  ； 
ill  one  case  the  owner,  who  was  killed,  was  found  responsible  ； 
in  five  cases  no  one  was  found  to  blame. 


The  Geared  Turbine  Steamer  "Hantonia." ― The  steamer  "  IFan- 
toiiia/'  the  second  of  the  two  vessels  built  by  (he  FairtleUl 
Company  for  the  T.oiuloii  and  South-western  "Railway  Com- 
pany, attained  a  speed  of  20. V  knots  in  a  recent  run  on  the 
nieasured  mile,  whifli  is  considerably  more  f  lian  I  he  Fair- 
field Company  t^uaranieed.  It  is  expect od  t  Iwit  t  lie  vessel 
will  be  running  on  the  Soullianipton-Hav re  servii-e  during  the 
Easter  holidays.  The  first  vessel ― the  "  NorniaiuHa  ''  —  was 
completed  and  handed  over  some  time  ago. 
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STEAM  REGENERATIVE  ACCUMULATORS.* 


BY  D.  B.  MORI  SON. 


{Concluded  from  page  426,) 
Accumulator   Proportions.— The   factors    which    determine  the 
size   of    a   heat    accumulator,    for    any    given  proposition, 
depend  on  the  quantity  of  contained  water,  its  range  of  ieni- 


q 卞，〉 


final  temperatures  being  as  nearly  equal  as  is  practically  possi- 
ble. After  a  very  exhaustive  series  of  tosts  involving  a  large 
number  of  designs  tint  arrangement  of  nozzle  placed  within  a 
vertical  circulation  tube.  Fig.  8,  was  found  to  give  by  far  the 
best  results. 

In  plan  1  Ik*  ikj/zIc  is  in  tlie  shape  of  a  star  having  radial 
arms,  each  of  which  is  provided  with  a 】iarrow  slot  on  its 
upper  surface  through  which  the  steam  passes  in  films,  thereby 
exposing  a  large  surface  area  to  the  upwardly  induced  streams 
of  water  that  flow  between  the  arms.  It  is  placed  about  9in. 
below  the  water  level,  and  the  steam  siij>ply  is  by  a  tube  con- 
nected to  the  main  steam-supply  pipe  which  is  situated  in  the 
steam  space  of  the  accuinulator.  The  nozzle  is  fixed  central  I  v 
within  a  circulating  tulx;  which  extends  from  tlie  bottom  of 
the  accumulator  up  to  the  water  level.  There  can  be  no  short 
circuiting  of  the  water  with  this  arrangement,  as  the  entire 
volume  within  the  effective  range  of  the  tube  is  compelled  to 
travel  from  the  bottom  to  the  top.  Having  decided  what  shall 
be  the  normal  resistance  of  steam-flow  through  the  nozzle, 
each  unit  is  so  proportioned  that  the  kinetic  energy  of  the 


Fig.  8.- 


-ClRCULATlNG  UNIT. 

System. 


Rateau-Morison 


Fig.  9.— Circulating  Tubks.   Kateau-Morison  Systkm. 


perature?  the  time  available  for  regeneration,  the  area  of  water 
surface  and  its  efficiency. 

Let  W  =  lbs.  of  steam  to  be  regenerated  per  second. 
w  ―  lbs.  of  water  contained  in  the  accuinulator. 
T  =  period  of  regeneration  in  seconds. 
L  ―  latent  heat  per  pound  of  steam  regenerated. 
f  =  temperature  difference  of  the  water  in  the  accumu- 
lator at  the  beginning  and  end  of  regeneration. 

The  latent  heat  L  is  nearly  constant,  and  assuming  it  to 
be  so,  then  the  total  heat  of  steam  regenerated  above  the  tem- 
perature of  the  water  is  W  x  T  x  L  B.Th.U.'s,  and  the  quan- 
tity of  heat  energy  stored  in  the  accumulator  available  for 
regeneration  is  w  x  f  B.Th.U.'s. 

Hence  W  x  T  x  L  =  //'  x  。 

which  determines  the  sizes  of  the  accumulator.  From  this 
equation  it  is  seen  that  the  capacity  is  independent  of  the 
time  of  absorption  ；  also  that  in  order  to  obtain  maxinuun 
efficiency  it  is  necessary  for  the  whole  body  of  contained  water 
to  be  at  a  uniform  temperature  when  regeneration  commences. 
Therefore,  in  order  closely  to  approach  this  ideal  result,  a  very 
effective  method  of  circulating  the  whole  】na_ss  of  water  must 
be  adopted. 

Circulation.  一  The  capacity  of  au  accumulator  is  a  simple 
thermodynamic  problem,  but  its  efRciency  depends  on  effective 
circulation.  It  is,  therefore,  obvious  that  the  best  solution  of 
the  necessary  mechanical  circulation  will  result  in  the  most 
efficient  heat  accumulator  of  the  water  type.  The  problem 
consists  in  heating,  in  the  shortest  possible  time,  a  given  quan- 
tity of  water  by  means  of  a  given  quantity  of  steam  passing 
through  submerged  nozzles  offering  a  niinimiiin  of  resistance, 
the  initial  difference  in  temperature  being  about  10。  Fal】.，  the 

*  Abstract  of  paper  read  before  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland,  March  19th,  1912. 


steam  jets  is  practically  wholly  absorbed  in  circulating  through 
the  guide  tube  the  greatest  volume  of  water.    Any  submerged 


― ―  扇 
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FtG  10.— Accumulator  with  End  Covek  Removed. 

nozzle  w* i  1 1 ,  of  course,  cause  a  circulation,  but  the  conditions 
in  an  accuinulator  are  very  difficult,  as  the  resistance  of  the 
nozzle  must  of  necessity  be  low,  or  undue  back  pressure  will 
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customary  to  fit  oil  separators  on  the  supply  pipe,  but-  these  to 
be  reasonably  efficient  must  be  large  and,  therefore,  costly. 
Even  then  oil  passes  into  the  acciim ulator,  and  as  the  accumu- 
lator itself  is  such  a  highly  efficient  separator,  the  oil  is 
retained  and  accumulates  until  the  vital  properties  of  heat 
absorption  and  heat  regeneration  are  prejudiced  to  au  extent 
not  generally  realised. 

Fig.  12  is  a  diagram  showing  the  degrading  effect  of  oil. 
A  is  the  line  of  temperature,  and  correspoiidiiig  pressures. 
B  is  the  curve  of  absorption  with  clean  water,  and  it  is  of 
interest  to  note  that  the  nearness  of  this  curve  to  the  theoreti- 
cal line  A  demonstrates  the  high  circulaiiug  effect  of  the 
system.  C  is  the  curve  of  regeneration,  tlic  noteworthy  feature 
being  tliat  there  is  no  time  lag,  the  ebullition  commencing 
the  instant  the  pressure  falls.  After  these  tests  had  been 
made,  oil  was  admitted  until  the  entire  water  surface  was 
covered  by  a  thin  film.  The  absorption  was  at  once  affected, 
and  curve  E  shows  the  rapid  fall  in  condensing  efficiency.  But 
by  far  the  most  sorious  effect  is  on  the  regeneration,  as  the 
time  lag  is  so  great  that  the  pressure  Jias  to  fall  1  J^lbs.,  or 
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Having  ascertained  the  circulating  capacity  of  one  nozzle,  the 
number  required  for  a  given  quantity  of  water  is  easily  deter- 
mined. Circulation  by  multiple  units  in  the  manner  described 
has  been  proved  to  be  extremely  efficient  in  practice,  and  the 
merits  of  the  arrangement  are  fully  recognised  by  Prof. 
Rateau. 

Fig.  11  shows  the  results  of  very  carefully-made  tests  with 
a  circulating  unit,  in  a  depth  of  water  of  6ft.  Thermometers 
were  placed  in  the  water  at  the  top,  middle,  and  bottom,  and 
simultaneous  records  were  taken  by  three  observers  at  equal 
intervals  of  time.  Velocity  of  the  ascending  column  of  water 
is  so  quickly  established  that  the  difference  of  temperature 
between  the  top  and  bottom  is  within  2° 
Fah.  at  the  end  of  a  normal  period  of  absorp- 
tion. 

Limit  of  Back  Pressure. ― After  a  period  of 
re^^eneration,  and  when  the  pressure  in  the 
steam  space  of  the  accumulator  is  at  a  mini- 
mum, any  sudden  rush  of  steam  causes  undue 
back  pressure  on  the  primary  engine  by 
reason  of  the  very  high  speed  of  steam 
through  the  nozzles,  and  as  the  circulating 
elliciency  is  at  a  maximum^  at  the  normal 
pressure  for  wliich  the  iioz/.les  are  propor- 
tioned, it  follows  that  any  excess  of  pres- 
sure is  very  disadvantageous.  But  if  ;i 
by-pass  valve  is  fitted  between  the  discharge 
pipe  from  tlic  primary  engine  and  the 
supply  pipe  to  the  turbine,  and  is  loaded 
at  a  pressure  slightly  above  that  for  which 
the  nozzles  are  designed,  then  the  pre- 
determined back  pressure  on  the  primary 
engine  will  never  be  exceeded,  and  will 
always  bo  associated  with  the  best  coiulitions 
for  effective  circulation.  Such  a  combination  of 
apparatus,  by  effectually  overcoming  a  difficulty  which  has 
often  been  experienced  in  practice,  greatly  onhaiiccs  the  value 
of  accumulators  of  this  type. 

Effect  of  Oil. ― 111  the  practical  working  of  accumulators,  the 
presence  of  oil  has  been  found  to  have  a  very  degrading  odect 
on  efficiency.    In  order  to  iiiinijuise  this   loss  it   lias  been 


Fig.  12.— Effect  of  Oil  on  Absorption  and  Regeneration. 

60  per  cent,  of  a  total  range  of  31bs.,  before  the  normal 
regeneration  is  established.  Therefore,  oil  in  these  experi- 
ments has  so  degraded  the  regenerative  effect  that  an  accumu- 
lator with  clean  water  is  100  per  cent,  more  efficient  than  one 
on  which  a  film  of  oil  covers  the  water  surface. 

Automatic  Scumming. ― A  device  which  is  completely  success- 
ful in  overcoming  this  very  serious  practical  difficulty  is  illus- 
trated in  Fig.  13.  The  top  of  each  circulating  tube  terminates 
in  a  cowl,  and  as  all  the  cowls  discbarge  longitudinally  in  the 
same  direction,  a  surface  wave  or  current  is  set  up  which  con- 
tinuously and  effectively  forces  oil,  scum,  ^ind  all  floating 
impurities  towards  one  end  into  a  quiescent  collecting  cham- 
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Fig.  13.— Automatic  Oil  Scomming.   RATUAV-Monisits  Systf.m. 

brr,  from  whifli  it.  is  drained  away  periodically  or  continuously 
as  may  l)e  desired. 

The  oil  is  guided  into  tlio  rliaiiiher  hy  plates  exleiuling 
above  and  below  the  water  lino,  tlic  out  ranee  being  throufrh 
a  port  which  inav  be  coverod  by  a  non-rot  urn  valve.  Experi- 
ments with  this  apparatus  are  most  interesting.   lu  the  model 


result,  and  the  condensing  efficiency  must  be  very  high  as  the 
mean  difference  in  temperature  between  the  steam  and  the 
water  is  only  about  4°  Fab.  Therefore,  the  essence  of  the 
proposition  is  the  uniform  circulation  of  the  entire  mass  by 
utilising  to  the  full  the  kinetic  energy  of  the  jets  of  steam . 
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shown,  if  very  tliin  oil  is  allowed  to  spread  itself  over  the  sur- 
face, and  the  nozzles  are  operated  by  air  of  low  pressure,  the 
entire  oil  can  be  collected  in  a  single  globule  at  one  end,  or 
if  a  considerable  amount  of  oil  is  pourect  into  the  water,  it  can 
be  wholly  collected  and  withdrawn.  A  valuable  feature  of 
the  apparatus  is  that  the  cleansing  action  is  continuous  and 


m 


Fig.  14. 

the  scumming  automatic.  If  the  steam  supply  pipe  of  the 
nozzle  nearest  to  the  oil  port  is  perforated  near  the  water  line, 
the  issuing  jet  will  greatly  assist  the  flow  of  oil  into  the 
collecting  chamber,  and  at  the  same  time  overcome  the  resis- 
tance of  the  non-return  valve,  which  is  usually  in  the  form 
either  of  a  hinged  flap  or  a  slightly  raised  weir. 

The  multiple-unit  circulator  is  also  very  valuable  as  an 
exhaust-steam  feed-water  heater  when  tlie  heating  steam  is 
delivered  intermittently,  and  the  feed  reservoir  is  of  consider- 
able capacity.  A  heater  on  this  system  fitted  in  a  forge 
effected  a  saving  of  10  per  cent,  in  the  cost  of  coals  over  a 
year's  working. 

Delayed  Ebullition. ― The  great  desideratum  in  a  heat 
accumulator  is  rapidity  of  absorption,  especially  at  periods  of 
abnormal  supply,  so  that  as  much  steam  as  possible  is  con- 
densed. If,  during  the  period  of  absorption,  the  pressure  in 
the  steam  space  in  the  accumulator  is  maintained  above  the 
pressure  corresponding  to  the  temperature  of  the  water,  it 
follows  that  ebullition  will  be  delayed,  and  condensation,  and, 
therefore,  rapidity  of  heating,  will  be  promoted.  This  relative 
increase  may  be  secured  by  arranging  a  by-pass  connection 
between  the  steam-supply  pipe  to  the  nozzles  and  the  steam - 
supply  pipe  to  the  turbine,  the  connection  being  provided 
with  a  throttle  valve  which  may  be  automatic,  but  whicli  can 
be  so  adjusted  or  set  as  to  meet  the  condition  of  any  particular 
installation  satisfactorily.  Generally,  however,  the  arraiige- 
meut  shown  in  Fig.  14  is  to  be  preferred. 

Accumulator  Constructions. ― Ifc  is  sometimes  convenient  to 
convert  oil  boiler-shells  into  accumulators,  but  the  oil  boiler 
proposition  is  advisable  only  if  the  boiler  is  in  good  condition, 
as  if  it  is  defective,  the  natural  sequel  will  be  costly  repairs, 
continual  annoyance,  aud  ultimate  replacemeut.  An  exhaust- 
steam  plant  is  also  such  an  exceptionally  good  investment 
when  well  installed,  that  temporary  makeshifts  which  usually 
cause  constant  irritation  are  to  be  avoided.  A  construction 
of  accumulator  which  has  the  merit  of  strength  and  simplicity 
consists  of  curvilinear  cast-iron  sections  built  together  by 
flanged  joints.  Easy  transport  to  site  is  often  of  the  utmost 
convenience,  and  for  this  reason  alone  the  sectional  construc- 
tion is  very  attractive.  Cast  iron  is  also  less  susceptible  to 
corrosion  than  steel,  whilst  the  requirements  of  manufacture 
prevent  any  undue  liberties  being  taken  with  the  thickness  of 
shell.  " 

A  very  recent  design  of  accumulator  is  shown  in  Fig.  15, 
and  consists  of  a  ferro-concrete  tank,  the  steam  inlet  and  out- 
let being  by  concentric  pipes.  The  arrangement  of  interior 
fittings  is  also  very  simple,  and  the  entire  constniction  offers 
considerable  possibilities. 

Influence  of  Vacuum. ― The  inllueuce  of  vacuum  on  the  stoam 
consumption  of  exhaust-steam  turbines  being  very  great,  the 


eniployirieiit  of  condensing  plaiil  high  efTiciency  is  coiiuiier- 
cially  imperative.  An  increase  in  vacuum  of  fro 出 to 
28iii.  will  reduco  tlio  steam  consumption  of  an  cxliaust-steaiii 
turbine  by  about  25  per  cent.  Jligh  vacuum  being  impera- 
tive, it  follows  that  U"，  hot-well  teiiipfrature  is  correspond iii^Iy 
low,  but  as  the  heat  in  exhaust  steam    an  be  utilised  to  inaxi- 

nnirn  advantage  in  rai.sing  the 
tfMMperitture  of  feed  water  up  to 
puinping  limits,  it  is  very  df;sir;iblc 
lliat  all  stt.'am-power  proponitions 

 J.  "huuld  include  a  syfitein  of  exhaunt- 

■      ■  -u  steam  feed-heating,   always  pro- 

vided the  heating;  cannot  be 
accomplished  hy  w;iste  gases. 
Suppose,  for  example,  a  vacuum 
of  28 Jin.  is  carriefl  in  a  surface 
conden.ser,  the  temperature  of 
condensate  will  be  about  80'^  Fah. ： 
if  this  water  is  raised  to,  say, 
200。  Fall.,  the  thermal  gain  will 
amount  to  practically  12  per  cent. 

Combined  Accumulator  and  Feed 
Heater, ― In  ； ill  exliaust-steam 
plants  there  are  times  when 
the  steam  supply  from  the 
primary  engine  is  greater  than 
can  be  taken  by  the  turbine 
and  absorbed  by  the  accumulator  ；  under  such  conditions  the 
surplus  escapes  either  (1)  to  the  atmosphere,  (2)  is  by-passed 
to  the  condenser,  or  (3)  may  be  utilised  for  feed  heating.  The 
first  two  represent  highly  wasteful  practice,  the  third  alterna- 
tive results  in  maximum  efficiency. 

In  one  arrangement  the  accumulator  has  a  compartment 
at  one  end  which  constitutes  a  feed  tank.  Within  it  are  a 
number  of  circulating  tubes  the  nozzles  being  submerged  at 
such  a  depth  that  the  resistance  to  the  flow  of  steam  through 
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Fig.  1 5.  —Ferro-concrete  Constbuction  of  Accumulator. 

tlicni  is  slightly  less  than  the  load  on  the  main  safety-valve, 
consequently  the  surplus  steam  passes  prefcientialiy  through 
the  nozzles  aud  heats  the  feed  water,  which,  being  in  consider- 
able and  constant  bulk,  is  able  to  condense  intermittent  sup- 
plies without  much  variation  iu  temperature.  Instead  of 
forming  part  of  the  accumulator,   the   feed   tauk  may  be 
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independent,  an  old  boiler  shell,  if  in  good  condition,  being 
very  convenient  for  the  purpose. 

Gasometer  Type  Accumulator. ― A  recent  design  of  accumu- 
lator in  use  on  the  Continent  is  shown  in  Fig.  16.  It  is 
practically  similar  to  a  gasometer,  and  stores  tlie  steam  when 
in  surplus  supply.  For  large  propositions  it  would  be  im- 
possible by  reason  of  its  size,  whilst  in  all  cases  the  upkeep 
would  undoubtedly  be  considerable.  After  a  period  of,  say, 
10  years  it  is  highly  probable  a  water  accmnulator  would  be 
as  good  as  ever  and  would  have  cost  practically  nothing  for 
upkeep,  but  in  view  of  the  rapidity  of  movement,  and  the 
inevitable  corrosion,  it  is  an  interesting  speculation  as  to  what 
would  be  the  condition  of  a  gasometer  type  in  half  that  time. 
The  advantage  claimed  is  reduction  of  back  pressure,  but 
if  a  water  accumulator  is  fitted  with  compensating  valves,  the 
difference  in  back  pressure  between  the  two  systems  is  negligi- 
ble. Other  obvious  disadvantages  of  the  gasometer  type  are 
radiation  losses  and  danger  of  collapse  when  under  vacuum. 

The  use  of  receiver-type  accumulators  must  of  necessity 
be  limited  by  considerations  of  size  and  cost,  whereas  the 
water  type  offers  facilities  for  propositions  which  a  few  years 
ago  were  unheard  of.  For  example,  a  regenerative  accumu- 
lator is  under  consideration  which  will  contain  500  tons  of 
water,  and  which  is  intended  to  supply  a  1,500  k\v.  turbine  for 
a  bridge  period  of  15  minutes. 

The  knowledge  that  cheap  electrical  power  can  be  gener- 
ated by  means  of  exhaust  steam  has  been  current  for  a 
decade,  yet  progress  has  been  somewhat  slow,  perhaps  because 
the  results  promised  appeared  too  good  to  be  true.  It  was 
left  to  the  progressives  as  usual  to  lead  the  way,  but  after  it 


Fig.  ]6.~Gasometeb  Type  Accumulator. 
became  apparent  that  far-sighted  colliery  owners  and  others, 
with  the  experience  of  one  plant,  were  adopting  tlie  method 
again  and  again,  ilie  barriers  of  conservatism  fell,  and  to-day 
the  number  of  plants  under  construction  constitutes  a  record. 

From  the  technical  standpoint  the  position  is  very  simple. 
The  low-pressure  turbine  is  unrivalled  as  the  means  of  con- 
verting steam  heat  into  work,  and  if  such  a  turbine  is  used 
in  combination  with  reciprocating  engines  of  ； i  higher  {)ros- 
sui'e,  the  combination  gives  more  power  from  a  given  weit^hl 
of  steam  than  any  other  known  system  of  coinpoiuuliiig. 

The  commercial  objective  is  to  obtain  the  inaxiinum  power 
output  from  a  given  weight  of  steam,  aud  consequently  to 
prevent  the  financial  loss  due  to  the  enonnous  quantity  of 
exhaust  steam  now  going  to  waste.  It,  therefore,  behoves 
those  wlio  own  installations  producing  waste  exhaust  steam 


to  take  advice  from  specialists  on  the  subject,  and  ascertain 
the  cost  of  a  plant  for  the  utilisation  of  this  exhaust  steam 
and  the  return  which  may  be  expected  from  the  capital  out- 
lay. Each  case  must  be  considered  on  its  merits,  but  there 
are  a  very  large  number  in  which  savings  can  be  effected  that 
would  relieve  the  financial  tension  from  which  every  factory 
is  suffering. 

The  problem  presented  day  by  clay  with  increasing 
insistence  is  how  best  to  meet  by  savings  the  growing  demands 
of  labour.  The  heat  accumulator  first  introduced  by  Prof, 
Rateau  is  one  of  the  factors  which  helps  forward  a  solution, 
as  it  facilitates  the  production  of  cheap  power. 


RELATIVE  CAPACITY  OF  DRY  BATTERY  CELLS. 

At  a  meeting  of  the  Faraday  Society,  held  on  Tuesday, 
March  26th,  Mr.  S.  W.  Melsoin,  of  the  National  Physical 
Laboratory,  read  a  paper  entitled  '、'  Dry  Batteries :  the  Rela- 
tion between  the  Incidence  of  the  Discharge  and  the  Relative 
Capacity  of  Cells  of  Different  Manufacture.*'  The  paper 
describes  the  results  of  a  series  of  tests  made  in  order  to  ascer- 
tain to  what  extent  the  tests  in  general  use  afford  an  indica- 
tion of  the  relative  value  of  different  types  of  dry  cells.  Four 
types  of  cell  were  used  for  the  tests,  these  being  chosen  on 
account  of  their  widely  different  characteristics.  A  number 
of  each  of  these  types  were  subjected  to  tests  at  various  rates 
of  discharge.  Table  I.  gives  tlie  relative  values  obtained  from 
the  tests  for  each  set  of  cells,  taking  for  purposes  of  comparison 
the  output  of  cells  A  as  100.  Test  No.  1  is  a  near  approxi- 
mation to  actual  working  conditions.  Table  11.  gives  the 
capacity  (watt-hours)  of  the  cells  at  the  various  rates  of  dis- 

Table  I. 


Relative  Capacity  of  Cells  at  Various  Rates  of  Discharge. 
(The  values  are  in  watt-hours,  except  where  otherwise  stated. 


Cells . 

No. 

A. 

B. 

C. 

D. 

1 

5  minutes  an  hour  on  50  ohms  ... 

100 

93 

83 

28 

2 

5  minutes  an  hour  on  I  ohm  initial  ... 

100 

59 

43 

After  6  months'  storage         …  … 
After  12  months"  storage       ...  ... 

100 

58 

50 

100 

53 

42 

3 

0  hours  per  day  on  5  olims ― 

Mean  of  \'.B.  and  \ .K.  curves  ... 

100 

50 

50 

35 

4 

Continuous  at  20  iiiilliamppi'cs ― 

Initial  ampeie-liouis          ...  ... 

100 

43 

36 

30 

Initial  \\ att-houis    ...        ...  ... 

】00 

45 

40 

29 

After  8  months"  storage,  watt-hours... 

100 

50 

45 

5 

5 

Continuous  on  10  ohms ― 

Initial  to  0.7  volt   

100 

75 

53 

fiO 

Initial  to  0.5  volt   

100 

76 

55 

(iO 

After  0  montlis"  storage— 

28 

To  0-7  volt   

100 

59 

44 

After  12  inontlis"  storage       ...  ... 

100 

67 

50 

2 

C()ntin\i()\is  oil  100  ohms       ...  ... 

100 

68 

51 

3o 

Cont.imioiis  on  500  ohms ― 

To  1：)  volts  

100 

】02 

87 

10 

'IV)  011(1,  i.f.,  1 18  weeks      ...  ... 

100 

94 

Table  II. 

Rdation  between  Incidence  of  Discharge  and  Capacity. 
(The  capacity  in  each  case  is  given  in  watt-hours.) 


Test  No. 

Cells. 

A. 

B. 

c. 

D. 

i  ... 

4:{ 

40 

12 

44 

10 

:\ 

:t  ... 

12" 

(13 

io:> 

42 

:u 

■) ... 

(； 4 

4*1 

ar> 

;is 

(>  ... 

107 

:\s 

70 

charge.  The  results  given  in  Tallies  I.  and  1 1 -  indicate 
that  the  tests  in  general  use  do  not  afford  reliable  data  as  to 
the  relative  value  of  different  types  of  cells  or  of  the  actual 
capacitv  that  mav  be  obtained  under  working  oonditions,  ami 
it  is  therefore  mommeiulcd  that  tlie  comlilions  of  l^st  sliouhl 
approximate  as  nearly  as  possible  to  actual  working  t  oiulitions. 
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VALVE  ARRANGEMENTS  FOR  INJECTORS. 

Various  injector  arrangements  have  been  designed  by  Mr.  R. 
G.  Brooke,  Upton  Grange,  Macclesfield,  embodying  means  for 
preventing  premature  closure  of  the  overflow  valve  due  to 
pressure  values  in  the  delivery  chamber  at  starting.  This  is 
highly  important,  but  it  is  also  equally  important  that  the 
first  movement  of  the  overflow  valve  at  starting  should  not  be 
opposed.  This  ordinarily  will  not  happen  with  the  injector 
arrangements  referred  to,  but  it  is,  nevertheless,  in  certain 
circumstances,  possible  for  some  fluid  to  remain  imprisoned  in 
the  pressure  chamber  pertaining  to  the  overflow  valve  suffi- 
ciently long  to  offer  some  slight  resistance  to  opening  of  the 
overflow  valve.  To  prevent  such  possibility  of  resistance  to 
opening,  Mr.  Brooke  has  patented  the  arrangements  illus- 
trated herewith,  which,  when  the  injector  is  not  at  work, 
places  the  pressure  chamber  freely  in  communication  with  a 
space  where  pressure  is  not  in  excess  of  that  of  the  atmosphere. 
The  arrangements  are  such  that  the  communication  is  inter- 
rupted during  the  time  that  the  overflow  valve  is  being  main- 
tained closed  by  the  fluid  in  the  pressure  chamber  whilst  the 
injector  is  at  work. 

In  the  arrangement  shown  in  Fig.  1  the  pressure  chamber  A 
pertaining  to  the  overflow  valve  B  is  connected  to  the  delivery 
C  of  the  injector  by  way  of  a  passage  D  and  the  latter  is  inter- 
rupted at  some  point  in  its  length  by  a  spring-loaded  piston 
valve  E  for  the  purpose  of  preventing  premature  closure  of 
the  overflow  valve  B.  The  valve  E  is  adapted,  when  it  is 
closed,  to  establish  free  communication  between  the  pressure 
chamber  A  and  the  atmosphere  and,  when  opened,  to  inter- 
rupt such  communication .  The  piston  E  slides  in  the  hollow 
part  of  a  sleeve  F  screwed  into  a  housing  in  the  injector  body 
in  such  a  way  as  to  leave  an  annular  space  G  that  communi- 
cates with  the  pressure  chamber  A  through  passages  M.  The 
interior  of  the  sleeve  F  is  open  at  its  outer  end  to  the 
atmosphere,  as  shown,  and  the  control  piston  E  is  provided 
with  a  longitudinal  passage  H,  lateral  ports  L,  and  an  annular 
groove  J，  adapted,  when  the  piston  valve  is  closed  to  the 
delivery  of  the  injector,  as  shown,  to  co-act  with  lateral  ports 
K  in  the  sleeve  F,  and  thus  vent  the  pressure  chamber  A. 
When  the  injector  is  at  work,  the  fluid  under  pressure  from 
the  delivery  C  of  the  injector  will  move  the  piston  along  the 
sleeve  in  a  direction  away  from  the  valve  seat  until  the  end 
of  the  piston  uncovers  the  ports  K，  and  so  may  pass  into  the 
annular  space  G  around  the  sleeve  F,  and  theuce  into  the 
pressure  chamber  A.    The  venting  passage  H  will  thus  be 


Fig 


Valvk  Arrangements  for  Injectors. 

closed  when  the  piston  valve  moves  to  admit  fluid  under  pres- 
sure into  the  pressure  chamber. 

Where,  as  shown  in  Fig.  2,  a  spring  loaded  valve  E  con- 
trolling the  communication  between  the  delivery  of  the  injec- 
tor and  the  pressure  chamber  A  is  located  m  the  latter  and 
telescopes  within  the  stem  of  the  overflow  valve  B,  the  telescop- 
ing parts  may  constitute  a  valve  which,  when  the  injector  is 
not  at  work,  places  the  pressure  chamber  A  in  free  communi- 
cation with  the  overflow  outlet  N  of  the  injector.  For  this 
purpose  the  stem  of  the  loaded  valve  E  is  formed  with  lateral 
ports  P  leading  to  a  longitudinal  passage  Q  that  opens  into 
the  hollow  part  R  of  the  overflow  valve  stem,  this  hollow  part 
likewise  having  lateral  ports  S  leading  to  the  overflow  outlet 
N.  In  order  to  ensure  that  the  lateral  ports  P  in  tlie  stem 
of  the  loaded  valve  E  shall  be  closed  wlien  the  injector  is  at 
work  and  the  overflow  valve  B  closed,   the  loaded  valve  is 


formed  as  a  piston  or  plunger  so  that  it  lias  to  retract  some 
distance  before  the  communication  between  the  pressure  cham- 
ber A  and  t  he  delivery  of  t  he  injector  by  way  of  the  passage  U 
is  estahlish(ul. 

Where  t  he  j)rernature  closure  of  1 1 1 (；  overflow  valve  after  it 
is  opened  is  prevented  by  providing  leakage  means  adapted  to 
be  closed  with  closure  of  tlie  overflow  valve  when  the  injector 
is  at  work,  the  pressure  chamber  may  he  placed  in  free  coin- 


FiG.  3.— Valve  Arrangemknts  fok  In.iectoks. 


munication  with 
opens,  through 


the  atmosphere  before  the  overflow  valve 
passage  controlled  by  a  loaded  valve,  such 
valve  closing  the  passage  when  the  injector  is  at  work  and 
being  positively  moved  again  into  open  position  when  the 
injector  is  not  at  work. 

Fig.  3  illustrates  a  moditied  construction  wherein  the  valve 

V  controlling  the  passage  D  between  the  pressure  chamber  A 
and  the  delivery  C  is  double  acting  and  associated  witli  two 
seats,  W，  X,  the  arrangement  being  such  that  when  the 
injector  is  not  at  work  and  the  valve  is  upon  the  seat  W,  as 
shown,  the  pressure  chamber  A  is  in  communication  with  the 
overflow  outlet  N，  by  way  of  the  passage  D,  space  Y,  passage 
O  and  lateral  ports  T.    When,  on  the  other  band,  the  valve 

V  is  upon  the  seat  X  the  communication  to  the  overflow  outlet 
N  is  closed,  and  the  pressure  chamber  A  connected  to  the 
delivery  C  «f  the  ir jector. 

Improvements  in  Screw  Propellers. ― At  the  recent  annual 
meeting  of  the  German  Institution  of  Naval  Architects  Dr. 
Waguer  referred  to  an  improved  arrangement  of  screw  pro- 
peller. In  this  arrangement  a  series  of  fixed  blades  are 
placed  behind  the  rotating  blades  of  the  propeller,  which 
blades  are  given  such  a  shape  as  to  cause  the  stream  of  water 
from  the  screw  to  be  directed  straight  astern.  It  is  true  that 
the  friction  of  tlie  issuing  stream  of  water  against  these  fixed 
blades  operates  to  retard  the  vessel  and  reduce  the  efficiem'v 
of  the  screw,  but  this  is  much  more  than  offset  by  the  gain 
due  to  the  straightening  of  the  issuing  stream.  Dr.  Wagner 
claimed  that  careful  tests  on  a  vessel  had  shown  that  by 
means  of  these  fixed  blades  the  efiBciency  of  the  screw  pro- 
peller could  be  raised  some  10  to  15  per  cent,  and  the  net 
efficiency  of  the  screw  as  a  means  of  propulsion  could  thus  be、 
increased  to  85  to  87  per  cent.  The  device  has  been  applied 
to  13  motor  boats  and  other  small  vessels  and  to  one  st^ain- 
turbine  driven  torpedo  boat.  At  very  slow  speed  the  device 
somewhat  reduces  the  efficiency  of  the  screw,  but  at  cruising 
speed  the  efficiency  is  materially  raised,  and  at  the  highest 
speed  it  is  very  much  increased.  It  is  also  claimed  that  the 
vibrations  of  the  vessels  due  to  the  action  of  the  propeller 
were  reduced  and  tlie  vessels  did  not  settle  at  the  stern  as 
iiiucli . 
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THE  SIZE  AND  COST  OF  ELECTRIC  GENERATORS  IN 
RELATION  TO  THE  TYPE  OF  PRIME  MOVER  * 

BY  HUMPHKY  MACCALLUM,  】i.SC.,  A.M. INST, C.E. 

Introductory. ― The  cost  per  kilowatt  of  a  fully-equipped 
electric  generating  station  varies  from  about  £12  in  the 
largest  sizes  to  some  £50  or  £60  in  small  sizes,  but  there  will 
often  be  special  or  local  conditions  which  may  bring  about 
wide  departures  from  the  normal  figures,  more  especially  in 
the  case  of  small  stations. 
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Fig.  1. 


Fig.  1  indicates  approximately  how  this  expenditure  is  laid 
out  in  the  case  of  a  plant  of  large  size  under  the  alternative 
conditions  of  steam  turbine,  reciprocating  engine,  and  gas 
engine  drive,  and  it  is  at  once  seen  that  the  sum  invested  in 
electrical  plant,  i.e.,  in  generators  and  switchgear,  is  rela- 
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Dotted  curve  gives  normal  values  of  (IH  for  500  liw.  machines  at  various  speeds. 
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lively  small,  lii  neither  case  does  the  rapital  expend  it  are 
under  this  heading  exceed  some  £4  per  kilowatt,  and  in  all 
three  it  works  out  at  less  than  2o  per  cent,  of  the  total  outlay. 
It  would  appear  reasonable,  therefore,  in  view  of  the  siiiall- 

•  Abstract  of  paper  read  before  the  Ipswich  Engineering  Society. 


iiess  of  this  item,  to  regard  the  first  cost  of  the  electrical 
equipment  as  of  secondary  importance  compared  with  its 
reliability  and  efficiency  in  working,  and  this  is  no  doubt 
the  case,  but  the  same  argument  applies  with  equal  force  to 
the  other  links  of  the  chain  ：  ilie  boilers,  condensers,  pumps, 
coal  conveyers,  &r.，  tlie  cost  of  which  wlien  considered  sepa- 
rately is  relatively  small. 
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Now  it  is  well  known  that  the  commercial  success  of  any- 
generating  station  is  largely  influenced  by  the  amount  of 
capital  sunk  therein,  and  it  is  evident  therefore  that  the  plant 
cannot  be  bought  on  a  quality  basis  alone,  but  that  each  item 
must  be  scientifically  dealt  with  and  the  suitable  initial  cost 
arrived  at  after  a  careful  comparison  of  the  practical 
alternatives. 

Of  the  25  or  so  per  cent,  of  the  total  station  cost  which 
we  find  in  practice  is  devoted  to  tlie  electrical  plant,  by  far  the 
larger  share,  i.e.,  some  15  to  20  per  cent"  is  accounted  for  by 
the  main  generators ― the  cost  of  these,  however,  and  likewise 
the  cost  of  the  prime  movers  is  dependant,  apart  from  other 
considerations,  upon  the  output  and  speed  of  tlie  individual 
units,  and  it  is  the  object  of  these  notes  to  deal  briefly  witli 
tliis  aspect  of  the  subject  and  also  to  discuss  the  relation 
between  the  size  and  output  of  electric  generators. 

Size  of  Electric  Generators  —  "  d~l  Values."— For  the  purpose 
of  comparisou  it  is  convenient,  and  usual,  to  measure  the  size 
of  electric  generators  in  terms  of  their  (Ply  "  d  "  being  tlie 
diameter  of  the  bore  in  inches  and  "  I  "  the  "  iron  length  ，，  of 

iNTEiNyTY  Factor 


the  armature  core,  <hie  allowance  being  made  for  ventilating 
ducts,  &c.  This  quantity  <Pl  is  evidently  proportional  to  tlie 
volume  of  a  solid  cylinder  correspoiulins;  in  size  to  the  arma- 
ture ami  it  does  not  convey  any  direrl  information  regarding 
tlie  external  dimensions  of  tlie  maohine.  It  can  easily  be 
shown,  however,  that  tliere  is  a  definite  relation  between  the 
output  of  a  generator  and  its  dV,  whereas  the  overall  size  is 
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largely  a  matter  of  individual  design  ami  may  bo  influenced  to 
a  great  extent  by  iiieclianical  considerations.  It  will  hardly 
be  possible  therefore  to  deal  generally  with  any  otlier  tliaii  the 
(PI  values,  and  this  being  the  case,  the  following  very  approxi- 
mate rule  concerning  the  relation  between  the  space  occupied 
by  a  machine  and  its  (PI  may  be  of  use. 


D.C.  Generators 

"Intensity  Factor* 


(i 


Cubage  in  cubic  feet  =  yjj^  +  200 


where  c/  and  /  are  measured  in  inches. 

Influence  of  Speed  Rating. —For  a  given  output  the  size  of  an 
electric  generator,  as  of  a  steam  engine  or  other  machine,  is 
very  largely  a  matter  of  speed  rating ― the  higher  the  speed 
the  smaller  the  machine,  and  vice  versa.  Taking  as  a  simple 
illustration  the  case  of  a  line  shaft  of  circular  section,  wliich 
is  subjected  to  pure  torsional  stresses,  it  is  known  that  the 
value  of  the  torque  which  it  will  transmit  is  proportional  to 
the  cube  of  its  diameter  and  to  the    skin  stress,"  or  : ― 

(ii.)  Torque  =^  d?  x      x  a  constant 

and,  since  the  power  transmitted  is  proportional  to  tlie  pro- 
duct of  the  torque  and  the  speed,  the  following  relation  holds 
good  : — 

(iii.)  H.P.  =     X  /J  X  R.P.M.  X  a  constant. 
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The  torque  equation  ii.  is  built  up  of  three  factors, " 《Z3，，， 
" f\  ',  and  "  a  constant."  The  first  of  these  relates  to  size, 
the  second  to  stress  or  intensity  of  loading,  and  the  third  is  a 
number  the  value  of  which  depends  upon  the  units  used. 
Now  the  torque  of  a  steam  turbine,  of  an  engine,  or  of  an 
electric  motor  or  generator  may  also  be  expressed  in  terms  of 
three  such  factors,  as  indicated  in  the  accompanying  table. 

It  will  be  noted  that  the  size  factors  in  the  first  column  are 
of  tliree  dimensions  and  that  in  the  case  of  the  engine  and  the 
generator  or  motor  we  have  the  (PI  previously  mentioned.  In 
the  second  column  the  first  four  intensities  are  of  a  ineclianical 
nature,  but  in  the  case  of  the  magneto-electric  machine  there 
is,  as  might  be  expected,  a  magnetic  and  an  electric  loading 


Table  of  Torque  Factors. 
(T''r(|ii('  in  Ihs.-fcet  ―  hIzo  factor  X  fttrcss  factor  /,  a  conHtant.) 


Size  Factor. 

StrcHft  or  IntenBity  Factor. 

ConfltaDt. 

Solid  f  ircular  shaft  ... 

Skin  Htresfl  f、 

Hollow  ditto   

Skin  flti'oss  f、 

11!  X  12 

Stoam    tiu'l)iiie  (each 

Tanf^cntial  force  due) 
to  steam,  regarded  j), 
as  a  shear  Htress.  j 

12x12 

Reciprocating  engine 
{each  cylinder) 

( Mean  (！ ffertivc  .stoam  j 

j     pn-ssurf  in  cylin- .-  /)„, 

I    "(•''•  j 

\ 

8l<72 

Electric     motor  or 

j  Magnetic  B\ 
t  Electric     q ) 

llOx  10  " 

intensity,  tlie  product  of  which,  H  x  r/,  is  the  true  intensity 
factor. 

Taking  the  expression  for  t  he  torque  of  an  electric  gene- 
rator or  motor,  as  obtained  from  the  table,  and  inserting  it  in 
the  horse-power  formula  as  follows,  we  obtain  equation  iv. ： ― 


2ootio 


/OOi/o 


Soxto 
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Fig.  8. 
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And  Kw. 
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= m  X  R.P.M.  x5x      2-2  X  10—1'-' 
= H.P.  X  0'7 仏 

= m  X  R.P.M.  X  5  X     X  1-64  xlO-»-. 

d £  OF  D.C.  GiNERfiJORS 


D/R£C7  COUPLED  TO 


Sta 議 Ro  Hi  OH  Speed  Engines 


RPM&oo 


6oo 


200 


^00  6oo 


/000 


The  curves,  Fig.  2,  showing  the  relation  between  size  (</-/) 
and  speed  (R.P.M  )  for  machines  of  250  kw.  ami  500  kw.  are 
rectangular  hyperbola?  plotted  from  the  above  formula.  The 
product  B  X  y  being  assigned   the  value  30  x  10*  for  the 
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purpose.  The  corresponding  curves  for  a  shaft  are  shown  in 
Fig.  3  and  a  comparison  should  prove  instructive.  It  is 
unfortunate,  however,  that  neither  of  these  results  is  capable 
of  general  application.  In  the  shaft  curves  it  is  necessary  to 
vary  the  value  of  f\  in  order  to  suit  the  material  of  the  shaft 
aud  the  class  of  load  as  well  as  to  design  for  stiffness  before 
strength  in  some  cases,  and,  likewise  with  dynamo  electric 

k'£。F  TUBSlNEDRim 
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5000 


4-000 


5000 


Zooo 
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Fig.  10. 

machines,  it  will  be  found  that  the  suitable  values  of  B  and  q 
(and  their  product  to  a  lesser  extent)  vary  according  to  the 
type  of  machine  and  depend  largely  upon  the  output  and 
speed  rating.  For  example,  the  value  of  B  x  =  30  x  10''， 
which  was  utilised  above,  applies  to  modern  direct-current 
machines  of  some  500  kw.  output  at  about  300  or  400  revs,  per 
minute,  so  that  the  portions  of  tlie  curves  "which  extend 
beyond  this  region  are  misleading  and  it  becomes  evident  that 
appropriate  values  for  the  intensity  factor  must  be  known  if 
useful  results  are  to  be  obtained. 

The  considerations  which  govern  the  relation  between 
" B  "  and  "  q  ，，  are  of  a  complicated  nature,  and  a  full  dis- 
cussion of  this  matter  would  be  of  interest  to  the  electrical 
designer  only.  Let  it  suffice,  therefore,  to  note  that  in 
general  if  the  value  of  "  B，"  the  magnetic  loading  intensity, 
be  pressed  too  high,  abnormal  iron  losses  and  consequent  over- 
heating and  loss  of  efficiency  will  result,  whereas  if  the 
electric  loading  intensity  '(  q "  be  carried  beyond  certain 
limits,  sparking  and  instability  inay  be  looked  for  in  D.C. 
】Tia('Viines  or  poorness  of  regulation  in  alternators.  Leaving 
the  adjustment  of  the  ratio  between  these  two  quantities  in 
the  hands  of  the  specialist,  it  will  be  found  that  the  permis- 
sible value  of  their  product  (B  x  q、、  upon  which  the  size  of  the 
machine  depends,  is  influenced  by  : ― 

(1)  The  class  of  machine  (direct  or  alternating). 

(2)  The  output  of  machine  (kilowatts). 

(3)  The  speed  。f  inacliine  (R.P.M.). 
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In  direct -current  machines  the  loading  intensity  is  as  a 
rule  about  twice  that  which  is  pennitssible  in  alternators,  it  is 
always  higher  in  the  large  machines  of  a  series  (Fig.  4)  and 
it  decreases  with  an  increasing-  speed  in  both  D.C.  niacliines 
and  alternators  (Fig.  5). 

An  attempt  has  been  made  in  Fig.  (')  to  show,  by  means  of 
a  3-diniension  diagram .  li(、、v  1  liis  quniit  it  y  varies  witli  out  put 


and  with  speed,  and  the  "  size  factor  '•  diagram  (Fig.  7)  has 
been  prepared  to  agree  with  Fig.  6. 

From  what  has  already  been  said  it  will  be  clear  that  there 
is  no  simple  proportioiialitv  between  tlie  W  or  "  size  '•  of  a 
generator  ami  its  K.W./R.P.M.,  the  relation  being  as 
follows : — 
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Where  H  = 


(IH  = 
60.8  X  101 


KW. 


R.P.M. 


and  is  therefore  a  number  which 


Bxq 

varies  with  the  speed  and  the  output. 

If,  however,  the  quotient  r  p  m  were  a  constant  quantity 

a  simple  proportionality  would  exist  between  the  size  factor 
" dH  "  and  the  output  K.W.  Now  this  is  found  to  be 
approximately  the  case  in  practice  where  a  Hue  of  generators 
is  designed  for  normal  engine  speeds ― a  fact  which  is  clearly 
demonstrated  by  the  comparative  straightness  of  the  (PI 
curves  in  Figs.  8，  9，  and  10. 

Cost  of  Generators,  &c. ― The  costs  of  a  line  of  generators  are 
in  a  like  manner  found  to  be  very  nearly  proportional  to  the 
K.W.  output  at  normal  engine  speeds,  and  the  same  applies 
to  the  engine  prices  as  indicated  in  Figs.  11，  12，  and  13. 

The  author  has  found  tliat  the  existence  of  such  simple 
approximate  relations  as  the  above  is  not  generally  realised, 
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it  being  more  usual  to  express  sizes  and  prices  as  a  fum'tion 
of  the  B.H.P.  per  R.P.M.  or  the  K  W.  per  R.P.M.  in  tlie 
case  of  the  engine  and  generator  respectively. 

Now  a  curve  connecting,  say,  price  and  K.W.  per  R.P.M. 
is  undoubtedly  a  useful  generalisation,  which  】iia)*  be 
applicable  over  a  fairly  wide  ransje,  but  it  does  not  admit  of 


April  12，  1912] 


THE    MECHANICAL  ENGINEER. 


457 


the  simple  algebraical  treatment  that-  may  be  applied  to  the, 
straight  lines  in  Figs.  11，  12，  and  13.  It  is  suggested," 
therefore,  that  it  may  be  simpler  in  practice  to  remember  and 
use  the  few  linear  formulae  corresponding  to  the  principal 
types  of  prime  mover  than  to  rely  upon  a  curvo  which  may 
not  always  be  at  hand  when  required,  or  upon  very  nmcli 
more  complicated  formula?.  By  way  of  comparison,  forinuUe 
agreeing  with  Fig.  12  .  are   set   out  below,  and  it  will  be 


Fig-  14. 

realised  that  whereas  in  the  latter  case  a  calculation  involves 
the  use  of  logarithms,  in  tlie  former  it  is  merely  a  matter 
of  mental  arithmetic. 

List  price,  engine  £  =  3'95  kw.  +  75. 

List  price,  generator  £  =  1*55  kw.  +  130. 
Or  alternatively  : — 


List  price,  engine  £  =  1,200  x  ^ 


ILPT 


P.M. 


•  KW 
List  price,  generator  £  =  725  x   ^  ^  m  p 


Fig.  15. 


Figs.  11，  12,  and  13，  in  addition  to  bringing  out  the 
above  points,  show  at  a  glance  what  proportion  of  the  total 
cost  of  a  set  is  taken  by  the  engine  or  turbine  as  compared 
with  the  electric  generator.  In  the  case  of  the  low-speed 
horizontal  sets  the  engine  and  generator  are  of  approximately 
equal  value,  the  engine  price  being  only  slightly  in  excess 


of  that  of  ilie  generator.  The  rlifTereiK-e  becomes  greater  as 
the  speed  increases,  and  in  tlie  case  of  the  standard  vertical 
enclosed  high-speed  engine  its  price  is  over  twice  that  of  the 
generator.  This  ratio  is  again  increased  in  tlie  case  of  tlie 
alteriiatiiig-curroiit  turbo  set,  Fig. 】 3，  but  owing  to  tlie 
inherent  unsuitability  of  the  direct-current  generator  to  tur- 
bine speeds  iliere  is  no  corresponding  increase  witli  the  direct- 
current  machines. 

A  perspective  view  of  the  subject  is  obtained  in  Figs.  14 
and  15,  where,  by  means  of  quadrant  diagrams,  a  comparison 
may  be  made  between  the  speeds,  sizes,  and  prices  of  the 
various  prime  movers  that  are  dealt  with,  and  of  the  corre- 
sponding direct-cur  rent  generators. 

In  conclusion,  it  should  be  stated  that  condensing  plant 
has  not  been  included  in  the  figures  given,  which  for  this 
reason  somewhat  favour  the  turbine,  and  that  the  prices  are 
wliat  are  known  as  "  list  prices,"  from  wliich  it  is  customary 
to  depart  very  considerably  in  practice,  and  which  in  any  case 
would  be  subject  to  considerable  fluctuation  owing  to  changes 
in  the  price  of  raw  materials, 


THE  FARADAY  SOCIETY. 

The  next  meeting  of  the  Faraday  Society  will  take  the  form 
of  a  general  discussion  on  Magnetic  Properties  of  Alloys. 
The  discussion  will  take  place  on  Tuesday,  April  23rd,  at 
8  p.m.,  at  the  Institution  of  Electrical  Engineers,  Victoria 
Embankment,  London,  W.C.  The  meeting  wil!  be  open  to 
members  of  the  Institution  of  Electrical  Engineers,  of  the 
Physical  Society  of  Loudon,  and  of  the  Institute  of  Metals. 
Others  interested  in  the  subject  desirous  of  being  present 
should  apply  to  the  Secretary  of  the  Faraday  Society,  82, 
Victoria  Street,  London,  S.W.  Sir  Robert  Hadfield,  F.R.S., 
will  preside  over  the  discussion.  The  following  provisional 
programme  has  been  arranged :  Prof.  E.  Wedekind  will  read 
a  paper  on  "  The  Dependence  of  Magnetisation  on  Valency  in 
Chemical  Compounds."  Dr.  Alexander  D.  Ross  and  Dr.  J.  G.- 
Gray will  read  papers  on  "  The  Magnetic  Properties  of  a 
Variety  of  Special  Steels  at  Low  Temperatures,"  and  on 
" The  Ileusler  Alloys."  The  following  papers  will  be  com- 
municated : " The  Equipment  of  the  Magnetic  Laboratory  of 
the  Physikaliscli-Technische  Reiclisanstalt,  Charlotteiiburg," 
by  Gelieimrat  Dr.  E.  Guinlich  ；  "The  Nature  of  the  Ileusler 
Alloys":  "The  Physical  Aspect,"  by  Dr.  E.  Take,  "The 
Chemical  Aspect,"  by  Dr.  F.  Ileusler  ；  "Variation  of  Ferro- 
magnetic Properties  of  the  Ileusler  Alloys  with  Composition 
and  Heat  Treatment,"  by  Prof.  A.  A.  Knowlton  ：'"  The  Rela- 
tions between  the  Mechanical  Hardness  and  tlie  Retentivity 
and  Permeability  of  Ferro-Alloys,"  by  Prof.  C.  F.  Burgess 
and  Mr.  James  Aston. 


Requirements  for  Line  Insulators. ― Tn  a  paper  on  "  High-tension 

Porcelain  Line  Insulators  ，，  read  before  the  Manchester 
section  of  the  Institution  of  Electrical  Engineers,  Mr.  J. 
Lustgarten  said  an  insulator  had  to  satisfy  two  main  condi- 
tions. First,  it  must  withstand  the  mechanical  stresses 
necessary  to  support  the  conductor,  and,  secondly, 
it  】rmst  withstand  the  electrical  stresses  necessary  to 
insulate  it.  Additional  requirements  were :  (1)  It 
should  be  able  to  resist  atmospheric  influences  in 
service  ；  (2)  it  should  not  be  easily  broken  by  stone-throwing, 
bullets,  &c,，  nor  in  transport  ；  and  (3)  its  weight  and  cost 
should  be  as  low  as  possible.  The  long  spans  which  had 
come  into  use  subjected  the  insulator  to  very  great  stresses 
owing  to  the  following  causes  :  (1)  The  weight  of  the  wire 
coated  with  snow  and  ice  ；  (2)  wind  pressure  and  extreme 
cold  ；  and  (3)  the  Iiorizontal  pull  of  the  wire.  The  last 
stress  was  the  most  important,  especially  when  the  wire  broke, 
while  the  stresses  were  exceptionally  great  at  corners  and 
deadends.  The  insulator  withstood  a  compression  test  best  ; 
hence  in  the  pin  type  the  pin  was  threaded  up  into  the  head 
of  the  insulator,  so  that  the  porcelain  was  only  in  compression 
but  not  in  shear.  The  insulator  could  be  designed  to  with- 
stand such  heavy  testing  loads  as  three  to  four  tons,  and  the 
pill  bent  before  fracture  of  the  porcelain  started.  The  sus- 
pension cemented  type  could  be  designed  to  withstand  a  con- 
tinued shear  and  tension  up  to  five  tons.  In  practice,  condi- 
tions were  arranged  so  that  tlie  wire  would  break  or  the  pin 
would  bend  before  the  porcelain  gave  way. 
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THE  DIESEL  OIL  ENGINE.  GEARED  TURBINE.  AND  SUCTION 

GAS  ENGINE.* 

Eelative  Possibilities  as  Compared  with  the  Eecipbo- 
CATiNG  Engine  for  Marine  Propulsion. 

Diesel  Oil  Engine. 

by  e.  l.  orde. 

Although  uiucli  lias  been  written  on  the  subject  of  the  Diesel 
engine  as  applied  to  the  propulsion  of  sea-going  vessels,  it 
appears  to  the  writer  that  the  extent  to  which  the  earning 
power  of  a  cargo  vessel  is  affected  by  the  adoption  of  this  type 
of  engine  has  not  so  far  received  the  consideration  at  the 
1  lands  of  engineers  and  shipbuilders  which  it  deserves.  The 
importance  of  this  question  as  a  basis  for  discussion  lies  in  the 


both  vessels  are  arranged  accordingly.  The  position  of  the 
engine-room  in  the  Diesel  ship  is  on  the  wliole  the  most  suit- 
able in  view  of  trim  and  ballast  draught  requirements,  but  the 
saving  on  the  weight  of  the  machinery  and  bunkers  makes 
a  deep  tank  necessary.  The  hull  of  the  Diesel  ship  is  more 
costly  than  that  of  the  steamer,  because  of  the  fittings  for 
twin  screws,  and  the  cost  of  oil-tight  bunkers  in  addition  to 
the  deep  tank. 

The  oil-tight  bunkers  are  all  in  the  double  bottom,  for 
tliough  it  is  perhaps  open  to  question  whether  this  is  the  best 
arrangement,  it  is  made  imperative  in  this  case  if  the  cubic 
capacity  per  ton  of  freight-earning  cargo  is  to  be  equal  to 
that  of  the  steamer.  The  machinery  space  is  as  short  as  is 
compatible  with  a  convenient  engine-room  arrangement,  and 
the  register  tonnage  of  tlie  two  vessels  does  not  show  any 
very  great  difference.    The  propelling  machinery  in  the  steam- 


FiG.  1. —Shelter  Deck  Cargo  Vessel  propelled  by  Steam  Engines. 

Breadth,  extreme,  52ft.  ;  Depth,  moulded,  29ft 

fact  that  a  careful  consideration  of  the  best  arrangements 
that  can  be  made  to  utilise  as  far  as  possible  the  advantages 
of  the  Diesel  engine,  involves  a  number  of  points  which  in 
the  present  state  of  knowledge  of  the  possibilities  of  this  engine 
must  be  considered  controversial,  if  not  largely  conjectural. 
As  a  simple  way  of  opening  these  questions  the  writer  submits 
two  outline  plans.  Fig.  1  shows  a  shelter  deck  cargo  steamer, 
one  of  a  number  at  present  at  work,  and  Fig.  2  the  same 
vessel  rearranged  and  fitted  with  Diesel  engines.  The  general 
particulars  of  the  two  vessels  are  given  in  Table  I. 

An  estimate  of  the  cost  of  working  the  two  vessels  is  given 
in  Table  II.  as  a  model  of  the  calculations  that  have  been 
made  Avith  a  view  of  showing  the  limits  of  fuel  cost  within 
which  either  type  of  propelling  machinery  may  work  econo- 


Len^tb  overall.  412ft.  ；  length  between  perpendiculars,  400ft. ； 
9in.  ；  Draught  of  water,  26ft ^  lin. 

ship  is  of  the  usual  3-crank  triple-expansion  type  witli 
cylinders  27in.，  45in.,  and  75in.  by  48in.,  and  three  boilers 
14ft.  6in.  by  lift.  6iii.，  fitted  with  Howden's  forced  draught. 
The  actual  results  from  a  number  of  different  voyages  show 
an  average  of  2,400  i.h.p.,  and  a  consumption  of  l"61bs.  per 
horse-power  per  hour  for  all  purposes. 

The  propelling  machinery  of  the  Diesel  ship  is  of  the 
single-acting  2-stroke  cycle  type,  designed  to  develop  2,150 
b.h.p.  in  ordinary  service  at  sea,  at  about  115  revs.  The 
propeller  performance  at  115  revs,  should  be  satisfactory,  aud 
it  was  considered  unnecessary  to  make  the  form  of  the  Diesel 
vessel  any  finer  than  that  of  tlie  steamship,  so  that  the  com- 
parison between  the  two  is  as  close  as  it  is  possible  to  make  it. 
The  2-stroke  cycle  engine  was  adopted  partly  iu  deference 


Fig.  2.  — Shelteu  Deck  Caugo  Vkssel  puopellkd  hy  Dikskl  IOnginks 

Breadth,  extreme,  5'2ft. ;  Depth,  moulded 

niirally.  Such  estimates  can.  of  course,  only  be  regarded  as 
approximate,  as  the  local  conditions  of  particular  trades, 
such  as  the  convenient  distribution  of  fuel  stations,  and 
many  other  influences,  wliicli  only  shipowners  can  assess  at 
their  true  value,  must  exercise  considerable  effect  upon  them  ； 
but  as  most  of  the  items  in  the  estimate  are  common  to  botli 
ships  the  general  comparison  is  ]irobably  suflicioni ly  accin-ate 
to  form  a  basis  for  discussion. 

3,500  】iiile-tons  is  taken  as  the  unit  for  t  he  cost  of  working, 
as  this  represents  a  fair  average  voyage,  and  the  bunkers  iii 

*  A  discussion  introduced  April  1st.  1912.  bv  K.  L.  Orde.  the  Hon.  Sir  Clmrles 
A  Parsons.  K.C.H..  F.H.S..  U.  J.  \Valkor,  and  A.  ('.  Holzftj.fol,  before  the  North- 
east Coast  lustilution  of  lOnginoovs  and  Sltipl.uildera 


Length  overall.  -1 1-2 ft.:  Length  between  pGr!>eudiculars.  4lOft. ： 
99ft.  9in. ;  DrauKbt  of  water,  '26ft.  lin. 

to  Dr.  Diesel  s  ()j)inion  as  expressed  on  several  occasions,  and 
partly  because  the  balance  of  advantages  seems  to  be  with  it 
rather  than  with  the  4-stroke  cycle  engine.  It  is  claimed  on 
behalf  of  the  4-st roke  cycle  that  the  fuel  consumption  is  con- 
siderably (according  to  some  authorities,  10  per  cent . )  lower 
than  that,  of  the  2-stroke  cycle  engine.  Tliis  appears  to  be 
due,  first,  to  a  thermal  superiority  in  tlie  4-stroke  cycle,  per- 
haps due  to  the  greater  effective  leiiiith  in  the  cylinder,  and 
tlie  longer  scavenging  period  ；  and,  secondly,  to  the  mechanical 
superiority  which  arises  from  the  absence  of  the  scavenging 
pump.  It  seems  doubtful,  however,  whet  her  these  gains 
can  amount  to  10  per  cent,  if  balanced  against  the  loss  due 
to  the  idle  strokes  in  the  4-stroke  cycle  engine,  and  the  general 
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consensus  of  opinion,  so  far  as  the  writer  is  aware,  seems  to 
be  that  the  2- stroke  cycle  type  is  the  better  adapted  for 
marine  propulsion  purposes.  The  weight  is  about  12  to  15  per 
cento  and  the  cost  about  10  to  12  per  cent,  less  than  that  or 
the  4-stroke  cycle  engine. 

The  estimate  of  working  shows  how  important  it  is  to  keep 
the  first  cost  of  the  vessels  as  low  as  possible.  The  costs  of 
the  vessels  which  have  been  taken  for  the  purposes  of  this 
estimate  are  not  to  be  regarded  as  definite  quotations,  but  are 
calculated  on  precisely  the  same  basis,  ami  are  therefore 
comparable.  The  influence  of  cost  and  weight  of  machinery 
oil  the  earning  power  of  cargo  vessels  is  considerable,  and  in 
choosing  between  the  2-stroke  and  4-stroke  cycle  it  deserves 
special  attention,  as  a  point  is  soon  reached  when  the  saving 
due  to  the  lower  consumption  of  the  4- stroke  cycle  engine  is 
counterbalanced  by  the  capital  charges  on  the  higher  cost  and 
the  loss  on  freight-earning  cargo  shut  out  by  the  extra  weight 
of  the  engine. 

Table  I. ― Shelter  Deck  Cargo  Vessel, 

Dimensions :  Feet.  Inches. 

Length  over  all  

Length  between  perpendiculars 

Breadth   

Depth   


Steam  Engines. 

Diesel  Engines. 

Gross  tonnage   

4,655 

4,800 

Net  tonnage  

2,930 

3,030 

Draught   

Total  deadweight  in  tons  

8,640 

8,775 

Average  sea  power   

2,400  i.h.]). ' 

2,1501). Ii. p. 

Average  sea  speed  in  knots  ... 

10.', 

Radius  of  action  in  knots  

3,500 

3,500 

Fuel  consumption  ―  tons  per  day 

42 

12-7 

(  =  2,400  i  h.p.  at 

(2,150  at  ■5r)l))s.  per 

1  '(ill),  per  i.h.]>.  In'.) 

h.h.p.  ])(')■  liDUf.) 

Freight-earning  cargo  in  tons  ... 

7.880 

8.530 

Freight-earning   cargo  per  ton, 

total  d.w  .   

•914 

•972 

Freight-earning  cargo  per  ton, 

1-69 

gross  register   

1-77 

Freight-earning   cargo  per  ton, 

2'68 

net  register   

2-82 

Capacity   for   cargo    (grain)  in 

cubic  feet  

488,000 

523.800 

Cargo  capacity  per  ton  of  frei^dit- 

earning  cargo  in  cubic  feet  ... 

62 

61-5 

Table  IT. — Approximate  Estimate  of  the  Comparative  Costs  of 
Working  Steam  and  Oil-propelled  Cargo  Vessels. 


Capital. 

Oil  Engine. 

steam  Engine. 

£•78,000. 

je63,000. 

Per  voyage. 

Per  niontli. 

Per  voyage. 

Per  month. 

Insurance   

490 

370 

Fuel  (oil  at  40s., 

coal  at  15s.)... 

455 

Wages  and  pro- 

visions   

350 

410 

Wear  and  tear  ... 

110 

100 

Deck  and  engine- 

room  stores  ... 

110 

100 

Port  charges  at 

5s.  per  ton  … 

755 

735 

1,115 

1,060 

1,180 

980 

16  voyages  ... 

17.840 

18,880 

12  voyages  ... 

12,720 

11,760 

5  per  cent,  depre- 

30,050 

30,040 

ciation   

3, 900 

3,150 

Management  … 

500 

500 

Tons  freight- 
eaining  cargo 
carried   

£34,960 

16x8,530 
34, 醫 X  240 

= 136,480 
=  8,300, 400d. 

34,290 

10X7,880  = 
34,290x240  = 

II    II  M 

13(i,480 

120,080  = 

This  critical  point  depends  on  the  length  of  the  voyage,  or 
the  distance  between  fuel  stations,  and  the  cost  of  tlie  fuel  oil. 
In  the  vessels  under  consideration  it  appears  to  occur  at  about 


.S,oOO  iniles,  when  the  (-ost  of  the  oil  is  20s.  per  ton,  and  tlie 
limiting  length  of  voyage  decreases  slightly  as  the  cost  of  oil 
rises. 

Fig.  3  is  II  diagram  showing  the  (-(nnparative  costs  (jf  、v(ji'k- 
ing  the  two  type  vessels  with  fuel  at  prices  ranging  froi/i  lOs. 
to  50s.  per  ton.  The  ordinates  are  taken  from  a  number  of 
voyage  estimates,  of  which  the  model  is  shown  in  detail  in 
Table  II.  The  lower  curve  shows  the  cost  per  3,500  mile-tons 
of  working  the  Diesel  shij)  at  a  consumption  of  '551  b.  per 
brake  horse-power  and  per  hour  ；  the  upper  tlie  correspoiuliiif^ 
cost  for  the  steamship  at  a  consumption  of  1  '61bs.  per  indicated 
horse-power  and  per  hour.  The  comparison  sliows  that  with 
coal  at  1 5s.  per  ton  the  cost  of  oil  in  the  Diesel  ship  must  not 
exceed  50s.  per  ton,  as  the  economical  limit  wit  liiri  wliich  the 
Diesel  ship  shows  to  advantage. 

Table  III. ― List  of  Crew. 


Goal  Fuel. 

Diesel  Oil  Eniiinea. 

Wages. 

Provisions 
per  day. 

Wages. 

Pr  ivUiooH 
per  day. 

£ 

s. 

(1. 

£ 

H. 

(1. 

Captain  

24 

2 

0 

24 

2 

0 

1st  Ofticcr   

IS 

2 

(> 

IS 

2 

(> 

2nfl   

Ki 

2 

fi 

10 

2 

r> 

3rd   

14 

2 

(i 

14 

2 

i> 

CarpontfT   

1 

r, 

1 

fi 

Steward  

I 

(； 

1 

fi 

2nd  Stew  aid  

ii 

1 

" 

f) 

1 

(•} 

Cook   

a 

(i 

(> 

1 

(} 

Boatswain   

(> 

1 

(> 

1 

(> 

Storekeepci-  

() 

1 

" 

0 

1 

6 

55 

1 

r>i) 

1 

0 

Chief  Kni^iiU'cr   

22 

2 

6 

22 

2 

f) 

2nd  "   

Hi 

2 

() 

10 

2 

0 

3rd  ，，   

12 

2 

G 

12 

2 

4th  ，，   

10 

2 

6 

10 

2 

(> 

】2  firemen  at  £(i  

72 

1 

6 

30 

1 

fi 

(six  greasers) 

1  don  key  man   

1 

a 

1 

(> 

(37  men)  per  month  ... 

Wages   

Provisions   

Per  month   

£304 

£304 
100 

£100 

£268 

£268 
84 

£75 
(31  men) 

£404 

£352 

The  high  cost  of  Diesel  engines  and  the  important  influence 
of  capital  charges  on  the  earning  power  of  cargo  vessels  largely 
affect  the  question  of  driving  the  auxiliary  machinery,  and  it 
seems  very  doubtful  whether  electric  power  or  compressed  air 
can  ever  be  used  for  this  purpose  without  a  considerable 
sacrifice  both  in  first  cost  and  future  earnings.  In  the  type 
ship  steam  has  been  adopted  supplied  by  two  oil-fired  boilers, 
one  for  use  at  sea,  the  other  in  port - 

This  question  deserves  very  careful  consideration,  and  it  is 
to  be  hoped  that  some  light  may  be  thrown  upon  it  during  this 
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discussion,  as  also  upon  the  economy  shown  by  Diesel-engined 
vessels  as  compared  with  steam  when  the  latter  are  under 
banked  fires.  This  item  should  considerably  increase  the 
difference  between  the  two  ships  to  the  advantage  of  the  Diesel 
vessel,  but  as  the  writer  looks  on  the  point  as  one  which  is 
largely  conjectural,  he  has  not  attempted  to  deal  with  it  in 
tlie  estimate  of  working  cost. 
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Geared  Tukbines. 

by  the  hon.  sik  challles  a.  parsons,  k.c.b.,  f.k.s.,  and 
r.  j.  walker. 

The  application  of  the  steam  turbine  and  ineclianical  gearing 
to  ship  propulsion  was  first  put  to  a  practical  test  for  com- 
mercial purposes  in  the  cargo  steamer  "  Vespasian."  The 
actual  results  of  the  trials  of  this  vessel  as  compared  with  the 
performances  of  reciprocating  engines,  and  the  experience 
gained  on  actual  service  were  fully  dealt  with  in  papers  read 
before  the  Institution  of  Naval  Architects  in  1910  and  1911. 
The  object  of  the  present  contribution  to  this  discussion  is 
to  furnish  a  few  brief  notes  as  to  the  possibilities  of  geared 
turbines  when  applied  to  vessels  of  moderate  and  slow  speeds. 

When  considering  such  propositions,  the  relative  earning 
power,  first  cost,  and  reliability  of  the  propelling  machinery 
must  necessarily  be  taken  into  account  as  being  of  first  impor- 
tance to  the  shipowner.  The  principal  advantages  of  geared 
turbines  as  compared  with  triple-expansion  engines  may  be 


economy  in  steam  consumption  of  over  15  per  cent,  in  favour 
of  the  geared  turbine  engines.  It  has  been  stated  by  some 
engineers  that  the  reciprocating  engine  with  which  the  geared 
turbines  was  compared  did  not  represent  the  best  that  could 
be  obtained  with  a  modern  triple-expansion  engine,  whilst  ou 
the  other  liand  others  confirm  the  result  of  steam  consump- 
tion obtained  as  representing  a  very  fair  average  for  that 
particular  class  of  reciprocating  engine.  It  is  not  professed, 
Iiowevei*，  that  the  results  obtained  with  the  geared  turbines 
in  the  "  Vespasian  ，，  (the  machinery  in  that  vessel  being  some- 
what experimental)  are  the  best  that  can  be  obtained  with 
geared  turbines.  As  a  matter  of  fact,  a  consumption  of 
saturated  steam  of  about  121bs.  to  131bs.  per  shaft  horse-power 
for  the  main  engines  could  be  confidently  expected,  which 
would  be  equivalent  to  about  lllbs.  to  121bs.  per  indicated 
horse-power  of  reciprocating  engine,  assuming  a  ratio  of  shaft 
horse-power  to  indicated  horse-power  of  90  to  92  per  cent. 

The  results  of  the  trials  of  the  geared  turbine  ship  "  Nor- 
maiinia,"  the  first  of  the  two  new  vessels  for  the  London  and 
South-western  Railway  Company,  were  dealt  with  in  a  paper 


Fig.  4.— Single  Screw  Cargo  Steamer. 

summarised  as  follows  :  Increased  economy  in  coal  and  oil 
consumption  ；  absence  of  racing  in  rough  weather  ；  reduced 
wear  and  tear  of  engines  ；  reduced  stress  on  screw  shafting, 
due  to  even  turning  moment  of  engines  and  absence  of  racing  ； 
reliability  of  running  in  all  weathers  ；  reduced  weight  of 
machinery  ；  increased  deadweight  cargo,  due  to  increased 
economy  in  coal  consumption  and  reduced  weight  of  engines. 

Referring  to  the  question  of  efficiency  and  econor/iy  in 
steam  consumption,  so  far  as  the  turbine  is  concerned  the 
principles  upon  which  economy  and  efficiency  depend  are 
identical  with  those  which  bold  good  in  steam  turbines  for 
land  purposes,  but  for  ship  propulsion  not  only  has  account 
to  be  taken  of  the  efficient  use  of  steam  in  the  turbines,  but 
also  of  the  propulsive  efficiency  obtainable  by  the  combination 
of  the  most  efficient  turbines  with  the  most  efficient  propeller. 

Ill  the  higher-speed  vessels  to  which  the  turbine  has 
hitherto  been  applied,  a  judicious  compromise  between  turbine 
and  propeller  efficiency  has  been  arrived  at,  by  accepting 
a  slighlJy  higher  speed  of  propeller  than  would  obtain  for 
maximum  efficiency  and  lower  rates  of  revolutions  for  the 
turbines  than  is  obtainable  with  advantage  in  turbines  for 
land  purposes.  It  has  not,  however,  been  fountl  practicable 
(compatible  with  weight  and  first  cost)  to  apj)ly  the  turbine 
direct  to  the  propeller  shaft  in  vessels  of  moderate  speed,  i.e" 
of  designed  speed  of,  say,  15  knots  and  under,  on  account  of 
the  comparatively  low  rate  of  revolutions  necessary  for 
reasonable  propeller  efficiency  at  such  speeds. 

The  problem  of  applying  the  steam  turbine  to  vessels  of 
moderate  and  slow  speeds,  however,  may  be  said  to  have  been 
satisfactorily  solved  in  the  association  of  mechanical  gearing 
with  high-speed  turbines.  By  the  interposition  of  j^eariiig 
between  the  propeller  ami  the  turbines  such  limitations  in 
propulsive  efficiency  are  not  met  with,  inasmuch  as  the  maxi- 
mum efficiency  of  turbine  and  propeller  can  be  obtained 
independently  of  eacli  otlior. 

The  comparative  trials  that  were  i-anied  out  in  the  "  Ves- 
pasian " with  geared  turbines  and  the  reciprocating  engines 
\vliicli  were  originally  fitted  in  that  vessel   sho\vc(l  a  gain  of 


Arrangement  of  Turbines  and  Gearing. 

read  by  Prof.  Biles  at  the  recent  meeting  of  the  Institution  of 
Naval  Architects.  The  horse-power  of  the  "  Normaniiia  ，，  is 
5,000,  divided  over  two  shafts.  Her  propelling  machinery 
consists  of  a  high  and  low-pressure  turbine  geared  to  each 
propeller  shaft.  The  steam  consumption  of  the  turbines  、vas 
shown  on  the  official  trials  to  work  out  at  I'ilbs.  per  shaft 
horse-power,  as  compared  with  the  estimate  of  12Ubs. 

As  illustrating  the  possibilities  of  still  further  increasing 
the  economy  in  steam  consuinption,  it  may  be.  said  that  if 
experience  in  actual  service  for  any  lengthy  period  has  shown 
til  at  superheaters  can  be  successfully  applied  on  board  sliip, 
and  the  shipowner  is  prepared  to  adopt  same,  then  a  further 
saving  in  steam  consvimption  can  thereby  be  effected  in  geared 
turbines.  Superlieated  steam  has  been  in  use  on  turbine 
installations  for  land  purposes  for  a  considerable  period,  and 
of  late  years  superheats  of  50。  to  250。  in  laud  turbines  have 
become^alniost  universal.  The  saviug  in  steam  consumption 
as  ascertained  with  land  turbines  is  about  1  per  cent,  for 
every  10。  of  superheat,  so  tliat  with,  say,  100°  of  superheat 
a  saviug  of  about  10  per  cent,  oau  be  effected  in  the  steam 
consumption,  but  when  referred  to  fuel  consumption  it  should 
be  stated  that  tlie  percentage  of  saving  in  coal  is  not  so  great, 
as  a  certain  anumnt  of  coal  is  expended  in  producing  the 
superheat.  , 

As  regards  tlie  question  of  economy  in  fuel  cousuiuption, 
there  is  the  possibility  in  certain  trades  of  adopting  oil  fuel 
witli  advantage.  It  has,  we  think,  been  clearly  d e in onst rated 
that  for  certain  classes  of  vessels  consi(leraV>le  advantage 
accrues  from  the  use  of  liquid  fuel.  The  evaporative  efficiency 
per  ton  of  fuel  is  about  40  to  50  i>er  cent,  greater  than  with 
coal  ；  less  space  is  required  in  the  stokeholds  ；  and  the  handliug 
of  the  fuel  is  reduced  to  an  absolute  inininiuni,  as  the  feeding 
to  the  boilers  is  carried  out  lueohanically  by  means  of  pumps. 

Mr.  Harold  Yarrow,  in  his  very  interesting  paper  read 
before  the  Tiistitute  of  Xaval  Architeots  recently  on  "  The 
Results  of  Some  Experiments  with  a  Water-tube  Boiler, 
having  Special  Koference  to  Superheating,"  incidentally  gives 
sonic  useful  figures  as  to  evaporative  efficiency  witli  oil  fuel. 
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Fur  a  moderate  degree  of  air  pressure  it  is  possible  to  obtain 
an  evaporative  efficiency  of  ISUbs.  to  IGlbs.  of  water  per 
pound  of  oil  from  and  at  212。  Full.  Tin's  would  bo  equivalent 
to  an  actual  evaporation  of  about  1 々；' lbs.  of  water  per  poinul 
of  oil,  with  a  feed-water  temperature  of  about  l3o。  and  u 
boiler  pressure  of  ISOlbs"  as  compared  with  an  evaporative 
efficiency  of  about  lOlbs.  with  coal. 

The  possible  racing  of  tlie  turbines  and  gearing  in  a  heavy 
seaway,  the  wear  of  the  teeth  of  the  gear,  and  the  reliability 
of  the  machinery  generally  have  been  advanced  as  objections 
to  t lie  geared  turbine  system.  We  i liink,  however,  that  tlie 
working  of  the  "  Vespasian  "  has  shown  that  any  such  fears 
are  quite  groundless. 

Since  the  "  Vespasian  "  was  first  put  on  service  with  her 
new  propelling  machinery,  she  has  completed  some  62  voyages 
between  the  Tyne  and  the  Continent,  covering  a  distance  of 
over  37,000'  miles.  During  this  period  some  exceptionally 
rough  weather  lias  been  experienced,  especially  when  steaming 
in  liglit  condition,  and  one  of  the  most  noticeable  features  in 
her  running  has  been  the  remarkable  freedom  from  racing  of 
the  engines  in  the  roughest  weather.      The  gearing  has  not 


turbine.  】'，("•  iiiaiux'uv rin^',  by  a  suitable  arrangeineiit  of 
valves  and  pipes,  llie  t  ui  biiies  on  one  shaft  of  the  vessel  can  l>e 
a rraiiged  lo  work  iiKlepeiideiit ly  of  il»e  iiiibiiies  on  the  oilier 
side.  The  diarneier  of  each  gear  、vlie,，l  would  be  about 
J  Oft.  Gill.,  ； 111(1  the  pillions  5in.  Width  of  wheel  face  15in. 
Itevol uiions  of  propeller  UO  and  of  tlie  turbines  about  2,800. 
The  machinery  f(n'  Ijotli  proposals  has  been  arranged  in  tlie 
same  space  as  that  for  ilie  m,ipr 。（  ； it  iiig  engined  vessel  mi'li'r 
colunm  A  of  Table  I. 

In  conclusion,  it  may  Jju  iiienlioiied  that,  apart  [yoin  ilie 
(jucsiion  of  superheat  or  oil  fuel,  a  saving  of  1 5  per  cent,  in 
<'oal  consumption  oti  a  vessel  of  the  dirneiisions  and  power 
staled  ill  the  paper  should  represent  a  considerable  financial 
gain  per  annum  to  the  shipowner.  Assuming  an  average  of 
260  steaming  days  per  year,  such  a  vessel  with  reciprocating 
engines  of  2,400  i.h.p.  would  coiisunie  10,000  tons  of  coal 
per  annum.  A  saving  of  coal  of  1,500  tons  at  an  average 
value  of  15s.  per  ton  would  give  £1,000,  and  for  every  ton  of 
coal  saved  an  additional  ton  of  cargo  could  be  carried.  Tlie 
value  of  this  cargo  would,  of  course,  depeiul  o"  tlie  inula  the 
vessel  was  engaged  iu,  but  assuming  a  value  of  10s.  per  ton, 


--  ~ ―  —  ■  -I — 


jrt. 卞 3 巧 

〜w     •  ^"C  |» 


- -」。 1^ 


Fig.  5.— Twin  Sckkw  CaUgo  Steameb.      Arrangement  of  Turbines  and  Gearing. 


given  the  least  trouble  nor  has  any  appreciable  wear  been 
detected  in  the  teeth  of  tlie  pinions  or  gear  wheels  since  she 
was  first  put  on  service  nearly  two  years  ago.  She  is,  at  the 
present  time,  on  a  return  voyage  from  Malta. 

We  are  indebted  to  Mr.  Orde  for  the  principal  dimensions, 
and  particulars  of  a  typical  cargo  vessel  fitted  with  triple- 
expansion  engines,  with  which  we  have  been  able  to  formulate 
a  statement  as  to  the  possibilities  of  geared  turbines  when 
compared  witli  triple-expansion  engines.  In  Tables  I.  and  II. ， 
column  A,  particulars  are  given  for  the  vessel  with  triple- 
expansion  engines.  Tlie  particulars  in  column  B  refer  to  a 
proposal  of  geared  turbines  on  a  single  shaft,  and  in  column  C 
for  geared  turbines  with  twin  screws. 

Fig.  4  shows  an  arrangement  of  geared  turbines  driving  a 
single  screw,  consisting  of  two  turbines  in  "series,"  viz.,  one 
liigli-pressure  and  one  low-pressure  turbine.  At  the  after 
end  of  each  of  the  turbines  a  driving  pinion  is  connected  with 
a  flexible  coupling  between  the  pinion  shaft  and  the  turbine, 
the  pinion  on  each  side  of  the  vessel  being  geared  into  a  wheel 
which  is  coupled  to  tlie  propeller  shaft.  The  reversing  tur- 
bine is  incorporated  in  the  exhaust  casing  of  tlie  low-pressure 
turbine.  The  diameter  of  the  gear  wheel  is  about  12ft.  and 
of  the  pinions  6*3in.  The  total  width  of  the  face  of  the  wheel 
is  32in.  The  inclination  of  teeth  is  45°  to  the  axis ― double 
helical.  The  revolutions  of  the  propeller  would  be  66  and 
of  the  turbine  about  1,500. 

Fig.  5  shows  an  alternative  arrangement  of  machinery 
arranged  on  two  sliafts,  consisting  of  one  liigli-])ressurc,  one 
intermediate-pressure,  and  two  low- pressure  turbines,  sieam 
being  admitted  to  the  high-pressure  turbine  on  one  side  of 
the  vessel,  exhausting  into  the  intermediate-pressure 
turbine  on  the  opposite  side  of  the  vessel ,  and 
.thence  from  the  intermediate-pressure  turbine  to  each 
low- pressure  turbine  and  to  the  condenser.  A  revers- 
ing turbiue  is  fitted  in  the  exhaust  casing  of  each  low-pressure 


the  additional  freight  would  be  equivalent  to  about  £750. 
Then,  again,  there  is  the  additional  cargo  which  could  be 
carried  corresponding  to  the  reduction  in  weight  of  machinery, 
so  that  taking  these  points  into  consideration  the  gain  to  the 
shipowner  in  round  figures  would  be  in  the  neighbourhood  of 
£2,000  per  annum. 

Table  I, 


A. 

li. 

a 

Type  of  I'ropolling  Machine. 

Triple  Expan- 

Geared 

sion  Engines, 

Tuibine. 

Turbine. 

Number  of  propellers 

1 

Revolutions  ... 

fi6 

()(> 

no 

Dianieter  of  propeller 

18ft. 

ISft. 

12ft. 

Pitch  of  propclltT. . . 

18ft. 

ISft. 

12ft. 

Length  of  vessel  B.P. 

400ft. 

400ft. 

40()ft. 

Breadth  xtronie... 

52ft. 

52ft. 

52ft. 

Depth  moulded  ... 

2*ift.  9in. 

2!>ft.  ！) in. 

20ft.  Oiii. 

l)caduei<ilit  ... 

8,4()5  tons 

8,535  tons 

8.540  tons 

Di'a uf^ht  of  water... 

2(ift.  lin. 

26ft.  lin. 

2»>ft.  lin. 

Dis])Iaccment  ... 

】l，7(iO  tons 

11,700  tons 

11,700  tons 

Spcod  on  service  ... 

101  knots 

lOi  knots 

10.\  knots 

equivalent 

cquivaU'Ut 

l.H.P  

，- 

2,400 

2，柳 

S.H.l^.  assiiniinu  ratio  S^.P.  to 

l.H.P.  of  90  iier  cent. 

LMI30 

W ('/'(/ lit  of  propdliinj  iiKichinery : 

丄》 ropdltT  shafting,  thrust  block. 

engiiic- 

ruom  aftor  hulkhcat 

1  ... 

04  tons 

04  ti"i'、 

i  02  toiiii 

En<riiies.t'(>iulfn.singi)lant,  aux- 

iliary niachinory. 

and  all 

littiiiLis  w  it  hi  11  cnginc-rooni.. 

ISO  tun.'. 

14i>  tuns 

143  tons 

Boilers,  fans.  fiiniu-Is, 

and  alt 

fittings  wilhii)  boilei 

-rooms.. 

2SI  tons 

245  t..n> 

24 o  tons 

Total  steaming  weight 

525  tons 

455  tons 

450  ton^ 

462 
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Table  II. 


Estimated  consumption  saturated 
steam  main  engines  por  I.H.P.  ... 

Estinia ted  steam  consu mption  auxi- 
lifiries  jjer  I.H.P.  of  main  engines  . 

Estimated  coiisumption  saturated 
steam  main  t'ngim's  per  8.H.P.  ... 

Estimatod  steam  C()nsuinj)ti()ii  auxi- 
lia rit's  per  8.H.P.  of  Jtiiiin  ('ni^im's.! 

Estiniatfd  total  consumption  of  sntur- 
atcd  >steam  per  S.H . P. ,  all  pui'p(jses 

Estimated  total  consumption  of  sat  iir-' 
a  ted  steam  per  I. H  .P. ,  all  purposes' 

Estimated  coal  consumption  peri 
I.H.P. ，  all  purposes   

Estimated  coal  consumption  per 
S.H. P.,  all  purposes   

Estiinatt'd  consumption  of  steam  (100° 
superheat)  per  S.H. P.  main  engines 

Estimated  consumption  auxiliaries 
per  S.H. P.  of  main  engines  ... 

Estimated  consumption  of  -steam  (100^ 
superheat)  for  all  purposes,  per 
S.H. P.  of  main  engines  

Estimated  steam  consumption  per 
I.H.P.  of  main  engines  ( with  100° 
superheat),  ； ill  puipo.scs  

Estimated  consumption  of  oil  per 
I.H.P.  (saturated  steam),  all  pur- 
poses  

Estimated  consumption  of  oil  per 
S.H. P.  (saturated  steam),  all  pur- 
poses   

With  oil  fuel  and  100°  superheat — 
estimated  oil  consumption,  all  pur- 
poses, per  I.H.P.  of  main  engines , 

With  oil  fuel  ami  100"  superheat— 
estimatod  oil  (.-onsumption.  all  pur- 
poses, per  S.H. P.  of  main  engines. 


B. 


15-5 
1*55 


I] -8 

ll-2r>|})s. 

] "2 

1.2 

13-0 

CI 

quivalent 
11-7 

equiv)i]('nt 
】1'2 

quivalent 

equivalent 
112 

i:i 

1-25 

lOGlb.s. 

10-2Ihs. 

1-2 

1  2 

]l-8]b.s. 

equivalent 
10-6 

equivalent 
■81 


■90 

equivalent 
■7(i 


•85Jbs. 


ll-4Ih.s. 

uivaL 
10-2 

lival) 
•78 

■8fi 
(■qui  valciit 

-n 

•Sllbs. 


Explanatory  Notes  in  Connection  with  Tables  I.  and  II. 

The  ratio  of  shaft  horse-pow  er  for  the  tiirlnne  proposal  to  iiidi- 
cated  horse-power  of  the  reciprocating  engine  proposal  lias  been 
taken  as  90  per  cent.,  which  agrees  with  that  obtained  on  the 
trials  of  the  "  VespasiiXii." 

The  weight  of  boilers  for  the  reciprocating  engined  vessel  has 
been  reduced  by  15  per  cent,  tor  the  turbine  proposals  in  view  of 
the  sa"ng  in  steam  consumption. 

The  deadweight  of  proposals  under  columns  B  and  C  has  been 
inoreased  to  correspond  to  the  saving  in  weight  of  propelling 
machinery  and  boilers. 

The  consumption  of  the  reciprocating  engined  vessel,  coluiuii 
A,  has  been  assumed  at  IS^lbs.  per  i.h.p.  all  purposes. 

The  figures  of  steam  consiiinption  for  the  jxoared  turbines  are 
based  on  the  results  of  actual  measurement  of  water  consumption 
of  previous  vessels. 

The  evaporative  efficiency  (lb.  of  water  per  lb.  of  fuel)  lias  been 
taken  as  lOlbs.  for  coal  and  14ilbs.  for  oil,  with  a  feed  tempera- 
ture of  190°  and  a  boiler  pressure  of  ISOlbs.,  the  auxiliary  exhaust 
being  utilised  in  heating  the  feed  water,  and  in  the  case  of  the 
reciprocating  engine  vessel  being  supplemented  with  steam  taken 
from  LP.  receiver  of  main  engines. 

The  auxiliaries  in  the  turbine  proposals  are  all  independently 
driven.  The  air,  circulating,  ； uid  hi\^y  pumps  are  driven  by  the 
main  engines  in  the  reciprocating  en<^ined  vessel,  the  feed  pump, 
f;ins  and  other  auxiliaries  heino;  ind<^poiulont. 

At  the  time  of  writing,  the  authors  have  not  been  able  to 
obtain  any  reliable  information  regarding  the  economy  in  steam 
consumption  in  reciprocating  ongiiios  with  steam  suixM'heated  to 
Tlu'refore,  all  ref?r<"i('('s  to   estimated  f'onsmiiptions  with 
superhoat  have  been  omitted  from  colninn  A,  Table  1 1 . 

The  savin f>;  in  steam  ('oiisiunptioii  in  tl"、  geared  turbine  pro- 
posals for  10(P  of  suporhoat  has  been  taken  as  10  per  cent,  and 
the  saving  in  oil  fuol  n t  "  i)(、i'  cent. 

(To  be  continued,) 


Death  of  Rear-Admiral  Melville— We  regret  to  record  the 
death  of  Rfar-Adniiral  George  Wallace  Melville,  U.S.N., 
retired,  which  took  place  at  Philadelphia,  Pa.,  on  March  17th. 
For  the  past  16  years  he  was  chief  of  the  bureau  of  steam 
engineering  in  the  United  States  Navy  Department.  Among 
the  colleges  which  conferred  honorary  degrees  on  Rear- 
Admiral  Melville  in  recognition  of  his  scientific  work  were 
the  University  of  Pennsylvania,  Harvard,  Columbia,  George- 
town, and  Stevens  Institute.  Tie  was  a  past  president  of  both 
the  American  Society  of  Mechanical  Engineers  and  the  Ameri- 
can Society  of  Naval  Engineers.  He  was  a  noted  authority  on 
Arctic  exploration,  as  well  as  engineering  and  naval  affairs. 
At  the  time  of  his  death  lie  was  72  years  of  age. 


THE  WORKS  FOR  THE  WATER  SUPPLY  OF  BIRMINGHAM 
FROM  MID-WALES.* 

、BY  E.  L.  MANSERGU  AND  W  .  L.  MANSERGH,  MM.INST.C.K. 

The  Elan  supply  scheme  was  originated  in  1890,  by  the  late 
Mr.  James  Mansergh,  F.K.S.,  M.Iust.C.E.,  in  consequence 
of  the  inadequacy  of  the  then  existing  sources.  These,  con- 
sisting of  five  local  streams  and  six  wells  in  the  new  red 
sandstone,  had  proved  insuflicient  to  meet  the  needs  of  the 
city  and  district,  which  then  had  a  population  of  about 
648,000.  Investigation  having  shown  that  no  extension  of 
the  local  sources  would  be  satisfactory,  the  Welsh  sclieme  was 
laid  before  Parliament  in  the  Session  of  1892，  and  the  neces- 
sary powers  were  obtained.  The  watershed  of  the  Elan  and 
Claerwen,  which  is  situated  in  Radnorshire  and  Brecoiishire, 
has  a  gross  area  of  about  71  square  miles,  and  a  mean  rainfall 
of  65in.  The  collectable  rainfall  is  estimated  by  tlie  authors 
at  37in.，  giving  an  average  yield  of 】02  million  gallons  per 
diem.  The  first  instalment  only,  that  is,  works  for  the 
supply  of  25  million  gallons  per  day  at  Birmingham,  and  the 
prescribed  quantity  of  compensation  water  to  the  river, 
namely,  27  million  gallons  per  day,  has  at  present  been  con- 
structed ； but  the  powers  granted  cover  the  full  utilisation 
of  the  yield  of  the  watershed  and  works  necessary  for  a  total 
supply  of  75  million  gallons  per  day  to  the  city  and  district. 

Three  reservoirs  have  been  constructed  :  tlie  Caban  Coch, 
which  is  a  combined  supply  and  compensation  reservoir,  con- 
taining 7,815  million  gallons,  witli  a  dam  1 22ft.  liigli  ； 
Pen-y-gareg,  for  supply  only,  containing  1,330  million 
gallons,  with  a  dam  r23ft.  liigh  ;  and  Craig  Goch,  also  for 
supply  only,  of  2,000  million  gallons,  with  a  dam  1 20ft.  liigli. 
These  reservoirs  are  all  on  the  River  Elan,  and  three  more 
on  the  Claerweii  are  contemplated  wlien  the  demand  for  water 
justifies  their  construction.  For  one  of  the  latter 一 the 
Dol-y-myuach  reservoir ― the  foundations  and  lower  part  of 
the  dam  have  been  already  built  in  order  to  get  the  work 
above  flood-level  of  the  Caban  Coch  reservoir.  A  submerged 
dam  lias  also  been  constructed  in  Caban  Coch  reservoir  to 
maintain  such  a  water  level  as  will  charge  the  aqueduct,  to 
Birmingham.  From  the  Claerweii  Valley  a  tuniie!  has  been 
driven  connecting  it  with  the  latter  reservoir  above  tliis  tub- 
merged  dam,  in  order  to  bring  into  supply  the  dry-weather 
flow  of  that  river. 

The  compeusation  water  which  has  to  be  discharged  into 
t  lie  river  day  by  day  in  a  regular  flow  has  been  utilised  to 
produce  water  under  pressure  to  work  a  large  number  of 
valves  in  connection  with  tlie  Caban  Coch  dam  and  the  valve 
tower  at  the  head  of  the  aqueduct,  and  also  elect  ricity  for 
lighting  and  power  purposes.  The  latter  is  required  at  the 
head  of  the  aqueduct  in  connection  with  an  installation  of 
roughing  filters,  which  had  to  be  made  in  order  to  free  the 
water  from  germs  whicli  elsewhere  had  been  found  to  cause 
deposit  in  cast-iron  pipes.  A  short  permanent  line  of  railway 
was  constructed  from  tlie  Mid-Wales  Railway  near  Rhayader 
to  the  lowest  dam,  and  while  the  works  were  in  progress  some 
36  miles  of  main  line  and  sidings  were  constantly  in  use.  In 
addition,  a  number  of  ancillary  works,  such  as  roads,  bridges, 
culverts,  &c.，  were  constructed  on  the  watershed. 

The  aqueduct,  which  is  nearly  74  miles  in  length,  consists 
of  two  main  classes  of  work  :  conduit  in  tunnel  or  cut  ami 
cover,  and  steel  or  cast-iron  pipes  under  pressure  rrossing 
valleys.  There  are  15  tunnels  with  an  aggregate  length  of 
I2'l  miles,  and  the  cut-and-cover  conduit  is  about  miles  in 
length.  The  inverted  siphons,  of  which  there  are  11  in  all, 
have  an  aggregate  lengtli  of  nearly  36^*  miles,  and  the  pres- 
sures to  which  they  are  subject  ran^e  between  about  251bs. 
and  2501bs.  per  square  inch.  The  pipes  in  the  siphons  vary 
from  41in.  to  42iu.  in  internal  diameter,  according  to  the 
gradient  obtainable,  and  are  for  the  most  part  of  oast  iron, 
but  for  pressures  over  400ft.  of  head,  welded  steel  pipes  were 
used.  Out  of  an  ultimate  total  of  six  lines  in  each  siphon 
two  only  have  been  laid  for  the  first  instalment.  The  ruling 
gradient  for  the  conduits,  whioli  are  liaystack-slia])e(l, 
approximately  8ft..  by  8ft. ，  is  1  in  4.000,  and  that  for  the 
pipe  siphons  is  1  in  1.760. 

At  the  heads  of  all  the  siphons  rather  elaborate  automatic 
arraugeinents  are  made  to  cut  off  the  water  in  case  of  a  pipe 

•  Abstract  of  paper  rca<l  before  the  Institution  of  Civil  Engineers.  April  2u<1. 
1912. 
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bursting,  and  also  at  the  outlet  ends  to  prevent  water  flowing 
back  under  similar  circumstances.  Sluice  valves,  air  valves, 
and  washouts  of  the  usual  descripiiou  are  provided  on  \  he 
Hues  of  pipes.  With  a  few  exceptions  Mie  pipes  are  carried 
over  all  streams  and  rivers  crossed,  and  tins  lias  involved  t lit' 
construction  of  several  large  bridges,  the  chiel'  of  wliicli  is 
at  the  crossing  of  the  River  Severn  between  Bewdley  and 
Arley,  where  the  river  itself  is  spanned  by  a  handsome  steol 
arch  of  1 50ft .  span. 

The  aqueduct  terminates  at  the  Frank  ley  service  reser- 
voir, about  6  miles  to  the  south-west  of  tlie  centre  of  the 
city.  This  reservoir,  which  holds  a  little  over  200  million 
gallons,  is  semi-circular  in  plan,  divided  into  two  segments; 
it  is  about  30ft.  deep,  and  is  constructed  of  concrete  lined 
with  asphalte  and  blue  brickwork.  Eighteen  ordinary  slow 
sand  filters,  having  an  aggregate  area  of  about  14  acres,  have 
also  been  installed,  as  all  the  water  is  filtered  before  use. 
Although  the  top-water  level  of  the  reservoir,  603ft.  above 
Ordnance  datum,  is  higli  enough  to  supply  water  to  the 
greater  part  of  the  city  and  district  by  gravitation,  for 
certain  parts  pumping  had  to  be  resorted,  to.  A  pumping 
station  is  therefore  provided  to  raise  water  to  two  high-level 
service  reservoirs,  the  one  about  |  mile  to  the  south,  and  the 
other  about  3h  miles  to  the  north  of  Frankley  reservoir,  each 
of  about  million  gallons  capacity.  Approximately  181 
miles  of  43in.  and  42iii.  cast-iron  mains  have  been  laid  to 
carry  the  water  into  the  trunk  mains  in  the  city. 

The  works  in  the  valleys  were  carried  out  by  direct 
administration,  and  the  remainder  by  contract,  and  the  total 
cost  of  tlie  whole  of  the  works,  including  】and，  was,  in  round 
figures,  £5.750,000.  ^ 


LIGNO-CONCRETE. 

In  a  paper  on  this  subject  by  Mr.  Gerald  0.  Case,  read  before 
the  Society  of  Engineers  on  Monday,  the  1st  inst.,  the  author 
referred  to  the  use  in  America  and  Australia  of  concrete  in 
combination  with  timber,  and  pointed  out  that  while  the 
concrete  effectively  preserved  the  timber,  it  was  not  used  to 
the  greatest  advantage.  The  object  of  the  author's  inves- 
tigations was  to  ascertain  if  it  were  possible  to  reinforce 
concrete  with  timber  rods.  Roughly  speaking,  steel  was 
about  eight  or  nine  time  stronger  than  timber,  but  10  to  15 
times  as  expensive.  The  efficiency  of  timber,  as  a  reinforcing 
material,  depended  on  whether  there  was  sufficient  adhesion 
between  the  timber  and  the  concrete,  and  whether  the  diffi- 
culties of  the  absorption  of  moisture  by  the  timber  from 
the  wet  concrete,  and  the  splitting  of  the  latter,  could  be 
overcome.  The  paper  described  the  experiments  made  by  the 
author  to  ascertain  (〃)  the  amount  of  water  absorbed  by  18 
kinds  of  timber  immersed  in  fresh  water,  along  the  grain  and 
through  the  end  grain  respectively  ；  (b)  the  relative  albsorp- 
tion  by  tlie  timber  of  fresh  and  sea  water  in  the  same  period  ； 
(r)  tlie  relative  amount  of  water  absorbed  by  timber  embedded 
in  6  to  1  concrete  and  neat  cement  blocks  ；  (J)  the  effect  of 
applying  wood  preservative,  creosote,  varnish,  &c.，  to  tlie 
tiiiil)er  before  insertion  in  tlie  concrete  or  cement  blocks  ； 
(e)  the  effect  on  the  adliesiou  between  the  timber  and  the 
concrete  of  soaking  the  rods  before  insertion .  Examples  were 
given  to  show  that  concrete  effectively  preserved  timber 
embedded  in  it. 

Particulars  were  given  of  the  construction  of  25  concrete 
beams  reinforced  by  timber  rods.  Three  ligno-concrete 
beams,  Sin.  deep  by  4in.  wide,  were  tested  with  a  central 
load  on  a  4ft.  span,  the  average  ultimate  load  producing 
fracture  about  3  tons.  The  results  of  these  tests  were  com- 
pared with  the  tests  on  ferro-concrete  beams  recorded  by  Mr. 
E.  Marburg  in  the  proceedings  of  the  American  Society  for 
Testing  Materials  (1904,  Vol.  IV.).  It  appeared  that  for  the 
same  ultimate  strength  of  beam  it  was  necessary  to  use  9  per 
cent,  of  sectional  area  of  pitdiphie  tensile  rein fon-enients, 
as  against  1  per  cent.  st3ei  reinforcements.  A  comparison 
of  the  prices  of  steel  and  pitdipine  showed  a  saving  in  favour 
of  ligno-coin'rete. 

As  the  author  pointed  out,  in  cases  where  moro  tlian  about 
1'2  per  cent,  of  steel  reinforcement  was  roquiretl,  li"'iio- 
concreie  could  not  com  pete  witli  ferro-coiicreto,  because  tlie 
required  size  of  the  timlnr  bars  would  he  too  lari^e  for  coii- 
ve:npnt.  use.  There  appeared,  liowever,  to  1)e  a  field  for 
it  for  use  in  fonsiructiiig  l)unt^;ilows,  })uildings    for  small 


holdings,  floors,  piles,  posts,  fencing,  roast  ami  river  works, 
A'r.  It  had  already  been  used  for  making  fence  posts  and 
r()r  Ijuildiiig  a  short  length  of  sea  wall.  Tlie  ligno-concrete 
l'eiife-|)osts  cost  about  2s.  per  cube  foot.  They  were  about 
20  per  cent,  cheaper  than  creosoted  deal,  aiul  about  40  per 
(,eiit  .  cheaper  I lian  English  oak.  In  Canada,  four  bungalows 
had  been  built  with  li^iio-coiicnite  slabs,  and  the  Pacifir 
Coast  Construction  ( 'otnpaiiy,  of  Victoria,  British  Columbia, 
now  had  contracts  in  liaiul  for  20  Ijuildiiigs  in  wliirh  tin's 
material  was  to  be  used . 


RANKINE'S  FEED-WATER  FILTER. 

Thk  accompanying  illustrations  show  a  design  of  feed-water 
filter  of  the  multiple-tube  type,  tlie  invention  of  Mr.  D.  A. 
Rankine, 】4，  Water  Street,  Liverpool,  in  wliifh  the  tubes  are 
so  arranged  in  the  casing  that  any  single  tube  or  small  group 
of  tubes  may  be  withdrawn  for  inspection  or  replacement  of 
the  filtering  material  without  disturbing  the  casing  cover. 

Referring  to  Figs.  1  and  2,  which  represent,  a  vertical  filter 
arraii*^e.fl  for  triple  filtration,  A  is  the  cover  tlirougli  wlii'-li 


0\ 


Fig.  1, 


&  A  A  A  A  A  ANA  "a  a. 


Fig.  2, 

Rankinr's  Fekd- water  Fii.tkr. 

the  filter  tubes  are  witlulrawable,  and  B  is  a  transverse 
(lia])liragin  or  tube  plate  separating  the  filtered  from  the  un- 
fi It ered  water.  Tlie  filter  tubes  C  are  perforated  and  rovered 
wit  li  a  filtering  fabric  D，  the  ends  of  which  are  folded  in  over 
the  tube  ends.  The  bottom  of  the  tube  with  the  fabric  in 
position,  fits  over  the  spit^ot-  E  of  the  seating  F  wliich  is 
screwed  in  the  tube  plate  B.  Tliis  seating  has  a  central  stay 
boss  G  united  to  the  rim  by  arms  If,  leaving  waterways  round 
the  boss,  and  a  stay  bolt  J,  exteiiding  liit^her  than  the  cover  A. 
is  fixed  in  the  boss  G.  Tlie  upper  end  of  the  filterini;  tube  is 
closed  hy  a  cap  K，  slightly  larger  in. diameter  than  the  tube 
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with  its  filterinf^  fabric  in  position,  and  the  stay  bolt  J  passes 
centrally  through  this  cap  and  also  through  an  upper  washer 
L，  being  provided  with  a  nut  M  bearing  against  the  washer  L. 
Between  the  cap  K  and  tlie  washer  L，  space  is  left  for  a 
washer  N  of  india-rubber,  which  is  adapted  to  be  expanded 
radially  when  compressed  between  the  cap  K  and  the  washer 
L,  and  for  this  reason,  the  washer  is  prevented  from  expand- 
ing inwardly,  and  its  recess  is  bevelled  outwardly  as  shown. 
A  hole  O  opposite  the  corresponding  seating  F  is  provided  in 
tlie  cover  A  for  each  tube,  being  an  easy  fit  rouud  the  cap  K, 
so  that  the  tube  can  be  easily  passed  through  it.  The  fabric- 
covered  tube  being  in  position,  with  its  cap  K,  india-rubber 
washer  N，  and  washer  L  in  place,  it  will  be  seen  that  pressure 
applied  by  turning  the  nut  M  draws  the  tube  firmly  down  into 
its  seating  F,  and  at  the  same  time  draws  the  cap  K  firmly 
on  to  tlie  top  of  the  tube  and  also  expands  the  india-rubber 
washer  so  as  to  effectually  close  the  hole  in  the  cover.  As 

the  ends  of  the  filter  fabric  are 
folded  in  round  the  tube  ends, 
the  joints  are  all  made  staunch  ； 
and  no  fluid  can  pass  out  of 
the  casing  except  by  passing 
through  the  filtering  fabric.  By 
unscrewing  the  nut  M  of  any- 
particular  tube,  that  tube  with 
its  cap  and  washer  can  at  once 
be  removed,  the  stay  bolt  J 
and  seating  F  remaining  fixed 
in  position.  The  tubes  with 
their  filtering  cartridges  are  of 
the  single  type,  that  is  to  say, 
each  cartridge  is  adapted  to 
effect  single  filtration,  and  where 
multiple  filtration  is  desired, 
such  cartridges  must  be  arranged 
so  that  the  water  passes  through 
several  in  series.  In  the  de- 
sign illustrated,  the  outer  circle 
or  first  set  of  cartridges  is 
located  in  the  annular  compart- 
ment P  of  the  filter  case,  formed 
by  the  inner  wall  Q,  and 
the  unfiltered  water  enters  this 
compartment  by  the  inlet  R. 
The  lower  ends  of  this  outer 
set  of  cartridges  open  into  the 
annular  lower  chamber  S  be- 
low the  diaphragm.  The  next 
two  circles  or  second  set  of 
cartridges  are  located  in  the  inner  compartment  T  of  the  filter 
case  and  their  lower  ends  also  open  into  the  annular  chamber 
S.  The  remaining  or  third  set  of  cartridges  are  also  located 
in  the  inner  compartment  T,  but  their  lower  ends  open  into 
the  central  lower  chamber  U,  which  has  the  filtered  water 
outlet  V. 

The  water  entering  tlie  outer  compartment  P  passes 
til  rough  the  filtering  material  of  the  first'  set  of  cartridges  to 
the  interiors  of  the  tubes  and  descends  into  the  chamber  S  ； 
thence  it  rises  into  the  interiors  of  the  second  set  of  cartridges 
and  passes  through  the  filtering  material  from  inside  to  out- 
side to  the  compartment  T.  Finally  tlie  water  flows  f rom 
outside  to  inside  of  the  third  set  of  cartridges  into  the  chamber 
U  and  leaves  by  the  outlet  V.  There  are  thus  but  the'  two 
c'onipartnients  P  and  T  and  two  chambers  S  and  U  to  give 
the  triple  filtration,  which  result  is  obtained  by  reversing 
the  direction  of  flow  in  the  second  set  of  cartridges. 
To  permit  of  this  without  displacing  or  damaging  t  he  filtering 
material,  an  outer  perforated  tube  W，  as  shown  in  Fig.  3，  is 
fitted  externally  to  the  filteriiisj  material,  in  the  case  of  tlie 
second  set  of  cartridges. 


Fig.  3  — Kanklne's  Feed-water  Filter, 
Enlabged  View  of  Filter  Tube. 


Torpedo  Boat  Destroyers. — Of  the  20  destroyers  in  the  pro- 
、gramme  for  1912-13,  orders  have  been  placed  provisionally 
for  16  with  tlie  following  firms  :  Four  boats  with  the  Fairfield 
Sliipbuilcling  and  Engineering  Company,  Govan  ；  and  two 
with  each  of  the  following  firms  :  Swan,  Hunter,  &  "Wigliam 
Richardson,  Wallsend-on-Tvi»e  ；  Parsons  Marine  Steam 
Turbine  Company,  Wallseml-on-Tyne  ;  Yarrow  &  Co.,  Glas- 
gow ；  J.  S.  White  &  Co.,  East  Cowes  ；  Denny  Brothers. 
Dumbarton  ；  and  Thoriiycroft  &  Co,，  Southampton. 


FOUNDRY  MELTING  AND  MIXING  * 

BY  DAVID  M'lAIN. 

While  employed  as  a  moulder  in  a  crucible  steel  foundry  in 
which  coke  furnaces  or  so-called  "coke  holes  "  were  used  for 
melting  I  could  not  help  but  notice  the  difference  in  the 
metal  when  different  melters  were  in  charge  of  the  furnace. 
For  weeks  at  a  time  there  was  scarcely  a  complaint  made 
about  blow  holes  in  castings.  Again  it  seemed  as  if  we  were 
unable  to  make  castings  free  from  blow  holes.  The  same 
grades  of  material  were  purchased,  but  for  some  reason  it 
became  a  fixed  habit  for  the  metal  to  go  wrong  at  intervals. 
As  the  steel-casting  business  was  in  its  infancy  in  this  country 
at  that  time,  it  was  considered  as  one  of  the  mysteries  con- 
nected with  the  making  of  steel  castings. 

We  had  one  30-pot  furnace,  but  as  the  business  was  in- 
creasing right  along  a  Siemens-Martin  regenerative  24-pot 
furnace  was  built.  For  a  time  after  this  was  in  operation  the 
coke  holes  were  operated  only  when  necessary  and  by  one 
melter.  This  melter  when  in  his  cups  used  to  blame  the 
blowy  castings  on  the  other  melter  because  he  claimed  the 
latter  was  only  a  "  handy  man/'  not  a  full-fledged  melter. 
All  were  aware  that  the  new  furnaces  were  a  decided  improve- 
ment over  the  old  ones  ；  but,  using  the  same  percentages  of 
the  same  material  that  was  put  into  the  pots  in  the  new 
furnaces,  a  larger  percentage  of  good  castings  was  obtained 
from  the  metal  made  in  the  coke  holes. 

In  the  general  bustle  of  the  day's  work  the  real  cause  of 
the  defective  castings  was  not  located  by  the  powers  that  be. 
The  writer  probably  would  not  have  become  aware  of  it  if  the 
old  melter  had  not  drawn  my  attention  to  the  fact  that  some 
of  my  castings  poured  of  the  metal  from  the  new  furnaces 
were  bad  ；  and  you  may  believe  that  I  tried  at  every  oppor- 
tunity to  get  metal  from  the  coke  holes  to  pour  my  work. 
I  was  not  in  position  to  apprise  my  foreman  of  this  fact, 
because  the  old  melter  had  sworn  me  to  secrecy .  I  had  a 
notion  that  he  used  better  material  than  that  used  in  the  new 
furnaces,  but  later  learned  that  this  was  not  the  case. 

The  Siemens-Martin  furnaces  were  much  superior  to  the 
coke  holes,  but  the  mode  of  operation  was  entirely  different. 
Operating  the  coke  holes,  the  melter  was  able  to  try  the  metal 
often,  and  if  he  found  a  cold  pot  could  give  it  more  attention 
than  could  be  given  in  the  other  furnace  ;  but,  considering 
the  average  melting,  better  results  were  obtained  from  tlie 
Siemens-Martin  furnaces,  and  eventually  the  coke  holes  were 
abandoned  entirely. 

As  the  company  was  desirous  of  making  larger  castings, 
it  was  decided  to  install  a  Bessemer  converter.  An  addition 
was  built  to  the  plant,  a  large  jib  crane,  cupola,  and  converter 
were  purchased,  and  Bessemer  steel  castings  were  made.  The 
Bessemer  process  did  not  appear  to  be  a  great  success  for 
castings  at  the  start.  As  it  was  a  7-ton  converter,  it  was  not 
convenient  to  pour  small  work,  as  the  jib  crane  swung  in  a 
circle  and  did  not  allow  sufficient  floor  space.  Bessemer  steel 
is  suitable  for  pouring  in  ingots,  as  the  metal  in  ingot  form 
was  run  through  the  rolls  later,  which  worked  out  many  of 
the  imperfections  :  but  it  is  not  as  suitable  for  castings  which 
are  merely  iii  a  chined.  There  were  many  "  cold  blows,"  and 
this  was  not  conducive  to  good  steel .  In  the  beginning  very 
little  attention  was  given  to  the  melting  of  the  metal  in  the 
cupola.  Sometimes  the  metal  from  the  cupola  would  be  cold  : 
at  otlier  times  it  would  be  held  in  the  cupola  ladle  imich 
longer  than  usual  ho  fore  going  into  the  converter,  and  then 
it  was  noted  we  invariably  bad  a  cold  blow. 

Eventually,  more  attention  was  given  to  the  cupola  in 
order  to  get  hotter  metal.  This  they  were  soon  able  to  do, 
learning  that  with  a  less  percentage  of  silicon  in  the  mixtures 
an  extra  amount  of  steel  scrap  could  be  used  in  the  cupola. 
Aware  of  this  fact,  1  was  more  impressed  tliaii  ever  with  the 
fact  that  good  melting  made  qiiit^  a  difference  in  the  castings. 

For  economical  and  other  reasons,  our  com pany  decided 
to  install  an  o])en-hearth  furnace  of  20  tons  capacity,  wliicli 
necessitated  the  rebuilding  of  the  entire  plant  and  the  dis- 
mantling of  the  Bessemer  outfit.    A  few  heats  demonstrated 

•  Abstract  of  paper  read  before  the  Pitteborg  Foundrymen's  Association. 

March  4th,  1912. 


April  12,  1912] 


THE   MECHANICAL  ENGINEER 


465 


to  all  that  it  was  the  ideal  metal  for  steel  castings.  In  a 
short  time  there  was  a  change  of  nielters  and  our  losses  on 
defective  castings  ran  up  rapidly.  The  trouble  was  blow 
holes  and  the  cause  poor  melting.  Finally  a  good  mdter  was 
secured  and  at  once  the  casting  losses  were  reduced. 

I  was  offered  charge  of  a  small  crucible  steel  plant  which 
had  been  a  failure  under  the  management  of  a  very  capable 
iron  founder,  and  the  owners  were  amazed  to  learn  that  I  did 
not  require  different  grades  of  material  from  what  had  beeo 
used.  Later  they  said :  "  Your  ability  at  the  start  was  ques- 
tioned because  you  did  not  give  us  a  big  list  of  material  to 
purchase."  Imagine  their  surprise  to  learn  that  good  cast- 
ings, free  from  blow  holes,  could  be  made  of  the  materials 
formerly  used,  and  simply  because  good  melting  was  being 
done. 

A  few  years  later,  when  arranging  a  plant  to  make  grey 
iron  and  steel  castings,  the  owner  neglected  to  state  that  he 
wanted  to  make  non-ferrous  castings  until  it  was  too  late  to 
install  a  brass  foundry  department.  Hearing  of  his  desire,  I 
told  him  we  would  inelt  brass  in  the  crucible  steel  furnace. 
He  claimed  brass  foundrymen  would  not  use  oil  for  melting 
purposes.  (This  was  14  years  ago.)  I  wondered  why,  but 
determined  to  seek  advice  from  men  who  knew  all  about  it, 
and  was  told  not  to  use  oil  as  it  would  spoil  the  metal.  This 
must  sound  strange  to  those  who  are  melting  brass  with  oil 
to-day,  although  many  still  use  coke. 

We  made  tons  of  high-grade,  non-ferrous  castings,  but 
were  treated  to  a  surprise  while  doing  so.  Our  steel  crucibles 
were  often  in  fairly  good  shape  after  being  abandoned  for 
melting  steel,  and  I  believed  were  capable  of  a  few  heats  at 
least  for  melting  brass.  To  cut  a  long  story  short,  these  old 
steel  pots  gave  us  an  average  of  11  heats  in  brass,  many  ruiv 
ning  16  heats.  This  led  me  to  try  a  new  steel  pot  for  brass 
exclusively,  and  this  pot  stood  up  for  52  heats.  The  brass 
mixtures  were  melted  in  the  steel  furnace  after  the  last  pot 
of  steel  was  pulled  and  oil  shut  off,  for  quite  often  the  tem- 
perature of  the  furnace  was  so  high  no  extra  oil  was  used  to 
melt  the  metal  :  but  the  general  practice  was  to  use  oil.  How 
was  it  possible  to  use  these  crude  furnaces  for  this  purpose  ？ 
Good  melting. 

How  was  it  possible  for  one  man  to  use  30  to  50  per  cent, 
steel  scrap  while  others  can  only  use  10  per  cent.  ？  To 
answer  the  latter  question,  a  more  definite  explanation  is 
required  than  simply  to  say  "  good  melting."  It  really 
requires  scientific  melting. 

To  get  the  best  results  from  the  cupola  the  details  must  be 
well  arranged.  The  proper  amount  of  air  must  be  delivered 
through  pipes  proportioned  to  offer  the  least  resistance  ； 
tuyeres  should  be  made  to  allow  tlie  air  to  enter  the  cupola 
by  volume  :  the  material  should  be  charged  intelligently ― the 
size  of  the  charge  to  be  determined  by  the  size  of  the  cupola, 
The  coke  should  be  high  in  carbon,  which  means  low  ash,  and 
it  must  be  low  in  sulphur.  Much  good ,  high  carbon  coke  is 
being  made  to-day  ；  but  when  purchasing  you  should  specify 
the  carbon  and  sulphur  content.  Then  when  the  coke  is  still 
on  track  samples  should  be  sent  to  a  commercial  chemist  for 
report,  iu  orcler  to  learn  whether  you  have  been  shipped  coke 
up  to  specification.  There  is  no  excuse  whatever  for  the  use 
of  poor  coke,  because  if  you  know  good  coke  and  specify  what 
you  want,  the  coke  companies  will  supply  it.  Mistakes  in 
shipments  will  happen,  of  course,  but  an  analysis  of  each  car 
of  coke  will  prevent  mistakes  eventually.  Even  though  you 
have  to  pay  more  money  to  get  the  best  coke,  pay  it,  because 
less  coke  is  required  to  melt  the  iron.  And  when  you  learn 
that  some  men  are  melting  151bs.  of  iron  with  lib.  of  coke 
between  charges,  when  you  learn  that  not  less  than  121bs.  of 
iron  should  be  melted  with  lib.  of  coke  between  charges,  you 
will  then  believe  that  scientific  melting  me&ns  more  to  the 
foundry  than  you  have  ever  given  it  credit  for. 

Some  claims  that  have  been  made  lead  the  uninitiated 
to  believe  that  all  you  have  to  do  is  to  install  the  cupola  and 
converter  and  that  "your*  grey  iron  foreman  will  be  com- 
petent to  do  the  rest."  Can  you  imagine  a  steel  foundryinaii, 
who  never  worked  a  day  in  an  iron  foundry,  probably,  going 
into  a  general  jobbing  grey  iron  shop  and  directing  the  men 
so  that  they  will  know  he  is  their  superior  at  every  stage  of 
the  game  ？      I  say  "No"  most  emphatically,  and  the  same 


liolds  good  iu  tlio  converter  steel  slioj),  only  more  so.  The 
superintendent  of  an  open-hearth  or  crucible  foundry  encoun- 
ters an  entirely  different  proposition  when  he  assumes  charge 
of  a  converter  plant.  He  】iiay  be  a  very  capable  man  in 
either  of  the  above,  but  melting  conditions  deinaiid  that  he 
become  master  of  good  cupola  practice. 

Some  converter  shops  are  using  coke  of  the  following 
analysis :  Carbon,  7G  to  82  per  cent.  ；  volatile  matter,  2'oO  to  4 
per  cent.  ；  ash,  12  to  18  per  cent.  ；  sulphur,  0'90  to  110  per 
cent.  Now  this  is  lamentable.  One  plant  had  the  tuyeres 
set  high  enough  so  tliat  two  tons  of  iron  remained  in  the 
cupola  before  tapping.  What  can  they  expect  using  this 
poor  coke  and  allowing  the  iron  to  remain  in  cupola  for  some 
time  to  absorb  more  sulphur  from  the  fuel  ？  fligh  tuyeres 
and  poor  coke  were  not  all  that  was  wrong  with  this  melting 
outfit  ;  they  were  using  high  blast  and  oxidising  the  silicon, 
carbon,  and  manganese.  One  would  think  they  were  trying 
to  blow  steel  in  the  cupola  instead  of  the  converter. 

The  best  castings  are  made  when  some  man  in  your  sliop 
is  able  to  mix  irons  by  analysis.  This  means  more  than 
being  able  to  figure  a  charge  or  heat  when  the  percentage  of 
elements  in  the  material  is  known.  The  inan  who  is  respon- 
sible for  the  mixtures  must  know  just  what  proportion  of 
those  elements  should  be  in  each  charge,  and  if  he  is  going 
to  pour  light  or  heavy  cylinders,  lie  will  then  be  coinpetent 
to  change  the  mixtures  for  the  next  charge  for  some  other 
class  of  castings. 

The  successful  mixer  of  irons  should  have  a  chemist  report 
on  each  car  of  pig  and  coke,  and  be  knows  that  he  must  order 
pig  iron  containing  elements  most  suitable  for  his  castings; 
lie  will  not  order  by  number.  lie  knows  what  melting  losses 
to  figure  against,  as  well  as  those  that  will  be  increased,  and 
estimates  in  advance  just  the  percentage  of  pig  and  scrap  to 
use  to  give  him  the  desired  result  in  the  castings.  lie  knows 
that  good  melting  enables  him  to  carry  a  lower  silicon  in  the 
mixture,  which  invariably  means  stronger  castings.  He  will 
have  no  use  for  "  silvery  "  or  high  silicon  pig.  He  is  aware 
that  his  cupola  is  not  a  blast  furnace,  therefore  will  have  no 
use  for  limestone  for  short  heats.  He  uses  steel  iu  the  mix- 
tures to  make  stronger  castings.  It  is  not  necessary  to  have 
a  chemist  in  your  employ  unless  you  melt  a  large  tonnage. 

Since  from  80  to  90  per  cent,  of  the  money  expended  in  a 
foundry  is  spent  before  melting  begins,  you  can  either  make 
a  profit  or  a  loss  by  mixing  and  melting  the  material  scientifi- 
cally or  by  guess.  I  repeat  that  some  man  iu  your  shop 
should  do  the  mixing.  A  company  making  agricultural  cast- 
ings formerly  had  it's  mixtures  made  by  specialists,  and 
although  straight  mixtures  were  used  throughout  the  heat  the 
analyses  of  the  castings  would  show  from  2*75  to  1.90  silicon. 
But  when  the  foreman  began  to  do  the  mixing  better  and 
stronger  castings  were  made  and  the  analysis  of  castings 
seldom  runs  less  than  2.15  or  more  than  2'25  per  cent,  silicon, 
0*07  to  0  08  sulphur,  0-55  to  0'65  phosphorus,  and  0*50  to  0'65 
manganese. 

A  company  of  which  I  was  foundry  superintendent  had 
just  built  a  foundry  to  make  iron,  steel,  and  brass  castings, 
having  previously  purchased  all  castings  from  jobbing  shops, 
which  practice  proved  very  unsatisfactory  as  the  castings  con- 
sisted of  parts  for  air  brake  equipment  used  on  street  cars. 
The  records  of  the  machine  shop  proved  that  the  loss  on  small 
cylinder  head  castings  ran  as  high  as  60  per  cent.,  and  this 
loss  was  not  discovered,  unfortunately,  until  the  castings  were 
machined  and  put  to  the  test,  which  was  2001bs.  air  pressure. 

Investigation  proved  there  were  also  large  losses  on  thi， 
particular  cylinder  head  pattern  in  every  foundry  in  which 
the  pattern  was  placed.  At  that  time  the  pattern  was  in  a 
foundry  having  a  good  reputation  on  this  class  of  work,  and 
as  their  losses  were  only  about  50  per  cent.,  our  machine  shop 
superintendent  advised  that  we  allow  the  pattern  to  remain 
there.  To  cut  a  l6ug  story  short,  the  pattern  was  called  in 
and  my  troubles  began.  In  a  short  time  the  loss  was  reduced 
to  35  per  cent.,  and  as  a  plan  had  been  devised  to  test  cast- 
ings before  machining  (not  a  final  test),  the  company  was 
immensely  pleased  with  the  showing. 

Bub  to  tliink  of  a  loss  of  35  per  cent,  on  iron  castings, 
when  I  had  been  able  to  make  steel  castings  with  a  loss  of 
2  per  cent,  and  under,  was  very  discouraging,  I  assure  vou， 
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and  I  put  every  effort  and  spare  inoment  on  this  particular' 
pattern.  Experts  were  called  in  —chemists  had  their  say ― 
but  without  betterintr  our  product.  Foundry  friends  all 
ad  vised  that  the  pattern  be  changed  ；  but  our  "lanager  would 
not  listen  to  it,  as  he  claimed  when  the  metal  was  right  cast- 
ings were  right,  and  later  developments  proved  that  he  was 
correct. 

The  writer  gave  much  study  to  the  use  of  steel,  also  to  the 
thought  that  manganese  must  be  used  ；  but  on  referriiig  to 
text  books,  found  the  following  in  formation  ： 

" Manganese  increases  the  saturation  point  of  iron  for 
carbon." 

" Manganese  will  remove  sulphur  if  used  in  the  ladle." 

" Manganese  is  a  hardening  element  above  0*85." 

" Manganese  is  not  good  for  use  in  the  cupola  because  the 
temperature  is  not  high  enough  to  melt  it." 

(' Manganese  converts  graphitic  carbon  to  combined  car- 
bon." 

" Would  steel  increase  the  temperature  of  the  metal  ？  No." 

Now  with  all  this  expert  opinion  against  me,  I  felt  at  times 
as  if  it  were  better  to  let  steel  alone  ；  but  several  incongruities 
in  the  above  statements  left  a  loophole  to  work  on.  The 
statement  that  manganese  converts  graphitic  carbon  to  com- 
bined carbon  appeared  all  right  if  there  was  no  silicon  in  the 
mixture,  but  as  silicon  converts  combined  carbon  to  graphitic 
carbon,  what  would  happen  if  both  manganese  and  silicon 
were  fairly  high  ？  Good  thought.  All  text-books  infonn 
you  that  steel  is  used  to  reduce  carbon  ；  but  bow  are  you  going 
to  make  soft  castings  of  light  section  if  total  carbon  is  low  ？ 
It  was  apparent  that  if  manganese  increased  the  "saturation 
point  of  iron  for  carbon/'  it  was  necessary  to  use  it;  because 
if  carbon  is  low,  light  sections  will  be  hard.  But  as  silicon 
must  be  low  for  close-grained  metal,  probably  a  low  silicon, 
high  carbon  metal  would  solve  the  problem,  and  it  did. 

When  figuring  the  estimated  analysis  of  the  material  in 
charge  entering  the  cupola,  the  total  carbon  was  only  2  per 
cent.  Now,  it  did  not  matter  how  high  the  silicon  was  in  the 
castings,  they  would  be  hard  if  the  total  carbon  was  only  2  per 
cent.  ：  but  when  metal  was  poured  and  analysed,  it  was  found 
that  the  carbon  had  increased  to  3'58  per  cent.,  and  these 
light  eastings  were  soft,  although  silicon  was  low.  The  steel 
and  manganese  did  exactly  what  they  were  calculated  to  do, 
namely,  increased  the  total  carbon,  reducing  sulphur,  and 
allowing  the  lower  silicon  mixture  to  be  used,  thereby  giving 
a  very  close-grained  metal,  free  from  segregation  and  blow 
holes. 

After  solving  this  problem,  what  effect  was  noticeable  in 
the  machine  shop  %  When  it  is  known  that  pattern  sections 
were  as  light  as  y^in.  to  ^in.  and  using  30  to  40  per  cent, 
steel,  the  castings  were  run  through  milling  machines  to  the 
tests  with  a  Toss  of  2  to  3  per  cent.  ―  in  some  instances 
with  less  loss ― you  will  agree  that  the  results  were  wonder- 
ful. It  truly  was  semi-steel,  containing  30  to  50  per  cent, 
steel.  The  transverse  strength  increased  from  2,2001bs.  to 
2,4001bs.  up  to  as  high  as  4,4()01bs.  Quite  often  we  had  men 
sledge  these  light  cylinder  heads  with  a  361b.  hammer,  but 
the  metal  would  not  begin  to  crack  until  it  had  sunk  in  con- 


丄 u  1 903  a  full  description  of  my  method  of  using  steel  and 
manganese  in  the  cupola  was  sent  to  one  of  our  leading 
metallurgists,  and  tlie  following  extract  from  his  lettor  is 
quoted  to  give  yon  further  confidence  in  semi-steel : ― 

" You  have  hit  on  a  point  which  bears  out  all  my  years  of 
contention  on  the  oxidation  of  iron  in  the  melting  process. 
Where  you  use  such  high  percentage  of  steel,  you  necessarily 
have  a  higher  temperature  in  the  melt,  and  with  this  higher 
temperature  any  addition  of  manganese  means  a  reaction  with 
tlio  oxyg(Mi  present,  from  the  unavoidable  burning  of  the 
steel  in  the  iliarges.  In  ordinary  cast  iron  tliis  cannot  take 
place,  as  the  temperature  is  not  liigli  enougli,  lienre  man- 
ganese is  not  a  good  thing  there.  I  presuiuo  that  you  must 
lose  quite  a  lot  of  iiiaii^anese  by  this  j)roooss,  wliicli  shows  tlial 
it  is  effective  and  does  tlio  work  it  is  put  in  for.  1  can  only 
congratulate  you  on  this  work,  and  liope  that  you  may'  roap 
some  good  returns  from  it.  Ncvorl lioloss,  it  seoins  a  pity  iliat 
others  should  he  nuulo  to  lose  iiionoy  till  the  time  for  tlio  want 
of  knowing  this/' 

Some  fouudrymo]!  who  are  unable  to  inako  a  close  grained 


metal  requiring  liigli  strength  or  that  must  stand  hydraulic 
or  other  tests,  use  expensive  alloys,  but  when  it  is  known  that 
c'lieap  steel  scrap  used  in  cupola  mixtures  will  make  light 
castings  witli  a  transverse  strength  of  2,6001bs.  to  3,2001bs. 
Hud  from  3,200]bs.  to  4,500lbs.  for  lucdiuni  and  lieavy  cast- 
ings, do  you  not  agree  that  steel  scrap  solves  your  problem  ？ 
It  a  still  stronger  metal  is  required,  then  try  alloys. 

In  making  metal  for  】iigli  ，，  grade  castings,  steel  and 
other  scrap  with  pig  are  placed  on  the  bed,  making  as  inany 
charges  for  semi-steel  as  desired,  following  with  usual  mix- 
tures. If  metal  for  dies,  anvil  blocks,  or  castings  of  like  char- 
acter is  desired,  semi-steel  may  be  made  on  the  latter  part  of 
the  heat.  When  good  practice  is  followed  there  will  be  no 
" bunging  "  up  of  your  cupola  and  no  harmful  effects  to  later 
charges  of  regular  mixtures. 

No  more  coke  is  necessary  to  melt  steel  iiiuiures  than  grey 
iron,  but  it  is  best  to  use  a  heavier  split  of  coke  between  the 
last  charge  of  Kenii-steel  and  the  following  charge  to  prevent 
the  latter  from  melting  through.  Contrary  to  all  previouii 
advice  offered  by  "  experts  '，  the  steel  melts  more  quickly  than 
the  pig  iron. 

Steel  scrap  should  never  be  melted  in  the  ladle,  but  charged 
in  the  cupola,  as  a  high  temperature  is  necessary  to  melt  steel 
properly,  in  order  to  liberate  all  gases  ；  hence  the  necessity  of 
good  melting  must  be  apparent.  Steel  borings  and  turnings 
may  be  used  to  advantage  in  the  same  manner  as  for  grey  iron. 
No  boxes  or  cans  are  necessary.  All  kinds  of  steel  scrap,  such 
as  steel  foundry  scrap,  gates,  risers,  boiler  clippings,  jniiich- 
ings,  shearings,  structural  material,  aygles,  I  beams,  ties, 
channels,  rails  and  railroad  scrap  may  be  used  :  also  a  per- 
centage of  wrought  iron.  You  may  use  from  10  to  30  per 
cent,  steel  in  castings  of  light  sections,  and  30  to  50  per  cent, 
steel  scrap  may  be  used  in  castings  of  heavy  sections.  Many 
foundries  use  45  per  cent,  steel  in  heavy  gas-engine  cylinders. 
Men  who  have  tried  to  use  30  to  40  or  even  50  per  cent  ,  steel 
and  were  not  successful  have  not  much  faith  in  semi-steel,  but 
in  every  single  instance  which  came  under  my  observation 
their  melting  conditions  were  not  right. 

I  have  been  successful  in  arranging  cupolas  which  had  been 
poor  melters  so  that  the  maximum  amount  of  iiietal  was 
brought  down  per  Lour,  and  have  proved  that  any  cupola  in  ax- 
be  arranged  to  melt  lOlbs.  per  hour  per  square  inch  of  cupola 
area,  when  just  the  proper  amount  of  coke  is  used.  The  fol- 
lowing table  may  prove  of  interest : ― 

A  30iu.  cupola  should  melt  3  A  tons  per  hou r. 

A  36iii.  cupola  should  melt  5    tons  per  hour. 

A  42iu.  cupola  should  melt  6},  tons  per  hour. 

A  48in.  cupola  should  melt  9    tons  per  hour. 

A  54iii.  cupola  should  melt  11    tons  per  hour. 

A  60iii.  cupola  should  melt  14  tons  per  hour. 

A  66in.  cupola  should  melt  17  tons  per  hour. 

A  72in.  cupola  should  melt  18  to  20    tons  per  hour. 

You  will  find  cupolas  melting  faster  than  this,  but  in 
every  such  instance  we  have  demonstrated  tliat  it  is  a  mis- 
take to  melt  faster  than  quoted,  unless  on  very  lon<jf  heats. 

Generally,  melting  conditions  are  favourable  when  molting 
steel,  but  not  so  with  iron  melted  in  the  cupola.  The  hi^h 
carbon,  silicon,  sulphur,  and  pliosphorous  in  iron  mixtures 
melted  with  coke  prodiu*e  more  gases  and  impurities,  aiul  ;i 
higher  percentage  of  】nangauese  should  he  used  to  free  the 
iron  of  those  impurities  ；  but  I  will  admit  if  the  cupola  is  not 
melting  up  to  capacity,  the  necessary  temperature  to  cause 
perfect  combustion  is  "('king.  The  claims  made  bv  ("niuent 
authorities  that  there  must  be  a  vast  difference  in  tlie  same 
brands  of  pig  iron  may  easily  be  exploded ― not  by  some 
mysterious  laboratory  experiment,  but  by  scienliiic  melt iiii: 
and  mixing  of  iron  which  is  possible  wlieii  some  man  in  your 
shop  is  capable  of  doing  so. 


Copper  Statistics.  ―  Atconlini:  to  statistics  puhlishod  hy 
Avou  1 1  irscli  A-  Soliu,  of  Ilalberstadt,  the  total  prmiurtion 
and  consuntjttion  of  copper  iit  the  world  in  1  *.U  1  ainounf eel  to 
about  1，IHK)，U(I0  tons,  wliilst  tlie  total  su])ply  of  copper  in 
stock  at  the  end  of  the  year  was  about  100,000  tons.  Ger- 
hiaiiy  was  again  tlio  principal  roiisniner,  arroinitinj;  for  about 
'21 0.001)  tons,  as  against  'Jir),0(、(）  tons  in  ：  ami  a  similar 

(levelopinpnt  took  pla*'0  in  most  otlior  important  in<lustrial 
count  rios. 
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WEIGHT  EFFICIENCY  OF  ELECTRIC  MOTORS  AND  OF 
PRIME  MOVERS,  i: 

13 Y  W.  ]i.  UUi]}. 

Individual  nuiiiui'aclurers  have,  I  supposi',  at  all  limes  been 
ill  the  habit  of  comparing  the  cost,  design,  and  w ("川 it'  of 
their  manufactures  with  that  of  similar  articles  turned  out 
by  their  competitors.  The  suggestion  here  made  is  that 
such  comparisons,  and  others  of  a  like  nature,  might  be 
extended  to  include  different  types  of  inacliiuery.  An  impor- 
tant branch  of  the  biological  group  of  natural   sciences  is 
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coiiiparative  anatomy,  in  which  the  structures  and  organs  of 
different  animals  and  plants  are  compared,  their  similarities 
and  differences  investigated,  the  evolution  traced  from  lower 
to  higher  types,  and  some  explanation  of  the  differences 
observed  is  sought  for.  A  systematic  investigation  on  these 
lines  of  the  methods  employed  and  the  results  obtained  in 
different  branches  of  engineering  would  certainly  be  interest- 
ing, and  might  prove  to  be  of  great'  practical  value.  The 
directions  in  which  an  investigation  miglit  be  made  are 
numerous.  As  an  instance,  one  might  consider  the  factors 
of  safety  which  it  is  considered  good  practice  to  emplqy  iu 
determining  the  strength  of  various  structures  used  for  dis- 
similar purposes.  Does  the  constructional  engineer,  having 
calculated  the  strengtli  of  his  _  materials  and  the  stresses  on 
his  structure,  consider  it  safe  to'  use  the  same  factor  of  safety 
for  liis  girders  as  the  mechanical  engineer  will  employ  to 
determine  the  dimensions  of  various  parts  of  his  machinery? 
Or,  again,  in  the  different  classes  of  machinery  used  to  obtain 
mechanical  energy,  what  is  the  relation  between  weight  and 
the  power  obtained  or  between  weight  and  efficiency?  Other 
lines  of  investigation  will  readily  suggest  themselves. 

Of  the  differences  iu  practice  which  would  certainly  be 
observed  in  any  such  comparison  very  many  are  without 
doubt  justified  by  the  circumstances  of  the  cases.  The  diffe- 
rent purposes  for  which  a  machine  is  to  be  used  will  fre- 
quently require  that  some  one  quality  or  another  be  obtained 
at  the  cost  of  serious  sacrifices  in  other  directions  ；  but  I 
venture  to  think  that  a  good  many  of  the  differences  wluc-li 
would  become  apparent  in  a  systematic  comparison  of  present- 
day  practice  iu  different  braiu-lies  of  engineering  would  turn 
out  to  liave  no  real  justification,  but  to  be  due  to  the  con- 
servative attitude  of  the  designer. 

It  is  intended  in  what  follows  to  consider  on  as  general 
lines  as  possible  one  only  of  the  suggested  lines  of  investiga- 
tion, namely,  the  relation  of  weight  to  output  in  electric 
motors  and  in  various  types  of  prime  movers.  If  any  such 
comparison  is  to  be  of  any  value  it  must  rest  on  a  broad  basis 
and  include  figures  from  the  greatest  possible  variety  of 
cases.  Oil  many  points  of  desip\  reliable  information  would 
be  difficult  to  obtain  ；  this  initial  difficulty  does  not  aris9  in 
the  case  of  the  proposed  investigation,  where  the  desired 
particulars  are  to  be  got  quite  readily. 

The  inclusion  of  the  electric  motor  is,  of  course,  of  special 
interest  to  members  of  this  Institution,  and  if  the  electric 
motor  is  not  strictly  a  prime  mover  it  exactly  replaces  one 
for  the  consumer  taking'  his  supply  from  public  mains  ；  and 

*  Paper  read  before  tlie  Institution  of  Electrical  Eujiiuocrs. 


if  11"，  linn.'  ever  comes  when  a  ineiliofl  is  flesired  of  convert- 
\\]^  I, he  stored  energy  of  coal  into  electrical  energy,  the  electric 
motor  will  he('omi»  a  prime  mover  in  the  Ktridest  seiise  of 
the  ienii.  Tlie  information  usually  given  in  maniifarUii'erH' 
catalogues,  and  therefore  easily  available,  is  suUicifiiii  to  allow 
of  very  interesting  comparisons  in  the  matter  of  weight. 
Tim  parliculars  made  use  of  are  the  weiglit  of  any  given 
inachiiie,  its  rated  ouipiit,  in  brake  horse-power,  ami  the 
revolutions  per  niitiute  at  vvliidi  t  his  output  is  obtained. 

To  arrive  at  the  results  wliie-h  follow,  a  large  mass  of 
figures  as  to  the  weights  of  the  electric  motors,  steam  engines 
and  turbines,  gas  engines,  oil  engines,  petrol  engines,  and 
water  turbines  was  examined  and  analysed,  and  I  have  to 
acknowledge  the  kindness  of  many  infmufacturiiig  firms,  too 
numerous  to  】uenticm  individually,  wlio  have  given  nie 
information  as  to  their  machines. 

The  size  and,  therefore,  weight  of  an  engine  or  motor 
iiatii rally  increases  with  the  power  at  whicli  it  is  rated,  but 
it  decreases  with  the  speed  at  which  this  power,  lliis  nile  of 
giving  out  energy,  is  obtained.  Roughly  speaking,  if  the 
speed  of  any  individual  engine  or  motor  be  varied,  the  power 
to  be  obtained  from  it  will  vary  directly  as  the  speed.  Tlie 
variation  of  speed  will  be  obtained  by  different  methods, 
according  to  the  type  of  motor  under  consideration  :  in  an 
electric  motor  it  may  mean  so  considerable  an  alteration  as 
is  involved  in  totally  new  windings,  in  a  steam  engine  it  may 
involve  only  a  change  in  the  governor.  Also  tlie  variation 
obtainable  will  be'  restricted  within  strictly  defined  limits, 
but  within  the  permissible  range  the  speed  variation  will  be 
obtained  without  material  alteration  in  the  main  dimensions 
of  the  motor,  and  tlierefore  without  material  alterations  in 
its  weight. 

'  In  manufacturers'  catalogues  an  engine  or  motor  is  fre- 
quently rated  at  several  different  outputs,  each  with  a  corre- 
sponding speed,  and  the  powers  in  such  cases  are  invariably 
found  to  be,  within  a  close  approximation,  proportional  to 
the  speed.  It  is  only  to  be  expected  that  this  should  be  so  ； 
if  the  power  per  revolution  is  constant  the  torque  will  remain 
the  same,  the  strength  of  the  parts  must  tlierefore  be 
approximately  constant,  and  since  about  the  same  quantity 
of  working  substance  will  be  required  at  each  revolution,  tlie 
capacity  of  the  cylinders,  the  conductors,  &c.，  according  to 
the  type  of  motor  considered,  must  remain  about  the  same  ； 
it  is  therefore  quite  natural  to  find  that  the  dimensions  of 
any  type  of  motor  do  not  greatly  vary,  however  the  horse- 
power be  varied,  provided  the  speed  varies  proportionately. 

It  is  proposed,  therefore,  to  take  as  a  basis  of  comparison 
the  horse-power  divided  by  the  speed,  this  fraction  being  the 
same,  or  approximately  the  same,  for  any  individual 
machine;  then,  taking  any  line  of  motors,  a  graph  can  be 
plotted  of  weights  against  the  fraction ― 
-  Horse-power. 

Revolutions  per  minute. 
This  fraction  is  represented  throughout  this  paper  by  the 
symbol  K，  and  may  be  called  the  output  constant.    A  graph, 


25  ~~ '22  K  ZA 


Fig. 丄 


such  as  above  described,  is  shown  in  Fig.  1.  This  graph 
shows  the  relation  of  weight  to  output  for  a  group  of  con- 
tinuous-current electric  motors.  A  large  number  of  siu-h 
graphs  might  be  prepared  for  motors  by  diifereut  makers  for 
gay  engines,  steam  engines,  &"，  but  iu  order  to  obtain  any 
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clear  understanding  of  the  results  so  obtained  a  step  further 
is  required,  and  an  endeavour  has  been  made  to  find  some 
general  rule  or  formula  connecting  the  weight  with  the  out- 
put constant  K. 

If  the  constant  K  is  divided  by  the  weight  in  tons,  and 
a  graph  of  the  results  plotted  to  base  K，  the  graph  will  show 
what  output  in  brake  horse-power  per  revolution  is  being 
obtained  from  each  ton  of  material  used,  and  it  is  found  that 
in  a  large  number  of  cases  the  points  thus  obtained  for  one 
line  of  machines  lie  very  nearly  in  a  straight  line.  It  is  true 
that  another  set  of  machines,  perhaps  even  by  the  same 
maker,  will  give  a  graph  different  from  the  first  one  both  in 
inclination  and  in  its  intercept  on  the  axis  ；  but  in  so  many 
cases  is  it  found  that  a  straight  line  can  be  drawn  through 
the  points  that  it  is  fair  to  assume  that  if  all  the  parts  of 
a  machine  were  made  strictly  of  the  best  size  and  of  a  uniform 
line  of  design,  the  points  would  fall  on  a  straight  line.  In 
order,  however,  to  meet  the  requirements  of  manufacture, 
identical  parts  are  in  some  cases  used  for  two  or  three  diffe- 
rent sizes  of  machine  ；  the  same  bearings,  bed  plates,  and 
other  similar  parts  are  used  for  perhaps  several  sizes  out  of 
a  line  of  machines,  in  order  to  save  the  multiplication  of 
patterns  and  to  facilitate  standardisation  of  manufacturing 
processes  ；  the  natural  result  is  that  some  machines  are 
heavier  than  absolutely  necessary,  whilst  others  fall  some- 
what below  the  standard  set  for  the  whole  line  in  the  strength 
of  some  of  the  parts,  and  are  therefore  somewhat  on  the 
light  side.  From  these  and  other  accidental  differences  in 
design  it  is  to  be  expected  that  in  plotting  curves  of  weight 
considerable  variation  from  a  smooth  curve  will  be  at  times 
apparent,  but  such  departures  may  be  considered  as  acci- 
dental, and  do  not  detract  from  the  value  of  any  working 
hypothesis  which  may  be  deduced  from  the  general  trend 
of  the  curve. 
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Fig.  3. 

In  the  majority  of  cases  where  the  figures  for  a  man u- 
fa(— 'tui'er's  line  of  engines  or  motors  were  available  the  general 
direction  of  the  points  obtained  by  plotting  the  horse-power 
divided  by  K  against  K  were  distinctly  in  a  straight  line, 
ami  the  departures  which  occurred  from  this  were  irregular, 
and  showed  no  indication  tliat  any  smooth  curve  wouhl  have 
been  drawn  through  the  points  and  have  represented  their 
general  position  with  greater  accuracy  than  did  the  straight 
lines  ；  and  althougli  cases  did  occur  where  the  results  of  a 
line  of  iiiachines  might  have  been  better  indicated  by  a 
(！ urved  line,  this  was  found  to  be  as  often  curved  to  the  axis 
as  concave,  so  that,  on  the  whole,  for  none  of  the  types 
investigated  did  it  appear  that  a  straight  line  did  not  fairly 
represent  the  general  trend  of  tlie  results  obtained. 

General  results  such  as  are  here  aimed  at  require  to  be 
represented  in  a  form  easily  grasped,  and  as  a  result  of  the 
above  considerations  it  was  decided  that  they  would  in  this 
case  be  best  represented  by  a  series  of  straight  line  graphs 
showing  the  average  result  for  each  type  of  motor  inves- 
tigated .  The  process  of  obtaining  these  was  carried  out 
thus  :  Taking  any  one  type  of  motor,  say,  the  electric  motor 
for  the  sake  of  example,  lists  of  output,  revolutions  per 
minute,  and  weight  in  tons  were  prepared  from  the  figures 
of  as  many  inanufaotiirers  as  possible.  The  brake  horse- 
power divided  by  the  revolutions  per  minute  i^ave  the  0011- 


stant  K.  This  was  used  as  the  abscissa,  and  K/tons  was 
plotted  as  ordinate  ；  through  the  mean  position  of  the  points 
thus  obtained  for  any  one  line  of  machines  a  straight  line 
was  drawn.  Several  lines  of  motors  investigated,  therefore, 
gave  a  number  of  such  straight  lines.  The  position  of  each 
of  these  lines  is  fully  determined  by  noting  its  inclination  to 
the  horizontal  axis  and  its  intercept  on  the  vertical  axis  ； 
the  mean  value  of  the  intercepts  was  calculated,  also  tlie 
mean  value  of  the  inclination,  and  with  these  constants  a 
straight  line  was  drawn  indicating  the  mean  value  of  the 
liorse-power  divided  by  tlie  revolutions  per  minute  which  is 
being  obtained  in  practice  to-day  for  the  eniploynient  of  1  ton 
of  material.  Such  lines  for  the  different  types  dealt  with 
are  gathered  together  in  Figs.  2,  3，  and  4,  and  some  cf  the 
results  are  also  shown  in  tabular  form. 

Fig.  3  embodies  the  principal  results  obtained,  but  as 
very  many  of  the  cases  dealt  with  gave  a  value  of  K  below 
0  2,  and  therefore  not  easily  plotted  on  the  same  diagram. 

Fig.  2  is  drawn  to  an  enlarged  scale,  giving  the  results 
for  motors  having  a  value  K 】ess  than  0*2. 

In  the  case  of  the  water  turbine  the  slope  of  the  weight 
efficiency  curve  was  so  much  steeper  than  for  the  other 
engines  investigated  that  a  different  scale  was  required,  and 
the  water  turbine  graphs  are  therefore  given  in  Fig.  4. 

All  these  lines  have  the  same  general  characteristics — 
they  slope  upwards  from  left  to  right  ；  that  is  to  say,  as  we 
pass  upwards  from  the  smaller  to  the  larger  members  of 
any  lines  of  machines,  the  weight  efficiency  goes  up  and  a 
larger  value  of  horse-power  per  revolution  is  obtained  for 
each  ton  of  material  used.  No  greater  accuracy  can,  of 
course,  be  obtained  in  such  a  comparison,  and  very  many 
instances  of  individual  motors  occur,  the  weight  of  which 
differs  very  materially  from  that  indicated  by  the  average 
line  for  their  type.  Especially  is  this  the  case  with  engines 
made  singly  and  not  manufactured  as  one  of  a  line  of  similar 
motors.  Some  general  engineers,  for  instance,  manufacture 
(as  one  part  only  of  their  business)  steam  engines  for  various 
purposes,  and  their  weights  are  extremely  erratic,  often  vary- 
ing by  100  per  cent,  or  more  from  those  indicated  by  the  】nean 
line  of  steam-engine  weights.  The  figures  are  only  intended 
to  show  the  average  results  obtained  on  one  type  of  motor 
as  compared  with  what  has  hitherto  been  obtained  ou  other 
types. 


Table  showing  the  Horse-potver  per  Bewlution  obtained  in 
Different  Types  of  Motors  for  1  Ton  of  Material. 


K. 

Steam 
Low 
Speed. 

Engine 
High 
Speed. 

Gas 
Engine. 

Oil 
Engine. 

Steam 
Turbine. 

Elec- 
tric 
Motor. 

Water 
30ft. 
Head. 

Turbines 
80ft. 
Head. 

200ft. 
Head. 

0-02 

0-097 

0  048 

0033 

0021 

0023 

010 

0-099 

0  052 

0  034 

0027 

0.014 

0057 

0-20 

0110 

0  056 

0-03() 

tii 

0017 

0  082 

0055 

0075 

0  OSl 

1-00 

0130 

0086 

0  040 

0  048 

0-034 

0  130 

0120 

0140 

0  liH) 

2  00 

0-150 

0054 

0060 

0170 

0  195 

0  230 

0  200 

Considering  the  results  in  detail,  it  appears  from  Fig.  3 
and  Fig.  4  that  the  water  turbine  gets  the  largest  horse- 
power per  revolution  per  unit  weight  of  all  the  motors  con- 
sidered, the  figures  varying  from  about  0*07  li.p.  per  revolu- 
tion per  ton  weight  when  K  =  0  2  up  to  0  23  h.p.  per  revo- 
lution per  ton  when  K  =  2'0.  Next  to  the  water  turbine  tlie 
electric  motor,  when  of  a  fairly  large  output,  has  the  highest 
weight  efficiency  of  any  of  the  types  considered.  The  horse- 
power per  revolution  to  be  obtained  from  1  ton  of  material 
varies  between  0'082  of  a  horse-power  when  K  =  0.2  up  to 
017  of  a  horse-power  when  K  =  2  0.  Or  if  it  be  preferred  to 
avoid  fractional  figures,  the  electric  motor  of  sizes  varying 
between  the  limits  indicated  would  ijive  at  1 ,000  revs,  (were 
siK'li  speed  possible)  82  b.li.p.  up  to  170  h.li.p.  for  eacli  ton  of 
material  used  in  the  machine. 

At  a  value  of  K  of  about  0*2  the  islopt'  oi  tlie  curve  for 
the  electric  】notor  appears  to  decrease  somewhat  suddenly, 
the  values  of  output  per  ton  below  this  value  of  K  falling 
awav  rapidly  as  the  machine  becomes  smaller  ;  at  K  =  0  05 
tliere  appears  to  be  another  rather  sudden  cliange,  indicated 
in  Fig.  2.  Tlie  examination  of  several  difTorent  makers' 
recorded  weights  aiul  output  gives  the  same  result  of  a  sudden 
change  in  the  slope  of  the  curve,  and  agrees  in  giving  that 
chantre  in  tlio  neiglibourhood  of  K  =  0  05 . 

Of  tlie  other  types  investigated,  the    slow-speed  steam 
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engine  is  the  one  from  which  the  highest  horse-power  per 
revolution  is  obtained  from  1  ton  of  material.  The  horse- 
power per  revolution  for  1  ton  weight  varies  between  0*1  of 
a  horse-power  in  engines  having  a  value  of  K  ―  0'25  up  to 
0*16  of  a  horse-power  in  engines  having  a  value  of  K  =  2'5. 
These  figures  relate  to  engines  commonly  described  as  slow- 
speed  engines.  For  the  high-speed  totally-enclosed  engines 
of  the  type  commonly  used  for  direct  coupling  to  generator 
the  figures  are  distinctly  lower  :  the  horse-power  per  revolu- 
tion obtained  from  these  for  1  ton  of  material  used  varies 
from  0'06  of  a  horse-power  per  ton  when  K  — 0'25  up  to  01 05 
when  K—  1'5.  These  figures  are  for  engines  working  witli 
about  ISOlbs.  to  2001bs.  steam  pressure.  Oil  engines  and 
gas  engines  appear  to  be  very  similar  as  regards  output  for 
a  given  weight,  and  give  about  0  035  h.p.  per  revolution  for 
1  ton  weight  when  K  =  0*25,  increasing  to  0'05  h.p.  per  revo- 
lution for  1  ton  when  K=r5.  Steam  turbines  working  at 
about  ISOlbs.  to  2001bs.  steam  pressure  are  lower  in  their 
output  for  the  smaller  sizes  than  either  gas  or  oil  engines, 
but  in  the  larger  sizes  the  curve  of  output  rises  above  that 
of  the  gas  or  oil  motor  ；  the  figures  for  the  steam  turbine 
being  0  02  b.h.p.  per  revolution  for  1  ton  weight  when 
K=  0"25  and  0  075  b.h.p.  per  revolution  for  1  ton  when 
K=2-5. 

The  consideration  of  the  water  turbine  differs  somewhat 
from  that  of  other  motors,  in  that  the  power  of  the  same 
turbine  varies  with  the  head  at  which  it  works  ；  it  is,  of 
course,  true  that  in  the  same  way  the  power  of  the  steam 
engine  varies  with  the  steam  pressure,  but  the  steam  pres- 
sure can  usually  be  chosen  for  any  installation  and  is  under 
the  control  of  the  designer  ；  the  head  at  which  a  turbine 
shall  work  is,  on  the  contrary,  rigidly  fixed.  As,  however, 
tlie  speed  of  the  turbine,  as  well  as  its  power,  depends  on  the 
head,  tlie  results  of  comparing  the  weights  of  turbines  work- 
ing at  different  heads  are  not  so  variable  as  might  at  first 
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Fig.  4. 

sight  have  been  imagined.  Curves  of  horse-power  per  revolu- 
tion given  out  for  each  ton  weight  have  been  plotted  for 
water  turbines  working  at  30ft.,  80ft. ，  and  200ft.  head 
(Fig.  4). 

The  comparison  of  results  in  Figs.  2,  3，  and  4  raises  the 
questions  as  to  why  the  manufacturer  of  electric  motors,  of 
water  turbines,  and  of  steam  engines  is  able  to  get  so  much 
more  output  out  of  a  ton  of  material  than  is  obtainable  in 
a  gas  or  oil  engine,  and  whether  these  different  results  are 
entirely  and  essentially  of  tlie  nature  of  the  case,  and  there- 
fore unavoidable.  It  is  not  proposed  to  discuss  these  ques- 
tions here,  but  merely  to  put  before  you  the  results  as  they 
appear  to  emerge  from  an  investigation  of  those  particular 
figures  to  wliicli  I  have  had  access. 

In  addition  to  considering  merely  the  broad  lines  of  com- 
parison between  different  types  of  motors,  many  points  of 
interest  arise  in  individual  cases.  To  mention  one  only,  the 
very  highest  output  per  revolution  per  unit  weight  of  material 
was  found  in  two  instances  of  a  very  widely  varying  nature, 
one  case  being  that  of  a  petrol  engine  manufactured  fox- 
aeroplane  work,  in  which  as  much  as  0*4  h.p.  per  revolution 
is  obtained  from  1  ton  of  material.  It  was,  of  course,  to  be 
expected  that  in  an  engine  built  for  such  a  purpose,  where 
lightness  is  the  one  essential  quality  to  be  sought  for,  a  very 
high  weight  of  efficiency  would  be  found.  This  high 
efficiency  is  in  this  case  obtained  by  sacrificing  durability.  I 
understand  that  the  standard  aimed  at  in  such  an  engine  is 
that  it  should  run  at  full  load  for  100  hours  before  requiring 
a  thorough  overhaul  ；  if  it  fails  to  reach  this  standard  it  is 
deemed  too  flimsy  for  its  work— the  light  weight  lias  been 
obtained  at  too  high  a  sacrifice. 

The  other  case  of  very  liigli  output  for  weight  is  found  in 


a  very  different  class  of  machine.  A  slow-speed  colliery 
wiiuling  engine  is  rated  by  the  makers  at  brake  horse-power 
which  works  out  to  0'5  h.p.  per  revolution  for  each  ton  of 
material  used.  In  tliis  case,  of  course,  weight  is  of  com- 
paratively little  importance,  and  it  is  not  by  any  systematic 
effort  to  reduce  weight  that  the  above  result  is  obtained,  but 
by  a  very  liigh  rating  of  the  power,  which  is  only  requirerl 
iiitermitteiilly,  and  by  sacrificing  the  fuel  economy,  the  steam 
being  admitted  at  full  pressure  tlirougliout  the  stroke.  It  is 
interesting,  however,  to  find  two  engines  prac-tically  at 
opposite  ends  of  the  scale,  and  made  for  sucli  totally  flislinct 
purposes,  botli  coining  out  so  liigh  in  1  lie  matter  of  weight 
eliicieucy,  and  to  note  by  what  very  difi'erent  processes  tliis 
result  is  attained. 

The  lowest  weight  efficiencies  naturally  occur  in  cases 
wliere  K  is  very  low  j  there  are  on  the  market  electric 
motors  and  water  motors,  to  take  only  two  instances,  so  small 
as  to  be  toys  rather  than  engineering  apparatus,  and  in  all 
these  very  small  machines  the  weight  efficiency  is  necessarily 
low.  The  lowost  figure  actually  met  with  was  0  0008  li.p. 
per  revolution  for  1  ton  of  material  ；  that  is,  this  particular 
motor,  if  it  could  have  been  increased  proportionately  to 
weigh  1  ton,  would  at  1 ,001)  revolutions  have  given  only 
7,8  h.p.,  or  only  about  y .  part  of  the  highest  output  met 
with,  namely,  0.5  h.p.  per  revolution  per  ton , 


A  NEW  ALLOY  OF  HIGH  TENSILE  STRENGTH. 

BY  C.  VICKERS. 

A  NEW  high-tensile  copper  alloy,  recently  developed  in 
France,  is  made  by  melting  cliroiiiium  and  aluminium 
together  at  a  liigli  temperature  for  one  hour,  the  proportions 
of  each  inetal  being  1  libs.  When  the  aluminium  and 
chromium  have  been  thoroughly  incorporated,  242lbs.  of 
copper  are  added,  and  the  entire  charge  is  held  in  a  molten 
condition  in  the  furnace  for  a  period  of  one-lialf  hour,  after 
which  551bs.  of  nickel  are  added  and  another  hour-period  of 
soaking  follows.  The  metal  is  held  in  the  furnace  a  total  of 
2h  hours,  which  is  contrary  to  the  practice  of  melting  alloys 
of  copper.  After  the  nickel  has  been  added  and  at  the  end 
of  the  period  of  rest,  441bs.  of  zinc  are  alloyed  with  the 
mixture,  which  is  then  poured  into  ingots.  The  proportions 
of  copper  and  chromium  can  be  varied  in  accordance  with  the 
use  for  which  the  alloy  is  intended,  but  no  change  is  per- 
missible in  the  quantity  of  aluminium,  or  the  order  in  which 
tlie  metals  are  to  be  added. 

To  the  experienced  metallurgist  it  would  seem  that  any 
change  that  could  be  made  in  the  order  in  which  the  metals 
are  added  would  be  in  the  nature  of  an  improvement.  For 
instance,  nickel  being  a  highly  refractory  metal  could  be 
charged  with  the  chromium  and  aluminium,  and  in  fact  this 
method  actually  has  been  followed  in  producing  a  chrome- 
nickel  bronze  of  similar  proportions.  The  resulting  alloy 
fulfilled  all  requirements  as  to  quality,  rivaling  high-grade 
steel  ill  strength  and  resistance  to  impact.  It  may  be  asked 
why  the  aluminium,  not  being  a  refractory  metal,  should  be 
added  together  with  the  cliromium  and  nickel,  and  a  direct 
answer  cannot  be  given  because,  to  the  writer "s  knowledge, 
the  experiment  of  adding  the  aluminium  at  a  later  stage  has 
never  been  tried.  It  is  assumed  that  the  aluminium  aids  in 
the  fusion  of  the  chromium  by  dissolving  it  in  the  same 
manner  in  which  copp-er  will  dissolve  nickel,  or  zinc  will  dis- 
solve iron  or  copper,  and  at  a  temperature  much  lower  tlian 
the  melting  point  of  the  more  refractory  metal.  It  is  fair 
to  presume,  however,  that  the  aluminium  is  injured  by  much 
prolonged  inelting  at  a  very  high  temperature,  and  that  it 
would  be  better  to  form  the  alloy  in  some  way  that  would 
avoid  the  necessity  of  holding  the  more  fusible  parts  of  the 
mixture  in  the  furnace  at  a  high  temperature.  Several 
methods  niiglit  be  suggested. 

The  com  position  of  chroniax  bronze  is  similar  to  tlie 
French  】netai，  and  to  all  intents  and  purposes  it  is  the  same. 
The  proportions  of  the  metals  in  the  mixture  are  said  to  be 
as  follows  ：  Copper,  66*66  per  cent.  ；  zinc,  1213  per  cent. ； 
nickel,  15,15  per  rent.  ;  chromium.  3  03  per  cent.  :  and 
aluminium,  3  03  per  cent.  The  tensile  strencrth  of  the  alloy 
is  79,0001bs.  per  square  inch  and  there  is  reason  to  believe 
that  this  figure  is  not  too  high.  The  elongation  is  3*3  per 
cent.  Continiiincr  the  criticism  of  the  French  method  of 
making  cliroine-nii^kel  bronze,  it  would  be  interesting  to 
know  in  just  what  form  the  chromium  is  used.    Tt  be 
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added  as  feiTo-chroniiiun  containing  from  60  to  70  per  cent, 
of  chromium  ；  fused  cliroiiiiuiii  inetal  cont  aining  from  98  to 
99  per  cent,  clironiium  ；  cliroiniuin  chloride,  or  as  chroine- 
copper  containing  10  per  cent,  of  chromiiuri.  If  the  latter 
metal  is  used  the  aluminiuni  could  be  added  at  any  stage,  and 
it  would  not  be  necessary  to  keep  the  metal  soaking  in  tlie 
I'ui-iiace  any  longer  than  necessary  to  incorporate  the  nickel. 
Chromium  is  almost  an  infusible  metal  and  is  very  clifliciilt  to 
alloy  with  copper  by  direct  melting,  as  the  copper  will  not 
dissolve  the  chromium  in'  the  same  manner  as  nickel. 

Ferro-c'hromium  melts  at  a  temperature  lower  than 
chromium  metal  and  is  employed  as  an  addition  to  steel,  but 
attempts  to  form  an  alloy  of  ferro-chromium  and  copper,  by 
melting  the  latter  under  charcoal  and  after  superheating  it  to 
a  high  temperature,  adding  the  ferro-chromium  in  the 
powdered  form,  were  unsuccessful.  Chrome-nickel  bronze, 
therefore,  cannot  be  made  by  direct  fusion  of  the  chrome  and 
copper  in  ordinary  furnaces,  but  the  alloy  can  be  made  by 
melting  the  chrome,  nickel  and  aluminium  together,  after- 
wards adding  the  copper  in  small  pieces,  until  a  fusible  alloy 
is  formed  that  will  not  chill  in  the  furnace.  The  remaining 
copper  part  of  the  charge  can  be  added  in  the  usual  manner 
and  the  zinc  is  added  last.  This  is  a  good  method  of  making 
tliis  alloy,  as  the  more  refractory  metals  are  melted  first,  with 
the  exception  of  the  aluminium,  which  is  considered  necessary 
to  aid  ill  the  fusion  of  tlie  chromium. 

If  it  is  believed  advisable  to  melt  the  chromium  and 
aluminium:  together  and  if  this  can  be  accomplished  success- 
fully, the  best  manner  in  which  to  complete  the  alloy  would 
be  to  add  a  portion  only  of  the  copper  charge.  About  501bs. 
could  be  added,  and  when  dissolved,  the  nickel  should  follow. 
The  copper-aluminium-chromium  mixture,  being  heated  to  a 
high  temperature,  would  dissolve  the  nickel  if  the  latter  were 
added  gradually,  after  which  the  addition,  at  suitable  inter- 
vals, of  the  balance  of  the  copper,  would  keep  the  tempe- 
rature of  the  molten  mass  sufficiently  low  to  permit  the  zinc 
to  be  finally  added  without  undue  oxidation.  In  the  French 
method,  all  of  the  copper  is  charged  before  the  nickel,  and  to 
dissolve  the  latter,  the  bath  must  be  raised  to  a  temperature 
too  high  for  the  economical  addition  of  the  zinc. 

Another  method  by  which  this  alloy  could  be  formed  con- 
sists of  using  the  aluminium  as  a  fuel  to  melt  the  du'omium 
in  the  same  way  in  which  it  will  melt  any  other  metal,  in  the 
form  of  thermit.  This  consists  of  granulated  aluminium 
mixed  with  the  oxide  of  the  metal  it  is  desired  to  reduce. 
This  would  prove  an  excellent  method  of  making  the  alloy,  as 
the  cliromiiuu-theriiiit  could  be  placed  in  the  furnace  and 
after  the  reaction  the  aluminium  could  be  added  if  thought 
desirable,  or  the  copper  could  be  added  in  sufficient  quantity 
to  bring  the  fusibility  of  the  mixture  well  within  tlie  capacity 
of  the  furnace.  The  nickel  could  be  added  next,  followed  by 
the  balance  of  the  copper  in  the  manner  previously  suggested. 

If  the  use  of  the  10  per  cent,  chrome-copper  is  preferred 
for  making  the  alloy,  it  will  be  necessary  to  melt  llOlbs.  of 
chrome-copper,  to  which  is  added  in  the  following  order  551bs. 
of  nickel,  1431bs.  of  copper,  441bs.  of  zinc,  and  lllbs.  of 
aluminium.  After  the  diroiiiiuin  has  been  melted  and 
alloyed  with  a  portion  of  the  mixture,  there  is  no  need  of 
allowing  the  metal  to  soak  in  the  furnace  any  longer  than 
may  be  necessary  to  keep  the  temperature  .sufficiently  high  to 
dissolve  the  rest  of  the  inet'als  in  the  alloy.  Otherwise,  it  will 
be  difficult  to  obtain  castings  free  from  oxides  which  greatly 
reduce  the  strength  of  the  alloy. 

For  this  reason  it  is  advisable  to  melt  the  metal  twice,  the 
first  lieat  of  new  metal  being  poured  into  ingots,  which  are 
afterwards  remelted  to  make  the  castings.  The  metal  should 
be  hot  and  liquid  when  poured  and  the  castings  will  then  be 
l)ractically  free  from  oxidation.  The  colour  of  the  alloy  is 
white  and  it  takes  a  fine,  silvery  polish.  The  fracture  is  fine 
and  dense,  espfM-ially  after  being  remelted.  One  test  bar 
made  from  the  lirst  melt  of  new  metal  had  a  tensile  strength 
of  66,6701bs.  per  square  inch,  although  after  being  broke" 
it  was  found  that  the  bar  was  unsound  to  the  extent  of 
one-third  of  its  area.  Cliroine-nickel  bronze,  owing  to  its 
high  melting  point,  has  a  denser  structure  and  greater  ('op- 
pressive strength  than  iiiangaiiesG  bronze.  It  can  be  rolled 
into  sheets  and  wire,  and  while  somewhat  more  difficult  to 
cast  than  iiiaiiuant\se  bronze,  there  is  reason  to  believe  that 
c-hrome-iiickel  bronze  will  replace  the  latter  for  many  pur- 
poses, particularly  where  a  liigli-tensile,  non-ferrous  alloy  is 
required. ― "  The  Foundry.'' 


INDUSTRIAL  AND  TRADE  NOTES. 

Tin  Mining  in  the  Federated  Malay  States.— In  191  i  tlie  export  of 
tin  from  tlie  Fi'dcrated  Mnhiy  Statos  uas  44,148  tons,  valued  at 
£8,125,304.    The  ； i、(、nig(>  pnV-o  uas  £181.  O.s.  】（)d.  per  ton. 

Ill  h)\Q  the  average  local  \  uas  L'lol.  18s.  4d.  jtor  ton.  The 
total  Jahoiir  force  e'liplo.vt'd  in  the  mines  at  the  end  oF  \mi  was 
180,427,  as  cmii pared  with  170,301  at  llie  same  tinio  in  1910. 

Roumanian  Petroleum  Production. —A  total  of  】，404"(K)  im'tric  tons 
of  petroleum  wore  delivered  to  IN>iitiiai]iait  refim'ri"s  in  1911,  as 
against  1,21  o, 300  metric  tons  in  1010,  an  increase  of  aljout  loj 
per  cent.  The  yield  from  potioleiiin  in  the  refineries  last  year 
was  as  follows :  Benzine,  200, 603  metric  tons  ；  burning  oil,  312,711 
metric  tons;  mineral  oil,  24,703  metric  tons;  and  residue,  783 J 30 
metric  tons.    Nearly  half  the  production  was  used  in  Kouinania. 

Large  Floating  Dock  for  Russia.  ―  The  Russian  Admiralty  liavt- 
ordered  a  30,000  ton  fioatin^  dock  to  accommodate  their  new 
Dreadnought  battle-shijjs,  th(>  first  of  which  is  to  bo  built  In* 
Messrs.  Vickers,  Ltd.  Tlie  dock,  designed  hy  ^Messrs.  Clark  and 
Standfield,  of  AVe.stininstcM-,  will  be  GoOft.  lon^  ami  i;37ft.  wide, 
and  will  be  capable  oi"  lifting  in  two  hours  a  battle-wliip  difsplaeing 
30，000  tons.  Arrangements  are  made  wheroby  the  lifting  of  tlic 
dock  can  be  increased  later  to  40,000  tons.  At  the  outset  ilic 
dock  will  be  used  at  the  Russian  shipbiiilcliiig  yard  of  NikolaiefF, 
but  later  it  will  be  towed  to  Sel>astopoI. 

The  MirMces  Watson  Company,  Ltd.— The  annual  im'etiiig  ot  tlie 

sha rt'lioldcrs  of  this  com  pan y  was  held  in  the  company's  i)ffi(  es. 
Glasgow,  on  JV】；m'h  15th.  The  profit  and  loss  account  showed 
that  the  profit  available  for  distrilnitioii  after  bringing  forward 
from  the  previous  year  the  sum  of  £1,995,  and  providing  amply 
for  depreciation  and  business  contingencies,  was  £50,135.  The 
directors  reoonniiendod  and  the  imn'ting  approved  of  a  dividend 
of  10  per  cent.  ； ind  a  bonus  of  5  per  cent.,  both  less  iucoino-tax. 
th;it  £30,000  I)e  added  to  the  (general  reserve  account,  and  £2,478 
be  Carrie i  forward.  Last  yoa r  the  company  paid  a  similar 
dividend  ami  bonus. 

Germany's  Foreign  Trade.  ― Acx-urdiii^  t(j  a  tonsillar  report,  the 
total  German  foreign  trade  last  year  increased,  as  against  the  total 
ill  1910,  in  imported  quantitios  hy  fi  per  cent.,  in  exported  (|iiaii- 
titios  by  as  luiicli  as  (J'】  per  cent.  The  value  of  the  total  (ierman 
export's  increased  hy  7*5  per  cent.  The  p rodnct ion  of  the  (； eniian 
iron  industry  is  l)enofitin^  to  t\w  full  cxteiit  tr(mi  all  those  technical 
improvements  which  it  has  for  years  endeavoured  to  perfect.  Thv 
export  of  rails  increased  in  its  total  by  5,000  tons,  but  to  the 
United  Kingdom  it  receded  hy  44,000  tons.  The  export  of  motor 
vehicles  to  tlie  United  Kiii^doni  last  year  nearly  doubled,  whereas 
tlie  】3i'itish  exports  to  (Jerniaiiy  w  ere  rt'duced  to  half. 

Another    Clyde   Oil-engined  Ship.  — Fhe  second  oil-eiiginod  vessel 

wliicli  the  East  Asiatic  Comi>;m.、.，  of  Copenhagen,  have  ordorcd 
from  Messrs.  Ba relay,  Curie,  t 、-  Co.,  、Vhiteinch，  is  to  be  480ft.  in 
length,  of  8jU00  tons  gross  r('gi"(>r，  and  IG  knots  speed.  She  will 
he  propelled  by  twin  screws,  driven  bv  two  sots  <>t  Diesel  (，il 
engines  arranged  on  the  same  principle  as  the  "  Selandia/'  tlio 
" Jutlandia,"  and  tho  Fiona."  There  will  be  eight  cylinders, 
atrgregating  3,000  h.j).,  on  each  .shaft,  so  that  the  totjil 
Jiorse-powcr  will  be  (i.OOO.  The  vessel,  which  is  iiitondod  for  ihv 
？ sorth  Atlantic  service,  will  have  ac-coniinodation  for  400  first  and 
second  class  passengers  and  1,600  third  class.  It  is  likely  that 
the  machinery  will  be  constructed  in  the  new  works  at  Eldorslic 
of  the  】hmii;ist(M，  &  Wain  (l)iesol  System)  Oil  E" 山"" Company, 
Ltd. 

British  Trade  with  Switzerland.  Tlio  C\>nsul;»r  n-iuu'ls  hy  llio 
rt、im '洲 tatives  ol'  the  Hritish  C  onsiils  and  Vioo-Consuls  in  this 
country  for  tlic  year  1910  liavo  just  Iuhmi  piiblisluHl.  Mr.  Millif^aii. 
the  Consul  at  ziiricli,  valups  at  t】:?.'")l_>(U)"0  tho  coininom-  Uel\ve<Mi 
S、vim、rl:i!id  and  Kii^huul  out  ol"  a  total  value  of  £' 1 
during  1910.  In  conipariso"  with  1 卿 the  exports  from  Kn^rland 
to  Switzorland  and  imports  to  England  ln»ni  Switzorlaiul  were  in 
tlie  ratio  of  1  to  '2.  The  Vico-Consul  at  .Montreiix,  M.  CueiuuK 
states  that  the  lack  of  ^iroater  tradr  is  ow  'uv^  to  the  small  mnnl)ei- 
of  Eiij^lish  c-oninuMTial  travellers.  、vh(，  only  iuiiuIkm*  70  out  of 
700  travollor.s.  and  hecauso  Kii;;lisli  (inns  nnst;ikenly  insist  on 
siMulinji:  out  circulars  in  Knulish  and  Kn.ulish  numcy  tt 、'嘗 . (； ro;it 
Britain  stands  secoiul  on  tlio  list  of  purciia-MMs  of  Swiss  floods'  but 
only  fifth  on  that  of  vendors.  Mon，  Kn;:lish  enterprise  and  more 
Kimlish  travoll»M*s  :、'v  i'，、q"ir，》(l  to  (l,、v(、l，》i»  tho  trade  between  the 
tu 0  f«)untries. 

Petrol  Electric  Railway  Car. ― Tlio  (；  ivat  CVntrnl  Hail  way  Co  111- 
|,aiiy  liav,、  puri-ltMsiHl  troin  tho  British  Wostiii;;luniso  CVnup ；"、 .v 
onc  oi'  tlirir  standard  iU>  li.p.  pot  ml  oUntric-  cars.  It  is  41ft.  (iiii. 
Iomm;  over  l"、:"lst(»rks.  aiul  8lt.  ""，• 、 "山、 over  pillars,  with  a  r\vnr 
insicU*  lu'ii^lit  ol  Tit.  Gin.    A  coinpa rlinciit  at  ono  vud  contains 
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a  six-cyliiul(M*  petrol  en<^iiio  driving;'  a  specially  wotiiul  electriciil 
generator  a\  liich  suppliers  cinTeiit  to  the  axle- motors.  A  small 
petrol- driven  set  works  the  ])uinp  for  the  vatMiuni  brake  and  pro- 
vides current  for  li<i;htins.  The  car  is  driven  either  from  this 
compartment  or  from  one  at  the  other  end  by  a  siiigl(、  handle 
which  is  fitted  with  the  dead  man  "  control,  so  that  should  tlio 
driver  release  his  hold  upon  it  the  pow  er  is  iiutoniatically  cut  ofl  . 
This  ariaii<ieme)it,  it  is  d:"ni(、(l，  in  a  kes  it  safe  to  have  only  mi<> 
man  for  driving  and  atttMidin^  to  the  engine.  Tlie  car,  which 
is  designed  for  a  maximum  speed  of  40  miles  an  liour-  on  tlir  level, 
has  seatin<j;  accomniodation  for  50  passengers. 

British  and  Foreign  Shipping. ― Some  interestin^j;  (l<'t;"ls  are 
<iivoii  ill  Lloyd's  H<'<i;ister  of  British  and  Forei<i;ii  Shipping 
for  the  quarter  endiiip;  Dof-ember  31st,  1911.  According  to 
this,  tlie  number  of  steam  vessels  owned  in  the  United 
Kiii«id(nii  is  8,487,  with  a  net  tonnage  of  10，519，（;76.  British 
colonies  own  1,414  steam  vessels,  having  a  net  toiuiai^e 
of  788, 广) 8(1.  The  mimher  of  】5riti'sli  (nvm'd  sniliii^*  vessels  is  847, 
with  a  toiiiiaij;e  of  579,982,  and  tlie  Colonies  ow n  (594,  with  a  ton 
nage  of  195,193.  This  gives  a  total  of  11,442  British  and  colonial 
vessels,  with  a  tonnage  of  12,083,831.  The  total  numhor  of 
registered  steam  and  sailing  vessels  of  all  nationalities  other  than 
British  and  colonial  at  the  same  time  was  15,574,  with  a  total 
toniia<i;e  of  12,982,219.  These  hitter  fig  tiros,  however,  do  not 
include  vessels  trading  on  the  Great  Lakes  of  North  Aiiiei  it-ji  - 
The  returns  do  not  include  either  vessels  under  100  tons  not. 
During  the  three  months  comprised  in  the  returns  58  British  and 
colonial  vessels  of  all  classes  、vere  lost,  with  a  ton mif^e  of  49,298. 
The  vessels  of  all  other  nationalities  lost  during  the  same  time 
numbered  113,  with  a  tunnage  of  1 18,936. 

Harnessing  the  St.  Lawrence.— A  proposal  is  on  foot  to  divert 
the  course  of  the  St.  Lawrence  River  from  the  lower  end  of  Grancle 
Island,  about  half  a  mile  from  its  pieseiit  channel  to  the  Ottawa 
River,  and  by  the  constru ction  of  an  immense  dam  to  keep  the 
level  of  tho  St.  Lawi'ence  as  far  as  its  confluence  with  the  Ottawa 
at  the  heiglit  of  Lake  St.  Francis ― some  85ft.  al)ovo  tlie  level  of 
the  Ottawa  River.  An  hydraulic  lock  would  be  constructed  to 
enable  steainors  to  pass  up  ami  down  the  river.  The  promoters 
of  the  enterprise  claim  that  in  some  ten  or  twelve  years'  time, 
when  the  ])o\ver  would  become  available,  tliore  would  he  a  suffi- 
cient demand  in  the  district  to  take  the  1,0(K),(J00  li.p.  of  electric 
t、iiergy  that  could  be  developed  by  moans  of  the  dam.  Doubts  are 
expressed,  however,  as  to  the  effect  of  the  dam  upon  tlie  depth 
of  the  St.  Lawrence  River,  which  shows  a  tendency  to  decrease. 
It  is  stated  that  the  execution  of  the  scheme  would  involve  the 
construction  of  from  25  to  30  miles  of  earth  embankment,  as  Avell 
as  of  concrete  dams  across  tlie  St.  La 、、- n、iire  and  Ottawa  Kivers. 
The  basin ,  11  miles  in  loiigtli,  thus  formed  would  then  have  to 
he  dredged. 

Marine  Oil  Engine  Construction.— Fni porta nt  deve:()])nients  iire 
iw pending  on  the  Clyde  、vith  regard  to  tlie  construction  of  iiiariiie 
oil  engines,  and  an  agreement  is  annovmced  between  the  firms  of 
Burmeister  <fe  Wain,  shipbuilders  and  engineers,  Copenhagen, 
and  Barclay,  Curie,  &  Co.,  shipbuilders  and  engineers,  Whiteinch, 
"hereby  tlie  Elderslie  works  recently  acquired  l)y  the  latter  firm 
will  he  rapidly  developed  as  works  for  t!ie  hiiildiiig  of  Diesel  oil 
eiigiues.  Messrs.  Barclay,  Curie,  A:  Co.  li;Tve  granted  to  the 
Burmeistei'  &  Wain  (Diesel  System)  Oil  Engine  Company,  Ltd., 
an  option  on  10  acres  of  Elderslie  shipyard  for  the  erection  of  a 
large  oil-engine  factory.  Messrs.  Swan,  Hunter,  &  "Wigham 
Richardson,  of  AVallsend-on-Tyne,  are  also  interested  in  the 
Elderslie  enterprise.  Messrs.  Burmeister  &  Wain  are  well  known 
as  the  makers  of  the  machinery  for  tho  two  oil-eiio;ined  vessels, 
the  "  Selandia  "  and  "  Fiona,''  built  for  the  East  Asiatic  Com- 
pany，  Copenhagen,  a  sister  ship,  the  "  Jiitlandia/'  having  been 
Iniilt  and  engined  by  Barclay,  Curie,  &  Co.  It  may  be  added 
that  an  entirely  new  company  is  being  promoted  under  the  title 
of  the  "  Burmeister  d'  Wain  (Diesel  System)  Oil  Engine  Company, 
Ltd.,"  for  the  purpose  of  workiTiii;  the  now  factory.  The  capital 
of  the  new  coni])aiiy  will  be  £550,000. 

New  Dredger  for  Burma.  ―  The  dredger  "  Oswald  "  Avas  launched 
a  few  days  ago  from  the  yard  of  Messrs.  "William  Simons 
and  Co.,  Renfrew.  The  dredger,  which  has  been  con- 
structed to  the  order  of  the  Indian  Government,  is  of 
the  Avell-kiiown  * '  Simons  ， ，  suction  reclamation  type.  1 1 
has  been  specially  desigjied  and  constructed  uiidei*  the  direc- 
tion of  Prof.  J.  H.  Biles,  naval  architect  and  consultin**;  engineer 
to  the  India  Office,  for  the  improvement  of  tho  waterways  in 
Burma.  The  "Oswald"  is  a  twin-screw,  li^ht  drauo;ht,  cutter 
dredger,  and  she  will  work  in  coiijuiictioti  with  a  floatiti**;  pipe 
Hue  and  terminal  poutoon,  arranged  for  delivering  dred<ied 
material  over  river  or  canal  hanks  for  land  reclamation.  Tho 
dredging  pump  is  driven  by  an  independent  set  of  triple  expan- 
sion engines,  and  the  suction  pipe  is  carried  on  a  frame  fitted  at 
the  forward  part  of  the  vessel.  The  lower  end  of  tho  suction 
frame  is  fitted  witli  a  steel  spiral  rotary  cutter,  driven  by  gear- 


in  乂  t'roiii  ； I  K(»t  of  IiorizontMl  conipoinKl  pntrinf's  placed  o"  tho  dock. 
J ndcpcndcut  stoam  lujist  i^car  is  provided  for  controlling  tho  suc- 
tion i ranie,  and  very  powtM-f ul  川: i""''iv'ring  winc-Iios  are  pluced 
at  each  oiid  of  tl">  vessel .  Tho  d redder  is  propelled  by  twin 
screws,  each  driven  l,y  a  set  of  triple*  expansion  c'li^^ines.  Steam 
is  sti])j>lie'fl  liy  two  cylindrical  iiniltitnltnhir  l>oi!ers,  (•oiiKtnutcd  in 
liloyfl's  r(>(jiiii-(M(i('iits  for  ;i  working  pressure  of  lf;()ll，s.  Tlw 
Imilcrs  an'  fit  trfl  u  it  li  Hou  flcii's  lor  fctl  dr'aiiulit  for  f'liniirig 
Indian  1  iicl.  A  repair  sliojj,  \\  itli  electrically  driven  "lachine 
tools  (apal'lc  of  iii)f|«'i-takin^  minor  repairs,  is  fitted  on  hoard. 

British  Patents  in  I9II. ― According  to  the  aniiii;il  report  of  tin* 
Compt  rdilci  ("'ii('r;il  of  Patents,  Designs,  anri  TriuK*  marks,  tlie 
nuiul)(»r  of  :ii)|>li('aii()ns  for  pattMits  in  1911  was  20,3i3,  as  against 
30,388  in  mo  and  30,003  in  1909.  There  were  】9/)24  provisional  aiui 

18,  ()()2  complete  specififations,  the  n，un，)prs  in  the  two  previoiiK 
years  boiiiK  20,768,  IDJOo,  and  21,053  and  18,70,1  rosporUvoW. 
The  patents  scaled  、、- ('re  17,164,  the  nunilxTs  in  1910  and  \iH)U 
hi'i\iu:  10.209  nnd  15. (Km  r(»si"'ctivH,v.  The  applications  nccom- 
I>i»iiio(l  by  pmvisimial  specificatimis  tell  t  roiii  'JOJHH  in  1010  to 

19,  ry24  in  1911,  a  (Iccreaso  of  6  per  cent.,  while  those  accom panied 
by  complete  specifications  rose  from  9,620  to  9,829,  an  increase  of 
2  2  por  cent,  ami  the  highest  num ber  on  record  for  any  om'  yf»a r. 
Thus  the  total  immber  of  upplic-atiofis  tVl!  from  30.388  to  '29,3 二 )3, 
； 1  ticf'ivaso  of  8  4  per  cent.  Tlic  (('niph'tp  specifications  hied  on 
previous  provisioiiiils  fell  f  rom  i).48.*>  to  8,833,  a  decrease  of  6  !i 
per  (ront.  The  total  iumil)er  of  ('(miplete  specifications  rocoived 
was  thus  18,662,  as  compared  with  19,105  in  1910,  a  decroase  ai 
2  3  per  cent.  The  total  nuinl>er  of  specifications  f provisional  ami 
complete)  rocoived  was  38，18(i，  as  coniparod  w  ith  ；^9,878.  a  decrease 
of  4-2  per  cent.  Tliero  were  1,518  applications  mado  h.v  way  of 
coninuuiicatioiis  from  abroad,  of  which  7'V)  cjiine  from  the  United 
States  of  America,  467  from  Germany,  43  from  France, 
28  from  Canada,  and  27  from  India.  Of  the  complete 
spefificatioiis  filed  upon  applications  made  in  the  year 
1910，  1,181  wei-e  reported  as  wholly  anticipated,  10,? 52  as 
paitl'y  anticipated,  and  5,506  as  not  anticipatfHl.  Of  those 
anticipated,  10,303  were  amended  without  a  hearing  tak- 
ing place,  and  740  after  a  hearing  and  decision.  In  321 
cases  a  iviVronco  to  a  previous  specification  was  inserted.  The 
11  umber  of  applications  made  for  the  revocation  of  patents  worked 
exchisivoly  or  mainly  outside  the  United  Kingdom  was  five.  In 
two  of  these  cases  the  patent  was  revoked,  in  one  the  application 
was  disniissod,  in  one  the  patent  expired  after  tho  proceedings 
had  begun,  and  the  remaining  case  is  still  pendin{ 


Scmi  stccl  Castings.— At  a  recent  meeting  of  the  Scottish 

branch  of  the  British  Foiuidrynien's  Association,  held  in 
Glasgow,  a  paper  was  read  by  Mr.  M.  Riddell,  of  Falkirk, 
on  "  Semi-steel,"  which  he  described  as  the  latest  attempt 
in  foundry  practice  to  make  sounder  and  stronger  castings  of 
foundry  iron  into  which  a  variable  proportion  of  mild  steel 
had  been  melted.  The  earliest  attempt  was  made  many 
years  ago  by  Mr.  Stirling,  who  introduced  malleable  iron 
into  his  castings,  but  without  any  great  success,  and  later 
investigations  with  the  aid  of  chemical  control  had  demon- 
strated the  feasibility  of  using  as  much  as  15  per  cent,  of 
steel  scrap  in  the  cupola  charge.  Considerable  care  was 
needed  to  get  this  thoroughly  incorporated  with  the  cast  iron, 
and  owing  to  the  carbon  absorbed  the  resulting  metal  was 
still  iron  without  the  special  properties  of  steel.  The  various 
difficulties  which  arise  in  the  practical  working  were  discussed, 
the  chief  of  these  being  shrink  holes  and  hard  spots,  which 
are  often  more  troublesome  than  when  properly  regulated 
mixtures  of  good  foundry  iron  are  used  alone. 

Admiralty  Survey  Ship.— H. M.S.  "Endeavour,"  which  was 
launched  on  Saturday,  the  30th  ult.，  by  tlie  Fairfield  Ship- 
building and  Engineering  Company,  Govan,  has  been  specially 
designed  and  built  for  the  work  of  surveying  the  navigable 
waters  of  the  world,  and  she  is  the  first  vessel  specially 
constructed  for  this  purpose  by  the  Admiralty.  Up  till  now 
survey  work  has  been  carried  on  by  shins  which  have  been 
converted  from  other  uses  and  rearranged  for  liydrographic 
purposes.  The  "Endeavour"  is  a  vessel  of  1,300  tons  dis- 
placement and  13  knots  speed.  She  is  200ft.  long  by  34ft. 
wide,  and  lias  accom modation  for  136  officers  and  men.  She 
is  propelled  by  twin  screws,  each  driven  by  a  set  of  triple- 
expansion  engines  having  cylinders  13in.,  20Ain.,  and  33in. 
diam.  by  21  in.  stroke.  She  mounts  one  three-pou nder  and 
two  Maxim  guns,  and  carries  a  powerful  searclilight  forward. 
Her  special  equipment  for  survey  purposes  consists  of  a  special 
sounding'  winch,  sounding  machines,  derricks,  platforms  and 
jack  stays,  laboratory  with  drawing  table,  work  table,  sink, 
and  clironometer  room,  and  a  well-equipped  photographic 
dark  room. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
he  pleased  to  forvard  copies  post  free  on  receipt  of  10 d.  Address 
Mechanical  Engineer,''  5S,  Neio  Bailey  Street,  Manchester. 


MECHANICAL,  1910. 


for  mi'l;ill iirf_;i('al  inirposcs.  Heynolds, 


I  ud  ne  t  ion  oi  •i.afecoiis  l  iu 
29367. 


]Vl  u filed  roasting  furnaces.     K  id^c.    3981  - 
(T!yrosc'()i)ic  transmission  iim)i\ ratus.    Fieux.  0428. 
])ift*erfiitial  worm  ^i.ea r  for  converting  rotary  into  reri])! 

or  reversible  lim'ar  motion.    SixMice.  (i'081. 
Apparatus  for  railway  signalling.     Fletcher.  (5592. 
Clutches.    Bmvley.  ()784. 

I'lmc'liiiig    ； nul     perforating    iu;i('hi"es.  Caiiioron 
Cameron,  Ltd.  6800. 

of  steel.  Paul. 


(iSOS. 


ProdiK'tioti  of  he;it  for 

Mordaii. (細. 
Torsion  meters  for  rotating  sh:iftiiig.  Hurfj;a. 
Turbine  eugine.    Fislior       Peck.  70-18. 
Intcninl-C'oinhTistioii  engines,    Evans.    710】 . 

Clutches  tor  transmitting  mid  i"t'、rriii>thi;i  tlio  transmission  of 
motion .    Linvtoji .  7:34-、. 

Magneto  trip  nieflia  nisin  for  internal  coinldistion  ('n'u;iiies.  (i  u  ill- 
ness. 737G. 

Steam  turbines.    Waugh  &  Bedford.  7762. 

Rotary  engines,   puinps,   and  compres.sors.     Pollard.    8030 . 

Burners  for  gas- fired  furnaces.    Keith  it  Keith.  8480. 

Cnu  ihlc  fiirnacos.    Jiayley.    807 1. 

Steam  engines.    John   Mus^^'nu'e  i、'  Sons,  Ltd.,  ami   ^Iiis^ra vo. 

9357. "  . 
Valves  ;i nd  valve  ^eai*  for  intenial-conihustion  engiius.  Gerharclt. 

9741.  —一 
Substitute  for  moulding  sand.    MrPlierson.  9771. 
Transmission  gearinji  of  motor  vehicles.    Craig.  9801. 
Process  for  treating  pul veruleiit  ores  of  iron.      Soc.  Atioii.  (l('s 

Cinients  Portland  Artificiels  de  Buda.  9901. 
Packing-ring  for  hydraulic  presses,   tliiid-pressure  engines,  and 

puni  ps.    Wagner .  10302. 
Steam  boilers.    Barsby.    112 化. 

Production  of  blooms  from  steel  in<4ots.  Ta vlor  ami  Taylor  Bros, 
and  Go.  11314. 

Apparatus  for  indicating  and  record ing  tlie  speed  oi  ships. 
.       Cooper.  11632. 

Vacuum  gauges.    Regina  Elektrizitats  Ges.  12128. 
Riveting  tools.    Colling、voo(l  t 亡 Eicharcls.  13543. 
Two-cyole  m otors .    D'Ha wen g -    ]  3365 . 

Apparatus  for  automatic  analysis  of  g:is(、s.     Binz.  13692. 
Appliance  for  cliarf^ing  metallurgical  furnaces.    Gottlieb.  14027. 
Arrangejnent  for  use  in  steam  <j;(Mierators  and  water  heaters  to 

prevent  corrosion  and  incnistntion.    Vvy,  14543. 
I?ecluction  of  metal  ores.    »Sienriii.    】 "； 

j)e vices  for  contiollinp;  (laiii])ers   lor   i'urnacos.    Thwaites   Bros. . 

Ltd.,  and  Bullock.' 
Fiirnacos.    George  Fletcher  &  Co.,  ami  Kudflrr.    1  •">•'»- 1  - 
]V】e;ms  for  converting  reciprocating  into  rotary  nxttion  and  vice 

versa  applicable  to  engines  ami  pumps.    Williams.  16544. 
IMechanical  distant  signal  control  lor  railways.     Hellier  &  Gasson. 

1  ()()()!>. 

IMirificatioii  oi"  asbestos.       British   'riioiiisoii-Houston  ('(unpiiny. 

umo 

Vulley  blocks  :md  hoisting  jioar.  Pri(、st.  )I  illu  ;ir<l.  tV  -Morral!. 
17197. 

Hlow  pipes.     Klotclior,  Russell.  &  Co.,  and  Fletclier.  17320. 
Roller  hearing's.    Tliompsoii.    17378.  ― 
Steam  nozzles  ior  lieating  in  vossels.    Mooser.  17489. 

Valve  niefhauism  for  iiil*Miial-(<)ml)iistion  engines.  Miesse.  17804. 
Sliding  stop  valves,    Kleiiischiuidt.  17885. 
Valves  and  cocks.    Bertran.  17S):)(). 

Apparatus  for  charging  blast  i'uriiaces.    Janios.  17988. 
Co;il-ship]>inff  inachiuery.       Sir  、V.  (；.   Anustrouj:.  "NVhitw orth. 

and  Co.,  and  Ridley.  18225. 
Apparatus  for  cnrbonisin^  peat.    E(l，\"rtli.  18393. 
Ma nulactui'e  of  p;as  from  coal.     Hollason.  18744. 
Lubricating;  packing.    Dniry  iV:  8toa riis.  18800. 
Rotary  inferential  water  meters.    Kennedy.  ISOO.'). 
Method  of  fonnectin**;  suiiorhontor  tnhos.  .M;uuiosin;umn»!ii<Mi 

AVerke.    201 7(>.  , 
Foed-wator  heater  for  locomotive  boilers.    Scliumaclu'r.    -OKU . 
Clutches  or  couplings.    Heliot.  20050. 
Tuhe  exp.imlrr.    Clark  A*  King.  21430. 


Continuously  operating  amioalin^  i  iiniaco  for  nietals.  Kugel. 
22780. 

Nut  locks.    CluMieau.  28582. 

Yiilve  niechaiiisin  for  internal  (ombiiNtiou  engiiR\s.    Itose,  Sand- 

bac'h,  &  Sandbach.  23711. 
Sectional  boilers,    (ireiiunels.  2V2[)7. 
Bolt  convoyers.    Hildoljrand.  25878. 
Valves.    Fisher  tt  Pock.  2G736. 

Gas  tiuhiiie  plants.    Akt.  Ges.  lirtnvn,  liox eri,  ct  Cie.  29097. 

1912. 

A  tilting  Ma rtiii-Sieniens  fiiriiiu-e.       Ateliers  de  Constructions 

Kloc'triques  dn  Nord  et  de  PEst.  037. 
Steam  stop  valves,    (ireatorex.    1 137. 
Ball-ca^('s  for  ball-bcariiij^s.    KapjxT.    1 162. 

ELECTRICAL.  1910. 

Self-regiilatin;;  dyiiainos.    Viuulervell  A'  Midf^loy.  *J9493. 

mi. 

Gas-detectiiiK  apparatus  for  porlaltU*  elect rif  liaiul  lamps.  Ralph 

and  Holmes.  f)3()4. 
V:tri;il)le- speed  clyiiniiios  for  train  li^litin;^.  F^lectric*  and  Ordnance 

Accessories  Com pany,  Ktcliclls  A:  Prico.  (Kill. 
Incandescent  electric  lam|)s,     Rohin.  GBoO. 

Pilectrodes  for  flame  a  re  lamps.    Oliver  Arc  Lamp.  Ltd..  Oliver 

and  Poll.  ()*)84. 
Klocti'ic 】 a iiip holders.    Waterhonsc.    7161 . 
Coiiti'ollcrs  for  electric  motors.    Smith.  10219. 
Intcr'conimnnication  telcjiiutiic  systems.    Sterling  Toleplioiip  and 

Klec-tric  Compaii.v,  iiml  BeU.  11237. 
Telephone  signalling  systems.    Ellison  &  Jacobs.  12175. 
PIu^-and-Rooket  electrical  connections.    Luudher;^,  LnndUei  j^,  a  nd 

Lund  berg.  12225. 
Kl(i(tri(';、llv  operated  or  coiitrollefl  intlicatiii^  apparatus  for  use 

with  signalling  appa  ratus  on  lailw  a  vs.     Johnson  <t  O'Doiiiiell. 

12833.  ' 
Dynamos.    Midgley  &  \'andorveil.  1,5038. 
Constniction  of  electric  ph，g  connection.    Price.    1(3081 . 
Automatic  telephone  exchange  selector.    Mcliertv.  10867. 
Alternating    current    comniutatoi-    *;oner;it(>rs.       Sieinons  H los. 

DyTianio  Works,  Ltd.  17040. 
Stai'ting  switches  for  electric  motors.      SienuMis  Bros.  Dynamo 

Works,  Ltd.,  and  Schu pp.  18575. 
Mamifarture  of  electric  metal  filament  lamps.    Sclnvab.  20224. 
iSafcty  device  for  electric  cables.    Siemens  Sc-lmc-kert-Werke  Ges. 

20995. 

Liuninescent  tubes  for  rare  <i;asos.  L* Air  Liquido,  Soc.  Anon, 
pour  r Etude  &  I'Exploitatio"  des  Procedes  Georges  Claude. 
24164. 

Electric  contact-making  and  cutMnit  devices  for  electrically  light- 
ing motor  cars  and  rolliii*;  stock -    Polkey.  24431. 
Filectric  reading  】;unp.s.    Burnluim.    25211 . 
Eloctrodes  for  arc  lamps.    Beck.  2591*). 

Method  and  apparatus  for  the  electric  transmission  of  pictures. 

Tschbnier.  27474. 
Al)])aratus  for  lifting  the  bnifslies  and  shoi't-circuitin^  tin*  rotor 

、vimiiiigs  of  alternating-current  dyiianios.       Bnico  Peebles 

and  Co.,  and  Brookhoiis**.  28(>S'J. 
Voltage  regulators  for  cloctric  K(、'i'、i'ator's.    Olnisted.  28747. 

1912. 

Water-tight  tenninal  for  electric  c'al>los.    Hohort  Bosrh -  302(5. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  <»th. 

Aluminium  ingot  ,   fiT/ -  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/-  " 

，，         sheets         ，，            ，，   ，  1 20/-  ，• 

Antimony                                           £27/-/-  to  £27/10/-  per  ton 

Brass,  rolled    TJd.  per  J b. 

，，    tubes  (brazoti)    lOjJd. ，， 

，，       ，，      (solid  (Ira \vn)   SJd.  ，， 

，，       ，，      wire   7  id.  ，, 

Copper,  Standard   £70/10/-  |)er  ton. 

Iron,  Cleveland   :、、1  / -  ,, 

,, Scotch    " 

Lead,  English    £\i^/\'2  'i  " 

，，     Foroign  (soft)    £l(>/5/-  " 

Mica  (in  original  cases),  small   (xK  to  2/-  per  lb. 

，，           "           ，，       medium   2/(>  to  4/-  " 

,，            ，，            "       large    4/0  to  8/C  ,, 

Quicksilver   f  S/12/*i  per  bottle. 

Silver   2，；S(i.  per  oz. 

.Spelter    £2：>/11/3  per  ton. 

Tin,  block:   £19S/-/-  ,， 

I'in  plates   14/3  ，， 

Zinc  sheets  (Silesian)   £28/12/6  " 

,,          (Stettin  ；  Vieille  Montagne)   £28/5/-  ,, 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  <Stc. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  ：  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E  C. 


The  "PERFECT"  VISE 


E.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  In  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ：：       :：  :: 

By  W.  W.  F.  PULLEN, 

Whitwortk  Scholar  ；   Member  of  the  Institution  of  Mechanical  l-nsineers  ； 
Associate  Member  of  the  Institution  of  Civil 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  TcmperaUirc.  Measurement  of  Spfed. 
Measurement  of  Power  Output,  Measurement  of  Power  Input  with  Dj  namoiiieter. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Manaeenient  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  Tho  Adjustment  of  the 
Slide  Valve.  Internal-combustion  En^iine  Diajirams.  Ttistinji  Indicator  Springs. 
Measurement  of  the  Quality  of  Sloam.  Measurement  of  QnanUty  of  Steam  and 
Water.  The  Testing  of  Steam  】3Dgine 匚  Fuel  Testinf4.  The  Analysis  of  Flue 
Gases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testint;  of 
Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 


Telegram5:  "Scientific."  Manchester. 
Telephone  No.  862«  Central. 


SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  por  aiinunt,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    'I'll in  paper  edition 

*  ，    21/-*  "  ，，  Thick  ，， 

"Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
l*o、vIers  "  Mechanical  Engineers'  Pocket  Book." 

. Cheques  and    Postal   Orders    should    be    made    payable   to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester, 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  r  urrpiit  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Physical  Properties  of  Zinc. 

Although  zinc,  owing  to  its 】ow  tensile  strength,  is  rarely 
used  as  a.  stress-rarrying  member  of  a  machine  or  structure,  it 
is  ocrasionally  so  employed,  but  its  inaiii  use   is   as    a  coii- 
stituont  of  other  alloys  and  as  a  protective  coating  for  iron 
steel,  or  for  positions  iii  which  its  corrosive-resisting  pro 
pei'ties  are  important.      Having  regard  to  the  extent  of  its 
onipluvment  for  engineering  purposes  of  one  kind  or  anotlier, 
山" a    respecting   its    physical    properties   is   scHuty.  This 
s(a,i-('h,y  of  information  appears  to  have  been  brouglit  to  llie 
attentioji   of  the'  Engineering   Experiment   Station   of  the 
University  of  Illinois  as  the  result  of  some  questions  sub- 
imttM  to  it,  and  a  series  of  tests  of  the  strength  of  rolled 
zinc  were  rousequeutly  made  by  Mr.  Herbert  F.  Moore,  aufi 
llie  results  of  these  which  arc  of  interest  are  embodied  in 
Bulletin  No.  5li，  which  has  just  been  issued.    Previous  avail- 
able flat  a  were  mainly  based  on  Icwts  by  Dr.  Oswal  Meyer 
and  Hauschingcr.      Meyer's  tests  showed  that  the  stresses 
；"    clastic    limit     and    yielfl    point    were    bol  li    very  low 
ami   not  sharply  dciined,   the  former  being  an  average  of 
about  l,00()lbs.  per  square  inch  and  the  latter  rj,500lbs.  A 
perulia r  ami  unexpected  feature  of  the  results,  however,  was 
that  specimens  cut  across  the  grain  proved  stronger  and  stiffer 
than  specimens  cut  with  the  grain,  ').，  parallel  to  the  direc- 
tion of  rolling,   results  which  are  not,  so  far  as  we  are 
aware,  characteristic  of  any  ot her  nioty I.    The  ultimate  stress 
with    the   grain    in    these    tests    (made    wit  li    thin  sheels 
about    |>\yin.   tiii<-k)  was  30,4001bs.,  while  across  the  grain 
it    was    36,8001bs.      This    characteristic    applied  also  to 
the   elastic  limit  (determined  by  Hooke's  law,  deforma- 
tion proportional  to  stress)  and  yield  point,  these  values  being 
with  the  grain  TlOlbs.  and  ll，4001bs.  respectively,  while  across 
the  grain  t he  figures  were  1 ,2801bs.  and  】3，6>401bs.      On  the 
other  liaiul.  tlie  elongation  of  zinr  under  load  followed  the 
t-liaiaclerisiics  observable  willi  iron  and  steel,  being  i^reater 
with  the  grain  (127*2  per  cent.)  tliai!  across  it  (9*2  per  cent.). 
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Bauschinger's  tests  were  inade  with  the  object  of  finding  the 
effect  of  rapidity  of  loading  on  tensile  strength  and  disclosed 
a  perceptible  difference,  the  average  ultimate  tenacity  in 
tests  lasting  6  minutes  being  29，1001bs.，  while  in  tests  lasting 
81  minutes  it  was  only  23,3001bs.  Some  tests  made  by 
Martens  with  the  object  of  determining  the  influence  of  thick- 
ness of  plate  and  of  temperature  on  strength  confirms  gene- 
rally the  results  given  above,  and  showed  300。  Fah.  (the  melt- 
ing point,  it  may  be  remarked,  is  790^  Fah.)  as  the  most 
favourable  temperature  for  rolling,  as  at  that  point  the 
strength  is  low  and  the  ductility  a  maximum.  The  results  of 
the  Illinois  tests  confirm  generally  previous  ones,  but  as  they 
were  in  some  ways  more  exhaustive  they  permit  of  more 
specific  conclusions.  The  ultimate  tensile  strength  of  cast 
zinc,  for  example,  appears  to  depend  on  the  temperature  of 
pouring  and  other  factors  and  varies  within  wide  limits. 
In  rolled  specimens,  zinc  resembles  other  metals,  the 
tenacity  of  thin  plates  being  stronger  than  thick  ones.  For 
plates  under  ^\yin.  thick  24,0001bs.  per  square  inch  would 
seem  to  be  about  the  value  to  be  used  for  the  ultimate  tensile 
strength,  and  for  plates  over  this  thickness  21，0001bs.，  while 
the  modulus  of  elasticity  is  about  11^  million  pounds  per 
square  inch.  The  Illinois  experiments  included  some  inte- 
resting tests  on  the  resistance  of  zinc  to  punching  and  shearing 
with  plates  varying  in  thickness  from  lin.  down  to  about  ^in., 
and  with  flat-faced  tools  so  as  to  make  the  applied  stress  as 
uniform  as  possible  on  all  parts  under  shear.  An  examina- 
tion of  the  results  of  these  shows  the  average  value 
of  tlie  stress  on  the  area  sheared,  to  be  in  punching  50，0401bs.， 
and  in  shearing  43，2701bs,，  while  the  energy  required 
ill  the  puncliiug  tests  was  25,200  inch  pounds  per 
square  incli  of  sheared  area,  and  in  shearing 
16,910  inch  pounds  per  square  inch.  It  is  difficult  to  com- 
pare the  ductility  of  different  metals  owing  to  the  absence  of 
any  well-defined  quantitative  standards;  but  from  the  results 
of  tests  made  it  is  manifest  that  zinc  is  much  less  ductile  than 
wrought  iron  or  mild  steel,  though  it  does  possess  a  relatively 
high  degree  of  plasticity.  Where  specimens  do  not  exceed 
J^iii.  in  thickness  bending  tests  do  not  sliow  any  difference 
either  with  or  across  the  grain,  but  when  a  thickness  of  ^in. 
and  upwards  is  reached  the  difference  is  plainly  perceptible, 
and  hence,  where  zinc  plates  are  required  to  be  stamped  or 
bent  into  shape,  a  severe  cold  bending  test  would  appear  to  be 
a  convenient  one  to  apply  in  determining  the  acceptability  of 
the  material. 


Joint  Rings  for  Steam  Pipes  and  Manhole  or  Mudholc  Covers. 

A  Board  of  Trade  Report  (No.  2,071)  just  published  calls 
attention  to  the  fatalities  that  occasionally  occur  from  the  use 
of  india-rubber  packing  rings  for  steam  pipe  and  manhole 
joints,  &c.  The  use  of  such  elastic  material  between  the 
flanges  necessitates  a  gradual  screwing  up  of  the  joint  after 
the  ring  has  been  inserted  to  ensure  continued  steam  tight- 
ness, as  the  material  softens  and  undergoes  lateral  extension 
until  a  limit  of  compression  is  readied,  when  the  tenacity 
allows  no  further  extension  and  the  joint  becomes  permanent 
and  durable.  Rubber  rings  used  in  this  way  often 
prove  convenient  where  the  joint  surface  is  very  un- 
even, but  it  is  not  an  ideal  material  even  in  such  cases  ； 
asbestos  or  other  similar  packing,  which  is  not  so  liable  to 
stretch  or  so  perishable  under  heat,  being  far  preferable,  while 
for  high  pressures  joints  should,  if  possible,  be  made  metal  to 
metal,  with  only  a  coating  of  red  lead  between.  This,  of 
course,  is  not  always  feasible  in  the  case  of  manhole  and  sight- 
hole  covers  on  the  curved  surfaces  of  steam  boilers,  in 
connection  with  which,  it  may  be  also  noted,  ninny  fatalities 


occur  through  the  covers  being  a  bad  fit  in  the  holes.  As  a 
result  of  this,  the  packing  is  only  partially  gripped  between 
the  joint  surfaces,  and  is  liable,  if  of  rubber,  to  soften  and  be 
blown  out  under  the  steam  pressure.  Some  years  ago,  acci- 
dents of  this  kind  Ave  re  very  frequent  and  are  still  far  too 
common,  as  we  note  from  a  glance  at  a  batch  of  Board  of  Trade 
Reports  recently  issued. 


IRON  AND  STEEL  INSTITUTE. 

The  annual  meeting  of  this  Ii'stitule  will  be  lield,  by  kind 
permission,  at  the  Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  and  Friday,  the  9th  and 
10th  of  May,  commencing  each  day  at  10-30  a.m.  The  follow- 
ing is  a  programme  of  the  proceedings  :  Thursday,  May  9th  : 
General  meeting  of  members.  The  council  will  present  their 
report  and  the  lion,  treasurer  the  statement  of  accounts  for 
1911.  The  retiring  president  (the  Duke  of  Devonshire)  will 
induct  into  the  chair  the  president-elect  (Mr.  Arthur  Cooper). 
The  Bessemer  Gold  Medal  for  1912  will  be  presented  to  Mr. 
J.  H.  Darby.  The  president  will  deliver  his  inaugural  address, 
after  which  a  selection  of  papers  will  be  read  aud  discussed. 
In  the  evening  the  annual  dinner  of  the  Institute  will  be  held 
in  the  Connaught  Rooms,  Great  Queen  Street,  W.C  Friday, 
May  10th:  General  meeting  of  members.  The  Andrew  Car- 
negie Gold  Medal  (for  191】)  will  be  presented  to  Dr.  P. 
Goerens  (Aachen),  and  the  award  of  Research  Scholarships 
for  the  current  year  will  be  announced.  A  selection  of  papers 
will  then  be  read  and  discussed.  The  following  is  the  list  of 
papers  that  are  expected  to  be  submitted  for  reading  aud 
discussion:  (1)  Notes  on  the  Solubility  of  Cementite  in 
Hardenite/'  by  Dr.  J.  O.  Arnold  and  L.  Aitchison  (Sheffield) ； 
(2)  "  On  the  Chemical  aud  Mechanical  Relations  of  Iron, 
Vanadium,  and  Carbon/'  by  Dr.  J.  O.  Arnold  (Sheffield)  and 
Prof.  A.  A.  Read  (Cardiff)  ；  (3)  Notes  on  a  Bloom  of  Roman 
Iron  from  Corstopitiim  (Corbridge)/'  by  Sir  Hugh  Bell,  Bart. 
(Middlesbrough)  ；  (4)  "  The  Influence  of  Carbon  on  Corrosion," 
by  C.  Chappell  (Sheffield)  ；  (5)  *'  The  Manufacture  and  Treat- 
ment of  Steel  for  Guns,"  by  General  L.  Cubillo  (Valladolid, 
Spain)  ；  (6)  "  The  Corrosion  of  Nickel,  Chromium,  and  Nickel- 
chromium  Steels,"  by  Dr.  J.  N.  Friend,  J.  Lloyd  Beiitley, 
and  W.  West  (Darlington)  ；  (7)  "  On  the  Mechanism  of  Cor- 
rosion," by  Dr.  J.  N.  Friend,  W.  West,  and  J.  Lloyd  Bentley 
(Darlington)  ；  (8)  "  Sinhalese  Iron  and  Steel  of  Ancient 
Origin,''  by  Sir  llobert  A.  Hadfield,  F.R.S.  (Sheffield)  ;  、9) 
Modern  Rolling-mill  Practice,"  by  J.  W.  Hal!  (Birming- 
ham) ； (10)  "  The  Influence  of  Heat  on  Hardened  Tool  Steels," 
by  E.  G.  Herbert  (Maiicliester)  ；  (1】) •'  Improvenieiits  in 
Electric  Steel  Furnaces  aud  their  Application  in  the  Manu- 
facture of  Steel,"  by  Dr.  H.  Nathusius  (Friedeiishutte,  Upper 
Silesia)  ；  (12).*'  A  New  Process  for  the  Investigation  of  Frac- 
tured Surfaces  of  Steel,"  by  F.  Rogers  (Sheffield)  ;  (13)  '•  The 
Welding  Up  of  Blowholes  and  Cavities  in  Steel  Ingots,"  bv 
Dr.  J.  E.  Stead,  F.R.S.  (Middlesbrough) ;  (14)  *  Note  oil 
Some  Remains  of  Early  Iron  Manufacture  iu  Staffordshire," 
by  Prof.  T.  Turner  (Birmingham). 


Electric  Traction  on  Railways.  ― A  lecture  on  this  subject  was 
recently  delivered  by  Prof.  Gisbert  Kapp  at  the  Birmingham 
University.  Prof.  Kapp,  answering  the  question  as  to 
whether  there  was  any  economy  in  electric  traction,  said  that 
opinions  differed  oven  amongst  electrical  engineers.  If  a 
lino  were  electrified  on  a  large  scale ~ not  simply  a  few  dozen 
miles ~ there  would  be  an  economy  effected.  Then  there 
would  be  an  increase  in  driving  capacity,  because  an  electric 
locomotive  was  able  to  exercise  more  power  ；  it  hadn't  to 
carry  its  own  source  of  power.  In  the  generation  of  that 
power  cheaper  fuel  could  be  used.  The  modern  electric 
express  locomotive  could  develop  30  b.p.  for  every  ton  of  its 
own  weight.  The  slow  passenger,  or  fast  goods  train,  could 
develop  22  h.p.,  and  even  a  slow  goods  engine  would  develop 
about  10  h.p.  or  〗2h.p.  Another  advantage  in  electric 
motors  was  that  the  train  could  be  started  nlucb  more  quickly 
than  bv  steam.  The  overhead  wiriug  was  really  the  difficulty 
in  electric  traction. 
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BROWN'S  FOUR-CYLINDER  OIL  ENGINE. 

We  illustrate  herewith  a  design  ol'  iuierual-coiubustioii  engine 
of  the  valveless  and  sleeveless  type,  the  joint  invention  of 
Messrs.  David  Brown  &  Sons  (Hiuldersfield),  Ltd. ,  Park  Gear 
Works,  Lockwood,  Huddersiield,  and  Mr.  K.  T.  Burgess.  Tlie 
cylinder  casing  A  is  made  integral  or  in  one  casting,  a 
coniinou  combustion  cliarnber  R  or  S  being  provided  for  eai'li 
pair  of  cylinders,  wliicli  pairs  of  cylinders  have  no  cornniuiii- 
catiou  with  each  other.    The  crank  shaft  is  journalled  in 


cant 】s  forced  into  ilie  recesses  in  the  discs  and  is  causerl  io 
enter  the  grooves  and  pass  from  the  highest  points  thereof 
into  the  bores  in  the  crank  plus  froi»i  wlience  it  flows  through 
channels  to  the  outer  circumference  of  tlie  crank  pins  to 
lubricate  same  and  parts  (:omie(l"(l  llierewitli. 

The  adjacent  cylinders  B  ami  C  of  ilie  two  pairs  of 
cylinders  are  provided  with  inlet  ports  D  E,  and  the  outer 
(cylinders  F  and  (i  of  the  pairs  are  provided  with  outlet  ports 
H  aud  J .  Tlie  iiilei  poris  iiro  (Mjually  dislribuied  ai  oinid  the 
respective  cylinders,  t  he  ports  of  eacli  cylinder  coiniiiunicatiiig 


Fi(i.  1. 
Brown'! 


Fig.  -2. 


Four-Ctlindeb  Oil  Engine. 


bearings  in  the  crank  case,  the  arraiigeiiieut  being  such  tliat 
it  can  be  drawn  out  bodily  endwise  from  the  crauk  case 
without  removing  the  latter.  On  one  of  the  crank  discs  to 
one  pair  of  pistons  adjacent  the  crank  disc  to  the  inner  piston 
of  the  other  pair  of  pistons  is  provided  a  facing  which  abuts 
against  a  corresponding  face  on  a  part  surrounding  and  sup- 
porting the  bearing  for  tlie  intermediate  portion  of  the  crank 
shaft,  to  make  a  tight  joint  between  same  and  isolate  the 
portion  of  the  crank  chamber  corresponding  to  one  pair  of 


Fig.  3. 

cylinders  from  the  portion  of  the  crank  t'haiiiber  correspond- 
ing to  the  other  pair  of  cylinders,  and  thus  form  separate 
crank  chambers  in  which  the  cranks  to  each  pair  of  pistons 
work.  A  further  tight  joint  is  made  by  aii  annular  ground 
face  on  the  part  supporting  the  bearing  engaging  with  au 
opposing  ground  face  on  tlie  crank  casing.  This  construction 
gives  au  air-tiglit  joint  between  the  two  crank  casings  and 
prevents  the  passage  of  air  from  one  chamber  to  the  other. 
The  several  crank  discs  are  hollowed  out  or  recessed  ou  the 
faces  opposed  to  the  bearings  for  tlie  crank  shaft,  and  in  each 
of  these  recesses  is  an  eccentric  groove,  the  highest  portion  of 
which  extends  to  a  point  in  alignment  with  a  bore  through 
the  crank  pins,  aud  is  in  comniunicatiou  therewith.  Lubri- 


tlirougli  a  passage  K  or  L  with  au  inlet  M  from  the 
respective  compartment  of  the  carburetter.  The  outlet  ports 
communicate  with  the  exhaust  passage  P  which  is  coninioa  to 
the  two  outer  cylinders  of  tlie  engine.  This  formation  ami 
arrangement  of  the  inlet  and  outlet  ports  facilitates  the 
admission  of  the  combustible  mixture  to  the  cylinders  and 
the  clearing  away  of  the  products  of  combustion  after  each 
explosion.  Tlie  pairs  of  pistons  rise  and  fall  alternately  and, 
as  the  pistons  of  eacli  pair  rise,  air  is  sucked  into  the  respec- 
tive crank  chamber  and  the  fuel  is  sucked  through  the  jet. 
When  the  pistons  of  each  pair  descend  on  the  charge  being 
fired,  the  air  in  the  respective  crank  chamber  is  compressed 
until  the  inlet  port  to  the  cylinder  is  uncovered,  and  then  the 
compressed  air  rushes  past  the  jet  thereby  becoiiiiug  impreg- 
nated witli  inflammable  vapour  and  entering  the  combustion 
t'hainber.  The  carburetter  comprises  a  single  casting  divided 
into  two  coniparlnients  each  containing  a  carburetting  device 
as  shown.  Each  chamber  or  coinpartmeiit  comniunicates 
through  a  passage  0，  with  its  respective  portion  of  the  crank 
case,  and  tlirougli  its  respective  inlet  passage  K  or  L  vitli 
the  inlet  ports.  Both  I'arburett ing  devices  are  controlled  by 
a  ('oimuoii  throttle  valve  N.  The  carburetting  devices  are  of 
the  type  in  whicli  the  flow  of  air  draws  petrol  tlirough  a 
passage  T，  the  outlet  area  of  which  is  controlled  by  a  needle 
valve. 


Fatal  Steam  Pipe  Explosion.— A，i  explosion  occurreil  on  Tues- 
day last,  at  ilull,  ou  boa  id  the  Italian  steamer  "  Pasquale  P.," 
which  was  lying  in  the  Albert  Dock,  about  to  proceed  to  sea. 
One  man  was  killed,  another  is  not  expected  to  recover,  and 
four  other  members  of  the  crew  were  badly  scalded.  The  men 
were  in  the  engine-room  when  the  steam  pipe  burst,  and  they 
received  severe  scalp  wounds,  besides  being  scalded' 
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ON  THE  SOLIGNAC-ORILLE  BOILER  AND  ITS  APPLICATION  IN 
FRENCH  CHANNEL  STEAMERS. 

HY  G.  HART. 

The  Solignac-Grille  boiler  with  small  water  tubes  differs  con- 
siderably from  the  boilers  with  tubes  of  small  diameter  here- 
tofore ill  use.  The  principle  adopted  for  circulating  the  water 
and  passing  the  steam  through  the  tubes  is  quite  different  in 
these  boilers.  It  is  based  upon  the  introduction  at  the  orifice 
of  the  tube,  on  the  feed-water  side,  of  a  supplementary  resis- 
tance preventing  any  tendency  to  reverse  the  direction  of  flow 
of  either  fluid.    It  is  desirable,  therefore,  before  considering 


Fig.  1.  Fig.  2. 

the  Solignac-Grille  boiler,  to  deal  briefly  with  the  theoretical 
ami  experimental  reasons  which  have  lead  to  the  ernploynieiit 
of  a  device  adopted  for  ensuring  a  regular  circulation. 

If  one  considers  a  bubble  of  steam  originating  at  the  lower 
side  of  an  inclined  tube  full  of  water,  it  is  found  that  this 
bubble  rises  vertically  until  it  reaches  the  upper  side  of  the 
tube,  against  which  it  impinges  at  an  angle  depending  on  the 
inclination  of  the  tube.  The  bubble  then  travels  along  the 
upper  side  and  expands  under  the  action  of  heat,  while  it 
also  tends  to  escape  out  of  the  tube.  But  its  escape  is 
rendered  difficult  by  the  fact  that  there  is,  above  tlie  outlet 
of  the  tube,  a  pressure  due  to  the  head  of  water  separating 
the  tube  from  the  water  surface,  and  also  that  due  to  the 
pressure  in  the  boiler.  The  escape  cannot  take  place  until 
the  steam  pressure  which  accumulates  at  tlie  upper  portion  of 
the  tube  in  the  form  of  a  steam  pocket  is  .sufficient  to  overcome 
the  resistance,  and  it  then  takes  place  suddenly.  It  is  followed 
immediately  by  a  return  of  the  water,  in  which  steam  bubbles 
are  again  formed,  until  a  new  steam  pocket  is  formed.  These 
sudden  escapes  of  steam  and  consequent  return  of  water  give 
the  steaming  a  tumultuous  character,  very  liable  to  disturb 
the  circulation  and  to  produce  priming,  because  tlie  steam 
lias,  before  escaping,  to  pass  through  water  surface.  It 
results  from  this  periodical  escape  of  steam  that  the  tube  is 
not  completely  filled  with  water.  Its  upper  portion  is  filled 
with  steam,  so  that  the  metal  is  very  unequally  cooled,  wliii-h 
frequently  causes  the  tube  to  bend,  and  creates  local  deforma- 
tions. 

The  hydrostatic  force  of  the  ascending  steam  bubble  can  he 
resolved  into  two  coni pone»its,  one  perpendicular  to  and  tin; 
other  parallel  witli  the  axis  of  the  tube.  It  is  this  seroml 
force  which  causes  the  steam  to  ascend  along  the  tube.  If  ilie 
entire  length  of  the  tube  is  exposed  to  the  action  of  the  heat, 
every  cross-section  of  the  tube  is  cut  by  a  series 
of  ascending  streams  which  make  both  the  water 
circulation  and  the  escape  of  steam  iiiteriiiittent ,  so 
that  hoi  li  will  depend  mainly  on  the  application 
of  heat  to  the  tube,  and  on  its  distribution.  J  f  the  tu be  is 
unequally  heated,  it  may  even  happen  that,  if  for  any  reason , 
such  as  the  rolling  or  pitching  of  a  sliip,  its  inclination  to  t he 
horizon  varies,  the  direction  of  the  water  circulation  ami 
steam  escape  is  reversed,  and  that  the  steam  escapes  now  ；" 
one,  now  at  the  other  end  of  the  tube.  A  variation  in  t hr 
distribution  of  】ieat  aloiip  the  tube  or  in  t  lie  amount  of  frict  ion 
which  t lie  steam  has  to  overcome  before  it  can  escape  t-aiises 
the  same  result.  Such  reversals  of  the  water  circulation  are 
found  frequently  in  marine  boilers  wifli  water  tubes  sliglilly 
inclined  to  the  horizon  ，  prim'ipally  wlieii  t  lie  t  uhes  a  re  of 
large  diameter.  These  boilers  are  subject  to  frequent  rever- 
sals of  circulation,  and  when  the  head  of  water  above  the 
tubes  is  considerable  they  are  sometimes  liable  to  very  violent 
motions  of  the  water. 

Mr.  Belleiis,  in  the  course  of  his  investigations  on  water 

•  Paper  read  at  the  spring  tuoetin^  uf  llic  rifly-thinl  session  of  tho  InstltuUoii 
of  Naval  Architects,  March  '2«tb,  191'2. 


circulation  in  boilers,  made  a  series  of  experiments,  froiii 
which  he  has  been  able  to  ascertain  the  cause  of  such  reversals 
of  circulation.  lie  observed,  moreover,  that  the  escape  of 
steam  was  not  continuous,  but  took  place  in  jerks  and  in  the 
form  of  very  large  steam  bubbles.  He  also  saw,  by  means  of 
a  sighting  hole  fitted  with  a  looking  glass,  the  water  descend- 
ing between  two  escapes  of  steam ,  by  the  path  of  this  pscape. 
It  was  in  order  to  do  away  with  such  escapes  of  steam  by  jerks 
and  reversals  in  direction  that  Mr.  Solignac  had  the  idea  of 
fitting  at  lower  end  of  the  tube  a  diaphragm  creating  a  sup- 
plementary resistance  which  should  prevent  any  escape  of 
steam  at  the  lower  end.  He  took  as  a  basis  for  this  design 
the  results  of  the  following  experiments.  Take  two  similar 
vessels  (Fig.  1)  placed  in  the  same  horizontal  plane  and  con- 
nected by  a  suitable  horizontal  metallic  tube.  Now  heat  the 
tube,  and  you  will  see  steam  escaping  intermittently  from  the 
two  ends  of  the  tube,  whose  heated  portion  becomes  red  liot, 
the  water  which  it  contains  being  transfonned  to  steam.  This 
steam  does  not  escape  except  when  its  pressure  is  greater  than 
the  resistance  caused  by  the  pressure  of  the  head  of  water 
above  the  tube.  As  soon  as  the  former  has  become  a^^ain  less 
than  the  latter,  the  water  once  more  fills  the  entire  tube,  ajid 
the  operation  recommences. 

When  the  feed  water  is  ('old  and  does  not  as  yet  contain 
any  trace  of  steam,  one  can  hear  a  rapid  hammeriiif^,  when  the 
water  rushes  into  the  tube,  which  decreases  as  the  tempera- 
ture of  the  feed  water  rises.  If  the  water  is  rold  and  the  tube 
somewhat  long,  this  knocking  is  accompanied  by  the  bending 
of  the  tube,  whose  convexity  is  turned  on  the  side  opposite  to 
the  application  of  the  source  of  heating.  If  now,  one  of  the 
two  vessels  is  raised  gradually  so  as  to  give  more  inclination 
to  the  tube,  the  phenomena  are  modified  according  to  the  in- 
clination, the  height  of  the  head  of  water  above  the  outlet  of 
the  tube  being  no  longer  the  same.  As  long  as  the  inclination 
is  slijE^ht  and  does  not  exceed  the  diameter  of  the  tube,  tlie 
effects  observed  are  nearly  the  same  as  when  the  tube  is  liori- 
zonbaL 

If,  on  the  contrary,  we  increase  t lie  inclination  of  the 
tube,  the  escape  of  steam  still  takes  place  at  both  ends  :  but, 


Vie.  3. 


as  till'  inrlmat  ion  increases,  a  lar^'er  (|Uant  it y  of  stoam  escapes 
l>y  I  he  yide  of  I  he  upper  cud .  wliile  t  ho  、vatt、i-  in  the  vessel  on 
t his  side  as  also  heated  to  a  liigl"、r  temperature.  The  escape 
oi  steam  is,  however,  never  regular.  1 1  has  verv  variable 
periods  of  intensitv,  as  may  be  asrerlainod  by  suspending;  from 
t he  upper  end  of  tlie  tube  a  little  thin  shutter,  wliirh  is  driven 
olT  or  drawn  on .  ；" cording  as  tlie  esrapinj;  steam  is  more  or 
less  active.    While  tlioro  is  only  an  ortasioiial  escape  of  steam 
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by  the  lower  end  of  the  tube,  you  will,  however,  see  a  liquid 
filin  of  viscous  appearance  escaping  from  it,  with  variable 
Pfriods  of  intensity,  corresponding  with  those  of  the  steam 
discharge  at  the  other  end. 

It",  while  retaining-  the  same  device,  a  reducing  <liaplmigm 
is  fitted  at  the  lower  end  of  the  t  uhe  the  phenomena  of 


•ircii- 


FlG.  4. 

lation  become  quite  different.  Steam  then  escapes  con- 
tinuously from  the  free  end  ;  the,  tube  no  longer  becomes  red 
hot,  and  the  water  in  the  vessel  on  the  diaphragm  side  remains 
cold,  while  the  water  in  the  corresponding  vessel  at  the  free 
end  is  heated  rapidly.  Finally,  the  level  of  the  water  becomes 
lower  in  the  vessel  on  the  diaphragm  side,  and  rises  in  the 
vessel  corresponding  to  the  free 
end  by  a  quantity  which  varies 
according  to  the  inclination  of 
the  tube.  This  experiment 
was,  moreover,  supplemented 
by  the  following  one  : ― 

If  a  vessel  (Fig.  2)  is  fitted 
with   a  pipe  connected   to  a 
metallic  tube  passing  through 
a  joint,  and  a  bent  glass  tube 
completes  the  circuit  above  the 
vessel,  it   will  be   seen  that, 
when    the    metallic    tube  is 
heated,  it  rapidly  becomes  red 
hot    in  the    heated  portion, 
while  the    portions  adjoining 
are   at   a   high  temperature. 
The  level  of  the  water  varies 
above  or  below  the  level  AB  of 
the   water   contained   in  the 
vessel .    The  steam  escapes  by 
the  end  of  the  tube  connected 
to  the  vessel,  and  hammering 
is  heard  in  this  at  the  moment 
when  steam  escapes  and  is  fol- 
lowed suddenly  by  cold  water 
in  the  tube.    The  temperature 
in    the    vessel    rises   after  a 
time,   and   the  tube,  though 
it,  passes  out  under  the  water,  becomes  red  hot  throughout  its 
entire  length.    If,  on  the  contrary,  we  fit  on  to  the  end  of 
the  tube  connected  with  the  vessel  a  section-reducing  dia- 
phragm, we  find  that  the  water  penetrates  regularly  into  the 
tube,  which  does  not  become  hot,  and  that  the  upper  bent 
branch,  after  hnviug  emitted  water  and  steam ,  lets  the  steam 
escape  in  a  regular  aiul  plentiful  manner.    There  is  no  more 
hammering  due  to  the  sudden  return  of  water  upon  tlie  red 


hot  part  of  the  tube,  but  as  soon  as  the  diaphragm  is  taken  off 
it  m'<miim"K'es  irniriefliately . 

Tlui  (li;i|)liragin  is,  therefore,  the  proper  regulating  device 
wliirli  a  (Ion  Is  a  continuous  flow  of  steam.  It  performs  a 
山 u 山 duty.  First  it  creaie.s  on  the  side  of  the  feed  water,  a 
supplementary  resistance  which  prevents  any  reversiiit^'  in  Ihe 
direction  of  tlie  steam  outlet.  Secondly,  tlie  diaphragni  li""ta 
the  flow  of  water  into  the  tube  to  the  (juantity  correHpoiuiin^, 
after  regulating  the  inlet  orifice,  to  the  quantity  of  water  which 
('an  be  vaporised.  It  follows  that  beyond  this  diapliraf/m  the 
proport  ion  of  water  to  steam  in  t  lie  emulsion  contained  in 
Uie  tube  is  lower  than  when  the  diaphragm  is  not  in  its  place. 
Theie  is,  consequently,  a  decrease  iti  the  rcsistaiu-e  to  the 
escape  of  steam  at  the  free  end  of  the  tube,  on  the  one  li£u"l， 
an(l，  on  the  other,  an  increase  of  resistance  on  the  side  of 
water.  The  sum  of  these  two  effects  ensures  a  rapid  and 
regular  circulation.  Tt  is  to  be  observed  that  in  this  arraiif/p- 
"leiit  the  escape  of  steam  takes  place  above  the  water  level  "ii 
tlie  vessel,  so  that  the  steam  is  much  drier  and  the  carrying 
along  of  water  is  done  away  with,  provided  that  the  openiiif^ 
of  the  diaphragm  is  well  under  control. 

It  may  be  objected  that,  with  such  a  device,  as  the  tube 
contains  only  an  emulsion  of  steam  ami  water,  and  this  latter 
being  only  in  a  limited  proportion,  the  tube  can  be  burnt 
iiiure  easily.  But  it  must  be  remarked  that  in  other  water- 
tube  boilers  there  is  likely  to  be  nothing  but  a  mixture  of 
steam  and  water,  the  former  beginning  to  escape  along  the 
whole  length  of  the  tube,  an  the  flow  is  interrupted,  as  stated 
above,  by  the  ascending  streams  of  bubbles.  The  only  diffe- 
rence between  these  boilers  and  the  one  here  described  is  that 
there  is  in  them  a  intxf nvf  and  not  an  ""〃/.、■/'>/'，  ,  steam 
and  water  pockets  of  very  considerable  size  instead  of  a  very 
fine  emulsion  of  water  and  steam .  It  seeiiis,  therefore,  that 
this  is,  on  the  whole,  more  advantageous,  aiul  it  was,  more- 
over, confirmed  experimentally. 

The  regular  circulation  in  tlie  Solignac-Grille  boiler  is 
accounted  for  principally  by  the  fitting  of  the  reducing  dia- 
phragm on  the  side  on  which  the  water  reaches  the  vaporising 
tubes.  But  this  boiler,  as  now  constructed,  presents  various 
other  features  whirh  differentiate  it  from  the  generality  of 


Fig.  5.— Solignac-Grille  Boiler  on  Torpedo  Boat  **  Kabyle."   Longitudinal  Section  and  Half  Cross-section. 


existing  small  tube  boilers.  The  first  and  most  important 
advantage  is，  next  to  the  diaphragm,  the  facility  for  cleaning 
the  inside  of  the  tubes  with  a  jet  of  steam  under  pressure 
proceeding  in  the  reverse  direction  to  the  normal  circulation. 

This  tube-cleaning  by  steam  under  pressure  is  of  very  short 
duration,  sim'e  it  is  operated  while  the  boiler  is  umler  steam 
and  under  lire  ;  it  ensures  a  thorough  rleauing  of  the  inside 
of  the  tubes,  and  carries  awav  every  trace  of  scale  aud  3edi- 
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ment.  It  is  of  importance  that  it  should  not  be  prolonged 
beyond  30  seconds,  in  order  that  the  tubes  should  not  be 
deprived  of  water  for  sufficient  time  to  become  damaged  by 
the  effect  of  heat-radiation,  and  for  this  purpose  the  operat- 
ing device  is  most  simple  and  rapid.  The  cleaning  is  made 
still  easier  by  the  division  of  the  tubes  into  several  groups, 
each  corresponding  to  an  element  of  the  boiler  shell,  the 
various  elements  having  nothing  in  common  but  the  steam 
and  water  chest. 

Figs.  3  and  4  indicate,  the  first,  the  path  of  the  steam 
when  blown  through  for  cleaning,  and  the  second  the  normal 
steam  circulation.    It  must  be  noted  (Fig.  3)  that  one  has 


Fig.  6.— Front  Elevation  of  Boiler  shown  tn  Fig.  5. 

only  to  pull  the  chain  by  which  the  valve  A  (which  is  open 
while  steam  is  circulating  normally)  is  closed,  and  to  open  the 
blow-off  valve  B，  to  reverse  the  direction  of  the  steam  and  seud 
into  the  tubes  a  very  powerful  steam-jet,  which  carries  away 
any  impurities  they  may  contain. 

Fig.  4，  representing  the  normal  circulation,  shows  that  the 
steam,  in  order  to  escape  into  the  upper  steam  chest  and  into 
the  upper  part  of  the  general  chest,  is  not  compelled  to  cross 
the  water  surface,  but  escapes  above  it.  Hence  the  steam 
iienerated  is  much  drier  than  in  boilers,  where  it  has  to  pass 
thro  a the  water  surface,  and  the  proportion  of  water  is 
very  small,  as  was  shown  by  measurements  taken  with  the 
Rateau  appariitu。  This  proportion  does  not  exceed  the  ratio 
of  a  few  thousandth:.  Besides,  this  way  of  escape  does  away 
with  the  tumultuous  ebullition  and  consequent  rushes  of 
water,  and  the  more  so  as  the  water  and  the  steam  chests  are 
only  exposed  to  a  very  slight  quantity  of  heat,  and  the  return 
of  the  steam  through  the  mass  of  water  is  made  impossible  by 
the  presence  of  the  diaphragm.  Finally,  it  is  a  device  which 
allows  the  whole  boiler  and  the  group  of  tubes  to  be  opened  up 
around  a  pivot  for  inspection,  and  for  repairing  the  brickwork 
surrounding  the  boiler,  which  accounts  for  the  excellent  re- 
turns from  the  coal  burnt  and  for  the  high  efficiency  per  kilo- 
gramme of  coal,  the  furnace  working  as  a  real  gas  producer. 

Trials  on  an  experimental  boiler  of  the  Solignac-Grille 
type  were  carried  out  in  Paris  in  1901,  and  at  Loughborough 
(England)  the  following  year.  Subsequently  more  extensive 
trials  on  full-sized  boilers  of  this  type  were  made  at  Indret 
and  Calais  Maritime  in  1903  and  1905,  the  details  of  whidi 
are  too  extensive  to  be  given  in  the  present  paper,  but  some 
results  obtained  with  a  boiler  of  this  type  fitted  in  a  French 
torpedo  boat  may  be  referred  to  before  describing  the  instal- 
lations that  have  been  carried  out  in  the  Channel  steamers 
between  France  and  England, 


In  1908，  the  French  Admiralty,  encouraged  by  the  trials 
made  at  Indret,  decided  that  the  two  Thoriiycroft  boilers  of 
the  torpedo-boat  "  Kabyle  "  (of  125  tons,  1,700  i.h.p.,  and 
205  knots  of  speed),  which  were  at  their  extreme  limit  of 
wear,  should  be  replaced  by  two  Solignac-Grille  boilers  (Figs. 
5  and  6》 particulars  of  which  are  recorded  below: ― 

Grate  area   2"14  sq.  m. 

Heating  surface   ...62"36  sq.  m. 

Tubes  ：  Number   ...192 

，，       External  diameter   30  mm. 

，，        Internal  diameter   25  mm. 

Working  pressure   15  kgs. 

Volume  of  water   725  litre 

Volume  of  steam   620  litre 

Weight  of  the  boiler  without  water   7,225  kgs. 

Weight  of  the  boiler  with  water   7,950  kgs. 

The  small  floor  space  required  by  the  Solignac-Grille 
boiler,  which  gives  a  high  rate  of  steam  generation  per  square 
metre  of  space  occupied,  makes  its  use  advantageous  in  many 
cases,  especially  on  board  ship.  Before  being  fitted  on  the 
" Kabyle/ ，  the  boilers  were  tested  on  land  by  extensive  trials, 

―—       — g  ——―  


FIQ,  7.-S0LIONAC  GBILLK  BOILERS  IN  PaDDLK-WUEEI.  CHANNEL  STl  AMrllS 

G  «  •■  T,p  Nonn  •■  AND    Pas  de  LALA.lt>. 


S.S.  -.  LF.  NORD  •■  AND 

which  showed  that,  with  a  rate  of  combust  ion  varying  from 
98  kgs.  to  295  kgs.  per  square  metre  of  f,'rate,  a  rate  of  evapo- 
ration varviiisr  "from  5)  662  kgs.  to  8  668  kgs.  per  kilogramme 
of  coal  ('oi'ikl'be  obtained,  with  feed  water  at  12。  C.  and  a 
very  low  proportion  of  water  (0  007  to  0  008).  The  tempera- 
ture at  the  foot  of  the  funnel  fluctuated  from  330。  C.  to 
480°  C.  These  satisfactory  results  obtained  on  land  were  coii- 
fiimed  by  trials  at  sea,  lu  the  course  of  which  the  "  Kabyle  " 
attained  her  designed  speed. 

Pur  ins;  the  accept  a  nee  trials.  20  years  ago.  the  coal  con- 
sumption of  the  Thornycroft  boilers  was  1,600  kgs.  per  hour 
at  310  revolutions.   During  the  trials  at  sea  with  the  Soliguac- 
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Grille  boilers,  the  same  speed  was  maintained  during  three 
hours  with  a  coal  consumption  of  1  030  kgs.  ―  a  saving  of 
570  kgs.  per  hour,  or  about  35  per  cent.  Although  the  grate 
area  was  only  4*28  sq.  m.  as  compared  to  5*70  sq.  ra.  in  tlie 
Thornycroft  boilers,  the  rate  of  combustion  did  not  exfecd 
242  kgs.  per  square  metre  of  grate. 

With  the  high  rate  of  combustion,  the  temperature  at  the 
foot  of  the  funnel  did  not  exceed  325。  C.，  the  air  pressure  in 
the  stokeholds  being  75  mm.  of  water.  The  temperature  in 
the  stokehold,  recorded  at  1  m.  in  front  of  the  boilers,  did  not 
exceed  30°  C.，  which  is  accounted  for  by  the  slight  radiation 
due  to  the  complete  covering  in  refractory  masonry  with  air 
circulation.  The  good  effects  of  blowing  steam  through  was 
shown  by  the  expulsion  of  a  large  quantity  of  oil,  resulting 
from  insufficient  filtering  of  the  condenser  water.  During  tlie 
inspection  made  after  the  trials,  fatty  deposits  were  found 
only  on  the  surface  of  the  brackets  supporting  the  reducing 
diaphragms,  on  which  a  large  quantity  of  grease  had  been  pro- 
jected during  the  blowings.  The 
tubes  and  nozzles  were  found  to  be 
perfectly  clean.  The  formal  accep- 
tance of  the  "  Kabyle's  "  boilers  was 
announced  in  the  course  of  the  year 
1909.  The  ship  was  commissioned 
for  the  naval  engineers'  school. 
There  is  a  great  saving  of  weight  and 
space  by  the  use  of  Solignac-Grille 
boilers,  which  has  enabled  a  cross 
coal  bunker  to  be  installed  in  tlie 
front  of  the  boilers,  so  as  to  increase 
the  radius  of  action  of  the  ship, 
already  enlarged  by  the  saving  of 
coal.  The  installation  of  two  Solig- 
nac-Grille boilers  in  a  steamer  of  the 
Gironde  and  Garonne  Steam  Naviga- 
tion Company  showed  a  saving  of 
weight  of  44  tons ― the  two  Solignac- 
Grille  boilers  weighing  22  tons,  while 
the  two  cylindrical  boilers  weighed 
66  tons. 

After  these  various  trials,  and  on 
account  of  the  proposed  replacing  of 
the  boilers  on  the  steamers  for  the 
French  Mail  Service  between  France 
and  England,  the  Maritime  Service 
of  the  French  Northern  Railway 
Company  adopted  a  type  of  boiler 
with  a  grate  area  of  3*50  sq.  m.  to 
replace  the  Lagraffel  and  d'AUest 
boilers,  which  were  troublesome  on 
account  of  the  high  rate  of  combus- 
tion at  which  they  had  to  be 
worked  in  order  to  supply  the  required  power.  Tlie 
construction  of  four  boilers  for  experimental  purposes  was 
decided  upon,  but  it  was  understood  that,  before  installing 
them  on  board  in  the  aft  stokehold  of  one  of  the  steamships, 
they  would  be  used  on  land  for  a  series  of  experiments.  These 
boilers,  mounted  on  the  "  Pas  de  Calais  ，，  and  the  "  Nord  ，， 
(Figs.  7  and  8)，  were  constructed  at  Hellemmes,  iu  the  works 
of  the  French  Northern  Railway  Company,  and  also  in  the 
Ateliers  et  Chantiers  de  France,  at  Dinikerque. 

After  a  series  of  trials  made  in  1908-1909,  by  which  the 
results  previously  obtained  were  confirmed,  both  in  respect  of 
evaporation  and  of  the  efficiency  of  steam  blowing,  these  four 
boilers  were  fitted,  jointly  with  eight  Lagraffel  and  d'Allest 
boilers,  on  board  the  "Pas  de  Calais."  The  latter  were 
located  in  the  forward  stokehold,  and  the  Solignac-Grille 
boilers  in  the  aft  stokehold,  separated  from  one  another  by 
a  watertight  door  and  coal  bunkers. 

The  principal  dimensions  and  particulars  of  tlie  two  types 
of  boilers  are  given  below.  As  will  be  seen  by  referring  to 
this  table,  the  Solignac-Grille  boilers,  intended  to  work  at  a 
high  rate  of  combustion,  have  only  3*49  sq.  ni.  of  grate  area, 
while  the  Lagraffel  and  d'Allest  boilers,  for  which  the  former 
have  been  substituted,  had  4'20  sq.  m.  of  grate  area.  This 
is  a  reduction  of  12  per  cent"  which  accounts  partly  for  the 
saving  in  floor  space 


The  Lagraffel  and  d'Allest  boilers  previously  fitted  being 
of  three  different  sizes,  the  data  of  tlie  intermediate  f^roup 
were  lakoji  as  a  basis  of  comparison.  I  n  normal  working,  tlie 
rate  of  conihustioii  is,  in  tlie  LagralFel  and  rl'AIIest  boilers,  of 
120  k^s.  per  scjuare  metre  of  grate,  and,  in  the  Solignac-Grille 
boilers,  of  160  kgs.  However,  in  order  to  be  ab】e  to  continue 
working-  in  (； ase  it  should  he  iiecessary  to  p\it  out  of  service  a 
group  of  two  Lagraffel  and  d'AlIest  boilers  (which  cannot  be 
disconnected  without  difficulty),  provision  was  made  to  raise 
tlio  rate  of  combiist-ioii  to  200  k^s.  per  square  metre  of  grate. 
Working  two  stokeholds  with  difiereiit  rates  of  coiiibustion 
implies,  as  a  matter  of  course,  rather  serious  difficulties,  since 
the  two  Fans  have  to  work  simultaneously  in  the  two  stoke- 
holds, and  the  fore  stokehold  has  twice  tlie  grate  area  of  the 
other  one.  After  some  trials,  however,  it  was  found  that  tlie 
air  pressure  could  be  properly  controlled  in  the  two  stoke- 
holds, but  a  dosed  air  chamber  had  to  be  set  up  between  the 
two  stokeholds,  in  order  to  avoid  air  currents  being  set  up. 


Fig. 


Solignac-Gbille  BotTjRtis  in  Papdt.e-wheft,  Stf.  \MFTts  S.S.  "  Lf  XoTtn  "  AND  "  Pas  de  Calais.' 


Particulars  of  the  Boilers. 

and 

Solignac- 
Grillf. 

fVAlIest. 

Working  pressure   

…  kgs. 

15 

15 

Length   

…  ni. 

2-Ou 

1-932 

Grate  width  

2  00 

rsoG 

Area   

...  sq.  ni. 

4 

Tubes,  Number   

259 

'258 

Internal  diameter   

...  mm. 

62  an<l  04 

•25 

External  diameter  

：(» 

HO 

Mean  length  of  the  tubes  

...  111. 

•2-200 

Heating  surface  in  con-  direct 
tact   with    the    hot  <  tubular 

...  sq.  m. 

5-9(1 

125S5 

107:20 

gases                          t total 

131-25 

Ratio  of  hentiiijj  surface  to  grate 

area   

:V2S 

31-44 

Volume  ot  water  

cub.  111. 

3. 200 

1  -300 

Volume  of  steam  

2-380 

0-913 

Height  of  the  chimney  above 

the 

17 

grate   

…  in. 

17 

Section  of  chimney  corresponding  to 

0-6-.>.j 

OC-25 

one  l)oiler  *   

...  sq.  III. 

Required  floor  space  

6-80 

.V'JS 

Weight   in   working   order  (water 

IT-.-) 

13 

included)  

...     toi 卜 

The  considerable  difference  between  the  weights  of  both 
types  of  boiler  in  working  order  may  be  noted  in  the  preced- 
ing table.    The  Solignac-Grille  boiler  has  the  advantage  both 
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as  to  weight  of  construction  and  as  to  volume  of  water  con- 
tained. This  latter  is  less  than  that  of  the  d'AUest  boilers 
by  more  than  50  per  cent.,  but  45  per  cent,  greater  than  in 
Belleville  boilers,  and  this  reduction  involves  no  inconvenience 
in  the  working  of  the  boiler,  since  the  feeding  apparatus  can 
be  controlled  according  to  the  production  of  steam .  There 
have  been,  (hiring  the  past  eight  months'  service,  no  diffi- 
(•ulties  due  to  this  reduction,  and  t he  stokers  have  becoiiio 
well  acquainted  with  the  practical  working  of  the  Solignac- 
Grille  boilers.  In  the  course  of  the  trials  made  after  the 
repairs  to  the  steamer  "  Pas  de  Calais,"  comparisons  were 
made  by  riuiniiig  first  with  the  four  Solignac-Grille  boilers, 
then  with  six  of  the  Lagrafi'el  ami  d'Allest  boilers.  It  was 
not  possible  to  run  at  exactly  the  same  power,  ami  conse- 
quently at  tlie  same  speed ,  in  both  cases  ；  but  after  the  neces- 
sary corrections  had  been  made,  tlie  following  figures  at  equfil 
power  and  speed  were  arrived  to. 

Tlie  four  Solignac-Grille  boilers  working  witli  a  rate  of  com- 
bustion of*  200  kgs.  per  square  metre  of  grate  ('on'espoml  to 
six  Lagraftel  and  d'Allest  boilers  working  at  132  kgs.  Tlie 
coal  consu 川 ptioii  is  2,795  kgs.  for  the  former  and  3,120  kgs. 
for  the  latter,  wliich  represents  a  saving  of  about  12  per  cent. , 
despite  the  difference  in  the  rate  of  combustion,  which,  witli 
the  highest  rate  of  combustion,  causes  a  reduction  in  tlie 
evaporative  power  per  kilogrammes  of  coal .  The  evaporation 
should,  therefore,  be  much  better  in  the  Solignac-Grille  boilers 
than  in  tlie  Lagraffel  and  d 'All est,  and  this  is  accounted  for 
by  the  difference  in  the  volumes  of  the  combustion  chambers. 
These  results  are  lower  than  those  given  by  the  "  Kabyle," 
where  the  conditions  of  the  installation  were  entirely  diffe- 
rent. They  were  confirmed  in  actual  service  on  the  "  Pas  de 
Calais,"  which,  although  it  has  inore  steam  available,  shows  a 
steam  consumption  less  by  about  8  per  cent,  than  it  was  with 
only  d'AUest  boilers. 

On  the  (' Nord，"  fitted  with  12  Solignac-Grille  boilers, 
instead  of  four  only,  the  speed  is  notably  increased  in  spite  of 
a  greater  displacement  resulting  from  various  causes.  The 
boilers  fitted  on  botli  the  "  Nord  "  and  "  Pas  de  Calais"  are 
appreciably  different  from  botli  tlie  experimental  boiler  and 
from  those  fitted  on  the  "  Kabyle/'  as  may  be  seen  by  refer- 
ring to  the  plans. 

The  second  steamer,  "  Le  Nord,"  being  fitted  exclusively 
witli  Solignac-Grille  boilers,  continues  on  a  in  ore  extensive 
scale  the  progressive  experiment  undertaken  with  these 
boilers.  This  steamer  would  have  been  completed  more 
rapidly  if  reasons  connected  with  the  service  had  not  made  it 
necessary  to  postpone  the  replacing  of  the  boilers  till  tlie  year 
1911.  It  is  now  in  service,  and  the  saving  of  weight  due  to 
the  boilers  themselves  has  fortunately  compensated  for  the 
additional  draught  caused  by  loads  added  forward,  and  the 
speed  is  notably  greater  on  the  Nord  ，，  than  on  the  ('  Pas  de 
Calais."  The  combustion  rate  is  166  kgs.  per  square  metre  of 
grate  and  the  pressure  (16  kgs.  per  square  centimetre)  is 
easily  maintained,  the  level  of  the  water  being  almost  con- 
stant. The  time  for  raising  steam  with  the  Grille  boilers  is 
one-half  of  that  required  with  Lagraffel  boilers,  and  when  the 
ship  starts  with  a  low  pressure  and  with  fires  in  a  bad  state, 
in  consequence  of  tlie  late  arrival  of  trains,  the  normal  pres- 
sure is  obtained  in  four  or  five  minutes,  while  10  or  12  mimi"'s 
were  necessary  with  the  Lagraffel  boilers. 

On  December  lOtli  last,  in  a  very  heavy  sea,  the  outlet  valve 
of  the  centrifugal  circulating  pump  being  out  of  the  water  in 
consequence  of  rolliu"',  the  condensation  was  interrupted,  ami 
the  steam  of  the  low-pressure  cylinder,  escapiu^^  by  tlie  lift- 
ing of  the  condenser  safety  valve,  invaded  the  engine  and 
boiler  rooms.  No  priming  in  the  boilers  nor  any  sliocks  in  the 
cylinders  were  observed,  in  spite  of  the  rolling  liaviiig  reached 
3rf  from  the  vertical  and  the  transverse  position  of  the  boilers 
in  the  ship,  the  steam  being  discharged  above  the  water  level. 
This  would  have  been  impossible  with  the  former  boilers,  and 
the  failure  of  the  high-pressure  cyli ruler,  with  all  the  conse- 
quences involved,  would  very  probably  have  occurred.  The 
working  of  the  boilers  was  resumed  after  six  uiinutes,  although 
tlie  stokers  hud  heouii  to  leave  the  boiler-rooms,  wliirli  were 
rendered  uninhabitable  by  the  escape  sloam. 

In  conclusion,  tlie  advantages  oMckmI  h、-  tlie  Soliuiiar- 
Grille  boilers  may  be  summed  up  as  follows  ：  ― (1)  Consider- 


able reduction  in  weight.  In  the  case  of  the  steamers  of  the 
mail  service  between  France  and  England,  this  reduction 
a  fleets  the  stokeholds  placed  forwards,  and  will  involve  an 
alteration  in  trim  favourable  to  speed ,  or  a  reduction  of  tlie 
power  required  at  the  same  displacement.  (2)  Reduction  of 
tlio  floor  space,  which  while  ensuring  an  easier  installation 
of  the  boilers,  <and  a  more  convenient  access  to  their  various 
parts,  will  allow  the  installation  of  some  auxiliaries  whose 
oconomy  will  add  to  that  of  the  boilers.  (3)  Notable  saving  in 
coal.  This  saving  may  be  estimated  at  6  or  8  per  cent.  (4) 
Economy  in  coal  resulting  from  the  external  covering  of  the 
boilers  acting  as  a  gas  producer.  (5)  Greater  flexibility  in 
steam  production  of  the  boiler.  Tlie  economical  rate  of  ("oin- 
bustion  with  a  niaximuni  output  seems  to  be  150  kgs.  per  square 
metre  of  grate  approximately,  but  this  I'ate  may,  without  loo 
Ri'eat  a  variation  in  tlie  output,  be  increased  to  170  kgs.  or 
180  kgs. ，  and,  with  a  very  light  mliirtion  of  efficiem'v,  to 
200  kgs.  ])er  square  metre  of  f^rate.  (G)  Economy  of  main- 
tenance. The  iiiaintenanee  cost  is  very  slight,  if  the  periodical 
cleanino-  of  tlie  tubes  by  a  steam  jet  is  carefully  done.  (7) 
Reduction  of  priming  and  pnxhiction  of  dry  steam,  the  escape 
of  t lie  steam  generated  taking  place  above  the  level  of  the 
water.  These  two  last  advantages  will  become  specially  valu- 
able where  steam  turbines  are  used  as  motors.  (8)  Easy 
internal  cleaning,  by  reversal  of  the  steam  jet.  (9)  Easv 
working.  The  level  of  tlie  water  varies  only  very  slightly  in 
the  water  gauges  if  tlie  apparatus  is  pro))erly  controlled  and 
the  ])roclu('tion  of  steam  is  very  regular,  without  any  priming 
at  all.  (】（))  Safety  for  the  personnel,  because  the  fracture 
of  a  tube,  the  only  damage  that  can  liappcn,  cannot  have  any 
serious  consequences,  even  if  the  stokers  are  only  verv  imper- 
fectly acquainted  with  the  boiler.  Tn  order  to  obtain  alto- 
gether satisfactory  results,  the  stoking  must,  of  course,  be 
worked  methodically ,  as  is  usual  on  board  the  steamers  of  tlie 
French  mail  service. 


THE  PREVENTION  OF  ACCIDENTS  IN  FOUNDRIES.* 

IIY  、\  .  H.  CAM K HON. 

All  accidents  due  to  negligence  are  largely  preventable.  The 
means  of  prevention  lie  in  the  direction  of  (1)  proper  design 
and  construction  of  plant  and  appliances,  (2)  care  on  the  part 
of  employers  and  employes,  and  (3)  the  use  of  safety  devices. 
It  must  not  be  overlooked  that  in  tlie  past  employers  have 
concentrated  their  attention  on  the  machinery  and  equipment 
of  their  plants  and  overlooked  the  most  important  element 
of  all,  the  care  of  the  human  Tiiachine.  Although  considerable 
stress  will  be  laid  in  tliis  paper  upon  t he  proper  design  and 
installation  of  protective  devices,  it  is  believed  that  at  least 
two-thirds  of  the  accidents  which  happen  in  any  plant  are  due 
to  carelessness  on  the  part  of  the  worker  and  net;li^ence  for 
which  the  employer  and  employe  are  responsible. 

It  is  an  easy  matter  nowadays  to  secure  iuformation  from 
the  current  journals  of  the  details  of  organisation  for  carry- 
ing out  elaborate  plans  for  safeguarding  employes,  involving 
the  expenditure  of  large  sums  of  money  ;  but  while  it  is 
believed  that  the  underlying  principles  of  both  large  and  small 
organisations  are  essentially  the  same,  it  is  the  intention  of 
t his  paper  to  give  the  experience  of  one  of  tlie  smaller  cor- 
porations in  its  efforts  to  prevent  accidents  ami  protect  its 
work  men  to  tlie  maximuni. 

Up  to  17  months  ago  the  American  Steel  Foundries  fol 
lowed  the  usual  custom  of  protecting  itself  from  "lonev  losses 
due  to  accidents  under  employers'  liability  policies.  Inves- 
tigations were  made  several  times  with  a  view  to  ascertainii": 
tlie  probable  cost  and  risk  of  (、ai'rv"ig  its  own  insurance  ；  but 
on  account  of  the  hazardous  oliaraoter  of  its  work,  tlie 
insurance  was  continued  until  it  came  to  tlie  realisation  of 
the  economies  of  safeguarding.  It  then  became  apparent  thai 
the  company  could  control  to  some  extent  at  least  the  frr 
(lueiicy  of  accidents  anion*:  its  ein]^loves.  and  this  assinn])tion 
lias  been  bm'ue  out  by  Ju'tual  experienres.  As  in  other  pioneer 
work,  tlie  simplest  method  was  first  followed.  A  geneml 
in^pet't  ion  was  made  of  the  equipinent  and  huilfiin^s  at  tlio 
plants,  and  m'ommendat were  made  for  (lie  protection  of 
1  he  most  dangerous  ]>laces       When  I hese  recoinmeiulations 
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were  approved  the  master  mechanics  at  each  plant  were  asked 
by  the  managers  to  supervise  the  making  and  installation  of 
the  guards,  and  to  report  monthly  the  necessity,  if  any,  for 
additional  guards.  This  method  was  only  partly  successful. 
The  master  mechanics  were  busy  men,  arid  more  or  less  cal- 
loused by  frequent  contact  with  carelessness  and  iudifTerence 
on  the  part  of  the  workmen.  As  will  be  sliowu  later,  the 
initial  efforts  to  protect  the  men  were  not  received  kindly,  and 
it  seemed  futile  to  foist  upon  them  what  they  looked  upon  as 
handicaps  in  their  work. 

The  next  step  in  furtherance  of  the  safety  work  was  the 
appointing  of  working-men's  and  foremen's  committees. 
Three  men  were  selected  from  three  different  departments  of 
the  plant  and  instructed  to  make  four  whole-day  inspections 
during  the  month.  Men  were  selected  who  were  not  only 
old  employes  and  familiar  with  all  parts  of  the  plant,  but  who 
were  known  to  be  conscientious  and  not  afraid  to  report  what 
they  saw.  These  men  were  carefully  instructed  in  their  work 
and  informed  that  tlie  company  did  not  obligate  itself  to 
accept  any  of  the  suggestions  or  do  any  work.  They  were 
paid  full  wages  while  engaged  on  their  inspection  duties  and 

each  upon  presentation  of  their  reports  at  the  end  of  the 
mouth. 

These  working-men's  committees  revealed  the  immense 
possibilities  at  each  plant  for  protection .  We  received  during 
the  first  month  in  all  about  1,000  suggestions^  and  at  two  of 
the  larger  plants  approximately  300  each.  These  recoiii- 
mendatious  were  described  carefully  in  writing,  numbered 
numerically,  and  submitted  to  the  three  foremen  in  charge 
of  the  departments  from  which  the  men  were  selected ,  and 
they  acted  as  a  jury  in  approving  or  disapproving  the  sugges- 
tions made.  The  jury  of  foremen  visited  and  inspected  all  of 
the  dangerous  conditions  pointed  out  by  the  working-men's 
committee,  so  as  to  be  in  a  position  to  say  "  Yes  "  or  "  No  " 
to  the  recommeudatioTi  s.  Only  a  small  percentage  of  the 
suggestions  were  rejected  as  impracticable.  The  combined 
reports  of  the  working-men's  and  foremen's  committees  were 
then  submitted  to  the  plant  managers,  and  they  expressed 
their  opinion  of  the  reports.  The  result  of  the  careful  con- 
sideration of  each  recommendation  from  three  different  stand- 
points was  a  warranty  to  the  officials  of  the  company  that 
the  final  recommendations  were  probably  worthy  of  accept- 
ance. These  committees  were  continued  during  the  following 
month  and  with  about  the  same  results.  They  were  then  dis- 
continued for  the  reason  that  each  plant  had  so  much  work 
to  do  that  it  seemed  impracticable  to  pursue  the  subject 
further  until  the  recommendations  already  made  had  been 
carried  out.  Since  then,  however,  similar  working-men's  com- 
mittees have  been  appointed,  with  continued  good  results, 
and  it  is  believed  that  the  workmen  in  the  plants,  familiar 
with  every  working  condition  aud  having  the  interest  of  self- 
protection  in  view,  can  be  as  productive  as  any  other  agency 
ill  calling  attention  to  the  hazards  of  the  industry.  By 
changing  the  committees  monthly  the  attention  of  a  number 
of  workmen  will  in  time  be  especially  directed  to  the  subject 
of  safety,  and  this  nucleus  will  help  to  leaven  the  lump  of  the 
disinterested  mass  of  workers. 

The  next  thing  was  to  find  a  means  of  following  up  the 
work  economically,  and  at  four  plants,  employing  approxi- 
mately 1,500,  900,  700，  and  500  workmen,  safety  inspectors 
have  been  engaged  to  devote  all  their  time  and  efforts  to 
safety,  including  the  inspection  of  machinery  or  equipment 
for  broken  or  worn-out  parts,  the  continued  use  of  which  may 
cause  au  accident,,  sucli  as  flask  trunnions  and  flanges  ；  the  in- 
spection of  buildings  for  loose  bricks  ；  inspection  of  pillars  ；  of 
boards  and  loose  material  stored' overhead  ；  cranes  ami  crane 
runways  for  loose  parts  ；  the  use  of  gongs  on  cranes  ；  improper 
riding  of  workmen  on  loads  being  carried  by  cranes.  They 
are  also  to  be  on  the  look-out  for  slippery  places  on  floors  and 
stairways,  for  holes,  broken  boards,  and  protruding  nails  in 
boards  ；  to  make  regular  inspections  of  railroad  tracks  for 
guards  at  frogs  and  switches,  holes  about  tracks,  piling  of 
material  too  close  to  tracks,  and  riding  on  engines  ami  cars 
without  permission,  and  also  to  inspect  hoisting  cables  for 
broken  strands  and  rust.  Tliey  are  to  oversee  the  use  of 
scaffolding  for  painting  or  making  other  repairs,  and  to  be 
on  the  look-out  for  loose  sleeves  while  operating  machinery  ； 
to  inspect  for  the  proper  ami  coiistaut  use  of  safeguards  ；  to 
report  narrow  escapes  from  injury  aud  the  causes  therefor, 


and  to  recommend  discipline  for  workmen  or  recommenda- 
tions for  adflitional  protection,  as  well  as  to  report  all  other 
conditions  about  the  plant  which  might  be  considered 
hazardous  and  likely  to  result  in  injury  to  workmen  or  damage 
to  the  company's,  property.  Tliese  inspectors  are  required  to 
atieiul  all  meetings  of  foremen,  to  call  attention  to  unsafe 
conditions  about  the  plant,  aiul  to  suggest  improvements  in 
the  method  of  liamlling  the  work  from  a  safety  standpoint. 

Reports  of  serious  accidents  and  the  causes  therefor  are 
also  discussed  at  the  meetings  of  the  foremen  and  the  heads 
of  departments.  It  in  exceedingly  important  to  bring  con- 
stantly to  the  minds  of  foremen  the  necessity  for  caution  and 
care  in  the  habits  of  the  workmen .  Tlie  burden  of  stimulating 
the  foremen  aiul  heads  of  (lepartinents  rests  a  1  most  entirely 
upon  the  management  of  tlie  plant.  The  managers'  ami 
foremen's  attitude  towards  the  prevention  of  accidents  will  be 
reflected  by  the  workmen  just  as  accurately  as  their  attitude 
towards  the  prod  action  of  castings  is  reflected.  Jf  tlie  manager 
treats  the  subject  lightly,  liis  assistants  will  look  upon  it  in 
the  same  way.  If  he  shows  a  determined  desire  to  avoid  acci- 
dents, and  have  the  rules  of  the  plant  obeyed,  if  he  makes 
prevention  of  accidents  one  of  the  most  important  features 
of  liis  department,  then  the  foremen  will  reflect-his  attitude 
towards  the  work,  and  will  see  that  the  men  take  the  pre- 
cautions which  are  known  to  be  necessary  for  the  prevention 
of  accidents. 

Tlie  result  of  the  coiiiniittees'  invest  i^^af  ions  were  for- 
warded to  the  central  office  of  the  cornpaii y,  ami  all  tlie  plants 
have  received  tlie  benefit  of  all  the  m'()m"iemlati (川 s  made. 
The  central  office  keeps  in  constant  touch  with  the  inspectors 
on  safety  matters,  and  when  an  accident  occurs  showing  care- 
lessness or  unnecessary  risks  taken,  or  where  the  use  of  a  safe- 
guard would  have  avoided  the  accident,  a  sketch  and  a  safety 
bulletin  are  sent  to  all  of  tlie  plants,  with  reconmiendations 
as  to  the  avoidance  of  similar  accidents.  The  central  depart- 
ment also  has  charge  of  the  care  and  compensation  of  all 
injured  employes  under  a  voluntary  relief  plan  ；  receives  full 
reports  of  all  accidents,  and  when  it  is  apparent  that  repetition 
of  such  accidents  can  be  avoided  by  cautionary  measures, 
recommendations  are  made  to  all  of  the  plants,  so  that  each 
one  receives  the  benefit  of  the  experience  of  the  other. 

The  organisation  of  the  safety  work,  therefore,  has  been 
couducted  through  the  efforts  of  committees  at  each  plant,  a 
supervising  safety  inspector,  and  the  general  dissemination 
of  the  experience  of  all  plants  through  a  central  office.  For 
the  smaller  collective  groups  of  plants,  tliis  plan  will  be  found 
effective  and  inexpensive.  The  safety  inspector  in  a  plant 
employing  from  500  to  600  workmen  will  have  ample  time 
to  attend  to  the  full  investigation  of  all  accidents  and  the 
preparation  of  all  reports,  as  well  as  to  the  visitation  of  injured 
workmen,  aud  to  represent  to  them  the  interest  of  the  com- 
pany in  their  welfare  and  speedy  recovery.  He  also  can 
assist  the  company  in  reporting  workmen  who  are  inclined  to 
magnify  their  injuries  and  make  lictitious  claims  against  their 
employers. 

My  further  remarks  will  be  confined  largely  to  the  work 
which  has  already  been  done  by  the  American  Steel  Foundries 
for  the  prevention  of  accidents  at  its  several  plants.  It  is 
obvious  that  the  industrial  plant  that  can  seriously  follow 
up  a  plan  of  accident  prevention  must  undertake  (1)  to  pro- 
vide and  maintain  proper  working  conditions  and  efficient 
safeguards,  and  (^)  to  educat e  its  employes  and  inculcate  iu 
them  habits  of  caution. 

Probably  75  per  cent,  of  the  accidents  in  steel  foundries 
a flfect  the  eyes  of  workmen.  It  became  apparent  at  tlie  start, 
therefore,  that  it  was  necessary  to  provide  all  grinders, 
chippers,  floggers,  sand  blasters,  machinists,  ladlemen,  and 
others  with  eye  protectors  which  would  be  suitable  aud  com- 
foiiahle  and  not  impede  the  work  or  injure  the  eyes  of  the 
workmen.  An  investigation  of  the  use  of  spectacles  and 
goggles  iu  other  industries  sliowed  that  not  one  had  been 
entirely  successful  in  educating  the  workmen  in  the  use  of  any 
style  of  spectacles.  It  was  found,  however,  that  the  old- 
fashioned  type  of  grandfather's  glasses  lias  successfully  pro- 
tected the  eyes  of  men  working  at  emery  wheels  ；  and  with 
these  glasses  as  a  foundation  to  build  on,  tlie  spectacles  now 
in  use  are  worn  by  about  98  per  cent,  of  the  employes  men- 
tioned. The  present  desi^Mi  of  spectacle  is  equipped  witli 
mesh  screens  at  the  sides  and  heavy  lenses.    The  total  weight 
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is  about  loz.  per  pair.  A  case  is  provided  witli  each  pair  of 
spectacles,  as  well  as  a  specially  prepared  cloth  and  paraffin 
])eiicil,  used  by  autoinobilisis  to  keej)  their  glasses  free  from 
moisture  and  dirt. 

The  next  problem  was  to  have  the  glasses  worn  by  sucli 
wm'kmeu  as  chippers  and  floggers,  and  it  was  found  that 
these  men  would  not  voluntarily  use  tlie  s])ectac'les.  An  effort 
was  then  made  by  one  of  the  plants  to  liave  the  spectacles 
worn  under  the  supervision  of  a  watchman,  who  had  time  to 
circulate  constantly  among  these  workmen,  and  stimulate 
them  in  the  use  of  the  spectacles.  Since  the  employment  of 
safety  inspectors  this  duty  lias  been  delegated  to  them.  As 
an  additional  stimulus  to  wear  the  spectacles,  every  cleaning- 
room  workman  was  asked  to  sign  a  contract  with  tlie  company, 
under  the  terms  of  wliich  he  agreed  to  wear  the  spectacles 
constantly,  and  in  the  event  of  injury  to  his  eyes  happening 
while  at  work  without  spectacles  the  company  is  absolutely 
free  from  responsibility  for  the  accident.  When  spectacles 
have  been  broken  by  flying  chips,  photographs  have  been 
Jiiade  of  them  and  posted  on  the  bulletin  boards  about  the 
plants  to  illustrate  tiic  hazardous  nature  of  the  work.  It  is 
believed  that  supervision  and  education  along  the  lines 
described  will  have  to  be  adopted  in  all  foundries  employing  a 
large  number  of  chippers  and  loggers,  for  the  reason  that 
these  men  will  iioi.  protect  themselves  voluntarily,  and  the 
foremen  and  their  assistants  are  usually  too  busy  to  give 
special  attention  to  the  use  of  the  spectacles. 

I  have  a  collection  of  78  pairs  of  spectacles,  the  lenses  of 
which  have  been  damaged  by  flying  chips  over  a  period  of 
less  than  three  mouths.  Fifteen  pairs  of  these  spectacles 
were  received  from  one  plant  in  one  month.  Only  one  eye 
has  been  lost  in  all  of  the  plants  of  the  American  Steel  Foun- 
dries over  the  period  of  17  months  by  workmen  using  these 
spectacles.  In  this  one  instance  the  piece  of  steel  penetrated 
the  lens  with  great  velocity  and  entered  the  eye  of  the  work- 
man. If  the  spectacles  had  not  been  worn  we  believe  that  a 
much  more  serious  accident  would  have  resulted. 

Another  means  adopted  by  our  company  to  protect  work- 
men while  cleaning  castings  is  to  provide  screens  made  of 
canvas,  mounted  on  supports,  to  be  placed  between  the  men 
as  they  work.  The  screens  have  been  effective  in  preventing 
flying  chips  from  striking  fellow  workmen,  but  they  are  not 
as  complete  protection  to  the  individual  workman  as  the  use 
of  spectacles. 

We  require  also  emery  wheels  over  8iii.  diain.  to  have  a 
safety  taper  of  ^in.  to  the  foot,  and  be  protected  with  safety 
collars.  Tliis  】i)eaiis  Mi  at  the  wheels  will  be  convex  in  si  i  ape, 
while  the  collars  will  be  concave,  and  should  the  wheel  break 
in  service,  it  being  thicker  at  the  hub  than  at  the  face,  the 
pieces  will  be  held  in  place.  All  emery  wheels  are  also  pro- 
tected with  cast  steel  hoods  with  plates  bolted  at  one  side,  and 
the  emery  wheels  used  by  the  workmen  grinding  tools  are 
provided  with  plate-glass  shields  to  protect  the  eyes.  Care 
is  also  taken  to  keep  tool  rests  closely  adjusted  to  the  wheels, 
so  that  castings  cannot  be  janmied  between  tlie  wlieels  and 
rests. 

Emery  wheels  often  break  through  mistakes  made  by 
repairmen  in  not  changing  the  speed  limits  when  placing  new 
wlieels  on  spindles.  Our  safety  inspectors  are  required  to  test 
the  revolutions  per  minute  of  all  emery  wheels  once  per  week 
and  check  up  the  speed  limits.  Wheels  are  often  run  at 
speeds  far  too  great  for  their  diameters.  Tlie  belts  ami 
pulleys  of  all  emery  wheels  are  also  protected  by  metal 
guards. 

Sand  blasters  are  protected  with  helmets  and  respirators, 
and  arc  welders  with  aluminium  lielmets  a nd  rubber  aprons 
covered  with  asbestos. 

Accidents  occur  in  all  foundries  by  feet  being  burned  by 
slopping  metal.  It  is  very  important  that  workmen  wear 
whole  shoes,  and  that  these  be  so  constructed  that  (hey  may 
be  slipped  off  quickly.  We  urge  upon  our  workmen  tlie  necessitv 
for  wearing  such  slices,  and  we  have  undertaken  to  keep  a 
stock  of  them  on  hand  at  all  plants,  which  are  sold  to  the 
workmen  at  wholesale  prices.  The  result  is  that  the  work- 
】nan  buys  the  shoes  and  protects  hiiiiself  from  arcident.  ami 
the  company  benefits  from  keeping  the  workman  const  ant  Iv 
at  his  job  and  by  a  reduction  of  tlie  accident  expense  accomit . 

All  overhead  cranes  should  be  provided  with  walks  on 
both  bridge  girders,  exteiidinsf  the  entire  leni::t li  of  the  miue. 
Each  crane  should  be  provided  with  a  safety  switch  installed 


on  1  he  bridge,  wliich  will  cut  off  all  power,  making  it  impos- 
sible for  an  abseiit-miiuled  operator  to  forget  that  men  are 
working  above  and  start  the  machinery  from  the  cab.  Each 
crane  should  also  be  equipped  with  guards  extending  out  from 
the  truck  wheels,  the  purpose  being  to  warn  any  person  who 
may  be  resting  his  hand  on  tlie  runway  of  the  approach  of 
the  crane,  wliich  he  might  fail  to  notice  because  of  other 
noises.  A  number  of  accidents  hapj)8n  every  year  to  poM'Sons 
working  on  scaffolds  on  crane  runways.  A  workmau  may 
rest  his  arm  or  leg  thoiiglitlessly  against  the  runway  and  fail 
to  notice  the  approacli  of  the  crane  and  be  run  over,  with  the 
loss  of  one  arm  or  leg. 

All  trolley  gears  and  truck  drive  gears  sliould  be  guarded. 
The  floor  sliould  be  completely  covered  in  so  that  loose  parts 
will  not  fa】】  through  tlie  openings  in  tlie  bridge  girders  of  the 
trolley  carriage.  This  is  important  both  from  a  safety  stand- 
point and  from  an  operative  point  of  view. 

Cables  and  chains  sliould  be  inspected  regularly.  The 
exposure  of  crane  chains  to  the  prolonged  action  of  the 
radiant  heat  of  metal  in  the  ladle  seems  to  cause  a  molecular 
change  in  the  metal  of  the  links.  It  is  not  safe  to  call  this  a 
crystallisation  ；  but  such  broken  chain  links  always  show  a 
sliort  and  lustrous  fracture  which  is  ('ailed  crystalline,  whether 
it  is  really  so  or  not.  Frequent  inspection,  annealing,  and 
renewals  after  a  certain  period  of  time  are  the  only  safeguards 
against  this. 

Every  crane  sliould  be  equipped  witli  a  foot  gong.  When 
these  gongs  were  first  suggested,  objection  was  made  that  the 
gongs  would  not  be  heard  above  the  other  noises  in  the 
foundry  ；  but  experiment  soon  proved  the  value  of  the 
warning  and  all  cranes  have  since  been  equipped  with  gongs. 
These  gongs  are  also  guarded  by  wire  nets  to  prevent  the 
gongs  from  falling  on  the  heads  of  workmen,  should  they 
become  disconnected  or  break  in  pieces.  Of  course,  as  a 
general  part  of  the  equipment  of  cranes,  foot  brakes  should 
be  provided,  as  well  as  boxes  for  oil  cans  and  tools,  so  that 
tlie  latter  will  not  be  laid  around  carelessly,  and  fall  on  the 
heads  of  workmen.  Steel  ladders  should  be  provided  to 
enable  cranemen  to  reach  their  cranes  safely.  These  ladders 
should  be  made  of  angle  irou,  not  pipe. 

Band  saws  should  have  a  hinged  guard  covering  the  top 
and  front  of  the  saw  to  prevent  the  saw  flying  sliould  it  break, 
and  a  head  guard  extending  down  from  the  saw  to  prevent 
the  workman's  head  from  accident  ally  coining  in  contact 
with  tlie  saw.  The  saw  below  the  table  should  be  encased. 
We  are  now  trying  out  a  wooden  guard,  designed  iu  one  of 
our  pattern  shops,  whicli  we  expect  to  prove  satisfactory. 
We  also  believe  that  all  pulleys  and  belts  iu  the  pattern  shop 
should  be  guarded,  if  there  be  any  danger  of  timbers  being 
caught  in  them. 

It  is  also  important  that  the  knives  of  wood  jointers  be 
guarded.  We  have  adopted  an  aliuiiiniiun  guard  for  tins 
purpose,  and  it  has  been  found  to  be  satisfactory  in  every 
way.  It  is  equipped  with  a  strong  spring  to  keep  the  guard 
constantly  in  position.  We  have  equipped  all  of  our  planers 
with  safety  cylinders,  which,  instead  of  pulling  tlie  man's 
hand  into  the  knives,  throws  it  out  from  the  machine,  and 
instead  of  losing  his  fingers  or  his  hand  he  sustains  compara- 
tively slight  injuries.  We  have  not  had  a  report  of  a  serious 
injury  to  pattern  shop  workmen  from  the  use  of  the  ]}laiiers 
since  the  adoption  of  safety  cylinders  and  the  use  of  the  guard 
referred  to.  Rubber  matting  in  front  of  all  pattern  shop 
machines  is  reconunended.  - 

All  gears  and  pulleys  should  be  encased  in  metal  guards. 
Tlie  standard  requirements  for  gear  guards  are  that  the  gears 
shall  be  covered  on  the  side  as  well  as  on  tlie  face  ；  that  tlie 
guards  shall  cover  the  gears  to  such  an  extent  that  the  danger 
of  being  cjuiglit  between  the  end  of  the  izuanl  and  the  cog  of 
the  wheel  will  be  eliminated  ；  and  openings  should  be  in  a  do, 
with  sliding  covers,  to  enable  oilers  to  do  their  work . 

There  is  a  danger  of  having  tlie  limbs  raiight  and  slieared 
off  between  the  table  aiul  the  ribs  of  tlie  planer  bed.  Work- 
men, contrary  to  all  rules,  ride  on  the  tables  of  tliese 
niaclunes,  and  a  guard  placed  over  the  bed  eliminates  this 
danger.  When  the  beds  are  left  open  they  are  used  fre- 
quently as  a  receptacle  for  tools,  oil  <、ans,  li-c. 

All  couiiterweiijhts  should  be  enclosed  hv  metal  guards 
will)  door  openings,  so  that  the  weiglits  can  be  easily  removed 
slionld  tlii、v  fall,  without  dt*tarhinir  tho  entiro  sjuard. 

Switch  box  doors   sliould   be  equipped  with  latches  and 
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repairmen  and  others  supplied  with  locks,  so  that  workmen 
can  protect  themselves  by  locking  up  switches  to  avoid  tlie 
danger  of  machinery  being  started  while  repair  or  other  work 
is  being  done  upon  it. 

Tlie  ends  of  piston  rods  exleiuling-  beyoiul  t'lie  cyliiuler 
heads  should  he.  guarded,  the  purpose  of  the  shield  being  to 
preveiil  the  men  getting  so  close  to  the  cylinder  that  tliey 
will  be  struck  by  the  rod.  All  flywheels  should  be  guarded 
either  with  plats  or  wire  net  guards.  All  points  on  engine 
beds  where  oilers  may  have  occasion  to  walk  should  be  pro- 
vided with  screen  or  plate  guards  to  a  height  of  5ft.  from  the 
pillar  blocks. 

There  will  be  an  opportunity  in  altiiosi  ； ill  foundries  to 
apply  protection  to  such  machines  as  charging  cars,  where  it 
is  found  necessary  to  provide  guards  for  the  truck  wheels. 
Where  a  railroad  track  runs  close  to  a  building,  railings 
si  10 u Id  be  placed  at  the  corner  of  the  buildings  to  prevent  men 
suddenly  stepping  from  the  buildings  on  to  tlie  tracks. 

Considerations  of  economy  often  lead  to  the  overcrowding 
of  machinery,  i,e "  too  many  machines  are  placed  in  a  given 
space.  The  width  of  the  passageways  between  the  luachines 
is  thus  reduced  to  the  point  of  danger.  Any  undue  curtail- 
ment of  space  interferes  with  the  proper  handling  of  the 
machines  and  adds  to  the  risk  and  probability  of  accident, 
owiug  to  the  operator  being  exposed  to  contact  with  gears, 
pulleys,  belts,  and  other  moving  parts,  or  even  where  guards 
are  provided  in  fullest  measure  it  is  really  impossible  to 
eliminate  absolutely  all  danger.  The  space  should  not  be 
held  of  more  value  thau  safety. 

Cleanliness  about  the  siiop  and  yards  cannot  be  too 
strongly  urged,  as  there  is  no  question  as  to  its  being  a  factor* 
in  causing  men  to  be  more  cleanly  about  their  work,  and  in 
preventing  accidents  due  to  untidy  conditions.  It  is  also  true 
that  shop  windows  should  be  cleaned  at  regular  intervals,  and 
illumination  generally  may  be  greatly  improved  by  white- 
washing the  walls  of  a  dark  room  at  least  ouce  a  year.  This 
also  saves  much  on  the  cost  of  artificial  illumination.  Men- 
tion may  be  made  of  the  risk  of  permitting  unsuitable  clotli- 
iiig  to  be  worn.  Leather  leggings  for  the  use  of  belt  repairers 
will  minimise  the  risk  of  accident,  as  there  is  considerable 
danger  of  these  workmen  having  their  trouser  legs  caught  in 
moving  niachinery.  Gasoline  should  not  be  carried  in  open 
cans.  This  is  frequently  done  by  careless  workmen,  but  it  is 
the  avoidance  of  such  accidents  as  these  that  assists  in  the 
improvement  of  the  accident  record. 

I  suppose  there  is  no  one  who  has  ever  had  anything  to  do 
with  the  operation  of  a  foundry  who  has  not  heard  of  the 
danger  in  protruding  set-screws.  Nevertheless  these  will  be 
found  in  every  plant,  and  they  should  be  countersunk  to 
】nake  the  working  conditions  safe.  Slippery  floors  are  also  a 
menace  to  unsuspecting  workmen,  and,  if  necessary,  rubber 
matting  should  be  provided  to  prevent  accidents. 

The  insistence  on  rules  and  regulations  is  emphasized  by 
all  persons  having  anything  to  do  with  the  prevention  of 
accidents,  but  we  believe  thai  these  should  be  used  sparingly 
and  be  as  brief  as  possible.  They  may  give  legal  protection 
in  damage  suits  for  accidents,  but  they  are  practically  worth- 
less if  no  attempt  is  】iia(le  to  enforce  them .  We  believe  that 
a  few  effective  rules  insisted  upon  by  educated  foremen,  in 
sympathy  with  the  full  protection  of  their  workiiieu,  will  be 
far  more  effective  than  a  long  list  of  works  rules  which  few 
will  read  and  none  will  remember. 

We  believe  that  money  and  effort,  expended  for  the  pro- 
lection  of  workmen  in  foundries  will  be  amply  returned  in  the 
form  of  a  better  and  more  stable  organisation,  and  an  actual 
saving  in  the  accident  expense  account. 


BROWN.  BOVERrS  GAS  TURBINE  PLANT. 

AccoRiJTNG  to  the  processes  heretofore  proposed  fm'  wurkiiig 
gas  turbines,  the  preliminary  compression  of  the  motive 
medium  is  effected  in  piston  or  revolving  compressors.  Tlie 
US3  of  such  (.'onipressors  renders  the  entire  gas  turbine  instal- 
lation complicated.  Further,  in  such  installations  the 
amount  of  energy  consumed  in  tlie  preliminary  compression 
is  very  considerable,  compared  to  the  new  output  of  the  gas 
turbine,  so  that  it  very  greatly  reduces  the  total  efficiency  of 
the  turbine.  This  amount  of  energy  is  further  very  consider- 
ably increased  by  the  comparatively  low  efficiency  of  the 


actual  compressor,  and  in  by  far  tlie  majority  of  cases  also 
by  the  efficiency  of  the  gas  turbine  which  drives  the  com- 
pressor. Owing  to  these  circumstances,  the  total  efficiency 
of  the  gas  turbine  installation  is  extremely  low  in  all  cases. 
Aiteinpls  have  been  made,  to  increase  this  efficiency  by  aiming 
at  the  production  of  as  complete  as  possible  isothermic  com- 
pression of  tlie  motive  medium.  For  this  purpose,  however, 
tlie  suggested  means  constitute  a  further  ami  coiiHiderable 
coniplicaiiou  of  t  lie  gas  t  urijine. 

The  arrangement  (liHgrHiiiinatically  illustrated  in  Fig.  1， 
the  invention  of  Brown,  Boveri  &  Co.,  Baden,  Switzerland, 
has  been  designed  witli  a  view  to  enable  gas  turbine  plants 
to  be  worked  in  such  a  manner  that  their  total  efficiency  is 
110  longer  injuriously  affected  unduly  by  the  compression  of 
the  motive  medium,  to  dispense  with  the  use  of  complicated 
apparatus  for  the  purpose  of  compressing,  and  to  effect  nearly 
perfect  isothermic  compression.  It  consists  in  the  compres- 
sion by  the  action  of  a  water  column  to  which  kinetic  energy 
has  been  imparted,  without  the  co-operaiioii  of  the  gas 
turbine.  The  gas  turbine  A  is  directly  coupled  to  a 
dynamo  B.  The  gas  turbine  is  provided  with  a  com- 
bustion chamber  C  into  wliicli  are  led  a  fuel  supply  D  and 
an  air  pipe  G，  leading  from  a  regenerative  air  heater  F  the 
passages  or  tubes  of  which  are  fed  from  tlie  air  compression 
space  K  above  a  water  coluinii  L,  tlie  air  being  led  into  the 
space  by  a  suitable  lead  N.  The  passa^^e  around  the  pipes  of 
tlie  air  heater  is  connected  at  one  eiul  1 1  to  the  gas  turbine, 


Brown,  Boveri's  Gas  Turbine  Plant. 


and  at  the  other  to  a  suitable  exhaust  J.  At  the  end  of  the 
water  column  remote  from  the  air  compression  space  is  pro- 
vided an  explosion  chamber  M. 

In  operation,  explosions  are  caused  to  take  place  in  the 
chamber  M  whereby  energy  is  imparted  to  the  water  column 
L,  and  air  is  in  turn  sent  in  at  N，  compressed  in  the  space  K， 
forced  through  the  pipes  of  the  heater  F  and  the  passage  G 
to  the  combustion  chamber  C  where,  with  the  fuel  supplied 
by  the  pipe  D，  the  mixture  is  formed  for  driving  the  turbine. 
The  exhaust  gases  leave  tlie  turbine  at  the  part  H  and  flow 
in  a  t'ouiiter  current  through  the  heater  F，  whereby  on  their 
passage  to  the  exhaust  J  they  impart  heat  to  the  air  supply. 
A  compression  according  to  this  process  can,  it  is  claimed,  be 
effected  pzr  se  with  high  efficiency,  and  especially  in  all  cases 
independently  of  the  efficiency  of  the  gas  turbine.  Conse- 
quently tlie  total  efficiency  of  the  gas  turbine  installation  is 
considerably  increased  thereby.  At  the  same  time  the  action 
of  the  water  column  produces  an  almost  complete  isothermic 
compression  without  any  complicated  apparatus  for  this  pur- 
pose. Special  advantages  may,  however,  be  obtained  as 
regards  the  efficiency,  by  carrying  out  the  improved  process 
by  imparting  kinetic  energy  to  a  water  colunm  by  the  explo- 
sion or  combustion  of  a  combustible  medium  and  utilising  this 
kinetic  energy  to  compress  the  】uotive  iiie'lium  or  any  part  of 
the  same  for  the  gas  turbine. 


Colliery  Cage  Mishap.— A  cage  accident  occurred  at  Felliug 

Colliery  on  the  lUtli  iust . ,  which  fort imately  resulted  in  no 
loss  of  life,  although  it  was  at  first  believed  that  IT)  men  had 
been  killed.  When  a  third  cage  of  men  was  going  down,  the 
wiiuliiig  gear  went  wrong,  and  the  cage  ran  to  the  bottom 
of  the  shaft,  the  occupants  being  thrown  together  with 
violence.  Tl>e  most  serious  injury  was  a  broken  leg  sustained 
by  one  of  tlie  men.  The  men  were  brought  to  the  surface  by 
； mother  shaft . 
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A  STEAM  BOILER  BURST  BY  ICE. 

An  instructive,  though  not  by  any  means  unknown,  source  of 
boiler  failure  is  recorded  in  the  April  issue  of  our  contem- 
porary " Vulcan/'  the  failure  not  arising,  as  boiler  failures 
usually  do,  from  the  expansive  force  of  steam,  but  froin 
another  even  more  irresistible,  though  happily  not  dangerous, 
namely,  that  of  ice.  The  boiler  in  question  was  of  tlie 
ordinary  vertical  type,  3ft'.  Gin.  diam.,  and  8fl.  higli,  witlt  an 


BoiLEf^  ms. 
Burst  hers. 
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Fig.  1.— Sectional  View  oj-'  Boileii  Burst  by  Ice. 

internal  firebox  having  three  cross  tubes  welded  into  it.  Tli*^ 
sliell  was  formed  of  two  belts  of  |in.  steel  plates  duuble 
riveted  longitudinally.  The  photographs  show  the  damage 
sustained  by  the  boiler  at  the  cleaning  hole's  cut  in  the 
shell  for  the  purpose  of  access  to  the  iusides  of  the  cross  tubes. 
The  shell  plate  was  completely  ruptured  for  a  length  of  about 
Gin.  or  7 hi . ,  starting  upwards  and  downwards  from  the  edge 
of  three  of  the  cleaning  holes,  which,  it  may  be  remarked, 
were  not  fitted  with  a  compensating  ring.  At  the  widest  part  tlie 
rent  gaped  open  over 俨 "n.，  and  the  plate  was  bulged  outwards 
sufficiently  to  give  it  a  permanent  set  of  over  ^^in.  The  damage 
was  caused  solely  by  the  freezing  of  the  water  in  the  cross 
tubes,  which  formed  bars  of  ice  about  8in.  diani .  and  3ft'.  6iii. 
long,  and  when  it  is  realised  that  a  column  of  water  3ft..  Gin. 
long  would,  if  frozen,  and  if  the  sectional  area  remained 
constant,  increase  in  length  by  over  3in.,  the  desfcruciiveness 
of  the  force  exerted  will  be  reaxlily  seen.  Such  a  bar  of  ice 
would  be  sufficiently  strong  to  burst  ilie  boiler,  even  assum- 
ing that  the  water  between  the  firebox  and  the  shell  was  not 
frozen  solid.  It  will  be  seen  from  the  sectional  sketch  that 
the  expansion  of  the  ice  would  be  greatest  along  the  axis  of 
the  cross  tube,  a  vertical  plane  through  whicli  would  also 
intersect  the  boiler  shell  along  its  weakest  section,  owing  to 
the  cutting  of  the  cleaning  hole  without  fitting  a  strengthen- 
ing- ring.  Tlie  moral  of  the  accident  is,  of  course,  in  frosty 
weather  either  to  keep  the  lire  going  or  to  empty  the  boiler. 
In  the  present  case  the  boiler  was  damaged  to  such  an  extent 
that  it  was  obviously  not  worth  repairing;,  but  it  is  quite 
possible,  as  our  contemporary  observes,  for  a  boiler  to  be 
seriously  strained  by  frost  without'  actual  rupture,  and  ！ so 
dangerously  weakened  tlial  the  ordinary  working  pressure 
would  be  sufficient  to  complete  the  destruction  commenced 
by  the  ice. 

International  Association  for  Testing  Materials.  — Tlic  sixili  Con- 
gress of  the  liiternat ional  Testing  Association  will  be  held  at 
New  York,  from  Tuesday,  September  3rd,  to  Saturday,  Sep- 
tember 7th,  1912.  The  president  of  (lie  congress  will  be  Prof. 
II.  M.  Howe,  of  Columbia  University.  A  large  mnnber  ot 
papers  will  be  read  and  discussed,  and  arraugcnients  are  being 
made  for  visits  and  excursions  to  oilier  cities  in  the  United 
States. 


THE  DISINTEGRATION  OR  "DECAY"  OF  METALLIC  TIN.* 

iiY  riiOF.   EKNST  COHEN. 

The  chief  of  a  commercial  firm  informed  me  in  1868  that 
niany  blocks  of  Banca  tin  belonging  to  the  same  consignment 
had  decayed  in  the  store  of  tlie  cii«toin  house.  I  remembered 
dimly  that  some  years  previou.,ly  a  large  number  of  cast  tin 
buttons  for  military  uniforms  whicli  had  been  kept  in  one  of 
the  Crown  magazines  liad  been  found  to  liave  decayed  into  a 
shapeless  mass  when  inspectimi  took  place,  and  that  an 
enquiry  into  the  cause  had  been  opened  at  that  time.  I  did  not 
know  wliether  this  enquiry  liaVl  any  results.  I，  therefore,  at 
once  examined  a  new  case  of  lin  decay  at,  the  spot  and  ascer- 
tained ill  at  wliile  a  certain  mi)nl)pr  of  hlcx-ks  had  coiii]>]etely 
preserved  their  iiorinal  apj^earance,  others  had  suffered  a 】）ro- 
found  change  in  their  structure. 

From  the  very  first  I  had  the  opinion  that  tlie  <"ause  of 
the  change  in  structure  was  tlie  exceptionally  low  temperature 
of  tlie  winter  1867-1868  at  St.  Petersburg  (on  January  26th 
tlie  tliernioineter  had  gone  down  to  36"  below  zero-Fahren- 
heit). I，  therefore,  in  May, 】8(；9，  subinittefl  tin  to  artifi- 
cially produced  low  temperature  })elow  the  freezing  point  of 
mercury,  and  I  had  tlie  saiisfaclioii  to  observe  tliat  tin,  at  this 
low  temperature,  soon  underwent  a  cliaiige  in  structure 
entirely  corresponding  with  that  foinul  in  February,  1868. 
Enquiries  also  acquaiuied  me  with  ot lier  additional  circum- 
stances.    One    firm    informefl    rue    that    another  portion 


FlCi.  2.— VkRTIC.M-  liOiLKIi  BCR^T  HY  I(  E. 
View  sbowint;  fracture  aiul  btilKinK  at  clean iug  holes. 

of  BaiUrt  till  liatl  suffered  in  1  lio  snino  way  during  the  winter 
1867-】8<5S  and  that  this  (kvav  of  (in  at  exlriMU"  oold  was  well 
known  in  their  establishment',  especially'  to  t he  men  oniploycd 
iu  tin  stores.  They  had,  indeed,  a  special  name  for  tliis  tin, 
a  Russian  word,  which  nii?h(  bo  i raiisl;U<^(l  ：  "  Tin  that  can 
be  scattered  about."  The  rhicf  of  a  ； Russian  drug  house, 
whom  I  met  here,  told  me  that  lie  had  himself  seen  the  decay 
ol  Baiua  tin  several  times  during  verv  colrl  woatlior  in  the 
winter  fair  at  libit  ；  the  tin  would  swell  and  develop  warts 

•  Abstract  of  paper  ou  the  *'  Allotropy  of  Metals,"  read  before  the  Faraday 
Society. 
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aud  drops  which  would  adliere  to  a  copper  wire,  as  if  they 
consisted  of  mercury.  Tliis  he  considered  an  iiiconfestable 
proof  tliat  Banc  a  tin  coutained  mercury. 

After  tliis  historical  introduction,  T  pass  to  a  description 
of  the  special  condition  in  which  T  found  the  altered  iiii. 
Whilst,  as  already  stated,  some  blocks  had  remained  entirely 
unchanged,  otliers  had  undergone  a  more  or  less  radical  altera- 
tion. These  latter  blocks  had  assumed  a  brittle  consistency. 
Isolated  spots  at  the  surface  with  warty  swellings  were  at  once 
recognisable,  or  swellings  extending  from  a  larger  portion  of 
the  surface  which  still  retained  some  cohesion,  more  or  less 
deeply  into  the  interior.  Otlier  blocks  liaxl  lost  their  "id all"' 
lustre  completely  ；  tliey  either  looked  dull,  of  a  radicjii, 
fibrous  texture  tlu'oui^liout  tlieir  mass,  or  the  surface  had 
alone  turned  crystalline,  while  tlie  interior  liad  retained  its 
metallic  appearance.  A  saw-cut  displayed  tliese  differences  at 
once.  The  completely  chane^ed  blocks  had  partly  turned  into 
a  grainy,  powdered  mass,  like  sand  ；  other  portions  fonned 
lumps  of  various  dimensions  up  to  the  size  of  the  fist,  of  loose 
cohesion  and  fibrous  texture.  In  the  specimens  tliat  liad  b3eii 
exposed  to  artificial  cold,  the  effect  of  the  cold  had  apparently 
started  from  certain  spots  and  spread  under  development  of  a 
warty  ext 謹 escence  of  a  coarse,  fibrous  texture.  Tlie  appear- 
ance suggests  a  rough,  mosaic  structure  and  could  be  separated 
at  the  fissures. 

The  colour  of  this  modified  tin  is  decidedly  grey,  and 
distinctly  different  from:  the  ordinary  bright  metal.  When 
the  tin  is  heated,  this  colour  undergoes  a  very  striking  change. 
When  hot  water  is  poured  over  it,  the  dark  grey  becomes 
much  lighter,  almost  like  tliat  of  ordinary  tin.  It  is 
immaterial  whether  dry  or  wet  is  applied,  and  neither  the 
water  or  the  aqueous  vapour  takes  any  part  in  the  colour 
change.  When  a  glass  stoppered  bottle,  filled  with  sa，idy， 
dark-grey  tin  was  heated  on  a  water  bath  until  the  colour 
became  lighter,  I  noticed  not  an  inconsiderable  diminution  in 
volume.  I  then  exposed  this  tin  to  the  temperature  below 
the  freezing  point  of  mercury,  with  the  curious  result  that  the 
colour  became  dark  again.  The  sandy  mass  would  not  run 
out  of  the  bottle  and  had  apparently  increased  in  volume 
again  so  that  the  grains  pressed  against  one  another  wli'cli 
impeded  their  gliding  over  each  otlier. 

When  the  grey  tin  is  heated  up  to  melting,  a  certain 
portion  of  it  remains  behind  in  an  oxidised  state.  This  again, 
is  a  consequence  of  its  broken-up  structure.  The  fused  tin 
regains  on  cooling  entirely  the  appearance  of  ordinary  tin, 
and  when  exposed  to  a  low  temperature,  it  imdei'goes  the 
same  changes  as  before,  provided  it  has  not  been  contaiiiinated 
with  other  metals. 

A  badly-corroded  block  of  Banca  tin,  originally  35  kilos 
in  weight,  had  been  returned  by  a  Moscow  firm  to  Rotterdam 
because  an  adulteration  was  suspected.  Tlie  tin  had  turned 
grey,  and  the  powder  was  still  dropping  from  the  blocks. 
Analyses  proved  that  the  tin  was  very  pure  ；  it  did  not  con- 
tain more  than  0'05  per  cent,  impurities. 

A  long  time  ago  an  antique  dish  was  found  near  Apple- 
shaw,  in  Hampshire.  It  is  now  in  the  British  Museum.  Th。 
composition  by  analysis  is:  Tin,  94*35  per  cent.  ；  lead, 
5"06  per  cent.  ；  traces  of  copper,  oxygen,  carbonic  acid. 
The  extraordinary  molecular  change  wliicli  the  metal 
lias  undergone  is  of  more  interest  to  the  physicist 
and  metallurgist  than  to  the  antiquary.  The  metal 
is  not  much  oxidised,  vet  it  is  so  exceedinsfly  brittle  tliat  ifc 
can  be  broken  with  the  finerei's.  The  effect  of  time  has 
resulted  in  a  complete  alteration  of  tlie  molecular  structure, 
the  mass  of  the  alloy  being  converted  into  an  agglomeration 
of  crystals,  and  to  this  the  brittleness  is  due.  On  melting 
and  casting:  a  small  fragment  I  found  that  the  crystalline 
structure  disappeared  and  tlie  metal  regained  its  original 
toughness.  The  vase  dated  from  350  B.C.  and  had  probably 
been  lying  in  Hampshire  for  about  22  centuries.  Tlie  mean 
annual  temperature  of  this  locality,  T  am  informed,  lies 
below  18。  C* 

I  applied  to  several  directors  of  museums  in  Hoi  la  ml  aud 
other  countries  for  information  in  regard  to  the  decay  of  tin. 
They  confirmed  the  statement  without  bj^ing  able  to  supply 
specimens.  A  few  years  ago  I  obtained  possession  of  a  tin 
medal  wliich  was  badly  affected  by  the  "  tin  pest "  on  both 
sides.  The  warts  of  ^-ey  tin  had  reached  a  height  of  several 
raillimetres.  The  medal  was  cast  about  1692  by  tlie  Leiden 
medal  maker,  Johannes  Snieltzitig,  and  tlie  disease  has  thus 
had  two  centuries  to  develop . 


We  are  thus  confronted  with  a  museum  disease  of  univer- 
sal occurrence  which  can  only  bo  prevented  by  maintaining 
the  temperature  of  the  rooms  above  18')  C.  Tii  winter  the 
rooms  will  have  to  be  heated.  Visits  to  tlie  stores  of  dealers 
in  anii(iuities  have  entirely  coji firmed  my  views.  Many  of 
tlie  till  objects  found  there  are  more  or  less  affected  with  the 
disease.  Tliat  our  chu rcli  organs  are  Ijarlly  subjerrt  to  the 
" tin  pest  "  may  })e  imagined.  Organ  builders  liave  so  far  not 
risked  to  utilise  the  material  of  old  pipes  for  tlie  manufacture 
of  new  pipes.  The  old  pipes  neetl  only  to  be  melted  down 
under  an  addition  of  coal  to  regain  white  tin  good  for  new 
pipes.  If  the  fleteriorat ion  of  c\\\x rch-orf^aii  pipes  is  to  be 
prevented,  the  temperature  will  have  to  be  kept  above  18'  C. 

You  see  that  our  scientific  researches  on  the  transforma- 
tion of  tin  liave  taken  us  over  into  the  flomain  of  technics.  I 
could  add  several  more  examples  of  teclini al  interest,  bearing 
oil  other  technical  problems  with  which  I  have  become 
acquainted  within  the  last  few  months.  As  I  am  not  per- 
mitted to  publish  details,  however,  I  will  refer  to  a  point  of 


Fig.  3,— Verticatj  Boiler  Burst  by  Ice. 
Virw  show  inf4  fractures  at  oue  of  the  cleaning  holes.    (See  page  4B4.) 

historical  interest.  In  the  work  of  Aristotle  the  following 
passage  occurs.  Translated  it  reads :  "They  say  that  the 
Celtic  till  melts  much  more  easily  than  lead.  A  proof  of  the 
fusibility  is  that  it  melts  even  in  water.  It  is,  apparently, 
very  sensitive  to  exterior  influence.  It  melts  also  in  the  cold, 
wlien  there  is  frost，  because,  it  is  said,  tlie  warmth  which  is 
in  the  tin  is  imprisoned  in  the  interior  and  compressed,  owing 
to  its  weakness." 

The  author  carried  out  a  series  of  investigations  in  order 
to  reproduce  tlie  decay  of  the  tin  in  an  artificial  manner  and 
was  uot  only  able  to  cause  the  change  from  white  to  grey  tin 
by  maintaining  at  a  low  temperature,  but  found  that  tlie 
white  tin  could  actually  become  infected  by  coming  in  contact 
with  the  germs  of  the  diseased  tin  or  grey  powder.  The  whole 
was  kept  at  5。  below  zero  Centigrade  for  several  weeks  and 
developed  the  disease.  To  this  disease  he  has  applied  tiie 
name  of  tin  pest  and  assumes  tliat  the  grey  tin  is  simply  an 
allotropic  form  of  tiu  or,  in  otlier  words,  it  is  tin  in  another 
physical  condition  just  as  the  diamoncl  is  another  form  of 
charcoal. 
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THE  THERMAL  EFFICIENCY  OF  INTERNAL-COMBUSTION 

ENGINES* 

liY  DUGALl^  CLERK,  F.H.S. 
British  engineers  engaged  in  the  invention,  design,  and  con- 
struction of  motive  power  engines  have  struggled  for  more 
than  150  years  to  obtain  motive  power  from  fuel  in  the  most 
economical  manner.  Long  before  thermodynamics  emerged 
as  a  science,  James  Watt  and  the  other  engineers  of  his  time, 
developed  economical  and  reliable  heat  engines  using  steam  as 
the  motive  fluid.  Even  before  the  steam  engine  became 
thoroughly  established ― about  the  beginning  of  the  1 9tli 
century ― many  engineers  perceived  the  possibility  of  increas- 
ing economy,  first,  by  the  use  of  the  hot-air  engin.^,  and,  later, 
by  its  development  into  the  internal-combustion  motor. 
Through  the  whole  period  of  the  development  and  perfection 
of  the  steam  engine  engineers  were  ceaselessly  occupied  with 
attempts  to  produce  more  economical  internal-combustion 
engines.  Thermodynamics  may  be  said  to  have  begun  as  a 
science  when  Cariiot  published  his  immortal  paper  in  1824. 
It  had  no  real  application,  however ,  to  motive  power  engineer- 
ing until  the  discoveries  of  Joule  about  1843.  In  the  next 
few  years  the  work  of  Joule,  Macquorn,  Rankine,  Thomson, 
and  Clausius  supplied  new  light'  upon  motive  power  problems, 
■which  engineers  were  not  slow  to  use.  This  work  from  that 
time  had  a  great  effect  upon  the  development  of  the  steam 
engine,  and  right  up  to  the  present  time  scientific  thermo- 
dynamics has  aided  the  development  of  the  steam  turbine  and 
the  reciprocating  steam  engine,  as  well  as  the  rival  system  of 
internal  combustion. 

Internal-combustion  engines  in  various  forms  have  been  in 
commercial  use  since  1860，  and  their  theory  has  been  under 
careful  scrutiny  for  at  least  50  years.  British  engineers  were 
fully  alive  to  the  high  efficiencies  possible.  The  present 
writer,  for  example,  made  the  following  statement  to  the 
Institution  of  Civil  Engineers  in  April,  1882  : ― 

'( The  gas  engine  is  as  yet  in  its  infancy,  and  many  long 
years  of  work  are  necessary  before  it  can  rank  with  the  steam 
engine  in  capacity  for  all  manner  of  uses  ；  but  it  can  and  will 
be  made  as  manageable  as  the  steam  engine  in  by  no  means  a 
remote  future.  The  time  will  come  when  factories,  railways, 
and  ships  will  be  driven  by  gas  engines  as  efficient  as  any 
steam  engine,  and  much  more  safe  and  economical  of  fuel. 
Gas  generators  will  replace  steam  boilers,  and  power  will  not 
be  stored  up  in  enormous  reservoirs  but  generated  from  coal 
direct  as  required  by  the  engine. 

" The  steam  engine  converts  so  small  an  amount  of  the 
heat  used  by  it  into  work  that,  although  it  was  the  glory  and 
honour  of  the  first  half  of  the  century,  it  should  be  a  standing 
reproach  to  engineers  and  scientists  of  the  present  time, 
having  constantly  before  them  the  researches  of  Mayer  and 
Joule." 

In  the  same  paper  the  writer  also  stated  :  ~ 

" ....  it  may  be  accepted  as  probable  that  an 
engine  of  about  50  i.h.p.  could  be  made  to  work  on  12  cub.  ft. 
of  coal  gas  per  indicated  horse-power  per  hour,  or  a  duty  of 
about  32  per  cent." 

The  forecast  made  over  28  years  ago  has  proved  to  be 
correct.  The  present  indicated  thermal  efficiency  of  the 
internal-combustion  motor  in  the  form  of  a  60  h.p.  engine 
using  coal  gas  is  as  nearly  as  possible  35  per  cent.,  according 
to  results  of  the  Institution  of  Civil  Engineer's  tests. 
Another  engine  was  found  by  Hopkinson  to  give  37  per  cent., 
and  as  much  as  40  per  cent-,  has  been  claimed  by  the  makers 
of  the  "  Diesel  "  oil  engine. 

In  considering  thermal  efficiency  it  is  better  p-M'luips  to 
base  it  upon  brake  horse-power  rather  tluiii  indicated  power, 
because  the  mechanical  efficiency  of  different  types  of  engine 
varies  considerably.  The  following  tables  show  the  slow 
change  of  indicated  and  brake  efficiency  from  1882  to  tlie 
present  time,  in  4-cycle  and  2-cycle  engines. 

It  will  be  noted  that  the  mechanical  efficiency  of  the  Diesel 
enpine  is  lower  than  that  of  most  of  the  other  4-cvcle  engi"?, 
so  that  the  brake  efficiency  is  not.  so  high  as  that  given  in 
Hopkinson's  test.  Generally  it  mav  be  taken  from  these 
numbers  that  a  first-class  internal-combustion  engine  will  give 
a  brake  thermal  efficiency  of  30  per  cent. 

With  regard  to  the  future,  it  is  possible  in  a  large  en<i\ne 
to  increase  the  indicated  thermal  efficiency  to  about  50  per 

*From  report  of  British  Science  GuUdon  ••  Nfttnrftl  Sources  of  Energy." 


cent"  but  in  such  an  engine  the  mechanical  efficiency  would 
probably  fall  to  some  extent  and  the  brake  thermal  efficiency 
obtained  would  be  about  40  per  cent.  The  smaller  gas 
engines  do  not  give  quite  such  good  results,  but  the  falling  off 
is  not  great.  Tlie  Institution  of  Civil  Engineers"  tests  showed 
for  a  5  h.p.  gas  engine  a  brake  efficiency  of  267  ；  for  a 
20  h.p.  gas  engine,  28-3  ；  and  practically  30  per  cent,  for  a 
60  h.p.  engine.  The  indicated  thermaf  efficiency  of  a  first- 
class  motor-car  petrol  engine  may  be  taken  as  about  28  per 
cent,  at  its  highest  ；  that  is,  with  80  per  cent,  mechanical 
efficiency,  22"4  brake  thermal  efficiency.  Large  gas  engines 
are  not  found  to  increase  notably  in  brake  efficiency.  As 
good  results  from  the  iliernial  j)oint  of  view  can  be  obtained 
with  a  50  li.jx  as  witli  a 】，000  li.p.  engine. 

mid  Brake  Thtnnal  KHiciencif  of  4-(ifde  Enqines  from 
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No. 


Mech. 
Efficy. 


5 
6 
7 
8 
9 
10 
11 
12 
13 


Per 
cent. 
87 'P 
Hi-2 
86*1 

80-  9 
87 -S 
82 
87 
83 

81-  7 
85,5 
766 
77'】 
87T> 


Names  of 
Experiraen- 


Slaby   

Thurston … 
Soc.  of  Arts. 
Soc.  of  Arts. 
Kennedy  ... 

Cai>i)er   

Robinson  ... 
Humphrey. 

Wicz   

Inst.  C.E.  ... 
Longridge... 
Burs  tall  ... 
Hopkinsou.., 


Year. 


Dimensions  of 

Engine. 


lod.  I  Brak** 

十 Type  o《 Engine. 


1882 
1684 
1898 
1888 
1888 
1892 
1S9S 
1900 
1900 
1905 
1905 
1907 
1908 


' Diam. 

6'75in. 

8T>in. 
1  9-5in. 

902m. 

7 -  Sin. 

8-  5in. 
lOin. 
26in. 
5r2iu 

； 14iu. 
I 22in. 
1 16in. 
； ll-5in. 


Stroke. 
X 】3'7in. 
X  Uin. 
X  18in 
X  14iu. 
X 】5in. 
X  18in. 
X  18in. 
X  36m. 
X  5513in. 
X  2-2in. 
>: 29-5iii. 
X  24in. 
X  2】 in. 


Per 
cent. 

16 

17 

2-2 

21 

21 
228 
•28-7 

31 

28 

35* 
39-9 
41ot 
35-8 


Per 
cent. 

14 
14-3 
18-9 

17 
18-3 
17-4 

25 
257 
22-9 
29,9 

31-  2 
32 

32-  2 


, Deutz 

Crossley 

CrosKley 

Or i Uin  (6  cycle) 
I  Beck  (6  cycle) 
I  Crossley 

National 
i  Crossley 

Cockeriil 
: National 
I  Diesel  (3  (•>  (■】*'> 

Premier 
i  Crossley 


The  value  35  per  cent,  is  deduced  by  the  author  from  the  Inst,  C.E. 
Committee's  values, 
t  This  value  is,  in  the  aulihor's  view,  too  high  ；  probably  due  to  indicator  error. 

hulf'cfttffl  ftnd  Brake  Thermal  Efficiency  of  2'Cyde  Engim's  from 
1884  to  W08:  ' 


Mech. 
Efficy. 

Names  of 
Rxpea'inienters. 

Year 

Per 

cent. 

1884 

Stockport  Company 

1884 

83 

Clerk   

1887 

1885 

75 

1903 

75 

Mather  &  PlaU 

1907 

Dimensions  of 
Motor  Cylinders 


' Iiid.    I  limke 
iTlienii'l  Themi  l 
Efficy.  ■ 


Diam.  Stroke. 
9iu   X  20in. 

9in.  X  r>in. 
7iiu. 

26iiu.x  (2  X  37jin.) 


Per 
cent. 
16-4 

20*« 

33 
30-6 


Type  of 
Engine 


Per 
cent. 

14  Clerk-Sterne 
11*2   Andrews  A  Co. 
16*9  Cleik-Tanj^yt' 

15  Atkinson 

29  'Oecbelhauser 
23     ！  KoertiDfi 


The  use  of  internal-combustion  engines  has  steadily 
increased,  and  the  smaller  powers,  operating  with  the  coal 
gas  supplied  by  towns,  have  almost  entirely  displaced  the 
small  steam  engines  formerly  used.  Coal  gas  is  used  for  tliese 
engines  up  to  about  100  h.p.  Below  that  power  many  engines 
are  operated  with  producer  gas  made  from  anthracite  or  coke, 
so  that  coal  gas  and  producer  gas  engines  overlap  as  to  powers. 
Above  100  h.p.  practically  no  coal  gas  is  used.  Suction  pro- 
ducers are  used  up  to  about  400  li.p.  Above  that  power 
pressure  producers  are  applied.  For  the  highest  power?  of  all 
blastfurnace  gases  are  utilised.  Altogether  at  present  about 
2i  millions  of  horse-power  are  developed  by  stationary  gas 
engines  below  500  h.p.  units.  Large  gas  engines  above 
500  li.p.  up  to  about  5,000  h.p.  (which  is  the  present  niaxi- 
miim),  develop  something  over  a  million  horse-power.  Motor- 
car engines  also  may  be  taken  as  developing  about  2  million 
horse-power  using  petrol  as  the  fue】. 

So  far  internal-coin  bastion  engines  have  been  most  suc- 
cessful in  displacing  the  smaller  steam  engines  ；  but  in  future 
the  competition  with  steam  will  become  keener  and  keener. 
At  present  considerable  study  and  work  is  required  to  perfect 
the  large  cylinder  gas  engines.  So  far,  tliese  large  cylinder 
engines  have  proved  most  expensive  to  build  and  considerable 
difficulties  have  been  experienced  to  maintain  them  in  reliable 
continuous  operation.  During  tlie  last  few  years  iiiauy  of 
tliese  difficulties  have  been  overcome  and  the  large  cylindor 
engine  is  】iiaking  most  satisfactory  progress.  It  has  not  yet, 
liowever,  attained  the  position  as  to  reliability  held  by  large 
eani  engines  of  the  reciprocating  and  turbine  types. 
卜'' renuous  effort,  however,  is  beiiitr  devoted  to  overcome  the 
i  、mainiiig  difficulties,  and  tlie  early  future  will  see  it  com - 
petinp  more  and  more  strongly  witli  large  steam  engines  both 
for  stationary  and  locomotive  land  work,  and  for  the  pro- 
pulsion of  ships. 

Tnternal-combiislion  motors  are  largely  used  for  boat  pro- 
jvjlsion,  hut  in  oiilv  comparatively  small  units.    Tlie  marine 
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problem,  however;  is  receiving  atl(、tition，  and  very  shortly 
large  marine  gas  and  oil  engines  will  be  applied  to  ships  of 
considerable  dimensions.  Steam  engines  of  the  reciprocating' 
and  turbine  type  are  in  some  ways  more  easily  handled  thaii 
internal- combustion  engines,  but  all  steam  engines  are  greatly 
inferior  in  thermal  efficiency.  Mr.  Parsons  gives  an  absolute 
thermal  efficiency  of  about  20  per  cent,  for  a  10,000  h.p. 
steam  turbine  working  with  2001bs.  steam  pressure  super- 
heated  to  300〕  C,  and  exhausting  into  a  vacuum  of  lin. 
absolute  of  mercury.  Such  an  economy,  however,  is  very 
unusual  in  steam  engine  work,  as  he  points  out.  Such  steam 
engines  as  are  in  ordinary  use  up  to  100  h.p.  will  not  give  a 
greater  thermal  efficiency  than  10  per  cent.  ；  that  is,  10  per 
cent,  of  the  lower  calorific  value  of  the  fuel  converted  into 
indicated  work.  Even  large  and  well-made  mill  machines  of 
quite  modern  type  rarely  attain  a  15  per  cent,  efficiency  on 
this  basis. 

From  what  has  been  shown  it  will  be  seen  that  the 
internal-combustion  motor  broadly  may  be  taken  as  twice  as 
efficient  as  the  steam  engine  ；  that  is,  the  average  internal- 
combustion  engine  of  over  5()h.p.  will  always  give  at  least 
30  per  cent,  of  the  heat  of  combustion  of  the  gas  supplied 
la  engines  fed  with  producer  gas  the  producer  efficiency  is 
usually  about  85  per  cent.,  so  that  the  over-all  efficiency  from 
fuel  to  brake  power  is  about  25  per  cent.  The  larger  pro- 
ducers consuming  bituminous  and  semi-bituminous  fuel  have  a 
slightly  lower  efficiency— usually  about  80  per  cent. ― but  the 
coal  used  is  generally  of  a  cheap  type.  Suction  producers 
using  bituminous  fuel  are  still  in  the  early  commercial  stage. 
Three  different  makers,  however,  have  now  succeeded  in 
reaching  the  market,  and  a  very  great  development  of  this 
type  of  producer  will  undoubtedly  result  in  a  great  further 
extension  of  the  field  of  the  internal-combustion  motor.  Gas 
for  these  engines  is  now  made  from  coal,  coke,  anthracite, 
pit  shale,  wood,  charcoal,  sawdust,  spent  tan,  and  many  other 
carbonaceous  materials,  and  mineral  oil,  gas  and  wood  tar 
hydrocarbons,  paraffin  oil,  alcohol  and  other  inflammable 
liquids  are  used  directly  within  tlie  cylinders  of  many  types  of 
inflammable  vapour  engine.  The  waste  gases  from  many 
industrial  processes,  too,  are  being  used  in  these  engines. 
Nearly  all  the  large  gas  engines,  for  example,  amounting  to 
about  one  million  horse-power  consume  the  waste  gas  from  the 
blastfurnaces.  A  very  large  amount  of  power  can  still  be 
obtained  from  the  blastfurnace  gases  evolved  at  British  iron 
works.  Assuming  10  million  tons  of  pig  iron  to  be  made  in 
Britain  per  annum,  and  allowing  for  tlie  free  gas  available 
after  heating  the  blast,  about  700,000  h.p.  could  be  con- 
tinuously developed  in  Britain  without  burning  any  additional 
fuel.  Some  of  this  gas  is  used  for  motive  power,  but  the 
greater  part  of  it  is  still  wasted.  The  gases  evolved  in  modern 
coking  processes  can  be  collected  and  used  for  motive  power. 
From  this  source  it  is  possible  in  Britain  to  obtain  about 
140,000  h.p.  continuously.  Engineers  are  busily  engaged  at 
present  in  attempting  to  utilise  all  sources  of  motive  power, 
and  at  no  previous  time  have  they  paid  greater  attention  to 
waste  gases  and  waste  heat  than  at  present.  The  waste  heat 
carried  away  in  the  exhaust  gases  of  gas  engines  is  utilised 
in  many  cases  for  raising  steam,  and  about  2Jlbs.  of  steam  at 
over  lOOlbs.  per  square  incli  pressure  can  be  obtained  per 
hour  per  brake  horse-power.  The  exhaust  steam,  too,  from 
rolling  mill  engines  and  other  engines  using  little  expansion  is 
being  largely  applied  to  operate  low-pressure  steam  turbines. 
Practically  all  the  waste  heat  from  gas  engines,  amounting  to 
about  50  per  cent,  of  the  total  heat  of  combustion,  could  be 
utilised  in  some  such  manner. 

From  what  has  been  said,  it  is  evident  that  if  steam  power 
could  be  entirely  replaced  by  power  obtained  by  means  of 
internal  combustion  the  fuel  consumed  would  be  reduced  to 
one-half.  It  may  be  asked  then  by  scientific  men,  why  not 
legislate  so  as  to  enforce  the  use  of  gas  power  by  law  ？  Apart 
from  the  varied  monetary  interests  wliicli  would  make  it 
impossible  to  carry  any  such  law,  the  law  even  if  carried 
would  be  of  most  doubtful  benefit.  Great  industrial  inven- 
tions cannot  be  perfected  in  a  few  years,  and  any  attempt  to 
force  the  rate  of  progress  usually  ends  in  financial  disasters 
which  discredit  the  rising  industry.  The  monetary  reward  of 
successful  competition  with  steam  for  all  purposes  is  so  great 
that  engineers  may  be  trusted  to  do  everything  possible  to 
forward  the  application  of  the  new  form  of  motive  power. 


THE  ALLOYS  OF  ALUMINIUM  AND  ZINC* 

liV  DR.  WALTER  KOSKNH  AfN  AND  S.  L.  A  UC 11111；  TP,  OF  THK 
NATIONAL  PlIYSK  Ai.  I.AItOKATOIlY,  TEODINGTON. 

General    Introduction. —— Tlio    Ninth    Report    to   tlie  Alloys 

Kesearcli  ('。miiiiUee  contained  an  account  of  the  influence  of 
manganese  upon  the  alloys  of  copp3r  and  aluminium  ；  the 
<  oiisideratioii  of  maiis^Miiesj  was  regarded  as  tlie  first  step  in 
a  general  investigation  of  the  ternary  alloys  of  copper  aiul 
画 iiiium  with  other  metals,  and  the  Alloys  Research  Com- 
mittee decided  that  tlie  next  step  in  tliis  investigation  should 
(leal  with  ilie  effect,  of  zinc.  As  it  had  been  found,  however, 
t  hat  the  previous  Reports  dealiiii^  with  t  lie  useful  alloys  lying 
at  both  ends  of  the  copper-aluTniiiiuiii  series  were  undesirably 
bulky,  it  was  decided  in  the  first  place  to  confine  the  investi- 
gations to  alloys  consisting  principally  of  aluminium,  which 
may  be  conveniently  grouped  under  tlie  term  "  light  alloys." 

Before  the  systematic  study  of  the  ternary  alloys  of 
aluminium,  copper,  and  zinc  could  be  undertaken  it"  was, 
however,  necessary  to  investigate  the  new  base-line  of  this 
system,  namely,  the  alloys  of  aluminium  and  zinc.  In 
practice  the  investigation  of  the  binary  alloys  and  of  the 
ternary  alloys  derivable  from  them  has  been  carried  on  side 
by  side,  but  the  well-known  difficulty  which  arises  in  all 
investigations  of  ternary  alloys  from  the  large  number  of 
coiiibinations  which  have  to  be  studied  has  made  it  desirable 
to  publish  the  results  of  the  investigation  of  the  binary  alloys 
without  waiting  for  the  completion  of  the  study  of  tlie  ternary 
system.  The  present  Report,  therefore,  deals  principally 
with  the  constitution  and  properties  of  the  binary  alloys  of 
aluminiuni  and  zinc.  At  the  same  time  the  investigation  of 
the  ternary  system  has  already  been  carried  to  a  considerable 
extent  and  has  revealed  the  existence  of  a  group  of  alloys 
wliich  promise  to  be  of  considerable  practical  value. 

The  alloys  of  aluminium  and  zinc  have  been  tlie  subject  of 
a  considerable  number  of  experimental  investigations.  As 
regards  their  constitution  tliey  have  been  studied  by  Heycock 
and  Neville ，十 Shepherd ，： [；  Ewen  and  Turner, §  and  D.  V. 
PlumbridgeJI^  while  as  regards  some  of  their  mechanical 
properties  important  papers  have  been  published  by  ('.  R. 
Carpenter, ■^"■^  W.  D.  Bancroft, 十 十 Ewen  and  Turner  and  M. 
Portevin.|t 

From  the  point  of  view  of  practical  use,  the  aluminium- 
zinc  alloys  have  received  considerable  attention.  For  casting 
purposes  the  fact  that  an  addition  of  zinc  to  aluminium 
facilitates  the  production  of  sound  castings  is  widely  recog- 
nised ；  at  the  same  time,  these  alloys  are  credited  with 
undesirable  properties  in  two  important  directions.  The 
first  of  these  is  the  tendency  which  they  are  said  to  possess 
to  crack  in  cooling,  particularly  if  the  castings  are  of  a  shape 
liable  to  that  form  of  defect.  Further,  the  alloys  are  gene- 
rally regarded  as  being  liable  to  rapid  corrosion,  and  actual 
examples  of  such  corrosion  have  come  under  the  notice  of  the 
present  authors  in  the  case  of  industrially-prepared  alloys. 
The  experience  of  the  present  authors,  however,  in  dealing 
with  these  alloys  does  not  confirm  these  widely-held  views  of 
their  properties ；  the  authors  have  had  no  difficulty  in  avoid- 
ing the  cracking  of  castings  which  is  said  to  be  due  to  tlie 
tenderness  of  these  alloys  when  hot.  As  regards  corrosion, 
the  experiments  and  tests  described  below  indicate  that  tlie 
alloys  as  prepared  by  the  authors  are  by  no  means  liable  to 
the  severe  and  excessive  corrosion  wliich  the  general  reputa- 
tion of  the  alloys  would  lead  one  to  anticipate.  The  authors 
supposed— and  experiment  has  justified  the  supposition ― that 
the  rapid  corrosion  (particularly  in  moist  air)  of  many  com- 
mercial samples  of  alunnnium-zinc  alloys  is  due  to  the  presence 
of  impurities  derived  from  the  spelter  employed  in  their 
manufacture.  The  authors'  alloys,  prepared  from  pure  zinc, 
behaved  in  a  much  more  satisfactory  manner. 

•  Summary  of  the  10th  report  to  the  Alloys  Research  Committee  of  the  Institu- 
tion of  Mechaiiioal  Engineers,  presented  April  19th.  191-2  .  . 

十 Ht'ycock  aiul  Xeville.  "The  Freezing  Points  of  Alloys  conUiniiig  Zinc  and 
another  INretal,"  Journal  CUenncal  Society.  Vol.  LXXI..  1897.  paiie  389. 

*  Shepherd,  "  Aluminium  Zinc  Alloys.  "  Journal  of  Physical  Chcmistrj'.  19(b.  9. 

§  E\ven  ami  Turner.  'Shrinkage  of  tbe  Antimony-Ltad  Alloys.  Ac,  "  Inst,  of 

Metals  Journal.  September.  1910. 

11  D  V.  Pluinbi-iclt?e.    Dissertation  at  the  T  inversity  of  tinmen.  1911. 

If  A  brief  pveliiuinavy  account  of  some  of  tlu*  rt'sults  of  - 
has  been  given  in  the  annual  reiiorts  of  the  National  Vh 
and  1910.  and  in  a  lecture  hy  W.  Rosenliain.  ftt  thf  Hoya  I      . . 

，*  C  K  C anion ter.    American  Society  of  Mei'l""m'"l  KnKim  t  r>.  .Imit . 

♦t  W  b.  ISiinovoft.    '-  Tho  MtH-lianiciil  Kntliiu-er."  1910.      pajirs  3«J9- :m 

*J  povtovin.    "  Kevno  do  MetaUni-fiie.  ^lOl  1. 
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With  regard  to  the  mechanical  properties  of  tlie 
aluminium-zinc  alloys,  the  statement  is  sometimes  found  that 
they  are  particularly  weak  under  the  action  of  vibratory 
stresses  and  of  shock.  Here  again  tlie  results  of  the  present 
research  do  not  coiifiria  this  previously  held  view  ；  the 
exhaustive  tests  under  shock  and  alternating  stresses  described 
in  this  Report  clearly  show  that  these  alloys  are  not  abnor- 
mally weak  in  this  respect,  and  that  in  effect  they  exhibit 
properties  in  these  circumstances  which  are  in  normal  corre- 
spondence with  their  general  mechanical  behaviour. 

As  regards  the  general  mechanical  properties  of  the 
aluminium-zinc  alloys,  the  outstanding  result  of  the  present 
research  is  perhaps  to  be  found  in  tlie  very  large  effect  】）i'o- 
duced  upon  them  by  hot  work.  It  has  been  found  possible  to 
roll  out  into  bars  and  even  to  draw  into  wire  an  alloy  con- 
taining as  much  as  25  per  cent,  of  zinc  in  spite  of  the  fact 
that  this  same  alloy  in  the  sand-cast  condition  shows  no  per- 
ceptible ductility.  This  alloy  attains  its  maximum  tensile 
strength  when  in  tlie  condition  of  rolled  bar  l|in.  diam.，  the 
maximum  stress  being  27'5  tons  per  square  inch.  It  is  very 
interesting  to  find  that  rolling  down  the  same  alloy  to 
|in.  diam.  while  hot,  so  far  from  improving  the  properties  of 
the  material,  brings  about  a  reduction  in  the  tensile  strength 
of  several  tons  per  square  inch,  and  similar  phenomena  are 
met  witli  throughout  the  whole  series  of  alloys.  It  may  be 
added  here  that  by  the  addition  of  a  small  percentage  of 
copper  to  these  aluminium-zinc  alloys  the  tensile  strength  of 
the  hot-rolled  material  may  be  raised  to  32  tons  per  square 
inch  while  retaining  a  reasonable  degree  of  ductility.  In  tlie 
form  of  wire  the  maximum  tensile  strength  obtained  is  34  tons 
per  square  inch.  The  specific  gravity  of  alloys  having  these 
high  tensile  strengths  lies  in  the  neighbourhood  of  3'2，  so  that 
tliey  may  still  fairly  be  regarded  as  Hglit  alloys  ；  in  com- 
parison with  other  light  high-tensile  alloys  containing 
magnesium,  the  present  series  have  the  advantage  that  no 
special  heat  treatment  or  quenching  is  required  to  develop 
their  special  properties. 

Both  the  binary  and  ternary  alloys  just  referred  to  differ 
in  one  important  respect  from  the  majority  of  non-ferrous 
alloys  hy  the  fact  that  in  the  rolled  condition  they  exhibit  a 
definite  and  well-marked  yield  point,  their  behaviour  in  the 
testing  machine  showing  the  sudden  dropping  of  the  beam 
which  is  familiar  in  the  testing  of  mild  steel.  This  behaviour 
may  perhaps  justify  greater  confidence  in  the  properties  of 
these  alloys  than  that  which  engineers  usually  repose  in 
materials  having  a  gradual  indefinite  yield.  . 

If  the  results  of  the  present  investigatioii  are  viewed  in 
the  li^ht  of  current  practice  in  the  application  of  aluminiuni- 
zinc  alloys,  the  "lost* important  point  is  that  the  alloys  richer 
in  zinc,  namely,  those  containing  from  15  to  25  per  cent,  of 
zinc  (with  or  without  the  addition  of  copper),  are  deserving 
of  much  closer  attention  and  of  more  widespread  use  aa  com- 
pared with  tlie  lower  alloys,  containing  less  than  15  per  cent, 
of  zinc,  which  are  much  more  widely  used  in  present  practice. 
If  dynamic  as  well  as  tensile  tests  are  taken  into  considera- 
tion, the  outcome  of  the  present  Report  is  to  show  that  the 
alloy  containing  20  per  cent,  of  zinc  is  tlie  most  Ejenerally 
useful  of  the  siim)le  binary  alloys. 

In  this  brief  notice  of  the  outstanding  results  of  the 
investigation  mention  must  now  be  made  of  what  is  probablv 
the  most  serious  defect  of  this  group  of  alloys,  namely,  tlieir 
great  sensitiveness  to  rise  of  temperature  in  relation  to  their 
tensile  sti'eugth.  Thus  the  allov  containins:  25  ver  cent,  of 
zinc,  whose  tensile  strength  at  the  ordinary  teinperatur^ 
is  27-5  tons  per  square  inch,  at  a  temperature  of  100。  C. 
has  a  tensile  streni^th  of  only  18.5  tons  per  square 
inch,  and  the  rapidity  of  this  drop  in  streno-tli  with  risin" 
temperature  increasps  as  the  teninerature  is  further  raise". 
Wlion  very  hoi  the  alloys  are  accordinglv  verv  weak,  hut  whU^ 
they  are  brittle  to  shock  ami  cniinot  iliorpfore  be  forgerl  at 
temperatures  much  above  400。  C.  (752°  "Fall 丄 in  tlie  testinr; 
inarliiiie  they  still  exhibit  an  exceTDtional  amount  of  durtilitv. 
It,  is  this  somewlint  abnormal  beliaviour  whirh  makes  it 
possible  to  roll  into  b;irs  alloys  which  are  brittle  in  the  cast- 
state,  but  at  the  same  time  it  renders  an  aoourate  control  of 
tlio  rolling  temperature  an  essential  conclilioii  of  success. 
Summary  of  the  Phincipal  Eesx^lts. 
Tlie  principal  results  obtained  in  the  investigations 
(lesoribefl  in  the  present  (Tenth)  Keport-  to  the  Alloys 
Research  Conniiittee  are  briefly  sunnnarised  as  follows  : ― 


(1)  The  Constitution  of  the  Alloys. ― This  is  only  briefly 
dealt  witli  in  tlm  Report,  since  a  full  account  of  tlie  iiietal- 
lograpliic  study  of  the  aluminium-zinc  system  has  already  been 
published  elsewhere.  The  new  equilibrium  diagram  arrived 
at  by  the  authors  shows  the  occurrence  of  reactions  and  the 
formation,  of  a  definite  compound  (AUZn,)  whose  existence 
had  not  previously  been  established.  From  the  equilibrium 
diagram  it  appears  that  all  the  alloys  containing  more  than 
40  per  cent,  of  zinc  undergo  transformation  at  a  temperature 
of  256°  C.  (493°  Fall.).  As  regards  tlie  alloys  at  and  near  tlie 
aluminium  end  of  the  series,  the  new  equilibrium  diagram 
establishes  their  "  sol  id  us  curve  "  or  temperature  of  complete 
solidification,  and  also  exhibits  certain  minor  transformations 
which,  although  shown  not  to  be  due  to  a  change  in  the  pure 
aluminium-zinc  system,  always  occur  in  coraniercial  alloys  at 
temperatures  near  tlieir  melting  point.  The  alloys  containing 
】ess  than  40  per  cent,  of  zinc  are  sliown  to  be  simple  homo- 
geneous solid  solutions,  although  it  is  possible  that  ttie  inver- 
sion at  256°  C.  also  occurs  at  this  end  of  the  series.  When 
cast  in  chill  moulds,  the  microstructure  of  these  alloys  exhibits 
the  sharply  "  cored  "  structure  usually  found  in  ra|)i(lly-<-ooled 
solid  solutions  having  a  long  range  of  solidification.  Tn 
sand  castings  this  coring  is  less  sharply  defined  and  the  wliole 
microstructure  is  on  a  larger  scale.  The  "  cores  "  are  entirely 
removed  by  prolonged  annealing  at  such  a  temperature  as 
400°  C.  (752°  Fah.),  but  they  are  removed  rapidly  and  com- 
pletely by  the  rolling  process.  Photomicrographs  of  the  hot- 
rolled  alloys,  especially  after  annealing,  containing  up  to 
25  per  cent,  of  zinc  exhibit  tlie  typical  polyhedral  structure  of 
a  perfectly  homogeneous  solid  solution,  althougli  tlie  scale  of 
the  crystals  varies  considerably  according  to  the  exact  mode  of 
treatment  whioli  the  material  lias  undergone. 

The  Study  of  the  Cast  Alloys. ― The  tensile  strengtli  of 
sand  castings  shows  a  steady  increase  up  to  a  concentration 
of  50  per  cent,  of  zinc,  when  an  ultimate  stress  of  187  tons 
per  square  inch  is  reached  ；  there  is  then  a  slight  fall  of 
strength  with  further  increase  of  zinc  content,  followed  by  a 
rise  to  a  second  maximum  near  75  per  cent,  of  zinc,  a  con- 
centration which  corresponds  approximately  to  the  composi- 
tion of  the  compound  AUZn3.  The  lushest  ultimate  stress 
readied  is  18*9  tons  per  square  inch.  Tlie  results  of  tests  on 
chill  castings  shows  three  maxima,  namely,  the  first  at  30  per 
cent,  of  zinc  with  an  ultimate  stress  of  17"9  tons  per  square 
inch,  the  second  at  50  per  cent,  with  21*6  tons  per  square 
inch,  and  the  third  at  75  per  cent,  with  20*1  tons  per  square 
inch . 

Tn  discussing  the  results  of  tensile  tests  on  the  present 
series  of  alloys  the  autliors  have  used  the  term  "  Specific 
Tenacity,"  to  denote  a  quantity  which  is  proportional  to  the 
tensile  strength  and  inversely  to  the  specific  gravity  ；  this  has 
been  calculated  by  dividing  the  ultimate  stress  of  a  given  alloy 
in  tons  per  square  inch  bv  the  Aveicht  of  a  cubic  inch  in 
pounds.  The  quotient  is  the  breaking  load  in  tons  of  a  bar 
of  the  material  whose  cross-section  is  sucli  as  to  make  the 
weight  of  the  bar  lib.  per  incli  length.  From  the  point  of 
view  of  tensile  stren^h  alone  this  figure  may  be  re£:arded  as 
representing  the  value  of  anv  structural  material,  and  allows 
of  comparisons  on  a  correct  basis  between  materials  of  widelv 
different  STDecific  gravity,  such  as  these  light  alloys  and  steel. 
In  tlie  cast  alloys  tlie  snecifio  tenacity  is  found  to  reaoh  its 
maximum  for  both  sand  and  chill  castings  in  au  alloy  con- 
taining approximately  26  per  cent,  of  zinc.  The  value 
attained  is  just  over  150,  as  compared  with  a  inaxinuuii  value 
of  126  reached  bv  the  li^l^t  alloys  desoribed  in  the  Ninth 
Keport.  Tn  the  liglit  alloys  of  aluiniiiiuni  with  copper  alone 
the  specific  tenacity  of  castings  does  not  exceed  a  value  of  99. 

Compression  tests  on  a  number  of  chill  and  sand  castings 
of  the  allovs,  includins:  some  of  hisrher  zinc  content,  have  been 
Diade.  These  tests  show  that  in  general  terms  the  behaviour 
of  the  castings  under  compression  is  approxiniatelv  propor- 
tional to  their  behaviour  under  tension.  The  highest  vield 
stress  under  compression  was  obtained  with  alloy  No.  55  in 
the  chill  cast  condition.  — "u  a  stress  of  22  96  tons  per  square 
inch.  It  is  curious  to  find,  however,  that  the  chill  cast—s 
are  decidedly  inferior  to  the  sand  castings  until  a  zinr  content 
of  ahout  r>0  per  cent,  is  passed. 

The  question  of  the  possible  acein^r  "  or  even  gradual 
spontaneous  disintegration  of  the  aliinnniuni-zinc  allovs  lias 
also  been  studied  in  connection  with  the  saiul-cast  】"aterial， 
tensile  tests  on  some  of  the  alloys  being  repeated  on  specimens 
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which  had  been  kept  for  over  15  iiionihs,  but  no  signs  of  any 
change  were  observed. 

Study  of  the  Wrought  Alloys.— Billets  of  the  alloys  con- 
taining up  to  and  including  '2G  per  cent,  of  zinc  were  cast  at 
the  laboratory  and  were  rolled  and  drawn  to  various  sizes, 
iurluding  wire  and  sheet,  at  the  Milton  Works  of  the  British 
Aluniiniuni  Company.  Hot  rolling  was  found  possible  witli 
all  these  alloys,  but  not  with  an  alloy  containing  30  per  cent . 
of  zinc. 

Tensile  tests  on  a  representative  series  of  alloys  lying 
between  the  limits  of  composition  just  named  were  made  on 
material  in  the  form  of  (1)  bars  hot  rolled  to  l^in.  diam., 
(2)  bars  hot  rolled  to  Jin.  diaiii.,  (8)  bars  liot  rolled  to  iiji. 
(Hani.,  (4)  bars  cold  drawn  to  {-^iu,  diaiu.,  (,「))  bars  drawn  witli 
annealing  to  ^in.  diam.,  (6)  cold-drawn  wire  ()1285in.  diain., 
and  (7)  sheet  of  0'14in.  and  0'07in.  thickness.  Tn  addition, 
the  】naterial  in  the  form  of  ； in.  bars  hot  rolled,  fjHn.  cold 
drawn,  hot  rolled  iin.,  and  wire,  as  well  as  sheet  of  both 
thicknesses,  was  also  tested  after  annealing  for  one  hour  at 
400°  C.  The  teiisils  tests  on  all  the  hot-worked  material  gave 
very  uniform  and  consistent  results  which  can  generally  be 
represented  by  reasonably  smooth  curves  wlien  the  data  are 
plotted  against  zinc  content.  The  yield  points  in  these  tests, 
as  contrasted  with  those  on  casLings,  are  well  defined  and  as 
regular  as  the  results  for  ultimate  stress. 

In  the  form  of  1  jiii.  liot-rolled  bars,  the  alloy  No.  26, 
Table  I.，  attains  a  tensile  streiigtli  of  27  tons  per  square  incli, 
with  a  yield  point  of  25  tons  per  square  inch  and  an  elonga- 
tion of  16*5  per  cent,  on  2in.  Both  the  tensile  tests  on  Ijin. 
and  on  Jin.  hot-rolled  bars  give  curves  of  ultimate  stress 
plotted  against  zinc  content  which  are  very  similar  to  one 
another,  but  it  is  a  striking  feature  of  these  alloys  that  the 
curve  for  the  smaller  section  lies  above  that  for  the  larger 
only  up  to  a  zinc  content  of  about  12  per  cent.  ；  above  that 
concentration  the  1  jin.  bars  give  higher  ultimate  stresses  than 
the  Jin.  bars.  The  results  of  tests  on  still  smaller  sizes  of 
material,  even  including  the  hard-drawn  wire,  show  corre- 
sponding results,  although  the  crossing  point  of  the  respective 
curves  differs  from  one  size  of  material  to  another.  The 
general  conclusion  is  demonstrated  that  the  beneficial  effect  of 
work  "  on  these  alloys  diminishes  steadily  with  increasing 
zinc  content,  until  the  25  and  26  per  cent,  alloys  are  reached 
in  which  we  find  that  the  highest  ultimate  stress  is  always 
given  by  the  l|in.  hot-rolled  bars.  These  alloys,  richer  in 
zinc,  therefore  present  the  unusual  property  that  cold-drawing 
a  bar  from  1-^in.  to  ^in.  diam.，  although  it  raises  both  yield 
point  and  elastic  limit  and  lowers  elongation  and  reduction  of 
area,  actually  reduces  the  ultimate  stress. 

The  condition  (excluding  wire)  of  highest  tensile  strength, 
together  witli  the  yield  stress  and  elongation  corresponding  to 
that  condition,  are  given  for  a  series  of  typical  alloys  in  the 
following  summary  table  : —— 

Table  I. 


Number 
of  tlie 
Alloy  (a'so 
per  cent. 
Zn). 

Conditions  for 
Highest  UUiiiiato 
Stress. 

Ultitnate 

Stress. 
Tons  pel- 
Square  Inch. 

yield  point. 

Tons  per 
Square  Inch. 

Elongation 
on  2in. 
Per  cent. 

5 

n.  hot-rolled  bar 

8  94 

7-4 

26 

9 

n.  liot-rolled  bar 

1117 

6-98 

38^' 

11 

n.  hot-rolled  bar 

13-78 

9  42 

36* 

】3 

n.  eold-diawn  bar 

14-73 

12-80 

19-6 

17 

lii 

n.  hot-rolled  bar 

19  85 

13-20 

22 

20 

lli 

n.  liot-rolled  bar 

22-64 

173 

20  5 

26 

U' 

n.  Iiot-rolleil  1  tar 

27  09 

25-00 

16-5 

*On  lin. 


The  tensile  tests  on  annealed  material  were  undertaken 
principally  to  ascertain  whether  the  peculiar  effects  of 
" work  "  mentioned  above  persisted  after  annealing,  and  the 
results  are  discussed  with  reference  to  the  resulting  micro- 
structures.  It  was  found  that  the  hot-rolled  "  materials 
exhibited  a  considerable  amount  of  deformation  in  their  con- 
stituent crystals  and  that  this  deformation  was  entirely 
removed  by  annealing,  although  the  scale  of  the  resulting 
structure  differed  widely  according  to  the  treatment  which 
each  specimen  had  received.  In  general  terms  it  was  found 
that  tlie  tensile  strength  of  the  annealed  iiiat'erials  was  not 
strictly  proportional  to  crystal  size,  but  that  tlie  more  severely 
worked  material  always  exhibited  better  results  after  anneal- 


ing than  less  severely  treated  metal.  The  highest  ultimate 
stress  in  annealed  material  of  ilie  present  series  of  alloys  was 
obtained  froin  alloy  No.  20  in  the  form  of  annealed  cold- 
drawu  wire,  t  he  value  being  211  tons  per  square  inch,  but  it 
must,  be  noted  ill  at  the  liiglier  alloys  of  the  series  (No8.  25 
and  26)  were  not  includefl  in  all  the  tests  on  annealed 
material. 

The  tests  on  wire  and  slieet  gave  results  vvliidi  have 
already  been  referred  to  in  connection  with  tlie  effect  of  work 
ami  of  annealing.  Sheets  were  rolled  from  alloys  Nos.  15  and 
20;  the  former  rolled  well,  but  the  latter  cracked  soniewliat 
a1,  the  edges.  The  tensile  tests  sliow  consiflerahle  variations 
as  regards  yield  point's  between  longitudinal  and  transvers* 
tests,  although  these  are  obliterated  to  a  considerable  extent 
after  annealing.  Tlie  yield  stresses,  liowever,  gave  very 
erratic  results,  and  this  is  pmlmWy  to  be  ascribed  to  slight 
surface  crac-kiiig  of  the  Jiietal.  Ti/tlie  cold-roUefl  coiirlitioii, 
all?y  No.  20,  in  the  form  of  sheet  007iii.  thick,  gives  aii 
ultimate  stress  of  23  tons  per  square  inch,  but  there  is  little 
or  no  elongation  in  this  condition.  After  annealing  the 
ultimate  stress  falls  to  18  tons  per  square  inch,  but  the  elonga- 
tion reaches  10  per  cent,  on  a  longitudinal  and  6*25  per  cent, 
on  a  transverse  test.  ' 

As  regards  the  tests  on  the  alloys  in  the  form  of  wire,  it. 
was  found  possible  to  obtain  even  alloys  Nos.  25  ami  26  in  this 
form,  but  the  results  given  by  these  were  disappointing,  sine 3 
Uiey  were  lower  than  the  tests  obtained  with  Ijin.  hot-rolled 
bars.  In  the  annealed  condition,  liowever,  thess  wires  give 
results  which  appear  to  be  promising;  tlius  No.  19  gives  an 
ultimate  stress  of  21  tons  per  square  incli  witli  177  per  cent, 
of  elongation.  It  is  interesting  to  note  that  the  tests  on 
annealed  wire  exhibit  a  well-defined  maximum  in  tensile 
strength  at  or  near  a  concentration  of  20  per  cent,  of  zinc. 

Tensile  tests  at  high  temperatures  were  made  on  a  series 
of  the  alloys  in  order  to  ascertain  the  effect  of  zinc  content 
on  the  rate  of  loss  of  stren^h  of  these  alloys  with  increasing 
temperature.  Most  of  the  alloys  were  tested  up  to  200°  C. 
(392。  Fall.),  but  in  two  cases  considerably  higher  temperatures 
were  employed  (up  to  595。  C).  In  every  case  it  is  found  that 
there  is  a  rapid  fall  in  the  yield  stress  and  ultimate  stress 
with  rising  temperature,  even  50°  C.  producing  a  marked 
effect.  The  rate  of  loss  of  strength  varies  according  to  the 
composition  of  the  alloy  ；  thus  at  100°  C.  the  alloys  contain- 
ing up  to  13  per  cent,  of  zinc  have  lost  about  36  r>er  cent,  of 
their  tensile  strength  at  the  ordinary  temperature  ；  the  allovs 
containing  from  15  to  17  per  cent,  show  a  loss  of  44  to  52  per 
cent.,  but  this  figure  again  diminishes  to  26  per  cent,  for  allov 
No.  26.  These  relative  rates  of  loss  are  confirmed  at  higher 
temperatures.  At  still  higher  temperatures  tlie  strength  of 
the  alloys  becomes  exceedingly  small,  but  they  exhibit  a 
remarkable  degree  of  ductility  as  measured  by  elongation  and 
reduction  of  area  ；  the  latter  in  some  cases  is  so  great  that 
the  fracture  is  drawn  down  to  a  sharp  point,  while  the  elonga- 
tion in  one  instance  reached  133  per  cent.  Forging  tests, 
however,  show  that  tliis  extreme  ductility  exists  only  under 
" static  "  loads,  and  that  the  alloys  which  draw  out  to  fine 
points  in  the  testing  machine  are  broken  into  small  fragments 
if  struck  sharply  with  a  hammer  at  the  same  temperature. 

The  elastic  properties  of  tlie  alloys  have  been  determined 
both  for  tlie  hot-rolled  and  cold-drawn  materials.  They 
exhibit  a  satisfactory  elastic  behaviour  and  show  well-defined 
elastic  limits,  which  increase  regularly  with  the  zinc  content 
and  consistently  witli  the  ordinary  yield  point  deternnnations. 
The  elastic  moduli  of  all  the  alloys  are  almost  identical,  lying 
near  the  value  9  x  10"，  a  low  value  which  may  prove  a  dis- 
advantage for  certain  possible  uses  of  the  alloys. 

Autographic  stress-strain  diagrams  have  been  taken  from 
Sin.  specimens  ；  tlie  diagrams  show  well-defined  yield  points 
and  they  also  eyliibit  the  stepped  appearance  which  is  typical 
of  tlie  mode  of  plastic  extension  of  many  non-ferrous 
materials. 

Torsion  tests  have  been  carried  out  on  specimens  cut  from 
the  alloys  in  the  form  of  l^in.  liot-rolled  bars  :  comparison 
of  the  results  with  those  of  tensile  tests  shows  that  the 
torsional  strength,  althous^h  it  increases  considerably  witli 
increase  of  zinc  content,  yet  does  not  increase  as  rapidly  as  the 
tensile  strength.  The  ratio  of  the  maxinuini  stresses  under 
the  two  forms  of  test  falls  from  I'lO  for  alloy  No.  9  to  070 
for  alloy  No.  25.  . 

The  hardness  numbers  of  the  alloys,  again  in  tlie  form  of 
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IJin,  hot-rolled  bar,  have  been  determined  by  the  Brine" 
method  under  loads  of  1,000  kg.  and  3,000  kg.  respectively 
and  l)y  the  Shore  scleros (； ope.  The  ])ro])oit-ioiiality  between 
t'lie  hardness  numbers  and  tensile  strength  is  found  in  these 
alloys  to  be  only  of  a  general  kind,  the  shapes  of  the  respective 
curves  being  notably  different. 

Compression  tests  have  also  been  made  on  the  wrought 
alloys.  The  results  are  in  strict  conformity  with  those  of 
tensile  tests,  although  the  compression  yield  stresses  are 
always  slightly  liiglier  than  tliose  found  in  tension. 

Dynamic  tests  have  been  carried  out  on  the  alloys  both 
with  the  machines  designed  for  that  purpose  at  the  National 
Physical  Laboratory  under  the  direction  of  Dr.  T.  E.  Stanton, 
and  also  by  the  kindness  of  Prof.  J.  O.  Arnold  at  tlie  Univer- 
sity of  Sheffield.  The  tests  made  at  Tedrlington  include  direct 
alternations  of  stress,  repeated-bending  impact,  and  single- 
blow  impact. 

The  tests  in  alternations  of  direct  stress  give  a  series  of 
results  for  the  safe  range  of  alternating  stresses  for  the  alloys, 
and  tliis  curve  lies  considerably  below  that  of  the  static  elastic 
limits.  These  ranges,  although  low  when  compared  with  tlie 
ordinary  tensile  test  results,  yet  indicate  a  very  decided 
advance  on  other  liglit  alloys  which  have  been  described  in  the 
Ninth  Report.  The  best  of  those  alloys  (of  aluminium  with 
copper  and  manganese)  showed  a  safe  range  of  9'4  tons  per 
square  incli,  Avliile  the  best  of  the  present  series  has  a  range 
of  1  'J  O  tons  per  square  inch. 

Alternate-bending  impact  tests  were  made  with  a  weight 
of  tup  of  47] lbs.  and  heights  of  fall  of  I'Oin.  and  071in. 
respectively.  Both  sets  of  tests  give  curves  of  very  similar 
shape  which  show  that  after  1 5  per  cent,  of  zinc  the  resistance 
to  this  test  is  strictly  proportional  to  the  zinc  content  of  the 
alloy.  Of  the  present  alloys,  No.  9  shows  a  resistance  practi- 
rally  equal  to  that  foiuul  in  tlie  best  of  tlie  liglit  alloys 
described  in  tlie  Nintli  Report  (about  600  blows  with  a  fall 
of  0'7Iin.),  while  the  best  alloy  of  the  present  series  (No.  25) 
required  3,400  blows  for  fracture.  This  power  of  resisting 
repeated  impact  is  particularly  noteworthy  in  view  of  the 
fact  that  the  alumiiiiuin-zinc  alloys  are  frequently  spoken  of 
as  being  weak  under  shock. 

Single-blow  impact  tests,  made  on  the  Izod  machine,  show 
that  tlie  work  absorbed  by  fracture  reaches  a  maximum  for  a 
zinc  content  lying  between  15  and  20  per  cent.  This  is  in 
accordance  with  the  fact  that  such  tests  are  affected  by  both 
tensile  strength  and  ductility,  so  that  the  increased  tensile 
strength  of  the  alloys  containing  more  than  20  per  cent,  of 
zinc  is  more  than  outweighed  by  their  lower  ductility  so  far 
as  this  test  is  concerned.  As  compared  with  the  light  alloys 
previously  studied,  the  present  series  are  decidedly  superior, 
alth ougli  the  difference  is  not  so  marked  as  under  some  of  the 
other  tests. 

Under  Prof.  Arnold's  alternate-bending  test,  the  alloys 
gave  remarkably  uniform  results,  but  the  curve  of  number 
of  alternations  endured  falls  rapidly  with  increase  of  zinc. 
Prof.  Arnold  remarks  that  the  resistance  of  these  alloys  to  his 
test  varies  from  -|  to  tliat  of  heat-treated  best  mild  st  luc- 
tural  steel.  It  is  interesting  to  note,  in  comparing  the  results 
of  the  three  last-mentioned  forms  of  dynamic  test,  that  the 
curves  representing  their  results  are  closely  related  to  the 
curves  of  ultimate  stress  and  elongation  or  red iK'tion  of  area 
as  shown  by  tensile  tests.  Thus  the  repeated-bending  impact 
tests  give  a  curve  which  is  closely  proportional  to  that  of 
ultimate  stre。ses，  while  the  results  of  Prof.  Arnold's  tests  are 
proportionals  to  the  ductilities  of  the  alloys  as  shown  by 
elongation  or  reduction  of  area.  The  single-blow  impact 
tests,  on  the  other  liand,  appear  to  be  proportional  to  the  sum 
of  these  two  properties. 

In  view  of  the  results  of  all  tlie  】ne<'lianical  tests  the 
authors  arrive  at  the  conclusion  that  an  alloy  containing 
about  20  per  cent,  of  zinc  probably  represents  the  best  com- 
bination of  properties  obtainable  in  the  simple  binary 
aliiminium-zinc  series. 

Corrosion  t^ts  on  specimens  of  these  alloys  exposed  to  the 
sea  have  been  carried  out  for  a  period  of  over  500  days,  and 
the  results  show  that  tlie  rate  of  loss  of  weight  uiuler  siu-li 
exposure  increases  with  increasing-  zinc  content.  The  actual 
rate  of  loss,  however,  is  not  as  great  as  might  have  been 
anticipated,  varying^,  when  allowance  for  the  difTerence  of 
density  is  made,  from  1 1  t iiiies  that  of  Naval  brass  to  1  \  times 
that-  of  Muntz  metal.      Tlie  authors,  however^  regard  their 


corrosion  tests  as  purely  preliminary,  since  the  alloys  were 
used  in  the  cast  state,  while  subsequent  study  suggests  that 
aTinealed  material  would  show  considerably  less  corrosion. 
The  method  of  measuring  corrosion  by  loss  of  weight  is  also 
regarded  as  inadequate  for  the  study  of  these  alloys,  and 
further  corrosion  tests  are  being  undertaken. 

A  general  feature  of  some  iinportam'e  in  connection  witli 
all  the  alloys  described  in  the  present  Report,  and  particu- 
larly with  those  containing  from  10  to  30  per  cent,  of  zinc,  is 
tlie  great  facility  with  which  they  can  be  worked  by  machine 
tools  of  all  descriptions,  in  most  cases  without  the  use  of  any 
lubricant.  Turnings  of  exceptional  length  and  strength  have 
been  obtained  from  several  of  these  alloys.  The  machined 
surfaces  retain  their  brightness  in  the  air  of  the  laboratory 
for  many  TTionths  witliout  2)rotef;tion  of  any  kind. 

The  authors,  in  an  appendix,  give  a  preliminary  acx-ount 
of  the  properties  of  a  ternary  alloy  of  aluminium  with  zinc 
and  copper  (alloy  No.  25/3) ⑤ ntaining  approximately  25  per 
cent,  of  zinc,  ami  3  per  cent,  of  copper.  This  alloy,  wliicli  can 
be  rolled  hot,  although  some  special  rare  is  require<l  in  dealing 
with  it,  gives  remarkable  results  under  ineclianical  tests.  An 
ultimate  stress  of  34  tons  per  square  inch  has  been  attained 
with  this  material,  while  its  resistance  to  repeat ed -bend iiicr 
impact  is  over  4,500  blows,  as  coin  pared  with  3,400  of  the  best 
of  the  binary  alloys. 


OIL  BURNING  IN  BOILER  FURNACES.* 

BY  PROF.  E.  \V.  KF.nn. 

In  general,  it  may  be  said  that  boilers  using  oil  as  fuel  have 
higlier  efficiency  than  those  using  coal.  This  is  due  to  the 
greater  ease  of  burning  the  former  without  tlie  losses  which 
are  more  or  less  unavoidable  in  coal  l)urning.  These  losses 
consist  mainly  of  those  due  to  incoiiuilete  conibustioii  and 
excess  air.  In  coal  burning  there  is  also  danger  of  incom- 
plete combustion,  due  to  the  fact,  even  when  "  excess  air  " 
is  supplied,  that  there  are  still  portions  of  the  fuel  bed  so 
inaccessible  as  to  not  get  sufficient  oxygen  for  tlie  formation 
of  COo.  In  oil  burning,  there  being  no  thick  bod  of  fuel  and 
with  the  fuel  thoroughly  atomised,  there  is  every  facility  for 
perfect  admixture  of  all  the  air  admitted  and  so  complete 
combustion  with  the  least  possible  "air  excess is  secured. 
Tt  is  interesting  to  note  that  all  of  tlie  higli  records  have  been 
accompanied  by  very  low  excess  air.  The  following  table 
gives  the  results  of  tests  showing  the  perforiuanre  of  a  number 
of  oil-burning  plants  : ― 


Type  of  Boiler. 


2. 
3. 


Horizontal  return  tubu- 
lar   

Water  tube   

Water  tube  (Kedondo 
plant,  Cal.)  


Calorific 
Valne  of 
Oil. 

Water  Evaporated 
per  l*ound  Oil. 

rH  1— <  1— (  p— ( 

15.32 
(Aver,  of  8  tests) 

1.').4  ！ 

15.15  ' 
(Aver,  of  8tests) 

14-42 

14.61 

DoUer 

Efficiency. 


78.5 

79.8 

80-47 

78-53 
80.97 


The  above  figures,  reproduced  here  from  data  given  in 
various  engineering  journals,  show  performances  better  than 
the  average  and  are  given  to  show  what  may  be  accomplished 
by  carrying  out  the  proper  principles  in  the  design  ami 
operation  of  oil-burning  plants.  Most  of  them  are  averages 
of  a  number  of  tests  made  by  reputable  engineers. 

The  all-important  question  is:  What  conditions  must,  be 
met  in  order  to  secure  the  liighest  possible  efficiency  ？  Among 
tlie  factors  affecting  the  question  may  be  mentioned  the  fol- 
lowing : (1)  Completeness  of  combustion,  {'2)  quantity  of  air 
in  excess  of  that,  theoretically  required,  (3)  type  of  burner, 
(4)  form  and  volume  of  combust iou  space,  (5)  cleanliness  of 
the  heating  surface. 

At-  a  recent  meeting  of  the  American  Society  of  Mechani- 
cal Engineers,  in  San  Francisco,  the  subjeot  of  oil  burning 
was  discussed  very  fully,  10  papers  being  read  upon  tlie  sub- 
ject and  some  20  engineers  entering^  into  the  disrussion.  Tt 
is  interesting  to  note  tlie  great  stress  laid  upon  the  matter 
of  reducing  the  excess  of  air  to  a  niiniimim.     In  fact,  it  would 
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seem  that  the  increased  efficiency  possible  in  oil  burning  in  ay 
be  attributed  to  this,  ami  that  most  ol'  the  factors  eiiiuneratefl 
above  have  their  importance  in  the  manner  in  which  they 
affect  this  one  item. 

Ill  general,  any  burner  will  atomise  the  oil  if  sufilcient 
steam  is  supplied  to  it.  On  the  basis  of  an  equivalent 
evaporation  of  151bs.  of  water  per  pound  of  oil,  steam  for 
atomising  equal  to  5  per  ceut.  of  tliat  generated  would  be 
equivalent  to  15  x  0*05  ―  0'751b.  of  steam  j)er  pound  of  oil 
tired,  and  similarly  for  other  percentages.  丄 ii  the  tests  made 
by  the  United  States  Naval  Liquid  Fuel  Board  in  1904  the 
steam  required  for  atoiiiisiiig  varied  from  175  per  cent .  to 
10*81  per  cent,  of  the  total  generated.  In  these  tests  a  large 
number  of  different  burners  was  used.  Average  good  prac- 
tice seems  to  be  in  the  neighbourhood  of  3 '5  per  cent,  to 
4  per  cent,  for  atomising,  although  the  best  practice  ranges 
from  15  per  cent,  to  3  per  cent.  At  the  Redoiulo  plant  in 
California  the  average  steam  for  atomising  in  seven  tests 
was  2'15  per  cent,  of  the  total  generated.  It  should  be  said 
that  the  steam  used  for  this  purpose  will  vary  greatly  with 
the  same  burner. 

So  far,  the  effect  of  the  type  of  burner  on  efficiency  has 
been  discussed  only  from  the  standpoint  of  its  effect  upon  the 
amount  of  steam  it  requires  for  atomising.  It  is  evident 
that  that  burner  which  atomises  the  oil  ami  divides  it  most 
finely  will  facilitate  most  the  thorough  mixture  of  the  air 
and  the  burning  oil  and  that  this,  in  turn,  will  result  in  a 
minimum  excess  air.  In  fact,  the  oil  must  be  vaporised —— thal- 
is，  converted  into  a  gas ― before  it  is  burned,  ami,  of  course, 
the  finer  the  division  accomplished  in  the  atomising  process 
the  more  speedy  the  gasification. 

This  vaporisation  may  be  aided  by  either  or  botli  of  two 
methods,  viz.  :  preheating  the  oil  before  it  is  delivered  to 
the  burner  or  by  preheating  the  air  used  in  combustion.  The 
former  is  a  common  practice,  especially  where  the  heavier 
crude  oils  are  used ,  and  during  cold  weather.  By  heating 
the  oil  its  viscosity  is'  reduced  and  this,  in  turn,  aids  in 
atomisation  and  vaporisation .  The  heating  is  generally  done 
by  means  of  a  heater  similar  to  that  used  for  heating  feed 
water,  witli  exhaust  steam  from  the  oil  pump. 

The  writer  has  been  unable  to  secure  trustworthy  experi- 
mental data  upon  the  economy  effected  by  preheating  the  oil 
or  the  air.  Preheating  the  oil,  if  the  temperature  is  raised 
too  high,  will  cause  a  decomposition  of  the  oil  and  result  in 
deposits  of  carbon  in  the  piping  and  the  burner.  This  will 
give  imich  trouble.  If,  however,  the  heater  does  not  rais3 
the  temperature  of  the  oil  above  the  flash  point  there  will  be 
no  trouble  from  this  source.  Thus  tlie  fuel  oils,  from  which 
the  more  volatile  oils  have  been  removed,  may  be  preheated 
to  higher  temperatures  tlian  crude  oil  without  trouble  from 
carbon  deposits  in  the  supply  pipe. 

Beaumont  oil  (fuel  oil)  used  in  the  tests  by  the  Navy 
Liquid  Fuel  Board  had  a  flash  point  of  21(3。  Fall.  Average 
crude  oil  from  the  same  fields  has  a  flash  point  of  1 80°  Fall. 
California  oil  (fuel),  used  also  in  the  Navy  tests,  liacl  a  flash 
point  of  311°  Fall.,  and  a  residuum  mixture  of  California  and 
Texas  oils  a  flash  point  of  270。  Fall. 

The  type  of  burner,  however,  lu:s  li a  1  o  to  do  with  the 
economy  of  oil  burning  compared  with  the  design  of  the 
furnace.  In  the  first  place,  a  large  volume  of  furnace  is 
necessary.  No  matter  how  well  the  atomising  proress  is 
accoinplishefl  by  the  burner,  a  certain  amount  of  time  is 
required  for  gasification  and  a  mixture  of  the  air  and  the 
particles  of  fuel.  By  enlarging  the  volume  the  time  of 
passage  through  the  combustion  space  is  lengthened. 

The  coinbustioii  space  may  be  enlarged  by  iiUTeasing  tlie 
cross-sectional  area  or  by  increasing  the  length.  Theoreti- 
cally, these  two  methods  fulfil  the  requirements  equally  well, 
provided  the  volume  is  the  same.  In  other  words,  a  short 
furnace  with  a  large  cross-sectional  area  would  profluco  the 
same  effect  as  a  longer  furnace  with  a  small  cross-sectional 
area.  The  velocity  of  the  current  would,  however,  be  greater 
in  the  long  narrow  furnace,  and  more  drauglit  would  be 
required  with  this  arrangement.  In  the  case  of  horizontal 
tubular  boilers,  where  the  under  side  of  the  boiler  shell  con- 
stitutes one  wall  of  the  combustion  space,  the  long  narrow 
arrangement  will  bring  a  larger  proportion  of  the  gases  in 
contact  with  water-cooled  heating  surface  prior  to  combus- 
tion, a  tiling  always  to  be  avoided  wlieu  possible.    On  the 


other  hanfl,  the  entire  combustion  space  is  more  likely  to  be 
efTective  in  the  narrow  furnace— thai  is,  tliere  is  less  likely  to 
be  short-circuiting  of  tlie  gases  across  portions  of  the  furnace. 
It,  may  be  said,  however,  that  the  latest  practice  lends  to 
approve  the  short  and  wide  arrangement. 

With  very  wide  furnaces,  in  some  cases,  baffle  walls  and 
fm'lie's  have  been  built  in  for  tlie  purpose  of  compelling  a 
I liorougli  filling  of  the  entire  combust if)ii  spfice,  tlie  former  by 
scHtlcriu^  the  flame  and  the  latter  by  holding  tlie  flame  in 
the  [rout  part  of  the  setting.  Present  practice  seeiiis,  how- 
ever, not  to  favour  these  adjuncts,  the  burner  being  rlepenrled 
upon,  by  its  fan  or  coiie-sliaped  flame,  io  difTuse  the  gases 
t lirougli  the  entire  space.  It  is  iniportaiil  in  designing  an 
oil  furnace  to  arrange  so  that  the  flame  is  well  distributed 
over  the  lieaiiiig  surface  and  that  no  part  of  the  latter  is 
subjected  to  intense  local  jets  of  flame,  as  it  is  very  easy  to 
ill ju re  the  metal  inalerially  in  t liis  "laniicr.  Tliis，  in  fart,  is 
one  of  the  liariiiful  efFecis  which  result  from  tlie  ba files  ami 
walls  mentioned  above. 

One  of  the  most  effective  ami  satisfactory  arraii^'efiieiits  is 
to  have  the  floor  of  the  furnace  gradually  slope  upwanl  from 
tlie  front  of  the  furnace  to  the  bridge  wall,  in  some  cases 
paved  and  smooth  and  in  otlier  cases  made  of  brickbats  piled 
loose.  Either  of  these  constructions  throws  ilie  flame  to  tlie 
heating  surface  and  at  the  same  time  at  sucli  a  small  angle 
as  to  ensure  against  local  impingement  of  flame.  This 
arraiigenient  aids  also  in  fulfilling  another  requirement  for 
efficient  oil  burning,  viz.  :  that  the  corribustion  takes  place  in 
a  space  surrounded  with  firebrick.  This  brick  be<_'omes  iiiraii- 
flescent  and  the  lieat  radiated  from  it  aids  materially  in  the 
gasification  of  the  fuel  in  the  quickest  possible  manner. 

Having  a  properly  designed  furnace  will  not  secure  tlie 
highest  efficiency  unless  tlie  air  supply  to  it  is  carefully  regu- 
lated. In  fact,  it  would  seem  that  this  is  of  most  importance. 
The  front  of  the  furnace ― in  fact,  the  whole  setting 一 should 
be  air  tight  with  air  openings  so  arranged  as  to  be  easily 
regulated.  If  the  air  is  admitted  tliroiigli  tlie  draught  doors 
their  position  should  be  carefully  adjusted  so  as  not  to  give 
too  much  or  too  little  air,  the  greatest  cause  of  loss  being  in 
1  he  former. 

Many —— in  fact,  most— of  the  smoke  stacks  used  witli  oil 
burners  were  formerly  used  for  coal  burning,  the  height  of 
the  stack  being  iitacle  to  suit  that  fuel.  The  result  is  higher 
stacks  and  greater  draught  than  is  necessary  for  good 
economy.  One  expert  in  oil  burning  cites  a  case  where  the 
stacks  in  a  large  plant  were  blown  down,  only  35ft.  being 
left,  and  yet  tlie  load  was  easily  carried.  One  authority 
states  that  a  draught  of  O'lin.  of  water  in  the  last  pass  of  a 
water-tube  boiler  is  sufficient,  for  the  best  economy,  and  that 
with  0'5in.  draught  a  loss  of  at  least  10  per  cent,  in  fuel 
may  easily  result. 

To  summarise,  there  are  three  main  essentials  for  the  best 
results  in  oil  burning,  viz.  :  (1)  a  furnace  with  proper  design 
as  regards  volume  of  combustion  space  and  distribution  of 
gases  on  tlie  heating  surface  ；  (2)  complete  control  of  the  air 
supply  ；  and  (3)  thorough  atomisation  and  gasification  of  the 
fuel  as  early  in  the  process  as  possible. 


Vanadium  in  Tool  Steel. ― In  a  recent  publication  issued  by 
the  Aiiieri (； an  Vanadium  Company,  Pittsburg,  it  is  stated  that 
tlie  first  vanadium  was  only  added  to  high-speed  steel  in 
amounts  of  0*2  to  0.3  per  cent.,  but  it  was  found  that  larger 
percentages  produced  still  better  results,  and  as  much  as 
0*75  to  1  per  cent,  is  now  generally  used.  The  increase  in 
efficiency  may  be  slated  either  in  the  relative  speed  at  which 
the  tools  will  last  a  specific,  time,  or  in  the  relative  length  of 
time  the  tools,  under  test,  and  under  similar  conditions,  will 
rut  without  re-sharpening.  Results  show  that  0*3  per  cent. 
()f  vanadium  })ermits  a  10  per  cent,  increase  in  speed,  or  the 
removal  of  10  per  cent,  more  metal  in  the  same  period  ；  0  6  per 
ceni .  of  vanadium  permits  of  20  per  cent,  increased  speed,  and 
0*9  per  cent,  of  vanadium  permits  of  an  increased  speed  of 
30  per  cent.  Statiug  the  effect  in  terms  of  increased  time 
between  griiuHngs,  0*3  per  cent,  of  vaiiadiuni  doubles  the  time 
between  grituliiigs  ；  O'G  per  cent,  quadruples  the  time,  ami 
()'9  per  cent,  of  vanadium  ruts  eight  times  as  niucli  metal 
between  i^rindings  if  the  same  speed  and  feed  are  employed  iu 
each  operatiou. 
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THE  PURIFICATION  OF,  BLAST-FURNACE  GAS 

NuMEUoi  ^  allempts  have  been  made  to  effect  a  cheap  and 
easy  method  of  purifying  blastfurnace  gas.  One  of  the  latest 
processes  is  the  "  Hal  berg- Beth  "  as  carried  out  by  the  Ding- 
lersche  Maschineiifabrik  A.G.,  of  Zweibriickeii.  This  system 
is  shown  in  plan  and  elevation  in  the  annexed  ligures,  for 
which,  along  with  the  following  description,  we  are  indebted 
to  "  The  Iron  and  Coal  Trades  Review.'" 

The  crude  gas  enters  the  plant  from  the  blastfurnace  main 
pipes  thj-ougli  the  opening  n  into  the  air  cooler  h,  which  is 
of  the  vertical  type,  ami  lias  at  its  lower  end  a  water  seal. 
In  this  cooler  the  gas  is  brought  down  to  a  temperature  close 
to  its  dew-point.  Leaving  the  cooler,  the  gas  passes  to  a 
receptacle  r  where  the  temperature  necessary  for  the  efficient 
working  of  the  subsequent  filtering  operation  is  obtained  and 
regulated  by  means  of  a  steam  coil.  It  then  passes  to  tlie 
filter  apparatus,  which  is  installed  in  the  compartment  e  and 
which  consists  of  a  number  of  sections  in  wliicli  linen  bags 
are  fastened  by  their  lower  and  open  ends  to  the  floor  of  the 
chamber,  while  the  top  ends  are  closed  and  carried  by  means 
of  suitable  supports.     A  fan  exhausts  the  gas  from  tlie  linen 


HAIil3EHG-BETH  AlTAUATUS  FOR  THl",  PURIFICATION  OF 

Bj^ast-fuknack  Gas. 

bags,  whence  ii  passes  into  the  clean-gas  main,  and  is  con- 
veyed io  the  Cowper  stoves  or  engines.  A  special  nieclianism 
puts  the  support  carrying  the  bags  into  violent  vibration  at 
certain  intervals,  and  when  this  occurs  tlie  section  whicli  is 
io  be  cleaned  is  automatically  cut  off  by  a  reversing  valve 
aiui  the  clean  gas  pa^^sing  1  hrougli  hi  tlie  reverse  direct  ion 
I) lows  the  dust  which  had  previously  collected  inside  the  Ulier 
bags  down  into  the  crude-gas  niain  (1 ,  from  which  a  conveyer 
takes  it  into  a  dust  collector  /,，  from  whence  it  can  be  removed 
a  I  will.  Every  section  or  division  in  the  filter  can  be  <oii- 
t  rolled  and  cut  off  separately,  while  a  small  exiiausting  fan  is 
specially  provided  in  order  to  draw  away  the  gas  in  case  it 
yliould  1)0  necessary  for  any  ]>tM*sc)n  to  enter  tlie  section  after 
it  lias  been  cut  ofT.  The  main  and  ventilator  fans  are  usually 
driven  electrically*  as  sliowii. 

It  will  be  seen  that  the  process  is  a  dry  erne,  which  is  an 
important  a(lv;uita"'e  if  tlie  ^^as  is  to  be  used  for  Cowper  stoves 
or  boilers.  The  temppnitui'e  at  wliich  tlie  gas  is  filtered  is 
some  10。  or  20。  above  dew-point,  thus  avoiding  condensat ion 
of  water  vapours  in  the  filters  or  the  subsequent  exhausting 
plant.  The  ])iirified  gas  goes  at  this  temperature  to  the  gas- 
iit ilisatiou  plant  ami  does  not  require  to  be  cooled  down.  The 
saviiig  ill  cooling  water  thus  obtained  is  considerable,  ;ui(l 
there  is  also  further  economy  in   the   reduced  horse-power 


required  for  water  pumping  and  in  first  cost,  as  no  tanks,  &c" 
are  used. 

In  a  trial  plant  with  a  capacity  of  200,000  cub.  ft.  per  hour, 
which  has  been  working  for  over  19  months,  the  gas  being 
utilised  to  drive  a  blowing  engine,  the  efficiency  of  the  system 
for  cleansing  blast-furnace  gas  containing  up  to  six  grannnes 
of  (lust  per  cubic  metre,  down  io  30  iiiilligranunes  ami  less 
after  the  gas  has  passed  to  the  filters,  has  been  proved.  Cooled 
down  io  about  2iy  to  25"  C.  after  it  has  passed  the  filters,  it  is 
then  found  that  the  gas  contains  only  from  five  to  10  milli- 
grammes of  dust  per  cubic  metre.  Results  such  as  these 
should  establish  the  claim  of  the  system  as  a  valuable  adjunct 
to  gas-engine  plant  operating  on  blast-furnace  gas.  The  work- 
ing of  the  plant  is  automatic,  requiring  very  little  attendance. 
Experience  has  sliown  that  the  filtering  fabric  lasts  from  six 
to  12  mouths,  and  a  complete  section  can  be  changed  without 
stopping  tlie  plant  in  about  two  hours.  Cleans  are  provided 
to  control  the  working  of  the  filters  and  to  detect  any  defective 
ones  witliout  stopping  the  whole  plant.  A  further  saving 
claimed  is  that  the  horse-power  required  for  working  the  plant 
is  considerably  lower  thau  that  required  for  alternative  types. 
The  figure  given  for  the  best  of  the  existing  plants  dealing 
with  gas  for  use  in  gas  engines  is  about  9  li.p.  for  1,000  cub. 
metres  per  hour,  or  if  tlie  gas  is  only  cleaiie*!  for  Cowper  stoves 
or  boilers,  from  4  li.p.  to  7  h.p.  As  against  this,  it  is  claiinefl 
t  hat  the  Halberg-Betli  "  process  only  requires  3  h.p.,  show- 
ing a  saving  of  50  to  60  per  cent,  on  the  usual  figures  for 
power.  Further  than  this,  it  is  claimed  that  the  total  working 
costs  of  the  process  as  compared  with  wet  processes  show  a 
saving,  including  depreciation  and  interest  on  capital,  of 
about  50  per  cent. 


PERFORMANCE  ON  SERVICE  OF  THE  CHANNEL  STEAMER 

"NEWHAVEN."* 

BY  P.  6IGAUDY. 

Speed,  regularity  of  service,  and  rapid  iiiana'uvring;  are  the 
most  important  qualities  for  passenger  steamers  (Tossing  amis 
of  the  sea  and  establishing  comniunication  between  neigh- 
bouring continents,  especially  on  short-trip  services.  Froiu 
this  point  of  view,  we  think  it  interesting  to  coiiinniuicate  the 
service  results  of  the  steamer  "  Newhaven  ，，  during  the  first 
five  months  ou  the  route  between  Newliaven  and  Dieppe. 
Briefly  the  dimensions  of  this  vessel  are  :  Length  between 
perpendiculars  292ft.,  length  over  all  302ft.,  beam  34ft.  Tin., 
depth  22ft.  2 in.,  maximum  draught  Oft.  8iu.  Accommoda- 
tion is  provided  for  1,000  passengers. 

The  machinery  consists  of  three  Parsons  turbines  ：  oue 
high-pressure  turbine  driving  tlie  centre  screw,  aud  two  low- 
pressure  turbines  driving  the  two  wing  screws.  The  reversing 
is  doue  on  the  two  wing  screws.  The  boilers  are  of  the  water- 
tube  type.  The  starting  platform  is  on  the  main  deck  level 
ill  a  roomy  and  well-liglited  position,  in  which  all  the  controls 
are  assembled.  The  main  regulating  valve,  tlie  two 
manoeuvring  valves,  the  by- pass,  the  heatiiig-tliroiigli  valves, 
and  the  lubricating  system  are  all  handled  from  this  central 
position.  The  change  over  from  ahead  to  astern,  or  the  con- 
trary, is  effected  in  four  seconds,  and  the  vessel  ran  be  stoppe'l 
ill  a  distance  of  295ft.  from  a  speed  ahead  of  l!2  knots. 

The  contract  trials  consisted  in  a  double  crossing  bet  \ve*Mi 
Dieppe  ami  Newhaven,  at  a  time  of  tide  to  be  selected  by  tli'、 
owners  in  order  to  neutralise  the  effect  of  c-urrents.  Tlio 
(luratiou  of  the  run  from  Dieppe  to  Newhaven  was 
2  hours  43  minutes  51  secontls,  and  from  NewliaveJi  to  Dieppe 
2  hours  43  luiimtes  5  seconds,  giving  a  mean  speed  of 
23*85  knots,  the  dist'am'e  from  light  on  j^iorlioad  to  light  on 
|)ierhead  being  G5  nautical  miles.  These  trials  were  <-arried 
on!  on  May  'J6lh  and  mil,  1911. 

Tlie  Newliaven  was  put  in  service  on  .1  uiic  l^ud.  and 
rail  till  October  20tli  inclusive,  being  then  withdrawn  for 
inspection  at  the  expiry  of  guarantee  period.  Between  the 
above  dates  she  made  126  crossings,  t lio  mean  t iine  of  which 
was  2  hours  51  minutes  25  seconds,  ('orrespoiidiiig  to  a  moan 
speed  of  22*70  knots.  Tlie  fastest  t  rip  occupied  l2  liours 
43  minutes  (slightly  less  than  the  trial  nms)  with  a  favourable 
tide.  The  slowest  trip  took  3  hours  6  minutes,  in  bad 
weather.    The  mean  coal  per  trip  was  29  tous  4  cwts.,  iuclud- 

' Prtpi'V  lend  at  the  spring:  uiootitiKs  ot  llio  flfty-lUird  session  of  the  IustituiK>n 
of  Naviil  Aicbilccts.  March  ^Stb. 
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ing  that  consumed  in  raising  steam  and  maintaining  the  fires 
in  harbour.  Although  I  have  uot  been  able  to  obtain  exact 
iuformation,  I  estimate  that  this  quantity  of  coal  may  be 
divided  as  follows  :  5  tons  I  J  cwts.  for  raising  steam  and 
losses  on  arrival,  24  tons  2h  cwts.  for  tlie  trip  from  pierliead 
to  pi-^rliead. 

These  results  are  notably  better  than  those  anticipated  by 
the  owners,  who  stipulated  that  the  crossings  should  be  made 
in  3  hours  on  the  official  t rials.  We  attribute  them  in  the 
first  place  to  the  turbines  of  the  Parsons  type,  further  to  the 
special  arrangements  adopted  for  the  auxiliary  machinery, 
which  was  worked  out  on  a  destroyer  basis,  though  with  addi- 
tional scantlings  to  ensure  long-continued  wearing  qualities. 
For  instance,  the  steam  valves  are  of  cast  steel ,  the  air  pumps 
of  gun-metal,  the  condenser  shells  of  steel  plate,  &c.  As  a 
matter  of  fact,  the  inspection  at  the  end  of  the  guarantee 
period  proved  that  all  the  parts  were  in  perfect  conrliiioii,  and 
showed  no  signs  of  fatigue  ；  no  damage  was  found,  and  every- 
thing was  closed  up  again  without,  repair  or  renewal. 

It  may  now  be  recognised  that  there  is  no  disadvantage 
ill  employing  for  such  vessels  the  same  mechanical  arrange- 
ments as  for  destroyers.  Why  not  also  for  the  boilers  ？  Why 
not  fire  tliem  with  liquid  fuel  ？  Mr.  Milton,  in  liis  paper  on 
" Diesel  Engines  for  Sea-going  Vessels/'  read  at  our  meeting 
of  April  5th,  1911,  clearly  demonstrated  the  considerable 
advantages  of  liquid  fuel  for  ships  :  Evaporative  effect  50  per 
cent,  greater,  less  space  required,  and  greater  facilities  for 
stowing  the  fuel  ；  more  perfect  combustion  and  better  utilisa- 
tion of  the  boiler  heating  surface  ；  absolutely  regular  produc- 
tion of  steam  at  a  constant  pressure  ；  finally,  handling  of  the 
fuel  reduced  to  its  simplest  expression,  since  shipping,  stow- 
ing, and  feeding  to  the  fires  are  carried  out  mechanically  by 
means  of  pumps. 

Further,  we  ought  to  take  into  consideration  that  Chan- 
nel steamers  have  to  start  under  a  full  head  of  steam,  with 
the  fires  already  forced,  that  they  must  keep  this  head  of 
steam  up  to  the  moment  of  arrival,  and  that  the  waste  of 
coal  is  reproduced  at  eacli  departure  and  arrival,  which  may 
be  several  times  a  day.  Now,  with  liquid  fuel,  these  wastages 
at  each  arrival  and  departure  do  not  exist.  In  fact,  one  can 
compare  under  these  circumstances  the  firing  of  a  boiler  with 
the  management  of  a  lamp,  which  one  lights,  turns  up  and 
down,  or  on  and  off,  without  waste  of  oil.  Briefly,  the 
economical  advantages  of  this  system  of  firing  are  the  greater 
the  less  the  duration  of  the  trips,  and  the  greater  their 
number. 

Were  our  Institution  an  association  of  owners,  I  iiiiglit 
complete  this  short  note  by  a  balance-sheet  comparing  the  two 
fuels,  based,  for  instance,  on  trips  of  25  nautical  miles,  with 
four  crossings  daily  ；  but  I  will  confine  myself  to  giving  the 
consumption  of  fuel  and  the  number  of  firemen  in  the  case 
of  coal  fuel  and  in  the  case  of  oil  fuel,  based  on  the  results 
of  the  "  Newhaven."  In  the  case  of  coal  fuel,  the  consump- 
tion per  trip  would  be  14  tons  6  cwts.,  inducling  that  used  for 
raising  steam  and  losses  in  port.  With  liquid  fuel  this  figure 
would  be  8  tons  13  cwts.  only.  For  coal  firing,  18  fireuieu  and 
2  leading  firemen  are  necessary.  For  liquid  fuel,  4  firemen 
and  2  leading  firemen  are  sufficient. 

I  will  only  point  out  to  engineers  how  attractive  is  the 
solution.  Certainly,  liquid  firing  for  boilers  is  the  comple- 
ment to  turbines  for  ship  propulsion.  The  plant  works  with- 
out dirt,  noise,  or  apparent  fatigue,  with  complete  flexibility, 
and  without  assistance  from  the  human  hand,  under  the  con- 
trol of  a  few  intelligent  mechanics  who  watch  the  pressure 
gauges  and  regulate  the  valves  from  time  to  time. 


AUTOMATIC  CONTROLLING  VALVE  FOR  STEAM  ENGINES. 

Steam  engines  of  the  type  in  which  steam  is  adiuittecl  at  one 
or  both  ends  of  the  cylinder  and  exhausts  through  ports 
located  at  or  near  the  end  of  the  travel  of  the  piston,  the 
ports  being  controlled  by  the  piston,  are  sometimes  provided 
with  additional  clearance  spaces,  communication  between 
which  and  the  cylinder  ends  is  controlled  by  valves  that  can 
be  opened  and  closed  by  hand,  according  to  whether  the 
engine  is  to  be  worked  non-condensing  or  condensing,  or  in 
starting  or  in  ordinary  running  ；  in  some  cases  such  valves 
also  act  as  relief  valves.  With  a  view  to  protect  condensing 
engines  of  this  type  against  damage  due  to  excessive  coni- 
pressiou  pressure  in  the  cylinder  such  as  might  occur  through 


loss  of  vacuum  when  the  condensing  plant  fails  to  act,  the 
arrangement  illustrated  herewith  lias  been  designed  ami 
patented  by  John  Musgrave  &  Sons,  Ltd.,  Globe  Iron  Works, 
Bolton.  Tlie  ('iigine  is  provided  with  an  aul oiiiat i (；  exliausl. 
valve  oil  its  exhaust  ami  with  a  suit; 山 ly  |>ro])ortioiuMl 

additional  clearance  spare ，  conimunicatioii  between  wliicli 
space  and  the  corresponding  (ylimler  en<]  is  roii trolled  by  :i 


Fig.  1.  Fig.  2. 

Automatic  Controlling  Valve  ran  Steam  Knginkh. 

valve  thai  is  always  free  to  be  opened  by  excessive  pressure 
in  the  cylinder,  and  which  when  so  opened  is  autoniati ally 
held  open  ；  on  excessive  pressun^  arising  the  automatic 
exhaust  valve  and  the  valve  controlling  coiniiiunication  with 
the  clearance  space  open,  and  the  engine  then  continues  run- 
ning but  works  as  a  non-condensing  engine,  the  additional 
clearance  space  ensuring  a  sufficiently  low  compression 
pressure. 

Referring  to  Figs.  1  and  2，  which  are  diagrammatic 
sectional  side  and  end  views  of  part  of  an  engine,  and  Fig.  3 
a  section  of  one  form  of  automatic  valve  controlling  communi- 
cation with  1  he  additional  clearance  space,  the  exhaust  pipe 
A  is  fitted  with  a  valve  B  leading  to  the  atmosphere  and 
adapted  to  be  opened  by  the  exhaust  pressure  should  this  be 
above  atmospheric  pressure  owing  to  failure  of  the  condensing 


Fig.  3.— Section  of  Automatic  CoNTitoLLiNG  Valve  ton  Stkasi  Enginks. 
])Iaiit,  but  otherwise  to  be  held  closed,  whilst  between  each 
cylinder  end  and  an  additional  clearance  space  C  is  fitted  a 
valve  D  adapted  to  be  opened  by  excessive  compression  pres- 
sure and  then  be  held  open.  The  valve  D  (Fig.  3)  is  presse<l 
against  its  seat  by  a  spring  E  that  is  set,  by  an  adjustable 
nut  F  on  the  valve  spindle  G,  to  a  pressure  of,  say,  lOlbs. 
above  the  boiler  pressure  and  the  spindle  G  is  slotted  at  H  to 
receive  a  sliding  wedge  W  coniierted  to  another  spring  J  so 
arranged  that,  when  the  valve  D  is  forced  open,  the  wide  pa rt 
of  the  wedge  is  moved  into  the  slot  and  the  valve  thus  lield 
open.  The  outer  eiul  of  the  valve  s|)i"(lle  is  fitted  witli 
a  liaiidwheel  nut  K  that  abuts  against  a  fixed  pa  rt  or  frame 
L  and  can  be  manipulated  to  positively  wit  lid  raw  the  valve 
from  its  seat  wlieu  required. 

International  Congress  of  Applied  Chemistry.  ―  The  eighth 

Internal loiial  Congress  of  Applied  Chemistry  will  be  lield  in 
Washington  and  New  York,  from  September  4th  to  13th.  The 
lion,  president  of  the  congress  is  Prof.  E.  W.  Morlev,  So.D., 
and  tlie  president,  Mr.  W.  H.  Nichols,  Sc.D.  A  preliminary 
pamplilet  has  been  issued  and  may  be  obtained  from  (J. 
Cress  well.  Society  of  Chemical  Ind  iistrv,  Palace  Chambers, 
Westminster,  London,  S.W. 
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AGGLOMERATING  FINE  IRON  ORES  AND  FLUE  DUST, 

BY   N.   V.  HANSELL. 

The  last  few  years  have  shown  an  increasing  interest  hi  the 
subject  of  beneficiating  iron  ores  in  all  iron-prodiu-iug  coun- 
tries. . Ill  the  United  States  this  movement  lias  been  slower 
t'liaii  in  certain  of  the  European  countries,  the  obvious  reason 
l^emg  the  abundance  and  relative  cheapness  of   the  Lake 
Superior  iron  ores  which  have  been  an  effective  hindrance  to 
the  development  of  enterprises  that  】iave  for  their  object  the 
l)reparation  of  low-grade  ores  for  the  iron  industry.  Gradu- 
，Ily  conditions  have  changed.    The  world's  consumption  of 
iron  is  increasing  enormously.    Being  in 】 900  about  40,000,000 
tons,  in  1910  it  was  already  60,000,000  tons.    And  there  is 
no  reason  to  doubt  that  in  the  near  future  the  increase  in  the 
iron  consumption  will  continue  at  the  same  rapid  rate,  especi- 
a、lly  with  the  developrnont  of  such  parts  of  the  world  as 
Chma,  certain  parts  of  Africa,  and  others,  which  have  hardly 
been  touched  yet  by  modern  industrialism. 

It  is  therefore  not  surprising  that  concern  is  felt  that  the 
known  available  iron  ore  resources  of  the  world  are  gradually 
being  depleted.    Signs  of  this  feeling  are  the  recent  investi- 
gations under  the  direction  of  the  Geological  Survey  of  the 
iron  ore  resources  of  the  United  States,  and  particularly  that 
by  the  last  International  Geological  Congress  of  Stockholm, 
Sweden,  of  the   iron  ore  resources  of  the  world.  These 
investigations  have  emphasized  the  fact  that  the  known  high- 
grade  ore  deposits  are  limited  in  their  extent  and  that  they 
will  ； it  iio  distant  future  be  exhausted,  compelling  the  iron 
mdustry  to  depend  for  raw  material  on  the  enormous  deposits 
oi  low-grade  ore  which  are  distributed  over  almost  all  the 
w.oi-lcl.    The  fact  that  new  deposits  of  high-grade  ore  will  be 
discovered  in  countries  not  yet  thoroughly  explored  will  not 
materially  change  the  prospect.    The  role  such  new  deposits 
will  play  111  tlie  future  can,  of  course,  not  be  forecast.  Trans- 
portation difficulties  will  probably  exclude  a  great  part  of 
them  from  being  used  at  present  centres  of  the  iron  industry. 
. I"  view  of  these  facts  it  is  no  wonder  that  great  interest 
IS  displayed  in  the  subject  of  making  useful  such  ores  as  have 
heretofore  been  discarded  because  in  their  natural  state  they 
are  not  suitable  for  blastfurnace  operations.     Among  such 
ores  are,  in  tlie  first  place,  those  whose  low  iron  content  pre- 
cludes their  direct  charge  in  the  furnace,  so  that  they  have 
to  be  crushed  and  concentrated,  giving  in  result  a  finely  grami- 
lated  product  with  high  iron  content  ：  in  tlie  second  place, 
those  which,  although  their  iron  content  is  sufficiently  high: 
by  .  either   their   physical   or   cliemical   character   are  less 
desirable. 

. Modern  blastfurnaces  with   their  high  stacks  and  high 
bl'ast  pressure  make  difficult  the  employment  in  the  burden 
of  too  high  percentage  of  dusty  or  finely  granulated  ore,  as, 
for  instance,  some  of  the  fine  Mesaba  ores.    At  some  furnaces 
(•oiiditions  compel  the  management  to  use  60  per  cent,  or 
70  per  cent,  of  such  ores  ；  indeed,  I  am  told  of  furnaces  using 
？  0^  per  cent,  fine  ores.       But  the  manager  will  without 
incitement  tell  his  woeful  tale  of  unavoidable  losses  of  the 
diai-ge  in  the  form  of  flue  dust,  of  scaffolding  in  the  furnace, 
ami  frequent  explosions.     The    fine   ore,    clesceiicliiig  more 
(l"ickly  than  the  rest  of  the  charge,  reaches  the  sinelting  zone 
(mly  partly  reduced.    This  causes  disturbance  iu  the  furnace 
operations,  with  frequent  casts  of  off  iron.    Therefore,  if  it 
('ail  be  economically  done,  it  is  】iiglily  desirable  to  convert 
t,()  ； I  lump  form  ； ill  such  fine  ores,  whetlier  they  have  been 
obtained  in  the  form  of  fine  concentrates  in  the  separation  of 
low-grade  iron  ores  or  luinecl  as  natural  soft  and  fine  ores.  A 
liigli  sulphur  content,  in  the  fine  ore  is  often  an  additional 
n'asoii  for  a  preparat'io"  of  it  by  agglomerating,  as  usually 
tlu'ivby  tlie  sulphur  content  is  reduced  and  the  ore  is  made 
.(loubly  attractive  to  blastfuniace  inanagrrs. 

Tlie  real  impetus  to  the  development  of  processes  of 
agglomerating  fine  iron  ores  has  not  been  the  desire  to  make 
useful  such  line  ores  as  just  iiientioned,  but.  rather  tlie  iieccs- 
sit.y  of  finding  some  niothod  of  preparation  of  such  waste  pro- 
山"' ts  as  fliic  (hisl  ,  pyrit  i's  residues,  &('.,  for  blast  furnace  use. 
Till'  most,  important  of  tliese  is  the  flue  dust,  of  which  it  is 
stated  that  between^  2,000,000  Ions  and  3,000,000  tons  are 

Kugluoe^'r'l-X'futJkma^'"''  Y 。：" "  ofu,^  Wicau  luBliiuto  oTmW" 


annually  produced  in  the  United  States.    A  part  of  this  is 
recharged  into  the  furnace  after  a  thorough  wetting  which 
IS  sui^posed  to  prevent  its  being  directly  blown  out  again 
^''f  this  practice  is  not  very  satisfactory  is  evident  from  the 
vast  and  growing  piles  of  this  material  around  furnace  plants 
m  the  Middle  West,  where  a  high  percentage  of  soft  ores  is 
》ised  m  the  burden.    This  waste  is  especially  great  when  a 
funi^e  lias  been  long  in  the  blast  and  begins  to  be  somewhat 
rou^h  in  the  lining.    The  flue  dust  contains  from  35  per  cent 
45  per  cent,  metallic  iron,  with  5  per  cent,  to  20  per  cent 
oi  coke.  1  ■ 

, So  also  with  the  pyrites  cinder,  of  which  material  yearly 
ab?ut  500,000  tons  is  produced  :  and  on  account  of  its  usual 
pulverous  condition  and  high  sulphur  contejit  has  been  thrown 
away  or  perhaps  at  the  best  used  for  reclaiming  land  or  build- 
ing roads,  although  it  frequently  contained  as  much  as  55  m'r 
cenj,.  or  60  per  cent,  of  iron.  The  modern  methods  of  making 
usdul  lor  the  iron  industry  through  agglomeration  either 
these  waste  products  of  these  low-fjrade  ores,  in  their  natural 
state  unsuitable  for  blastfurnace  operatioii,  certainly  form  a 
not  luuniportaiit  phase  in  the  present  movement  for  the  con- 
servation of  natural  resources. 

Methods  of  Asslomcration.— The  many  methods  that  have 
been  proposed  or  are  now  being  employed  for  the  agglomera- 
tion of  fine  iron  ores  can  properly  be  subdivided  into  three 
clashes,  the  bases  of  the  classification  being  radical  differences 
lu  the  processes  themselves,  and  also  to  some  extent  in  the 
^ati|^e  of  the  products  :  (1)  Nodulizing  in  revolving  kilns: 
( ) ？ 'last  "'oasting;  (3)  Briquetting  with  or  witliout  binder, 
usually  followed  by  a  heating  of  the  briquettes. 

(1)  Nodulizing  gained  early  proiniiieiicc  in  the  United 
俨 ates.  There  are  at  present  a  number  of  plants  in  operation 
^njong  these  is  the  pioneer  one  at  IJackeiisack  Meadows 
N.J"  treating  pyrites  cinder.  Others  like  the  ones  at 
Lebanon,  Pa.,  Benson,  N.Y.,  and  Staiidish,  N.Y.,  treat  ore 
concentrates.  Others  again,  like  the  Jlubbard  plant  in  Ohio, 
treat  flue  dust.  The  most  modern  plant  of  the  kind  is  at 
Felton  in  Cuba.  In  Germany,  similar  iiietliods  are  beiug 
|i,sed  for  the  roasting  and  sintering  of  carbonates,  and  in 
Canada  a  plant  of  four  kilns  is  now  being  erected  for  the 
same  purpose.  For  such  ores  as  decrepitate  and  shrink  con- 
siderably in  roasting,  the  method  is  especially  valuable.  The 
product  is,  however,  seldom  iiiiifonn.  Occasionally  the 
nodules  are  vitrified  and  very  dense,  occasionally  tliey  are 
loose  and  brittle,  producing  much  dust  in  handling.  Difficul- 
taes  in  keeping  the  kilns  free  from  scaffolds  or  rings,  neces- 
sitating shut-downs  every  eight  or  10  davs,  tend  to  make  the 
cost. of  production  higher  than  a  first  investigation  of  tlie 
merits  of  the  process  seem  to  indicate. 

(2)  It  is  not  necessary  to  dwell  at  any  length  on  blast 
roasting.  The  product  is  spongy  and  forms  uiidoiibtecUv  an 
excellent  raw  material  for  blastfurnace  operations.  • 

(3)  At  a  meeting  of  the  Iron  and  Steel  Institute  in  1910, 
Chevalier  C.  De  Schwartz,  of  Liege,  read  a  paper  on  tlie 
briquetting  of  iron  ores.  In  this  he  gave  as  conditions  for 
successful  briquetting : ― 

:••  1.  The  iron  ore  briquettes  must  have  a  certain  resistance 
against  mechanical  influences.  Thev  imist  resist  a  prcssiin-  of 
not.  less  than  2, 000 lbs.  per  square "im-h,  and  when  dropped 
from  a  height  of  10ft.  on  a  cast-iron  plate  they  must  not  fall 
into  dust,  although  tliey  may  break  into  pieces' 

"2.  They  must  resist  heat.  Heated  to  900':  C,  t lu-v  may 
coiiunence  to  sinter,  hut  they  must  not  disintegrate  into  sinail 
traginents. 

" 3.  They  should  be  capable  of  being  placed  in  water  for 
a  certain  time  without  softeiiing. 

, " 4.  They  imist  resist  the  influeiue  of  steam  at  150。  C, 
witliout  crumbling.  ' 

"5.  Tliey  iimst  possess  a  rerlaiu  aiiuiuiit  of  porosit v  in 
order  to  allow  the  carbon  monoxide  in  the  blastfvinia<o  to 
penetrate  the  interior  of  the  briquette,  and  to  exercise  its 
beneficial  reducint]:  influence. 

. '■  6-  '■f'lie  bimliii';r  material,  if  any  is  used,  should  iu>t  con- 
tain noxious  substances  (sulpluir.  arsenic)  to  such  an  extent 
as  to  be  injurious  to  the  quality  of  tlu>  pig  iron  jnodtaicl. 

" 一: Tlif  cost  of  producing  hriqucttes  slioiild  not  exceed 
t.l"'  dilTcronco  in  the  prices  between  lump  ore  ami  fine  ore." 
lu  other  words,  the  briquettes  inust  be  able  to  stand 
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handling,  transportation,  and  storing  in  the  open  air  without 
too  nmch  disintegration,  and  to  withstand  conditions  as 
tliey  exist  in  the  upper  part  oF  a  blastfurnace  without  crum- 
bling into  dust.  In  addition,  they  oiiglit  to  be  easily  i'('(lu('i 
ble.  If  a  binder  is  used,  it  ought  to  be  of  sucli  a  nature  that 
it  ； id  (Is  no  deleterious  elements  and  it  ouglit  not  to  lower  tlie 
iron  coiiteut  of  the  material  too  iniu-h.  On  the  question  of 
the  cost  of  operation  any  process  will  stand  or  fall.  Iii  figur- 
ing this,  it  must  be  recognised  that  the  value  of  a  process 
cannot  be  determined  by  the  briquetting  cost  alone.  The 
value  of  the  finished  product  and  its  influence  on  the  cost  of 
pig  iron  manufacture  must  be  taken  into  consideration.  For 
the  preparation  of  a  briquette  which  is  easily  reducible  witli 
a  low  consumption  of  coke,  one  can  afford  to  pay  more. 
Really,  therefore,  tlie  question  lias  a  wider  scope  than  at  first 
appeared.  The  use  of  an  easily  reduced  briquette  makes 
possible  a  greater  output  of  the  blastfurnace.  Presently,  1 
will  give  figures  which  will  verify  this  statement  and  will  show 
that,  it  is  not  enough  to  convert  tlie  fine  ore  into  lump  form 
and  consider  in  selecting  a  method  only  the  direct  cost  of  t)ie 
l)riqnpttinf(. 

Various   Methods   for   Various   Conditions.  ―  Of    the    "'l  eat 

number  of  methods  which  have  been  devised,  several  of  which 
have  gained  commercial  prominence,  some  are  better  adapted 
to  certain  classes  of  ore  tlian  others.  This  is  natural,  as  the 
processes  have  originated  and  have  been  worked  out  at  places 
where  necessity  has  called  for  them.  Mr.  Schwartz  in  bis 
paper  describes  a  briquetting  process  used  at  Kertsch,  Russia, 
and  Ilsede,  Germany,  where  the  ores  are  of  a  clayey  nature, 
with  6  per  cent,  to  8  per  cent,  of  hygroscopic  moisture.  The 
ore  is  pressed  into  bricks  at  a  low  pressure,  4,0001bs.  to 
5，600]bs.  per  square  inch,  and  heated  to  a  temperature  of  only 
75°  C.  The  use  of  higher  pressure  would  make  the  briquettes 
too  dense.  Parallel  cases  can  be  cited  from  other  places.  A 
high  sulphur  content  iu  the  ore,  for  instance,  gives  prominence 
to  a  method  by  which  the  ore  in  the  briquetting  is  heated 
sufficiently  for  an  effective  roasting. 

To  describe  even  the  main  features  alone  of  the  various 
briquetting  processes  that  have  come  into  commercial  use  iu 
Germany,  for  instance,  would  take  nie  too  far  away  from  the 
real  subject  of  my  paper.  I  refer  anyone  interested  to 
G.  Fraucke's  "  Handbuch  der  Brikettbereitung  "  (Stuttgart, 
1910).  But  I  wish  to  mention  some  of  the  more  successful  in 
order  to  compare  them  with  the  Grondal  motliod,  which  it  is 
my  intention  to  describe. 

The  Problem  of  a  Binder.  ― The  various  briquetting  processes 
can  advantageously  be  classified  as  those  that  use  a  binder 
and  those  that  do  not.  It  is  a  very  practical  distinction. 
There  can  be  little  question  that  a  binder  used  to  cement 
together  the  ore  grains  fills  the  voids  between  theni,  produc- 
ing a  briquette  with  low  porosity.  This  must  have  an  un- 
favourable influence  on  tlie  action  of  the  briquettes  in  a  blast- 
furnace. The  】nore  porous  an  ore  or  a  briquette  is,  the  less 
coke  is  required  to  reduce  it.  This  is  obvious,  as  in  the  upper 
part  of  the  blastfurnace  the  ascending  gases  penetrate  the 
porous  briquette,  and  deposit  fine  carbon  through  dissocia- 
tion throughout  it,  causing  a  direct  reduction  of  it  before  it 
has  reached  a  great  depth  in  the  stack.  The  binder  also 
lowers  the  iron  content  of  the  briquette.  In  most  cases  8  per 
cent,  to  10  per  cent,  of  the  binder  is  employed.  That  the 
smelting  and  slagging  of  this  material  increases  the  fuel  con- 
sumption and  makes  the  pig  iron  more  expensive*  is  quite 
natural. 

Of  the  various  binders,  those  most  in  use  seem  to  be  of  the 
nature  of  hydrosilicates,  whicli  are  hardened  either  by  expo- 
sure ill  air  a  long  time  or  by  being  treated  with  steam  under 
pressure.  Deutsche  Brikettiervings  Gesellscliaft  advocate  a 
method  of  this  kind.  They  form  with  the  binder  a  silicate  of 
lime.  The  Scoria  Gesellsc'haft  of  Dortniund  uses  8  per  cent, 
to  10  per  cent,  basic  blastfurnace  slag,  or  a  mixture  of  4  per 
cent .  slag  with  4  per  cent.  CaO.  The  ore  is  ground 
with  the  binder,  pressed  into  briquettes,  and  hardened 
ill  steam .  The  Weiss  method  is  to  mix  the  ore 
with  o  per  cent,  or  6  per  cent,  of  hydrated  lime, 
fonn  tlie  briquettes  at  a  pressure  of  4,5001bs.  and  expose 
them  to  the  influence  of  ('O^  gases,  first  cold  and  then  liot,  at 
3001bs.  pressure.    The  Tigler  process  (Puisbiirg  Meidericli ) 


employs  a  binder  consisting  of  6  per  cent,  to  8  per  cent,  of 
slaked  lime,  sometimes  witli  an  addition  of  1  per  cent,  of 
blastfurnace  sla 扒'.  The  Scliii 編 d'er  process  for  flue  rlust 
utilises  i  lie  hydraulic  properties  of  the  flue  dust  which,  like 
ctMueiiL,  {'oiitaiiis  lime,  alumina,  and  soluble  silira  ready  for 
combination.  By  the  addition  of  a  small  ainniiiit  cliloridf 
of  "lagiiesium,  rliioride  of  calciiini,  or  certain  otl"'r  salts,  goo" 
bri(iueltes  can  obtained.  The  flue  dust  ought  to  ho  used 
hot  direct  from  t  he  dust  catchers. 

Among  organic  hinders  many  have  been  triVd,  hut  few  liave 
been  satisfactory.  Trainer  uses  4 A  per  cent,  /cllpcrli,  wliirli  is 
a  waste  lye  resulting  from  the  inanufaft un-  of  siilpliidi*  <,t' 
cellulose.  This  and  similar  l)inders  coke  in  tl"'  upper  part 
of  11h^  blastl'unuuv  st  ack,  and  thus  cont  inue  to  hold  I  lie  line 
ore  together  until  a  reducing  zone  in  the  furnace  is  readwl. 
They  are,  however,  generally  too  expensive  to  hf*  ，wd. 

Of  methods  without  hinder,  I  will  mention  t lie  one  known 
un(l(ir  tlie  name  of  Ronay.  For  tlie  binder  is  substituted  hii^h 
pressure  in  hydraulic  presses.  The  process  has  been  more 
used  for  metal  filings,  &c.，  than  for  ores.  The  briquetting  of 
clayey  ores  wit  hout  a  binder  has  already  been  nioiitioiied .  I  it 
reality  tlie  clayey  foiist itiient  of  the  ore  serves  as  a  binder. 

The  Grondal  Process. 一 The  only  process  of  iiiipcrtance  that 
remains  to  be  spoken  of  is  the  Groiulal,  wliicli  consists  of  the 
briquetting  of  fine  ore  at  a  medium  pressure  and  the  burning 
of  the  briquettes  at  a  high  temperature  in  a  special ly-coi 卜 
structed  channel  furnace.  It  was  in  1899,  when  T)r.  CJiistHv 
Grondal  was  manager  for  Pitkaranta  Iron  Works  in  Finland, 
that  he  built  his  first  channel  kiln  for  the  briquetting  of  iron 
ore  concentrates.  Similar  kilns  had  been  used  previously  for 
the  burning  of  clay  bricks,  but  for  the  adaptation  of  the  pro- 
cess of  the  treatment  of  iron  ores  and  for  the  gradual  develop- 
ment of  a  modified  type  of  kiln  suited  to  tliis  special  purpose, 
the  honour  belongs  to  Dr.  Grondal. 

The  first  kiln  at  Pitkaranta  was  an  entire  success. 
It  was  followed  by  one  at  Bredsjo,  Sweden,  built 
in  1902.  From:  that  time  on,  a  great  number  of 
kilns  have  been  built  both  in  Europe  and  in  this  count rv. 
At  present,  there  are  16  plants  in  Sweden  with  together  about 
35  kilns  and  a  briquetting  capacity  of  about  400,000  tons  a 
year.  Iu  Norway,  there  are  three  large  plants  ：  Syd  varan ger 
with  eight  kilns,  Salangen  with  four  kilns,  and  Uundei'lund 
with  four.  In  England  12  kilns  have  been  built,  all  treating 
pyrites  residues  and  "  blue  billy."  Italy  has  one  plant,  Spain 
has  two,  and  in  the  United  States  there  are  six  plants  in 
operation  or  construction.  Iu  Canada  the  first  one  is  being 
built  by  Moose  Mountain,  Ltd.,  for  the  treatment  of  magne- 
tite concentrates. 

The  Grondal  furnace  can  briefly  be  described  as  a  channel 
furnace,  through  whicli  the  ore,  pressed  into  bricks,  is  trans- 
ported on  flat  cars,  which  form  a  continuous  movable  plat- 
form through  the  furnace.  The  furnace  is  heated  by  means 
of  gas  introduced  through  the  raised  arch  at  a  distance  from 
the  entrance  end  of  about  two-thirds  of  the  furnace  length. 
The  flat  cars  are  usually  built  of  structural  steel  with  fire- 
brick tops  and  are  furnished  on  each  side  with  flanges  dip- 
ping into  sand  troughs.  They  are  often  built  with  over- 
lapping ends  so  that  when  tliey  are  pushed  against  each  other 
in  the  kiln,  they  separate  completely  the  upper  part  of  the 
kiln,  through  which  the  gases  pass,  and  the  lower  part,  in 
which  are  the  trucks  and  the  wheels.  The  furnace  walls  are 
built  double,  with  an  outside  wall  of  red  brick  and  an  inside 
one  of  firebrick  :  the  two  being  separated  by  an  air  spare, 
which  assists  in  lowering  heat  losses  by  radiation,  and  at  the 
same  time  permits  the  walls  to  move  independently  of  each 
other  ill  expaiuling^  and  contracting  on  account  of  changes  in 
kiln  temperature  when  the  furnace  is  started  and  stopped. 

For  obtaining  the  necessary  temperature,  almost  any  kind 
of  fuel  that  lias  sufficient  calorific  value  can  be  used.  In 
Europe,  the  rule  lias  be^n  to  use  producer  gas,  except  at  some 
places  iu  Sweden  where  the  furnaces  are  built  at  iron  works. 
There  a  mixture  of  blastfurnace  gas  and  protliuer  gas  is  burnt. 
Blastfurnace  gas  alone  is  too  diluted,  so  that  the  high  teiii- 
poratiire  required  for  tlie  reaction  cannot  be  obtained  unless 
it  is  enricluMl  by  sotne  producer  gas.  Wlicn  it  is  available, 
liowev<M\  it  is  economical,  as  the  coal  consumption  iit  tlio  g;is 
prodiii  tn-  can  thereby  be  cut  almost  in  half,    lii  the  United 
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States  crude  oil  is  used  at  two  plants  and  natural  gas  at 
two.    Local  conditions  govern  the  choice  of  fuel. 

For  different  fuels  and  for  different  ores  the  construction 
of  the  kiln  must  be  somewhat  modified,  although  broadly  the 
design  is  governed  by  tlie  same  ])rinciples.  Tii  the  first  third 
of  the  kiln  the  briquettes  are  preheated  by  the  escaping  com- 
bustion gases  ；  they  pass  through  zones  of  increasing  heat  as 
the  cars  are  pushed  forward.  In  the  combustion  chamber  the 
heat  is  maintained  at  about  2,500°  Fah.  When  the  briquettes 
have  passed  the  combustion  chamber,  they  gradually  pass 
through  the  cooling  chambers,  into  which  cooling  air  is  blown 
by  means  of  a  fan.  When  tliey  leave  the  furnace  tliey  are 
cooled  oft'  sufficiently  to  be  unloaded  directly  into  railroad 
cars.  The  arch  over  the  cooling  chamber  is  double,  and  in 
some  installations  it  is  made  of  corrugated  cast-iron  plates. 
Through  the  space  between  the  double  arches  the  air  that  is 
to  be  used  directly  for  the  combustion  passes.  On  reaching 
the  burners  or  the  combustion  chamber  it  has  a  temperature  of 
400°  Fah.  to  600°  Fall.  The  outgoing  combustion  gases,  when 
reaching  the  stack  flue  generally  have  a  temperature  of  300° 
Fah.  to  500°  Fah.  It  can  be  seen  that  the  furnace  is  built  on 
the  regenerative  principle  and  that  its  heat  efficiency  is  good. 
The  walls,  as  has  been  said,  are  double,  and  tlie  arch  is  usually 
covered  with  Sin.  or  lOin.  of  sand,  so  that  radiation  losses 
are  low. 

Having  thus  given  the  general  principles  in  the  design  of 
the  furnace,  I  wish  to  describe  the  chemical  reactions  which 
take  place  during  the  passage  of  the  ore  through  it,  before 
giving  details  of  the  practical  operation.  As  a  rule,  regard- 
less of  their  original  composition,  the  briquettes  are  discharged 
as  a  peroxide  of  iron  (Fe^O^).  If  the  ingoing  ore  is  a  hematite 
it  is  gradually  dissociated  to  FefjO^  as  the  ore  passes  towards 
the  combustion  chamber.  In  a  nearly  white  hot  condition,  it  is 
here  met  by  a  current  of  highly  heated  air.  This  gives  the  ideal 
conditions  for  a  rapid  conversion  from  FcyO^  to  Fe^Og.  Here 
lies  the  secret  of  the  Grondal  process.  Briquettes  at  a  tem- 
perature of  2，40Cr  Fall,  or  2,500°  Fah.  are  met  by  air  of  high 
temperature.  The  oxidation  is  almost  instantaneous.  Thereby 
an  appreciable  amount  of  heat  is  liberated,  to  the  benefit  of 
heat  conditions  in  the  combustion  zone.  A  quick  oxidation 
of  the  Fe^jO's  produces  a  blue  crystalline  Fe^O^.  A  slow  oxida- 
tion will  give  a  product  that  is  earthy,  amorphous  and  reddish 
in  colour.  From  this  it  is  clear  that  it  is  necessary  to  keep  a 
high  temperature  in  the  combustion  zone.  The  colour  and 
condition  of  the  discharged  product  tell  whether  the  furnace 
is  run  properly.  Dark  blue,  firm  and  strong  briquettes  indi- 
cate a  right  temperature  ；  loose  and  reddish  briquettes,  a  tem- 
perature too  low.  When  the  ingoing  material  is  a  magnetite, 
it  is  probably  oxidised  to  a  certain  degree  on  its  way  toward 
the  combustion  zone.  This  oxidation  is  probably  followed  by 
a  dissociation  as  the  briquettes  enter  the  hotter  part  of  the 
furnace  ；  but  the  Fe^Oj  so  formed  is  again  oxidised  to  Fe^^O? 
before  being  cooled  off  and  discharged.  This  last  re-oxidation 
is  so  complete  that  analyses  usually  show  over  90  per  cent. 
Fe^O^  of  the  total  iron  oxide  in  the  briquette. 

Tt  is  probably  these  chemical  reactions  which  account  for 
the  agglomeration  and  the  great  strength  of  the  briquettes. 
The  material  is  not  rolled  together  when  in  plastic  state,  as  iu 
the  nodulising  process :  nor  fused  together  as  in  the  blast 
roasting,  which  gives  a  sintering  product'  usually  of  little 
strength  :  but  in  the  re-oxidising  of  the  lower  oxides  of  iron, 
diminutive  crystals  of  hematite  are  formed,  growing  out  on 
the  surface  of  each  ore  grain  in  the  briquette.  These  small 
crystals  interlace  with  each  other  or  grow  together,  forming  a 
strong  bond  between  the  grains.  If  the  ore  is  not  crushed  fine 
enough  or  consists  of  rouiuled  pebbles,  the  intere^rowin*^  effect 
may  not  be  obtained,  and  consequent  ly  the  resulting  briquettes 
will  be  loose  and  easily  disintegrated.  Such  was  the  case  in 
tests  with  the  concentrated  product  from  St.  Lawrence  mag- 
netic sands.  It  was  found  necessary  to  pass  a  part  of  llie  iron 
sand  through  a  grinding  mill  in  order  to  get  some  fine  material 
to  fill  the  voids  between  the  larger  pebbles.  With  pyrites 
residues  there  has  hevn  the  same  experience.  It  is  futile  to 
try  to  briquette  cinder  from  lump  pyrites  without  first  t^rind- 
ing  it  so  as  to  pass,  say,  20  mesh,  if  stronj;  briquettos  are 
desired. 

It  has  been  menlioiied  tliat  tho  briquettes  in  passing 
through  the  furnace  are  desulphurised.    The  conditions  in 


tlie  furnace  are  favourable  to  a  complete  desulpliurisation  ：  a 
high  heat,  a  strongly  oxidising  atmosphere,  and  a  porous 
material  consisting  of  finely  granulated  ere  particles,  per- 
mitting the  gases  to  reaoli  every  diminutive  ore  grain.  In 
addition,  the  material  stays  in  the  hot  zone  tor  several  hours, 
permitting  a  gradual  oxidation  of  the  sulphur,  which  escapes 
in  the  form  of  dioxide  with  probably  a  snia]]  amount  of 
trioxide.  At  Bayonne,  N.J.,  cinder  with  2  per  cent,  or  3  per 
cent,  sulphur  is  discharged  with  about  0  03  per  cent. 

A  number  of  tests  on  Grondal  briquettes  have  been  】iiade 
in  order  to  ascertain  their  suitability  for  blastfurnace  and 
open  hearth  use.  I  mention  the  results  of  only  a  few  of  them. 
Last  year  a  low-grade  magnetite  was  crushed  and  concen- 
trated in  a  large  commercial  test.  A  part  of  the  concentrate 
was  briquetted  at  Bayonne.  Of  tlie  product  about  seven 
tons  was  shipped  in  an  open  botU)m  dumper  car  to  Youngs- 
town,  Ohio.  Here  they  were  dropped,  in  unloading  from  a 
trestle  30ft.  high,  on  an  iron  floor.  A  screening  test  of  the 
unloaded  material  gave  through  a  iiii.  screen  8*84  per  cent, 
of  the  total  mass.    These  fines  gave  the  following  results  at  the 


sieve  test  ： ―  , 

On      8  mesh    69-70  per  cent. 

On    20  mesh   16'66  per  cent. 

On    40  mesh    4.55  per  cent. 

On    60  mesh    0-81  per  cent. 

On    80  mesh    0*80  per  cent. 

On  100  mesh    0*60  per  cent.-f  O'OG  per  cent. 

Through  100  mesh    6*66  per  cent. +  0-16  per  cent. 


Total    99-78  per  cent.  +  0-22  per  cent. 


This  shows  that  the  total  amount  of  fines  passing  through 
40-mesh  after  the  briquettes  had  been  dropped  30ft.  ou  the 
iron  floor  is  only  0  8  per  cent  . 

A  regular  compression  test  on  the  same  briquettes  showed 
that  they  would  withstand  a  pressure  of  5,2211bs.  per  square 
inch.  That  in  handling  they  form  a  very  small  amount  of 
dust  was  shown  by  the  following  test.  A  number  of  briquettes 
were  crushed  to  |^in.  and  less  in  a  Gates  crusher.  A  sieve  test 
of  the  crushed  material  gave  only  10  per  cent,  through  the 
lOO-mesh  sieve,  and  very  little  .on  the  other  fine  sieves. 

The  porosity  of  the  briquettes,  being  the  ration  of  voids 
to  the  total  volume  of  the  briquette,  is  always  over  20  per 
cent.  This  is  a  strong  point  in  their  favour,  as  it  aids  in 
making  them  easily  reducible  in  blastfurnace  operations. 

The  Use  of  Briquettes. 一 Recently  I  noticed  a  paper  read  by 
John  Jerniaiii  Porter  at  the  meeting  of  this  Institute  of  last 
June  on  "  The  Fuel  Efficiency  of  the  Iron  Blastfurnace/'  He 
said  among  other  things  : ― 

" The  great  desirability  of  having  an  ore  which  is  easily 
reduced  by  carbon  monoxide  rather  than  by  solid  carbon,  and 
in  addition  is  reduced  at  such  low  temperature  that  the  result- 
ing carbon  dioxide  lias  no  solvent  power,  has  been  frequent ly 
pointed  out.  Tlie  importance  of  carbon  deposition  in  this 
connection  does  not,  however,  seem  to  be  so  generally  appre- 
ciated. It  will  be  recalled  that  this  reaction,  2 CO  -—  COo  ―  C, 
begins  at  about  430°  and  ceases  entirely  at  900 \  That  is,  it 
takes  place  near  the  top  of  the  furnace.  It  is  probable  that 
very  little  of  the  carbon  resulting  from  this  reaction  ever 
reaches  the  hearth,  but  it  does  useful  work  in  reducing  the 
carbon  dioxide  of  the  limestone  and  iu  removing  that  portion 
of  the  oxygen  of  the  ore  wliicli  has  not  been  removed  by  carbon 
monoxide  higher  iu  the  furnace.  From  tliis  point  of  view  it 
appears  that  the  ability  of  an  ore  to  induce  ca rboii  deposition 
is  equally  important  as  the  ease  with  which  it  loses  its  oxygen. 

.         Every  j^ound  of  carbon  deposited  means  a  saving 
of  a  pound  of  fuel  for  the  hearth.'* 

lie  also  gives  some  numerical  factors  of  reducibility  for 
various  classes  of  ores  to  be  used  in  formulas  for  finding  the 
fuel  efficiency  of  the  blastfurnace.  These  figures  indicate  that 
the  Mesaba  ores  aro  most  easily  reduced.  In  his  list  there- 
after appear  brown  liematite,  soft  rod  honiatites  and  roastod 
carbonates,  hard  red  hematites,  Clinton  "  hard  red  "  ore  and 
magnetites  and  mill  cinders,  the  last  two  being  those  that 
require  most  coke  for  their  reduction. 

By  my  description  of  the  physical  and  chemical  character 
of  the  briquettes  produced  by  the  Grondal  method.  I  think  I 
have  been  able  to  show  that  the  briquettes  have  all  the  quali- 
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ties  of  an  ore  that  can  be  redured  in  the  blastfurnace  with 
the  least  coke.  The  briquette  is  porous,  so  that  by  the  dis- 
sociation of  tlie  carbon  monoxide  in  the  upper  part  of  the 
stack  the  fine  carbon  is  deposited  throughout  its  mass. 
Furthermore,  the  briquette  is  a  hematite  and  tlierefore  does 
away  with  the  usual  and,  as  can  be  seen  from  Mr  Porter's 
figures,  well-founded  objection  by  blastfurnace  managers  to 
the  use  of  a  too  large  percentage  of  magnetite  in  the  burden. 

The  Saving  from  Brrqucttin^  in  Sweden.  ― It  is  the  rapid 
reduction  of  the  briquettes  in  the  blastfurnace  tliat  has  made 
them  so  popular  in  Sweden.  From  25  per  cent,  to  50  per 
cent,  of  briquettes  in  the  burden  of  charcoal  blastfurnaces  of 
that  country  has  been  demonstrated  to  reduce  the  charcoal 
consumption  per  ton  of  pig  iron  by  15  per  cent,  to  25  per  cent . 
Fifty  per  cent,  of  briquettes  in  the  burden  gives  the  best 
charcoal  economy.  In  Sweden  500,000  tons  to  600,000  tons 
of  pig  iron  is  produced  yearly.  As  300,000  tons  to  350,000 
tons  of  briquettes  are  reported  for  tlie  same  time,  containing 
ill  average  64  per  cent,  iron,  which  corresponds  to  about 
200,000  tons  of  pig  iron  or  about  one-third  of  the  total  pig 
iron  production  of  the  country,  this  means  a  yearly  saving 
for  the  country  of  400,000  cubic  metres  of  charcoal,  an  item 
of  importance  in  these  times  of  increasing  scarcity  of  wood 
suitable  for  charring.  If  such  a  tremendous  saving  can  be 
made  in  charcoal  furnaces,  it  is  not  too  】nuch  to  believe  that 
an  appreciable  saving  in  coke  furnaces  can  be  obtained. 

I  have  figures  from  a  furnace  in  Belgium  which  has  been 
using  imported  Swedish  concentrate  briquettes  in  a  mixture 
with  calcined  Bilbao  Spathic  ore.  With  70  per  cent,  of 
briquettes  and  30  per  cent.  Bilbao  ore  in.  the  burden,  the  coke 
consumption  was  reduced  to  l，7601bs.  per  ton  of  pig  iron. 
With  all  Bilbao  ore  it  had  been  2,3981bs.  The  iron  content 
of  the  Bilbao  was  50  per  cent.  ；  of  the  briquettes  65  per  cent. 
The  output  of  the  furnace  was  increased  20  to  25  per  cent., 
with  a  corresponding  saving  in  wages  and  general  charges. 

For  use  in  open-hearth  furnaces  tlie  briquettes  are 
eminently  fitted,  being  rich  in  iron,  free  from  noxious  sub- 
stances, in  lump  form  and  of  sufficient  weiglit  to  sink  througli 
the  slag  cover. 

The  Moisture  Content  of  the  Ore. ―  The  fine  ore  to  be 
briquetted  has  to  have  such  a  moisture  content  that  it  main- 
tains its  brick  form  after  pressing.  Too  much  moisture 
affects  badly  the  work  of  the  presses  ；  too  little  makes  the 
briquettes  dusty  and  causes  considerable  spilling  in  pressing. 
The  proper  percentage  of  moisture  varies  with  tlie  hygroscopic 
qualities  of  tlie  ore.  Concentrated  magnetites  have  to  be 
de watered  to  8  or  9  per  cent.  ；  fine  pyrites  cinder  can  have 
15  to  18  per  cent,  and  still  give  good  results.  The  tempering 
is  done  in  the  simplest  manner  by  a  sprinkling  pipe  or  a 
water  hose.  The  man  who  watches  the  feeding  of  the  presses 
soon  learns  by  the'  feeling  of  the  ore  whether  it  has'  the  right 
moisture  content.  The  delivery  of  the  ore  to  the  presses  is  in 
modern  plants  made  by  mechanical  means  at  a  small  expense. 
In  most  of  the  present  installations,  drop  presses  of  a  Dors- 
tener  type  developed  by  Dr.  Groiidal  are  used,  but  on  account 
of  their  usually  rather  high  upkeep  cost,  toggle  presses  of 
heavy  construction  will  probably  be  substituted  in  new  plants. 

Sizes  of  Briquettes. ― The  standard  size  of  the  briquettes  is 
Gin.  by  Gin.  by  2.\in.,  and  two  tiers  are  loaded  edgewise  on 
each  car,  so  that  the  load  stands  1 2in .  higli .  At  the 
Duquesne  plant,  briquettes  are  made  2iin.  by  4iin.  by  Sin. 
and  are  loaded  three  or  even  four  tiers  high.  In  loading 
them  on  the  cars  care  is  taken  to  place  them  so  that  the  gases 
can  penetrate  the  load  and  heat  the  bottom  row  as  thoroughly 
as  the  top  one.  The  loading  is  done  by  hand,  and  constitutes 
the  only  hand  labour  around  the  plant.  This  is,  however,  so 
laid  out  that  the  work  is  as  much  facilitated  as  possible.  The 
pressman  removes  the  briquettes  as  they  are  delivered  by  the 
press  and  places  them  on  the  car,  wliicli  is  pushed  close  to 
him.  He  does  not  need  to  move  from  his  place  during  his 
work,  and  although  he  handles  only  lOlbs.  or  121bs.  each  time 
he  turns,  lie  can  place  30  tons  in  a  IS-hour  shift .  The  press 
delivers  from  12  to  16  briquettes  each  nniuite,  so  that  enougli 
idle  time  is  allowed  for  changing  cars. 

Kiln  Construction  and  Practice. ― The  loaded  cars  are  pushed 
througli  the  furnace  at  intervals,  one  car  being  admitted  at  a 
time.  This  pushes  the  others  forward  so  that  the  first  one 
is  discharged  from  the  furnace.    The  pushing  is  done  either 


by  ail  liydraulic  ram  or  some  similar  ooiitrivanc-e  ；  it  requires 
oxceeditigly  little  power.  Tlie  discliargefl  car  is  unloaded 
either  by  being  pushed  under  a  plough,  which  scrapes  the 
briquettes  over  the  sides  of  the  car  or  by  being  tipped  end- 
wise. Either  arrangerneiit  can  be  made  entirely  autoniatic  ； 
so  that  in  a  4-kiln  plant  two  men  take  care  of  all  the  cars  as 
they  come  out,  unload  them,  and  send  tlieni  back  to  the 
presses  via  a  return  track  with  endless  chain  haulage.  The 
frequency  with  wliich  the  cars  are  charged  flepends  upon  the 
nature  of  the  ore.  If  it  has  a  liigli  sulphur  content  it  rnay  be 
necessary  to  charge  them  at  a  slower  rate  than  if  the  sulphur 
content  is  lower.  At  Mayville  cars  are  charged  every 
10  niiniiies.  The  furnaces  there  are  1 95ft.  long  and  the  cars 
6ft'.  Gin .  Each  furnace  therefore  contains  simultaneously 
30  cars,  which  require,  as  one  is  pushed  in  every  10  minutes, 
5  hours  to  pass  through .  At  Bayonne,  the  furnace  is  only 
143ft.  long.  One  car  is  pushed  in  every  IS  minutes,  so  that 
it  takes  6i  hours  to  pass  througli. 

The  length  of  the  furnaces,  which  is  quite  different  in  tlie 
Mayville  and  Bayonne  plants,  depends  upon  the  nature  of  the 
ore  to  be  briquetted.  The  width  lias  been  gradually 
increased.  To  begin  with,  it  was  not  more  than  3ft.  In  the 
United  States  both  5ft.  and  6ft.  furnaces  are  used,  and 
foundations  are  now  laid  for  two  having  an  inside  width  of 
10ft.  Plans  are  drawn  for  furnaces  even  15ft.  wide,  and  I 
see  no  reason  for  not  having  even  a  greater  width  than  this. 
A  wide  furnace  with  a  capacity  of,  say,  300  tons  of  briquettes 
per  24  hours,  will  show  a  still  greater  heat  economy  than 
present  plants.  The  developments  of  the  process  are  going 
in  this  direction. 

Simultaneously  improvements  in  the  design  of  the  kiln  are 
introduced  in  every  new  installation,  in  order  to  strengthen 
details  that  in  previous  plants  have  been  found  unsatisfactory 
and  in  order  to  reduce  upkeep  cost.  Good  results  in  these 
respects  have  been  attained.  The  kilns  themselves  will  stand 
for  years  without  the  walls  or  the  arch  having  to  be  touched  ； 
the  repair  cost  on  cars  amounts  to  only  a  few  cents  per  ton. 
Mechanical  labour-saving  devices  are  introduced  everywhere, 
so  that  labour  rost  is  being  lowered. 

Fuel  consumption  is  low.  Tn  plants  treating  magnetic 
concentrates,  the  amount  of  coal  used  in  the  gas  producers 
averages  7  per  cent,  of  the  weight  of  the  briquettes,  and  there 
are  plants  in  Sweden  using  as  little  as  5  per  cent.  At  a  plant 
in  the  United  States  where  pyrites  residues  are  briquetted 
and  crude  oil  is  used  as  fuel,  the  oil  consumption  is  stated  to 
be  15  galls,  per  ton,  wliicli  corresponds  to  approximately 
10  per  cent.  It  is  obvious  that  if  the  ore  is  heavy,  as 
magnetic  concentrates  are,  the  relative  percentage  of  fuel  used 
will  be  lower  than  when  ore  that  contains  a  great  amount  of 
combined  water  and  other  volatile  matter  is  treated.  With 
such  ore,  a  shrinkage  in  weight-  of  15  to  20  per  cent  ,  has  to  be 
taken  into  consideration. 


Junior  Institution  of  Engineers.  一  On  Saturday  afternoon, 
April  27tli,  at  3  p.m.,  a  visit  of  the  members  of  this  Institu- 
tion will  be  paid  to  the  engineering  workshop  and  laboratory 
and  electrical  laboratory  of  The  Polytechnic/"  307-31 1  ， 
Rcf^ent  Street,  London. 

Application  of  Electricity  (o  the  Shale  Oil  Industry. ― At  a 
meeting  of  the  West  of  Scotland  branch  of  the  Association  of 
Mining  Electrical  Engineers,  held  recently  at  Glasgow,  an 
interesting  paper  was  read  by  Mr.  James  R.  Laird  on  "  Elec- 
tricity Applied  to  the  Scottish  Shale  Oil  Industry."  Mr. 
Laird,  whose  paper  was  illustrated  by  a  set  of  lantern  views, 
explained  that  until  1901  oil  works  in  Scotland  had  not  their 
power  centralised  or  running  economically,  and  it  was  often 
difficult  to  discern  the  nature  of  tlie  work  because  of  smoke 
and  steam  emanating  from  so  many  small  steam  plants.  In 
1901，  however,  the  pioneer  scheme  for  electrifying  oil  work  8 
was  carried  out  bv  Messrs .  J.  Wish  art  and  A.  C.  Thomson, 
of  the  Oakbank  Oil  Compauy,  Ltd.  Many  were  sceptical, 
but  the  justification  of  the  scheme  is  that  nearly  the  whole 
of  the  Scottish  oil  companies  have  centralised  their  power 
and  adopted  electrical  distribution.  This  has  revolutionised 
the  industry,  and  enables  the  local  firms  to  compete  with 
more  fortunate  oil  comoanies  in  Russia,  America,  Galicia, 
&c.>  who  have  not  to  do  any  mining  or  retorting,  but  simply 
to  bore  for  the  oil. 
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AULD'S  REDUCING  VALVE. 

The  accompanying  illustrations  show  a  design  of  pressure 
reducing  valve  lit  ted  with  a  relay  or  regulating  valve,  the 
invention  of  D.  Auld  &  Sons,  Lt(l.，  Whitevale  Foundry, 
Rochester  Street,  Glasgow.  The  reducing  valve  A  is  actuated 
by  the  relay  or  regulating  valve  B，  fitted  with  a  diaphragm  C 
and  loaded  by  a  spring  and  lever  to  the  desired  pressure  and 
passing  siearn  from  above  a  balancing   piston    D，  which  is 


tlie  port  R  and  pipe  S  through  relay  valve  B  into  outlet  or 
delivery  side  of  main  valve  by  the  pipe  connection  V  and 
port  W.  The  pressure  on  main  valve  being  thus  removed,  it 
ami  its  tipper  aiul  lower  balancing  piston  D  and  J  are  raised. 
Initial  fluid  jiressuro  is  now  discharged  through  the  main 
valve  E  into  the  chamber  within  the  lower  balancing  piston  J. 
The  main  valve  E  ami  piston  J  being  now  in  perfect  balance 
are  moved  iij>  furt  lier  by  weighted  lever  until  the  gates  L  are 
opposite  the  annular  passage  N,  when  steam  is  discharged 
tluou" 小 the  gates  and  annular  passage  into  outlet  chamber  F. 

Oil  the  steam  in  the  outlet  branch  F 
attaining  a  predetprniined  pressure, 
wliic'li  pressure  is  adjusted  by  tlie 
spring  pressure  applied  to  the  relay 
valve,  the  steam  passing  by  the  port 
X  (ami  pipe  Y  acts  on  the  dia])lira^in 
C  of  the  relay  valve  to  close  it. 
Steam  heing  tlius  imprisoned 
))etween  t  he  relay  valve  H  atid  t  lie 
chamber  ] i  above  uj)j)er  halaiiciu^ 
piston  I)  by  fluid  pressure  leaking 
past  piston,  tlie  main  valve  E  is 
pressed  iiriiily  down  on  its  seating  or 
face  .111(1  remains  closed  until  tlie 
pressure  on  outlet  begins  to  fall  be- 
low normal,  when  tlie  same  cycle  of 
automatic  operations  is  repeated.  In 
place  of  the  lever  O  ami  weight  being 
used  to  open  up  main  valve,  a  spring 
loaded  lever  or  a  direct  spring  or 
deadweight  may  be  used  witli  or 
without  a  (lashpot  attachrneiit .  Wit  h 
tliis  arrangement  it  is  claimed  that  artion  of  t he  valve  is 
I'eiwlered  easy  and  chattering  prevented. 


AUT-D'S  RKl>t)ClNG  VaLVK. 

formed  in  one  with  and  over  the  main  valve  E  to  the  delivery 
chamber  F.  The  main  valve  E  is  fitted  with  a  balancing 
piston  D  over  it  in  the  form  of  an  open-ended  cylinder  work- 
iiifT  within  a  cylinder  G  and  forming  a  chamber  H,  to  which 
the  higl 卜 pressure  steam  enters  by  leaking  past  the  balancing 
piston  D  and  presses  down  the  valve  E  until  the  steam  is 
relieved  by  the  opening  of  the  relay  valve.  A  balancing  piston 
J ,  formed  as  a  cylinder  closed  at  the  lower  end  and  working 
in  a  cylindrical  part  M  of  valve  casing,  is  fitted  below  tlie  main 
valve  and  connected  to  it  by  a  spindle  K.  The  outer  diameter 
of  this  balancing  piston  J  is  equal  to  the  outer  diameter  of 
the  face  of  the  valve  E,  so  that  its  effective  area  is  equal  to 
that  of  the  valve,  when  open.  This  lower  balancing  piston 
is  formed  with  gates  or  openings  L,  which  are  closed  by  its 
cylinder  wall  M  when  the  main  valve  E  is  shut,  but  are  raised 
when  it  is  opened  until  they  coincide  with  an  annular  passage 
N  at  the  top  of  the  cylinder  leading  to  the  low-pressure  or 
delivery  side  F  of  valve.  The  lower  end  of  the  lower  balancing 
piston  J  is  acted  on  by  a  beam  lever  0，  loaded  by  a  weight 
or  spring,  and  jointed  to  the  valve  rasing  by  a  link  and  fitted 
at  its  otlier  end  with  a  (lashpot  P  to  control  and  steady  the 
movement  of  the  main  valve  E.  The  duct  Z  allows  any  steam 
leaking  past  the  lower  halancini^  pist on  to  escape  t n  t ho 
delivery  rliarnher  F. 

The  act  ion  is  as  follows  ：  The  liigl、-pressure  steam  from 
t he  inlet  braiicli  Q  leaks  past  the  upper  main  valve  piston  I) 
into  it  and  the  cliaiiiber  II  in  which  it  works,  .and  tends  to 
press  flown  to  its  seat  t lie  main  viilve  E.  It  also  ]>asses  ])v  a 
port  1?  ami  pipe  coniiecl ion  S  into  the  chamber  T  of  t lie  relay 
valve  H.  I  nsunicient  pressure  in  the  outlet  branch  F  or 
(loliverv  of  main  vnlve  allows  the  spriiis;  to  raise  ( lie  reiitral 
spindle  U  <»f  t ho  relay  valvo  H  and  so  o|>eii  tlio  saiiio.  0，、  1  lio 
rt^lay  valve  heini;  ("、《""、fl  the  steam  imprisoned  in  tlie  rlianihor 
11  within  ami  m"r  t he  upper  bjilaiu'ini^  piston  D  esrai"、<  l>v 


THE  USE  OF  COMPRESSED  AIR  IN  BOILER  SHOPS.  > 

IJV   THOMAS  ALUCOHX. 

The  character  and  quantity  of  output  must  of  necessity 
influence  or  govern  the  machinery  ecjiiipiiient  of  any  shop. 
Now,  from  this  standpoint,  let  us  run  over  briefly  any  general 
boiler  shop.  Is  the  output  standardised,  and  is  the  work 
nmiiily  duplication  in  smaller  or  larger  quantities  ？  Is  it 
special,  each  case  almost  individual,  or  does  it  fall  in  the  much 
larger  class  of  jobbing,  that  is,  part  repair  and  part  manu- 
facturing ？  Each  class  may  be  further  subdivided,  but  in 
final  analyses  certain  fundamental  features  will  be  found 
common  to  all,  with  a  wide  range  of  special  methods,  appa- 
ratus and  uses  applicable  to  each  class. 

It  sliould  be  borne  in  mind,  also,  tliat  a  discussion  of  the 
general  subject  will  (lepeiul  upon  whether  it  is  to  cover  an 
existing  plant  or  the  planning  of  a  new  installation.  How- 
ever, a  logical  treatment  is  to  employ  the  natural  subdivisions 
of  production,  or  the  methods  and  inachinery  of  producing 
and  storing  compressed  air;  transmission,  or  tlie  piping  and 
means  for  conveying  air  to  the  points  of  application,  sepa- 
rators or  devices  for  cleaning  and  drying  the  air,  and  tlie  final 
application  or  use  of  air  through  the  niediuni  of  tlie  standard 
tools  and  a  large  number  of  special  appliances. 

There  are  a  variety  of  ways  to  compress  air,  each  having 
some  feature  or  features  which  may  make  it  best,  for  a  certain 
set  of  conditions,  and  equally  unsatisfactory  under  other  con- 
ditions. Each  installation  requires  careful  individual  con- 
sideration, and  it  is  best  not  to  attempt  to  make  many 
sweeping  general  conditions  which  will  apply  equally  in  all 
cases  so  far  as  air  (oiiipressiiig  machinery  is  ronoeriied. 

Further,  foiulitions  change  as  a  shop  develops,  and  an 
equipment  wliich  in  the  beginning  was  adequate,  and  no 
doubt  well  selected  to  meet  the  then  existing  conditions, 
heionies  ineftirieiit  and  unsuited,  due  to  gradual  extension 
and  additions  not  coiittMuplated  in  tlie  beginning.  Besides, 
the  wide  range  of  uses  to  wliiih  roiupressed  air  lends  itself  is 
not  at  first  fully  appreciated,  and  experience  may  call  for  the 
installation  of  a  device  or  inarliine  at  a  remote  niaoe.  or  the 
use  of  a  s]>crial  appliance  falling  for  a  ronsiderahle  volume  of 

•  I*BiH»r  read  before  the  Auiericau  Boiler  Mauufat'Uirers'  Association,  March 
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air,  any  one  of  wliidi  causes  will  disturb  the  balance  of  a  once 
perfect  plant. 

General  experience  shows  that  for  best  all-round  work  the 
proper  pressure  at  the  point  of  application  is  from  OOlbs,  to 
lOOlbs -，  and  iu  sonic  cases  even  slightly  higher  ^  however, 
1  OOlbs.  at  the  tool  will  meet  every  requirement  of  99  cases 
out  of  100.  To  give  901bs.  to  1  OOlbs,  at  the  tool  will  call  for 
a  terminal  or  receiver  pressure  of  from  1  OOlbs.  to  1  lOlbs., 
depending  on  the  piping  or  transmission  system,  to  be  dis- 
cussed later.  We  now  have  the  first  production  factor- 
pressure.  Next  comes  the  question  of  volume  of  air  required, 
and  this  in  turn  necessitates  a  careful  study  of  present  and 
future  requirements :  What  types  of  tool  ；  the  number  of 
each  to  be  operated  ；  the  probable  ii umber  operated  at  the 
same  time;  the  average  time  of  operation  of  each  ；  what 
special  appliances  will  be  installed  ；  is  air  to  be  reheated,  and 
what  provision  is  to  be  made  for  growth  ？  Fairly  accurate 
tables  are  obtainable  giving  tlie  air  requirements  for  all 
standard  tools  and  machines,  and  data  are  available  from 
which  the  total  volume  of  air  needed  can  be  readily  worked 
out,  or  the  manufacturer  of  compressor  and  tools  will  be  very 
glad  to  assist  in  determining  this  second  factor. 

Having  obtained  the  volume  necessary,  tlie  third  prime 
consideration  is  the  power  available  for  operating  the  com- 
pressor. Here  again  special  conditions  must  govern,  and  it  is 
not  possible  to  lay  down  any  hard  and  fast  rule.  If  steam 
is  at  hand  a  steam-driven  compressor  of  simple,  duplex,  or 
compound  type,  depending  on  the  steam  pressure  and  volume 
of  air,  generally  recommends  itself. 

With  low  steam  pressure  from  751bs.  to  1  OOlbs.  and  a 
required  volume  not  exceeding  800ft,. ，  a  single  air  cylinder 
finds  frequent  use.  This  type  is  not  the  most  economical 
from  the  steam  standpoint,  but  is  compact,  simple  in  con- 
struction, and  lias  】uany  desirable  features.  Above  800ft., 
and  with  the  same  low  steam  pressures,  the  duplex  type  witli 
tlie  advantage  of  four  power  impulses  for  each  revolution  is 
frequently  employed.  Either  duplex  or  2-stage  air  cylinders 
are  used  with  this  type.  When  the  steam  pressure  is  above 
1  OOlbs. ,  con  I  pound  cylinders  should  generally  be  employed, 
and  especially  if  the  steam  pressure  is  much  above  1  OOlbs. 

For  the  larger  sizes,  from  1,000  cub.  ft.  up,  coiiipoiuul 
steam  cylinders  are  almost  essential  and  also  2-stage  air 
cylinders.  Larger  units,  of  2,000ft.  and  upward,  should  be 
of  the  Corliss  type,  their  greater  first  cost  being  soon  offset  by 
the  considerable  saving  effected  by  their  low  steam  consump- 
tion. It  is  also  well,  when  the  volume  of  air  to  be  supplied 
is  large,  to  install  two  units,  each  having  a  capacity  ec[im】  to 
light  working  demands  or  both  together  having  a  combined 
capacity  equal  to  maximum  demand  and  also  some  reserve  for 
growth.  It  is  always  well  to  figure  on  a  machine  or  equip- 
"lent  in  excess  of  immediate  demands  and  then  operate  the 
plant  at  less  than  full  speed,  with  a  resulting  reserve  capacity 
and  increased  life. 

In  many  shops  where  shafting  is  running  near  the  location 
.selected  for  the  cainpressor,  and  surplus  power  is  available,  a 
belt-driven  machine  forms  the  most  satisfactory  type.  This 
should  be  arranged  with  tight  and  loose  pulley  if  small,  or  a 
clutch,  so  that  the  compressor  can  be  shut  down,  should 
occasion  arise,  without  interrupting  the  operation  of  the 
entire  plant.  For  belt-driven,  except  in  the  smaller  sizes,  the 
duplex— that  is,  two  cylinders  side  by  side,  driven  from  one 
sliaft  having  a  pulley  at  the  centre ― is  tlie  most  desirable 
form ,  as  it  gives  four  ('oiin)ressions  per  revolution,  thus  pro- 
ducing a  more  even  belt'  load. 

All  belt-driven  machines  of  whatever  size  or  type  should 
be  securely  anchored  to  a  foundation  to  ensure  correct  align- 
ment and  proper  resistance  to  belt'  pull.  In  every  instance 
where  electricity  is  available  a  belt  compressor  can  be  d riven 
from  a  suitable  motor.  This  arrangement  is  advantageous,  iu 
that  it  permits  starting  or  stopping  at  will,  without  tlie  inter- 
vention of  idle  pulleys,  c-hitches  or  other  power-absorbing 
devices. 

Latterly  motor-driven  ('onipi'essors  a;-e  in  considerable 
demand,  either  geared  or,  in  the  case  of  larger  units,  witli 
motor  Diounted  directly  on  the  compressor  sliaft .  For  the 
smaller  sizes  an  automatic  starting  controller  and  pressure 
regulator  can  be  furnished  if  desired,  and  this  will  maintain 
practically  a  constant  pressure,  shutting  down  the  motor 
when  the  desired  limit  is  readied,  or  starting  up  where  the 
pressure  falls,  due  to  an  increased  demand  for  air. 


Still  aiiotlior  Jiiei  hod  of  driving  iu  larger  units  is  to  mount 
t  lie  Jiiolor  arinat  iii'e  or  rotor  (Jirecl  ly  on  the  roinpressor  shaft , 
an  arrangement  somewhat  like  a  direct-driven  generator 
out  fit.  Tlie  power  is  applied  directly  to  tlie  shaft ,  aiul  all 
belts,  gears,  and  otlier  parts  are  unnecessary.  Tliis  arrange- 
iiient  is,  without  doubt,  tlie  most  .simple  and  efficient  type  of 
power-driven  compressor.  However,  it  is  not  available  except 
in  sizes  from  500ft.  and  above,  because  ineclianical  and  elec- 
trical reasons  will  not  permit  the  manufacture  of  slow-speefj 
motors  at  sufficiently  low  cost  to  compare  with  motors  for 
belt  or  gear  drive.  At  the  same  time  the  simplicity  of  tliis 
type  and  its  high  operating  economy  recoiiinieiul  its  use 
wherever  possible,  even  at  a  niucli  higher  first  cost . 

Remember  1  hat  the  power-geiieratiiig  plant,  of  which  the 
air  compressor  is  an  important  element,  is  really  tlie  heart  of 
the  establishment,  and  it  is  poor  economy  to  skimp  on  that 
end,  for  a  clay's  shutdown,  due  to  failure  of  an  essential  part, 
may  cost  much  more  in  "lom'y  ami  prestige  than  tlie  few 
extra  hundreds  called  for  in  the  beginning  by  the  better 
equipinent. 

In  pij)iiig  up  the  compressor  it  is  well,  if  possible,  to  take 
the  inlet  air  from  the  shady  side  of  the  building  oi'  f roin 
outside  the  engine-rooiii,  where  cool  air  can  be  obtained,  as 
each  5°  reduction  in  initial  temperature  will  effect  a  saving 
of  1  per  cent,  in  the  operation  of  the  compressor,  or  intake 
air  25""  colder  will  increase  the  capacity  of  the  ('(jm pressor 
5  per  cent.  It  is  also  well  to  make  the  inlet  of  good  size  and 
as  short  and  direct  as  possible,  to  reduce  inlet  friction  to  a 
mininiuni.  Often,  and  always  if  in  a  dusty  or  sooty  location, 
it  is  advisable  to  put  a  strainer  on  the  exi)OSO(l  ond  of  tlie 
inlet  pipe  or  box.  Suoli  a  strainer  ran  be  readily  made  by 
covering  one  side  of  a  substantial  box  witli  wire  netting  and 
putting  outside  of  this  one  or  two  layers  of  muslin,  tlirough 
which  the  air  must  be  drawn.  While  a  strainer  is  not 
essential  under  ordinary  conditions,  in  many  cases  it  is,  and 
in  nearly  all  cases  strained  air  will  help  to  avoid  lubri (； atiou 
troubles  and  add  to  the  life  of  valves,  pistons,  and  glands. 

The  compressed  air  leaves  the  compressor  at  a  fairly  1 1 i 1 1 
teiuperature,  averaging  about  350。.  As  the  aiiiouut  of  invis- 
ible moisture  which  can  be  held  in  air  depends  on  its  tempe- 
rature, it  is  evident  that  all  the  moisture  taken  into  tlie 
compressor  is  also  discharged  therefrom,  to  condense  in  the 
receiver  or  air  mains  later  on.  That  this  ！ leeds  coiisideratioii 
is  evident  wlieii  it  is  recalled  that  a  500  cub.  ft.  compressor 
will  draw  in  through  the  intake  pipe  500  x  60  x  10  = 
300,000  cub.  ft.  of  air  per  day  of  10  hours,  ami  on  a  damp  or 
rainy  day  this  may  contain  as  iiiuoh  as  a  barrel  of  water  for 
the  day,  although  the  average  would  be  less.  For  this 
reason,  especially  in  the  larger  installations,  aii  efficient  after 
cooler  is  most  desirable,  and  it  is  actually  essential  if  the 
transmission  liiyes  are  long  or  exposed  to  the  outdoors. 

The  after  cooler  is  a  device  arranged  to  take  advaiiiage  of 
the  principle  mentioned  ；  that  is,  air  will  carry  a  varying 
amount  of  】iioistm'e，  depending  on  its  temperature,  or  at  a 
given  temperature  air  will  liold  only  a  certain  amount  of 
moisture,  beyond  which  it  becomes  saturated  and  the  excess 
】iioistui'e  will  be  precipitated  as  dew  or  rain.  Hence,  if  we 
can  reduce  the  temperature  of  the  air  below  that  at  which  it 
will  enter  the  transmission  mains,  moisture  troubles  will  be 
very  largely  eliminated. 

Of  course,  it  must  be  remembered  that  when  the  air  is 
actually  u sed  or  ex])ancled  in  the  exhaust  of  the  ])unip,  engine, 
drill,  or  other  air-d riven  device  tlie  rapid  expansion  causes  a 
teiiij)eratiire  reduction  considerHbly  below  wliat  can  be 
obtained  in  the  usual  water-cooled  after  cooler,  and  there  may 
1)6  some  precipitation  from  the  compressed  air  at  the  point  of 
application.  Usually,  however,  the  moisture  noticed  arouiHl 
； I i r  tools  is  on  the  outside  and  is  really  the  accumulation  from 
the  surrounding  air,  like  t he  moisture  on  the  outside  of  a  glass 
of  ice  water. 

In  principle  the  after  cooler  is  simply  a  tank  or  receiver 
of  suitable  size  and  shajx*,  to  contain  a  nest  of  closely  placcl 
iron  or  brass  tubes  through  wliicli  cooling  water  is  circulated. 
The  heated  compressed  air  enters  the  tank  and  by  means  of 
baffle  plates  and  tubes  is  forced  to  split  up  into  thin  sheets 
wliicli  \vii)d  ill  and  about  the  cooling  tube  and  give  up  to  the 
water  a  proportion  of  the  lieat  ('oiitainod  in  the  air,  if  such  an 
expression  will  be  permitted.  Tlie  heat  thus  absorbed  by  tlie 
water  is  carried  off  and  the  rliilling  of  the  air  reduces  its 
saturation  i>oiiit  lo  such  an  extent  that  iimst  of  tlit^  irioist ure 
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is  precipitated  and  collects  at  the  bottom  of  the  tank  portion 
of  the  after  cooler.  The  air  then  passes  out  in  a  very  much 
drier  condition.  While  very  desirable  in  larger  installations, 
the  after  cooler  is  not  necessary,  and  many  installations  have 
been  operated  for  years  without  one. 

From  the  compressor  the  air  passes  to  the  receiver,  wliicli 
performs  a  twofold  fmictioii  :  First,  as  an  equaliser  of  the 
pressure,  to  receive  the  ra]>id  pulsations  of  tlie  compressor's 
discharge,  and,  like  a  spring,  or  tlie  gas  bag  on  a  gas  engine, 
equalise  or  smooth  out  the  pulsationSj  thus  ensuring  a  steady 
flow  of  air  to  the  transmission  lines.  Second,  to  coiitaiji  a 
stored  supply  of  compressed  air,  which  helps  the  compressor 
over  any  sudden  momentary  increased  demand  for  air. 

There  is  an  erroneous  idea  current  with  regard  to  the 
storage  of  air,  for,  without  the  use  of  an  excessively  large 
receiver  it  is  not  possible  to  store  more  than  a  few  seconds'  or 
a  minute's  supply.  A  receiver  48in.  diam.  and  12ft.  long 
contains  about  153  cub.  ft.  ；  when  filled  with  air  at  lOOlbs. 
pressure  it  will  hold  about  1,200  cub.  ft.  of  free  air.  If 
the  compressors  supplying  were  shut  clown,  the  flow  through 
a  l^in.  】nain  would  in  a  few  seconds  drop  the  pressure  from 
lOOlbs.  to  a  pressure  too  low  for  working  purposes.  It  is 
therefore  evident  t  hat,  except  under  peculiar  conditions,  11  le 
storage  feature  should  be  ignored  and  a  compressor  installed 
of  sufficient  capacity  to  easily  take  care  of  immediate  and 
reasonable  future  requirements. 

The  receiver  should  always,  if  possible,  be  set  up  outside 
in  a  shady  and  cool  place  where  the  heated  air  from  the  com- 
pressor may  have  a  chance  to  cool  off  and  precipitate  as  much 
moisture  as  possible.  To  take  care  of  this  a  suitable  drain 
should  be  provided  and  used  frequently  to  blow  off  any 
accumulated  moisture  or  excess  oil,  if  tlie  operator  has  been 
careless  enough  to  allow  such  a  tiling  to  happen. 

Frequently  it  is  a  good  plan  to  install  additional  receivers 
at  junction  points  or  elsewhere  in  tlie  transmission  system, 
to  equalise  t  he  pressure  and  to  take  care  of  any  sudden  or 
excessive  local  demand.  These  auxiliary  receivers  also  act  as 
separators  to  remove  from  the  air  additional  grit  and 
moisture. 

The  transmission  system  or  j)ipes  conveying  the  air  from 
the  compressor  to  the  various  points  of  usage  should  receive 
most  careful  attention,  both  in  location  and  in  putting  up. 
Lines  should  be  made  of  ample  proportion  and  figured  with 
due  regard  to  equivalent  areas.  Tliey  should  be  run  as 
direct  as  possible,  with  few  turns  or  angles,  and  it  will  pay 
in  the  end  if  bends  or  long  turn  fittings  are  used.  Branches 
and  outlets  should  be  near  enough  to  permit  of  sufficient  tools 
being  opt'i'ated  without  the  use  of  long  liose  lines,  usually  so 
that  a  50ft.  hose  will  over-reach  anotlier  50ft.  hose.  Each 
branch  should  have  a  tee  and  two  outlets  closed  with  good, 
solid  globe  or  gate  valves. 

The  practice  of  using  nothing  less  than  1  in.  pipe  for 
branches  is  to  be  recommended.  Full-weight  pipes,  sub- 
stantial fittings,  first-grade  valves,  and  ('are  in  supporting 
mains,  drops,  and  bram-hes  are  all  essential,  for  it  must  be 
remembered  that  with  air  at  lOOlbs.  pressure  a  hole 
will  leak  the  equivalent  of  a  lioi'se-power  for  each  5  inins.  Two 
or  three  such  leaks,  even  in  a  lar<^e  plant,  would  be  a  serious 
loss. 

All  j)i})iiig  should  he  carefully  inspected,  rap]>e(l  to  break 
loose  inside  sralo,  and  then  blown  out .  All  joints  sliould  be 
made  up  with  lead  and  screwed  up  tight,  and  every  pre- 
caution taken  to  make  the  work  permanently  air-tight.  At 
suitable  points  drip  tanks  or  separators  should  be  inserted 
ill  the  mains,  these  being  prnvkled  wiili  drip  cocks.  Di'ip 
cocks  should  also  be  placed  at  all  low  points.  Further,  it 
should  be  the  duty  of  some  one  to  see  t  hat  all  drips  are  blown 
ofT  l're(|uently  and  properly.  Outlets  should  all  be  ])r<)vi(le(l 
with  ail  approved  form  of  universal  (i"i('k-arting  aiul  locking 
liose  coupling,  and  the  same  form  sliould  be  used  througli 
and  on  all  hose  for  interchangeahilit y. 

Only  the  best  grades  of  liose  should  be  used,  wire  wound 
for  t lie  lontjer  or  leader  liose,  and  a  short  length  of  plain 
tubing  for  rounecting  with  the  leader.  All  hose  sliouUl  be 
cared  for.  It-  is  expensive  and  deteriorates  rapidly,  and  it 
has  been  shown  that  many  troubles  diarged  against  the  tool 
have  been  due  entirely  to  the  use  of  poor  grades  of  liose, 
which  have  stripped  or  scaled  inside  and  clogged  the  valve 
or  working  pjirl  of  the  air  tool  equipment.  The  hose  sliould 
be  regarded  us  part  of  the  tool  equipment,  and  each  man 


to  whom  hose  is  issued  sliould  be  held  responsible  for  its 
return  in  good  condition.  In  every  case  when  getting  ready 
llie  valve  at  the  outlet  should  be  opened  an  uistaiil  before 
connecting  the  hose.  The  hose  should  then  be  blown  out, 
and  then  .the  hose  ^oiinecied  to  the  tool. 

We  now  come  to  the  actual  uses  of  compressed  air.  Aside 
from  tlie  line  of  stauclard  power-driven  iiiacliiiie  tools  for  the 
boiler  shop,  such  as  shears,  bending  rolls,  and  punches,  there 
are  a  large  number  of  stamlard  and  special  air  tools  fully  as 
important.  The  principal  ones  are :  Chipping,  caulking, 
and  bending  hammers,  long-stroke  riveters,  drills,  reamers, 
tappers,  flue  expanders,  flue  cutters,  yoke  riveters,  compres- 
sion riveters,  holders-on,  jam  riveters,  rippers,  rivet  busters, 
pneumatic  hoists,  cranes,  pneumatic  jacks,  scaling  tools,  stay- 
bolt  rippers,  telltale  hole  drillers,  air  forges,  painting 
machines,  grinders.  Besides  these,  there  are  many  other 
special  appliances  devised  to  meet  peculiar  conditions  existing 
in  each  case.  Limited  time  necessitates  merely  mentioning 
the  names  of  most  of  these,  and  only  a  short  review  of  the 
most  iin portant  of  these  can  be  given  - 

First  ill  importance  should  be  mentioneti  the  cliippiug 
and  riveting  hammers.  Tlie  chipping,  caulking,  and  bending 
liainitiers  in  six  or  eight  different  sizes  for  every  character 
and  weight  of  work,  from  1  lie  thinnest  to  the  heaviest  plates, 
range  in  weight  from  61bs.  to  161bs.，  with  strokes  from  lin. 
to  5in.，  and  these  striking  at  from  840  to  3,200  per  minute, 
with  air  at  lOOlbs.  pressure,  acting  on  a  1  y^; in.  diam.  piston. 
It  would  seem  that  no  argument  is  necessary  to  prove  the 
advantage  of  these  wonderful  labour-saving  tools  over  the  old 
hand  methods  in  the  hands  of  even  ordinary  unskilled  help. 

Pneumatic  chipping  is  unquestionably  many  times  more 
powerful  and  efficient  than  liaiid  chipping.  Further,  on 
account  of  their  being  no  necessity  to  "  swing  a  hammer," 
it  is  possible  to  work  in  out-of-the-way  places  and  corners 
where  hand  chipping  could  only  be  done  with  the  greatest 
difficulty.  The  varying  sizes  of  these  tools  makes  it  possible 
to  select  a  liamnier  to  meet  any  peculiar  set  of  conditions, 
and  the  spring  throttle,  which  is  always  under  the  coutrol 
of  the  operator,  permits  an  instantaneous  adjustment  of  the 
blow,  from  a  very  light  tap  to  the  full  power  of  t-lie  liamnier, 
thus  enabling  intricate  cliippiiig  to  be  done  quickly-  Further, 
tlie  chipping  can  be  carried  very  inucli  closer  to  the  finished 
size  than  can  possibly  be  done  by  haml. 

When  it  is  considered  that  an  ordinary  operator  can  lake 
a  gin.  chip  off  a  iin.  plate  at  the  rate  of  8in.  per  minute, 
and  this  is  compared  with  the  time  and  work  which  would 
be  required  to  cut  the  same  chip  by  hand,  some  slight,  idea 
of  the  advantage  of  pneumatic  chipping  can  be  gained.  It 
is  a  conservative  statement  to  say  that  one  man  with  a 
piieuniatic  chipping  hammer  can  do  from  three  to  five  times 
as  much  as  he  could  do  by  hand. 

For  raulkiiig,  the  pneiiniaiic  liamnier  is  ideal  ；  for,  bv 
selecting  the  proper  weight  of  hammer  or  throttling  the 
air  pressure  so  as  to  limit  the  force  of  the  blow,  the  metal 
(■an  be  condensed  and  caulked  with  an  evenness  impossible 
wit  li  hand  nietliods,  and  the  deptli  of  tlie  roin parting  of  tlie 
metal  can  be  regulated  to  suit  comlitions.  Tii  addition  to 
the  ordinary  plate  chipping  and  caulking,  in  most  boiler 
shops  there  are  usually  iron  or  steel  castings,  all  sorts  of 
brackets  and  supports,  stack  bases,  ami  other  pa rl s  in  ami 
around  1  lie  boiler  or  boiler  settings,  all  of  whirli  need  a  cer- 
tain amount  of  dressing.  There  are  also  many  other  special 
uses  fouiul  for  the  chippintx  liamnier.  depemliug  upon  the 
part  icular  slioj)  and  tlie  t  ype  of  boiler  l)eint;  handled. 

The  pneumatic  riveting  hannner  of  t lie  loiiij-stroke  t y pe , 
weighing  from  14 lbs.  to  211bs.,  dej>eii(lin^  on  the  class  of 
work  for  wliitli  it  is  intended,  and  having  from  840  to  1 ,080 
blows  per  minute,  is  a  marvellous  device,  and  even  in  the 
hands  of  an  inefficient  operator  does  sc»  nuu  li  more  work  an<l 
does  it  so  much  better  than  could  be  possibly  doue  by  liaiid 
t liat  it  is  inconceivable  tliat  anyone  \voul<i  tolerate  liand 
riveting  of  any  sort .  For  <iny  given  rase  experience  has 
pretty  conclusively  donioust  rat  t  Itat  t  lio  work  t-an  he  done 
in  from  one-liftli  to  oiie-thinl  tlie  time  required  to  do  it  by 
liand  work,  with  a  proportionate  reduction  in  cost  and  the 
very  considerable  advantage  of  having  the  work  done  better. 

The  reason  for  this  is  almost  self-evident  -  It  is  not  safe 
to  heat  a  steel  rivet  beyond  a  certain  point  if  its  fibrous  tex- 
ture is  to  be  retained  aiul  the  full  strength  of  the  rivet  made 
available.      If  the  rivet  is  driven  by  hand  it  will  be  seen 
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that,  110  matter  how  rapidly  the  riveters  strike,  they  cannot 
possibly  upset  and  heat  the  rivet  as  quickly  as  it  can  be  done 
by  a  machine  which  strikes  a  more  powerful  blow,  probably 
10  to  20  times  faster  tliau  any  riveter  can  possibly  strike. 
On  this  account  the  rivet  fills  the  hole  and  is  headed  before 
it  is  cooled  to  any  great  extent,  and  as  it  cools  and  is  followed 
up  by  tlie  riveter  the  plates  are  clamped  together  tighter 
than  is  the  case  with  a  hand-driven  rivet.  Besides,  there  is 
less  likelihood  of  the  rivet  running  over  and  heading  up  ofT 
the  centre. 

It  is  impossible  to  imagine  any  form  of  working  niacjiine 
simpler  in  construction  than  a  riveting  hammer,  consisting" 
as  it  does  of  the  barrel,  valve  box  and  valve,  handle  and 
trigger,  and  while  we  sometimes  hear  complaint  as  to  the 
cost  of  repairs,  such  cost  is  trifling  compared  with  the  results 
obtained.  In  fact,  we  do  not  believe  it  an  exaggeration  to 
say  that  any  good  shop  has  its  capacity  doubled  or  tripled  by 
the  introduction  of  pneumatic  chippers,  riveters,  and  drills. 
It  is  not  necessary  to  occupy  space  with  tabulated  results, 
but  statistics  are  available  to  show  that  it  is  a  fact  that 
pneumatic  hammers  double,  triple,  and  often  quadruple  tlie 
working  capacity  of  a  man  or  gang,  and  in  addition  do  the 
work  better  than  it  can  be  done  by  hand. 

Along  with  pneumatic  liainniers  come,  of  course,  ])neu- 
matic  holders-cm  for  backing  up  tlie  rivets  ；  jam  riveters  for 
working  in  restricted  places  or  in  flues  and  other  positions 
where  the  ordinary  riveter  cannot  be  operated  ；  rippers  for 
cutting  up  tanks,  boilers,  and  other  platework  ；  rivet  busters 
for  flogging  off  the  heads  of  rivets  and  staybolts,  for  purposes 
of  repair  or  absolute  dismantling  of  boilers  and  tanks,  and 
other  special  devices  of  kindred  sort,  many  of  which  are 
specially  made,  having  been  developed  in  some  particular 
shop. 

Pneiuuatic  compression  riveters,  either  portable  or  sta- 
tionary, and  yoke  riveters  of  varying  design,  are  largely  used 
where  the  character  of  work  demands  tliis  type.  When 
properly  mounted  so  as  to  be  flexible  they  constitute  a  very 
important  addition  to  any  boiler  shop  equipment.  In  prin- 
ciple the  compression  riveter  is  much  the  same  as  the  ordinary 
hydraulic  riveter,  except  that,  the  riveting  plunger  is  advanced 
by  means  of  a  toggle  or  an  arrangement  of  levers  in  turn 
moved  by  a  piston  moving  iti  a  compressed-air  cylinder. 
Yoke  riveters,  on  the  contrary,  are  simply  a  heavy  riveting 
hammer  mounted  on  a  suitable  yoke  frame,  instead  of  being 
held  by  hand,  the  toe  of  the  yoke  constituting  the  holder-on. 
These  also  are  largely  used  for  certain  classes  of  work. 

Pneumatic  drills  are  made  in  sizes  ranging  from  the 
smallest  midget  type,  weighing  Gibs,  or  71bs. ,  to  tlie  powerful 
compound  gear  type  having  a  capacity  to  drill  up  to  3in.  or 
4in.  ill  metal  aud  weighing  up  to  1 181bs.  In  principle  tliey 
consist  of  a  multiple  cylinder  air-actuated  engine,  driving  a 
crank  shaft  which  is  geared  to  the  drill  spindle  or  socket  which 
takes  the  drill.  On  the  smaller  sizes  the  spindle  speed  is  as 
high  as  2,600  revs,  per  minute,  whereas  in  the  larger  compound 
types  the  spindle  speed  is  as  low  as  36  revs,  per  minute. 

The  power  of  these  drills  varies,  of  course,  with  the  air 
pressure,  but  it  is  astonishing  to  see  how  rapidly  they  work 
and  wliat  enormous  power  they  have.  Their  absolute  flexi- 
bility lends  them  to  all  classes  of  work,  and  for  general  drilling, 
reaming,  tapping,  flue  rolling  or  cutting  out  flues  from  old 
boilers  there  is  nothing  which  compares  with  them.  Through 
their  use  it  has  been  possible  to  introduce  methods  of  construc- 
tion ill  boiler  shops  which  have  worked  a  revolution  in  the 
cost  of  boilers.  More  recently  ball  bearings  have  been  sub- 
stituted for  the  older  types  of  sleeve  bearings,  and  modifica- 
tions in  material  made  which  have  reduced  the  weight  and 
increased  tlie  power  and  life  of  these  drills  to  a  great  extent. 

Scaling  tools  for  removing  the  scale  from  the  inside  of 
boilers  are  nothing  more  than  small,  light  pneumatic  tools 
striking  a  fairly  light  blow  but  having  a  very  high  speed  and 
they  can  accomplish'  an  enormous  amount  of  work  in  a  most 
satisfactory  mamier. 

Pneumatic  hoists  ami  pneumatic-geared  cranes  are  largely 
used  in  boiler  shops  for  convenience  in  haiidliug  tlie  various 
parts  entering  into  the  construction  of  boilers  in  the  different 
stages  of  their  construction  from  machine  to  machine,  aud 
where  air  is  available  a  considerable  saving  in  labour  can  be 
effected  through  the  use  of  these  devices.  The  pneumatic 
cylinder  hoist  is  a  direct-lift  type  and  can  be  furnished  in 


capacities  up  to  20  tons  and  for  any  reasonable  lift.  Wliero 
this  type  cannot  be  used,  the  geared  hoist  is  easily  iriouiited 
on  a  hook  and  swung  from  a  jib  crane  or  may  Ije  arranged  to 
1  ravel  on  the  under  flanges  of  an  l-l)earii  t  rolley  t  rack.  These 
ca!i  be  obtained  iu  standard  sizes  from  one  to  JO  tons.  They 
consist  of  suitable  air  motor  aiul  necessary  gearing,  together 
with  a  dnini,  all  contained  in  a  st.unly  frarno  ami  siispemled 
from  hook  or  t  rolley  wheels,  as  t  he  case  may  Ijc .  They  nre  a 
most  desirable  adjunct,  to  any  boiler  shop,  and  with  reasonable 
care  have  a  long  life  aiul  iiiake  a  good  showing  in  every  way. 

Pneumatic  jacks  also  have  a  useful  field,  although  not  so 
great  as  some  of  the  other  devices  mentioned.  In  principle 
they  consist  of  a  cylinder  with  a  piston  ；  a  heavy  piston  rod 
projecting  through  the  top  head  of  the  cylinder,  the  air  being 
admitted  to  the  bottom,  tlie  piston  moves  upward  exactly  as 
ill  the  case  of  an  hydraulic  jack.  These  can  be  obtained  in 
stock  sizes  from  one  to  20  tons  and  prove  themselves  a  very 
useful  tool,  either  for  permanent  installation  in  some  fixed 
place  as  an  ad jiuict  to  a  permanent  machine  or  mounted  on 
wheels  for  ready  movement. 

Pneumatic  forges  for  rivet  heating  or  tool  tempering  are 
liglit  and  compact,  hence  readily  transferable,  and  can  be  taken 
close  up  to  where  tlie  work  is  being  done,  thus  ensuring  lioi 
rivets  without  burning.  They  are  simple  in  construction, 
durable,  and  very  efficient,  and  eliminate  any  necessity  for 
pumping  or  grinding  a  rivet  forge. 

Pneumatic  grinders  of  several  sorts  can  be  obtained,  and 
these  are  very  desirable  for  finishing  edges  of  plates,  corners 
or  for  any  other  special  grinding  where  it  is  desirable  to  take 
the  tool  to  the  work.  They  consist  of  a  standard  form  of  air 
motor,  practically  the  same  as  that  used  in  the  pneumatic 
drills,  with  a  suitable  extension  shaft  for  mounting  on  wheels 
wliich  are  made  for  either  face  griiicling  or  edge  grinding. 

Pneumatic  painting  or  paint  sprayers  may  be  used  to  con- 
siderable advantage  in  and  around  a  boiler  shop  for  painting 
boilers,  tubes,  &c:.，  before  shipment.  In  the  hands  of  even  an 
inexperienced  operator  they  do  rapid,  economical,  and  satis- 
factory work. 

This  review  of  a  most  comprehensive  subject  is  incomplete, 
as  a  paper  it  inch  longer  than  the  present  one  could  be  written 
oil  any  one  of  the  tools  mentioned.  However,  it  is  hoped  that 
interest  has  been  aroused  and  that  discussion  will  be  provoked 
which  will  bring  out  special  uses  and  devices  that  our  various 
members  may  liave  found  helpful  in  connection  with  their  own 
practice. 


The  Manufacture  ol  Petrol.  ―  Mr.  Joliu  Laing,  F.I.C.,  read 
a  paper  to  tlie  members  of  the  Edinburgh  Association  of 
Science  and  Arts  on  the  8th  inst.  ou  "  The  Mauufacture  of 
Petrol  or  Motor  Spirit."  Mr.  Laing  showed  how  the  heaviest 
mineral  oils  could  be  converted  into  the  lightest  condensable 
products.  By  a  simple  ingenious  arrangement  of  still  the  oil 
was  kept  distilling  into  itself  until  it  arrived  at  the  required 
density.  The  lecturer  explained  that  some  oils  were  more 
easily  decomposed  than  others,  and  these  required  more  heat 
forced  into  them  in  order  to  rupture  their  molecular  bond. 
This  was  accomplished  by  distilling  the  oil  under  pressure, 
which  had  the  effect  of  raising  the  boiling  point,  and  thus 
necessitating  a  greater  heat  to  vaporise  the  oil  in  the  still. 
This  extra  heat  forred  the  coiiipouud  川 olecules  apart  and 
broke  them  down  into  lighter  products.  Tlie  more  these  got 
broken  down  the  lighter  became  the  products  of  distillation. 
Mr.  Laing  pointed  out  that-  some  heavy  oils  would  not  part 
witli  their  water  of  suspension  except  at  a  distilling  lieat.  ami 
ill  order  to  prevent  this  water  returning  to  the  still ― now  at 
a  temperature  higher  than  the  distilling  point  of  water ― Mr. 
Laing  interposes  an  oil-water  trap  connected  with  an 
ingeniously  arranged  superheater  which  retains  the  water  and 
passes  oil  the  oil  thmugli  a  pipe  bent  in  V  form  submeri^ed 
ill  the  hot  oil  iu  the  still,  where  it  gets  heated  and  is 
redisoharged  into  the  still  at  or  near  its  boiling  point.  The 
vapours  as  they  leave  the  still  under  high  pressure  pass  into 
a  large  vessel  surrounded  with  cold  water  which  acts  as  a 
condenser.  Here  the  pressure  being  discharged  over  such  a 
large  area  gets  reduced  to  nil.  What  is  condensed  here  flows 
out  by  an  opening  in  the  bottom  to  the  receiver,  while  the 
uiK'ondeiised  gases  pass  over  by  a  pipe  at  the  top  to  the  finish- 
ing worm  aud  are  there  condensed. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Mersey  Tides  and  Electricity.  ― The  Wallasey  Town  C<nincil  liavc 
under  considtTatioii  a  schonio  for  utilising  the  tides  oi'  the  Jiiver 
Mersey  in  ortlor  to  generate  electrical  energy  lor  the  purpose  ot 
working  the  liyclraulic  lift  at  the  Seacombe  Ferry  luggage  stage, 
and  also  illuminating  the  promenade.  The  project  involves  the 
erection  of  a  hirge  water-wheel  in  the  space  between  the  luggage 
lit  age  ； iml  the  slioiv  to  operate  the  generating  plant. 

New  Clyde-built  Destroyer.  ― The  fast  ocean-goiiiK  torpedo-ljoat 
destroyer  "  Firedrake "  was  laiuiclied  on  the  9th  inst.  from 
Yarrow  &  C().，s  yard  at  vScotstoun.  This  vessel  is  the  first  of  three 
special  desti'03'ers，  2o5t't.  in  length  and  25ft.  7in.  in  beam,  and 
having  ii  contract  sjx'od  of  3(J  knots.  The  propelliii^^  machinery 
consists  of  Pai'sons  tu rbinos  driving  two  sliafts,  steam  being  sup- 
plied hy  three  Yarrow  wator-tu be  boilers  fitted  for  burning  oil 
1  lU'l  only 

Marine  Engineers'  Wages. ― Regarding  the  application  for  an  advance 
ill  tlio  w  ages  of  marine  engineers,  it  was  stated  officially  on  Satur- 
day last  that  a  scale  of  -wages  had  been  practically  agreed  upon 
by  the  Einorgoiicy  Committee  of  the  Shipowners'  Associations  ami 
the  .sub-t'omniittec  of  the  engineers'  societies  to  be  recommended 
hy  the  representatives  on  either  side  for  acceptance  by  the  Dis 
trict  Committees  in  the  various  ports.  It  、、as  further  stated  that 
thv  Ncale  represented  ii  coiiHidoraljlc  all-romid  iinprovemont  on 
the  exist  iii<;  i  :itos. 

Sheffield  Moulders'  Strike  Settled. ― The  Sheffield  mouldeivs'  dispute 
was  settled  at  a  mass  meeting  on  Saturday  last.  As  a  conse- 
qiuMice,  the  1  /iOO  men  who  had  been  on  strike  seven  weeks 
resumed  work  on  Wednesday,  pending  a  conference  with  the 
tMni)loyers  for  a  settlonient  of  the  points  in  dispute,  ； uid  tlie 
ionnaliou  ot  a  demarcation  board  to  decide  what  work  belongs 
to  moulders  and  what  to  coreniakers.  The  main  cause  of  the 
trouble  was  the  moulders'  complaint  that  work  in  their  depart- 
iiieiit  had  been  given  to  coreniakers  who  are  paid  less. 

Proposed  Royal  Commission  on  Co-partnership.  —  In  the  Mouse  of 
C'tJtiuuuiiis  Oil  Tiicfeda y  la^t ,  Lord 丄 {ul"，it  Cecil  asked  the  Priiiio 
Minister  whether  ho  Jiad  received  a  memorial  signed  by  293 
iVlcnibers  of  that  House,  asking  for  the  appoiiitmeut  of  a  Jioyal 
Coinini.ssioii  on  fo-partncr.ship,  and  it"  so,  what  decision  tbo 
(jiovoi'iiiiK'iit  had  come  to  on  the  point.  Mr.  Asquith  said  he  had 
roci'ived  tlio  iiKUUorial  rel'eirecl  to.  Tho  pmposal  should  have 
the  careful  attention  oi"  the  Goveninieiit,  which  hud  for  some 
time  past  had  xmder  consideration  the  question  of  industrial 
unrest  and  its  causes. 

Shipbuilding  Order  for  Hebburn. ― 1  lie  liedmiaktiiilmlaget  Lulea- 
OioU'M,  w  liich  i.s  a  transport  coinpaiiy  subsidia ry  to  the  Trafik 
Aktiul'olaget  Grangesberg-Oxolosuiid,  of  Stockholnij  has  recently 
placed  orders  for  two  new  steamers^  to  be  delivered  by  the  end  ol 
the  current  year.  The  vessels  will  be  each  442ft.  by  63ft.  by 
321 1.  (;in.，  and  the  (lead  weight  carrying  capacity  about  11,-500 
ions,  'riiey  arc  to  bo  built  by  Messrs. 】l.  &  W.  H;i\\  thorn,  Leslie, 
； 111(1  (  ■().,  Jjt(l.，  of  HcM_>uru  on  TyiiCj  and  tlioy  will  be  somewliat 
similar  to,  but  larger  than,  tlie  two  ore- ('arrying  steamships,  the 
" N'oUruth  Tliiini  "  ami  the  "  8ir  Ernest  Cassol/'  built  at  Heb- 
I'm'ii,  under  the  designs  and  patents  of  Messrs.  Johnson  it  Welitij 
ol'  Gothenburg,  for  the  saiiio  owners  and  during  the  past  three 
years. 

A  New  Process  for  Protecting  Iron  or  Steel.  •' 丄 roiiising  "  oi 
" I'errozincing/'  a  now  i > rocess  introduced  by  Mr.  Sliora rd 
Cowijcr  Coles  for  prolectiiij^  iron  or  steel  from  corrosioiij  lias 
the  advantage  that  it  is  more  perniiiiieut  than  an  ordinary  zinc 
coating.  The  process  consists  of  coating  the  iron  or  steel  with 
pure  iron  I)y  a  special  im'tliod  which  is  quick  and  cheap.  Pure 
iron  is  very  inert  to  chemical  action  as  coinpa rod  with  zinc,  and 
is  slightly  e  1  e c* t r o - p os i t i \' c  to  the  underlying  iron  or  steel.  A 
zinc,  nickel,  or  brass  coating  applied  to  a  pure  iron  surface 
lornis  a  more  durable  coating  than  zinc  applied  to  au  iron  or 
steel  surface,  as  tho  olectro-chcniiciil  action  u  hicli  is  set  up  whou 
once  tlie  zinc  is  peiiotratod  is  reduced.  Tlio  process  is  cheapor 
lluui  hot  jj;ah  ;niising. 

Iron  Deposits  in  Australia.  —The  vigorous  policy  of  railway  con- 
striu.'tioii  now  bfiiig  pursued  l)y  the  individual  States  of  Australia, 
io^othcr  with  the  l;irfj;o  railway  projects  of  tho  F(、（h'，'al  Govern- 
iiuMit,  has  led  to  an  uwn ktMiiii^  of  iu"、rt'st  in  tlu*  l;u'g<、  and 
vahial)Ie  iron  ore  deposits  wli  it'll  ox  i.s  t  in  South  Australia.  At 
prrsont  the  g(、iu、ral  lUiiuii^er  of  tl"'  Hrokcn  Hill  I'ritpriotary  C'mi- 
pany  is  in  Europe  collecting  all  intoniiatioii  possible  as  to  t!io 
luamifacture  of  iron  and  steel  and  kindred  industries.  On  his 
return  the  fniostiou  of  tlio  ostalilislnnent  of  ironworks  in  con 
nectioM  "  itli  the  imm("is('  iron  ore  deposits  at  I  run  Ki" 山， in 
w  hicli  t Iw  cornpany  is  i,i"M(、"'（l，  will  I,"  tlioriiii;j;liI\  foiisiflrrcil . 
Tin*  clopojsit.s  ul  lii^^li  radi'  iron  uii'  at  Iron  Kiu 山 a  re  ONtiinalod 
to  total  at  least  21,U00,00U  tuns. 


State  of  the  Skilled  Labour:  Market. ― The  usual  mimthly  iiieino- 
raiiduiH  prepared  hy  the  Liiljoiir  Department  of  the  Board  of 
Trade  states  that  employment  in  alt  industries  in  March  was 
affectod  by  the  coal  strike.  In  the  tinplatc,  pig-iron,  and  iron 
and  steol  trades  the  effects  of  the  dispute  were  felt  at  an  earlier 
date,  and  hccame  increasingly  iiia rkod  with  each  successive  week . 
EinpJoyiiu  lit  ill  connection  with  railw  ays,  'shipping,  and  docks 
was  al.so  seriously  recLicod.  Compared  witli  a  year  ago  most  of 
Uri  principal  industries  showed  a  decline  clue  to  the  coal  strijte. 
Ill  tlie  392  trade  unions,  with  a  net  membership  of  675,535, 
making  returns  76,144  (or  11-3  per  cent.)  wore  returned  as  uneni- 
pl<>3'ed  at  the  end  of  March.  】{ctimi;s  from  firms  employing 
422,707  workpeople  in  the  week  ended  Marcli  23rd,  ]912，  showed 
a  decroaso  of  9  4  per  cent,  in  the  anioiint  ol  "  ages  paid. 

Proposed  Electrification  of  Berlin  Suburban  Railways.— The  Prussian 
liandtag  has  under  consideration  a  iiK'inorandum  containinj^  coni- 
piehoiisive  proposals  for  electrifying  and  improving  the  JUerlin 
tity  and  .suhurbaii  railways  in  order  to  render  them  capable  of 
dealing  with  the  increasing  traffic.  With  this  object  in  view  it 
is  proposed  to  set  up  two  electric  generating  stations,  one  in  a 
lignite  district,  probably  near  Bitteri'cld,  and  the  other  near 
Berlin;  the  latter  as  a  reserve  station  and  to  supplement  the 
other  during  tlie  heaviest  periods  of  traffic.  The  total  cost  of  the 
work,  wliich  will  take  about  4i  yea rs  to  carry  out,  is  put  at 
about  .€G,1G7,5U0,  of  which  ahout*^  i;2,.30U/JU0  arc  earmarked  for 
l)einiaiioiit  w  ay  and  constructional  work,  <S;e.，  and  the  roiuaiiidcr 
tor  the  provision  and  alteration  of  rolling  stock.  It  will  l>e 
necessary,  inter  cdia，  to  provide  oo7  electric  locomotives  and  090 
passenger  coaches. 

Central  Ironmoulders  and  Amalgamation. ― The  ballot  which  has  been 
taken  ol  the  lueinijcrs  of  the  Cciitiai  1  roiiinouidors'  .V.s^ociatioii  on 
the  question  of  anialgamatiiig  with  the  six  other  ironmoulders' 
organisations  iu  Scotland  has  resulted  in  an  overwhelming 
majority  of  votes  being  cast  against  the  proposed  scheme.  The 
Central 丄 roiinioulders'  Association,  in  w  hich  a  large  luuuber  of 
iroiiw  orkers  iu  England  are  inemberSj  have  been  ciidGa\  ouriiig  for 
.sonic  time  J  along  with  lour  other  iroiunoulders*  organisations  iu 
J':iij^l;md，  to  obtain  an  advance  in  wages  lor  workers  employed 
ill  the  light  castings  industry  iu  Eiij^laiid.  The  demand  sii Ij- 
inittcd  was  for  an  increase  of  5  per  cent,  on  the  wages  of  piece- 
workers and  T^d.  per  hour  to  time-uorkers.  Tho  oiiiploycrs  have 
now  conceded  an  advance  of  21  per  cent,  to  the  piece  workrr.s  and 
I  s.  per  week  to  those  engaged  on  tlie  tiine  priiiciplo,  w  itli  certain 
additions  to  apprentice  wages. 

Shipyards  and  Travelling  Time.— A  inatter  which  has  been  provocative 

ol"  considcra bJe  friction  iu  shiplmildiug  districts  has  been  settled 
by  ail  agreement  between  the  Amalganiatecl  Society  of  Kiigiiiet'rs 
； I  lid  the  Steam  Engine  Makers'  Society,  w  ith  tlie  J^iiiplo\  ers' 
Fedoiiitiou.  The  agreement  provides,  wc  uiiderstaiulj  that  work- 
men taken  on  by  a  firm  at  the  premises  ol  another  tirin  shall  work 
•33  hours  per  week  and  receive  tho  district  rate  of  wages,  plus 
an  allowance  of  9d.  per  day^  but  shall  not  be  entitled  to  trin  olliiig 
time.  Workmen  、vli(>n  sent  to  work  away  h*oin  the  promises  whore 
tlit^y  were  taken  on  shall  be  paid  the  di^strict  rate  oi  waj^t's,  plu.s 
an  allowance  ot"  Gd.  per  day,  and  shall  travel  in  their  oniployors' 
time.  The  ； igrooinent  is  to  apply  to  engine  builders  eugiiiiiijj; 
\va rsiiips  a ud  inercl'aut  ships  The  agi'eeiiieut  is  ro^^arducl  as  a 
coacessiou  to  the  men,  us  it  has  hitherto  been  the  custom  of  soiik* 
firms  to  pay  uum  off  Avhen  iiiuving  a  vessel  from  cino  plafo  lo 
another,  and  then  to  re-eiigago  tht'm.  w  liicli  ineaiit  tluit  tlicy 
had  to  pay  tiicir  own  tra volliiij^  cxpt'ii"  s  Aud  travel  in  their  ow  ii 
t  inio. 

Russian  Manganese  Industry.  "~ -  A  report  hy  H  .  .M .  CuiimiI  at 
Hatxjiim  states  tliat  the  imin^ncse  industry  ot  the  Traii.s-C'auciiMife* 
experitMiced  somewhat  ot  a  clKH-k  in  11)1 1 .  duo  to  a  ； iic  at  rxtcnt 
to  the  seaiuon's  strike  in  tho  I'liited  Kin^ddiii  ami  tho  Italo 
Turkish  war,  wliich  seriously  affected  freights  from  Ulack  Soa 
ports.  Failing  official  roturnSj  which  are  not  likely  to  be  piili- 
li  si  1 0(1  until  late  in  the  second  halt'  of  the  current  yoar,  tlio 
produc-tion  ot'  luan^an  'se  in  the  Trans  Caucasus  in  1911  is  osti- 
luatocl  at  ； I  bout  o48,()0<)  tons.  An  important  iVature  in  tho  tiiulo 
ol  Hatouni  for  the  past  year  was,  tho  roport  contiiiuos.  tin* 
activity  of  business  in  manganese  aucl  the  very  la r^c  increaso  in 
tho  exports  of  this  ore  from  the  port,  the  totals  Itcin^  43.119  tons 
tor  1910  and  129/233  tons  for  1911.  The  quantities  of  nianganose 
'"',、  ;<hippo(I  from  Batoum  to  various  countries  iu  191 1  were  a» 
follows  ：  Hol^iinn,  12,994  tons  ；  I'liitod  Stato、  10/;(J4  tons : 
Ki  anco,  .1.3,880  tons  ；  I'liited  Kingdom.  3l.8(n)  tuns :  (； orniany, 
2")..")3<>  tons  :  A  list  ria  H  im^arv.  l,*」 广"； tuns  :  NVt  li，、H:、  n(ls.  *一)7 
tons. 

The  "Ideal',  Portable  Oxy  Acetylene  Weld—  Plant. ― Mes>r>.  (.'iias. 
(•"iir'-liill  iV  ('('.,  1.1*1..  ot  St.  Siiiinn  Suvri.  .M;iiu  In'sti  r.  aro  intro 
山 iriii;^  :i  ((iiiipact  rl"';，|»  form  ot  oxy-afetyleiie  ueUlin^  plant 
"  w  ill  nuH't  tlio  w  ;i  nts  (if  !j;4MH*r;»l  on^iinoors,  w  ho  can  often  find 
much  useful  work  for  apparatus  of  this  kind,  but  for  whom  tbe 
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plants  hitherto  on  tho  inarlvot  h-.wo  hoon  too  ('xponsivo.  Tl"、 
" Idoal  '，  appju-Mtus  is  specially  c-on vonioni  Foi*  (vffoctinjj;  minuM-oiis 
repairs,  such  as  tlio  iusliion  jointing  and  rojjjvir  of  pipos,  tin* 
repair  of  cracks,  blisters,  and  flaws  in  castings  ami  forcings,  and 
oast  iron,  or  as  a  substitute  for  brazing  an d  soldering  in  iioarl.v 
all  instances  for  copper,  brass,  aluminium,  and  tlio  in"、.  Since 
heinir  introduced  a  few  years  ago  for  application  to  motal  work 
injj;,  the  oxy-acetylono  welding  process  has  made  (、； it  strides. 
Tts  univorsal  adoption  lias,  however,  heoii  provontod  by  tho  liigli 
prioo  of  most  of  tho  plants,  which  have  been  clal)orate  in  closio;n 
and  more  or  less  fixod.  By  placing  on  the  market  a  portal)Io 
plant  at  a  low  cost,  Messrs.  Churchill  have  now  placed  it  Avithin 
the  reach  of  all  engineers.  For  mills  and  factor ios  a  portal )lo 
plant  of  til  is  description  is  im';i】iml)】e.  "Piping  ； ukI  all  classes  of 
hroakdowiis  can  be  repairod  on  the  spot,  and  itt  most  oases  -with- 
out oven  strippin^^  (low n.  New  teeth  can  ho  woldod  into  ^oiw 
whools  in  a  few  minutes  and  made  as  good  as  now, 

Canadian  Pig  Iron  in  I9H. ― According  to  the  American  Iron  and  Steel 
Association,  the  production  of  pic  iron  in  Canada  during  1911 
was  824,34o  tons,  as  compared  with  740,210  tons  in  1910.  Of  this 
total,  l)asic  pig  iron  accounted  for  413,303  tons,  as  against 
365,090  tons  in  1910,  and  Bessemer  pig  iron  186,274  tons,  as 
ugiiiiist  221,494  tons  in  1910  ；  tlie  remainder  was  ohiofly  foiimlry 
pig  iron.  On  Deoem1)er  31st,  1911,  Canada  had  18  completed 
furnaces,  of  which  12  were  in  blast  ;i nd  six  wore  idle.  Of  tlie 
furnaces  in  blast,  one  Avas  operating  on  charcoal.  Of  the  18 
furnaces  in  existence,  14  usually  use  coke  for  fuel  and  four  use 
charcoal.  In  1911  tlie  Canadian  furnaces  consumed  1,'")05,877 
tons  of  iron  ore,  &e.，  and  41,427  tons  of  mill  cinder,  scale,  turn- 
ings,  in  the  nianufacttire  of  pig  iron,  ferro-silioon,  &c.  They 
nlso  consumed  567，4(i2  tons  of  limestone  for  fliixiiip;  purposes. 
The  average  consumption  of  iron  ore,  mill  cinder,  scale,  c'tc,  in 
1911  per  ton  of  pig  iron  made  was  1-94  tons.  Tho  Dominion  Iron 
.and  Steel  Company,  Ltd.,  is  adding  two  blastfurnaces  to  its 
works,  at  Sydney,  Nova  Scotia,  to  he  known  as  Nos.  7  and  8. 
Each  stack  is  to  he  Soft,  hy  20ft.,  and  will  have  an  animal  capa- 
city of  about  80,000  tons  of  basic  pig  iron.  Each  fu rnace  will  bo 
equipped  with  four  hot-blnst  stoves,  oach  85ft.  by  21ft.  The  vSteel 
Company  of  Canada  is  about  to  acid  t、vo  60- ton  open-hearth 
furnaces  to  its  steel  plant  at  Hamilton.  It  will  also  add  a  Woom- 
ing  mill,  a  hillet  mill,  and  a  rod  mill. 

Demand  for  Oil  Engines  in  Russia. ―  A  report  by  the  British  Vice- 
Consul  at  Baku  (Mr.  A.  E.  R.  McDonell)  on  the  trade  of  that 
district  in  1911  states  that  a  <xreat  demand  exists  for  internal- 
combustion  engines  working  with  crnde  oil  as  fuel.  Most  of  tlio 
oil  producers  of  Baku  are  now  dismantling^  their  hoi  lei*  installa- 
tions and  are  erecting  motor  electric  plants  for  ])o\vor  purposes. 
Keen  competition  between  electric  and  oil  motor  power  is  the 
result.  Oil  motors  are  holding  their  own  at  present,  hnt  it  is 
fliffifult  to  say  what  the  ultimate  issue  is  likely  to  he.  The  best 
intoriial-combnstion  engines  at  present  sold  in  the  Baku  market 
are  undoubtedly  those  of  British  make.  Their  only  disadvantage 
is  in  price,  Avhich  is  ooinpa ratively  hi^li.  Fon'ig"  competitors, 
1)y  having  the  heavier  and  coarser  parts  manufactured  in  Russia 
(payment  of  freight  and  duty  on  which  are  consequently  avoided), 
and  by  importing  only  the  more  intricate  and  flexible  parts,  are 
i\h\o  to  furiiisli  this  class  of  machinery  to  the  Baku  market  at 
lower  prices  than  British  nmnnfactiirers.  It  Monld  be  advisable, 
in  Mr.  McDonell 's  opinion,  for  British  manufacturers  intendinfi; 
to  do  business  with  Baku  in  motors  of  tho  description  referred 
to,  to  make  several  practical  trials  and  tests  with  crude  oil 
actually  received  from  the  Baku  fields.  Internal-combustion 
engines  and  motors  would,  says  the  Vice-Consnl,  also  sell  well 
ill  Traiis-Caspia  and  the  agricultural  districts  of  the  Caucasus, 
wliore  they  are  much  used  foi*  driving  cotton  machinory,  mills, 
and  irrigation  plant.  Excellent  motors  are  now  made  entirely  in 
Russia.  They  are,  of  course,  cheaper  than  tho  fonM^n-made 
article,  and  have  met  witli  certain  success  ui  the  Baku  market. 

Railway  Accidents  in  191 1.  —The  Board  of  Trade  have  just 
issued  a  summary  of  accidents  and  casualties  reported  as  liavin;^; 
occurred  on  the  railways  in  tlic  United  Kin^oni  during  the  past 
year.  The  number  of  persons  killed  and  injured  was  as  follows  : 
Passengers,  from  accidents  to  trains,  rolling  stock,  permanent 
Avay,  d'o.,  14  killed,  468  injured  ；  by  accidents  from  other  causes, 
92  killed,  2,2o7  injured  ；  from  accidents  to  trains,  five  servants 
of  the  company  were  killed  and  llo  injured  ；  and  by  accidents 
from  otlier  caiisos  38-1  were  killed  and  5,196  injurod.  There  were 
84  persons  killed  and  38  injured  in  passing  over  railways  at  level 
crossings  ；  462  persons,  classified  as  tmsp 篇 ri's  (includiTio; 
snifides),  were  killed  iinA  124  injured  ；  and  28  persons  on  Imsinoss 
at  stations  and  others  not  (•('") injj;  under  the  above  classifications 
were  killed  and  139  injured.  The  total  nunihor  of  persons  killed 
was  1,070,  and  the  number  injurod  8,34.").  Tl"、  total  tor  1910  was 
1,062  killed  and  8,342  injuivd.      In  addition  to  the  above  the 
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rail、v:i,v  mni|t:m"'s  h:iv<'  reported  to  tlu-  |{":ml  o)  Ti.:"|<.  ""-  f ('卜 
lm、  iii;j>  :i(  ('"h'iiis  w  liicli  (K-ciirrfHl  during  tlio  year  upon  U"'ir 
pn-Miiscs,  1)11 1  ill  u  hicli  the  iiiovcincn t  of  v collides  used  cxclusivt^ly 
"I"'"  i'"il、\:i.vs  u  ； IS  not,  (  namely ― six    j)asM'n^(»!'K,  oO 

s。rv:uits  «,t  til,'  mMii,:m"'s  oi*  contractors,  and  27  oilier  |"'rsi,ns 
killed'  707  i);is.s('ii;^('rs，  2'J..Vi7  servants,  :ui<l  i'tOU  other  persons 

i",iiir('d，  iiinliiii;^^  A  total  in  liiis  class  of  山 "it  of  80  poiHOiiH 
ami  23,!"3  injiiicd,  ； is  ai^aiiist  two  i);i.ss<  ii;^eis,  37  fw", 、'： iiits， 
:ui(l  20  other  i)《'rsoiis  killed  and  7: 乂）  passengers,  20,419  Sfrvaiits, 
and  590  other  persons  iiijtircfl  in  1010.  :»  total  .">9  porsons  k\\\o<\ 
and  21,708  iiijmvd. 

Mineral    Production    of    Germany    in    I9lt.  ―  The     "  Deiitsr  licr 

lNMc]is;mz<'iV<'i'  '，   ( Hcrliii)   |tiit>Iislics  a   provisional  statf'im'nt  (»f 
tlie  miruM'nl  and  mot;il  |'r("lii'"mi  oi'  (； crinany  and  Lim'inl'm;^  in 
1  .     These  arc  ^ivcn.  aloii^  with  t  lie  fi^^iiivs         t  lie  jn^ 
year,  in  tlic  ioiiowiii^i       山'： 一 


1910. 

1911. 

Quantity. 

j  Value. 

Quantity. 

Valne. 

Mineral.^ - ~ 

Metric  tons. 

1. 000  marks. 

Metric  tons. 

1,000  marks. 

Coal   

152,827,777 

1 .52(i,(504 

100,747,580 

Lignite   

547, 291) 

178,()I8 

73.7(iO,H(i7 

iH.3.:jr>7 

Potrolcuni  ... 

145,108 

10,14(1 

142,1^2 

10,04.') 

Iron  ore  ... 

f\ t »  —八 /、 
28,/O9,700 

10<i.800 

114,531 

Zinc  ore  

718,316 

45,185 

()00,07(l 

v.K:m 

Lead  oro  ... 

148,497 

】4，0fi4 

J  40  J -,4 

14,132 

23,400 

議， 霸 

21,531 

Man*{ant'So  ore 

H().5(i0 

981 

1 .048 

ProductH  oj  r^difc- 

tion  toorks —— 

Pi<jj  iron  

1 4,703, (i04 

802,851 

15,280,527*^ 

«')0.51]* 

Zinc   

22i,:m 

09,399 

2:J5,77(> 

Lead,  pigs,  bars, 

&c  

150,851 

42,042 

161,287 

44,152 

Copper,  refined. 

:U,02fi 

42,389 

37,452 

44,014 

Tin  

11,304 

31,272 

12,412 

Product.-^  from  pig 

iron ― 

Castings,  second 

fusion   

2.(i51,r>12 

474,303 

2,722.028* 

Wrought  iron  and 

steel— 

Crufle  blooms, mill 

bars  and  cement 

steel  for  sale... 

2,873 

2,470 

Finished  wrmiglit- 

iron  products... 

:J10.S42^ 

4f>,880* 

Cast     iron  and 

steel- 

Ingots  for  sa lo  ... 

708,778  i 

-)0,()80 

740,732 

Slabs,  billets,  &('., 

1 

for  sale   

2,262,903 

108,740  ； 

2,601,600 

231,800 

Finished  east -iron 

products  

9.721,025 

1,373,676 

10,703,535* 

Returns  incomplete.    Metric  ton  =  2,204  ()Ibs,  ；  Mark  =  11  Sri. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  JOth. 

Aluminium  in  sot   07/-  per  out. 

"         wire,  aocnrdiiig  to  sizes,  & (？  from  102/-  ，， 

，，         sheets         ，，  ，，    J  20/-  " 

Antimony   £27/-/-  to  £27/10/-  per  ton 

Brass,  rolled    S.UI.  pei*  Ik 

，，     tubes  (brazed)    10；(1. " 

，，        ，，      (solid  drawn)   9(1.  ，， 

，，        ，，      wire   8^(1.  ，, 

Copper,  Starulanl   £70/10/-  per  ton. 

Iron,  Cleveland   54 / 1  i  ，， 

，， Scotch    tlO/H  ,, 

Lead,  English    £l(i/i:i/0  '" 

，， Foreign  (soft)    £ir>/"/3  " 

Mica  (in  orij^inal  eases),  small   6(1.  to  2/ -  per  lb. 

，，  ，，  ，，       medium   2/6  to  4/-  ，， 

，，  ，，  ，，       large    4/0  to  8/G  ，， 

Quicksilver   £8/12/0  per  bottle. 

8ilvt'r   2(i  J-Jd.  per  oz. 

Spelter    £2">/l5/-  per'  ton. 

Tin,  block   £197/10/- 

Tin  plates   14/3  ,， 

Zinc  sheets  (Silesian)   £29/-/—  ，， 

，，  (Stettin  ；  Vieille  Montagne)  -.  £2S/ir、/， 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  puhlishedy  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
"Mechanical  Engineer,"  55，  New  Bailey  Street,  Manchester, 

MECHANICAL,  1910. 

Direct-acting  pumps.    Shore.    20302 . 
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Institute  of  Metals. ― At  a  meeting  of  the  Birmingham  sec- 
tion of  the  Institute  of  Metals,  held  on  Tuesday  last,  Mr.  W. 
IT.  A.  Robertson  read  a  paper  on  "  Cold  R oiling  Mills."  He 
described  the  difTerences  between  t lie  cold  rolling  processes  in 
various  countries  and  those  in  Eiig^land,  and  sliowed  illustra- 
tions of  t lie  latest  types  of  German  and  English  mills. 

World's  Largest  Telescope. ― For  some  time  past  opticians 
have  Been  engaged  in  in aking  tlie  glass  mirror  for  a  reflecting 
telescope,  having  the  largest  aperture  ever  att-einpt<*d.  The 
mirror  is  to  be  lOOiu.  diain.,  13in.  in  thickness,  and  4i 
tons  in  weight.  This  gigantic  telescope  is  intended  for 
the  Solar  Observatory,  Mount  Wilson,  California.  The  enor- 
mous difficulties  which  are  encouiit-ertHl  in  the  successful  cast- 
ing of  such  a  largo  disc  of  optical  glass  free>  from  defect  and 
blemish  have  delayed  its  mounting,  and  it  has  more  than  once 
had  to  be  recast  and  begun  afresh.  For  more  than  half  a 
century  the  record  in  size  for  a  telescope  lias  hetMi  lu'ld  by 
Lord  Rosse's  reflecting  t-elescope,  inounted  in  Ireland,  and 
having  a  mirror  72in.  diam.，  but  this  was  made  of 
polishfKi  metal,  instead  of  the  now  usual  method  of  glass  with 
a  coating  of  silver.  At  tho  Mount  Wilson  Observatory  there 
is  already  in  use  a  refltn'ting  telescup<、  witli  a  diameter  of 
60iii.，  but  the  mirror  of  this  "k^scopo,  being  of  silvered  glass, 
and  such  mirrors  being  superior  to  those  made  of  metal,  this 
instrument  has  given  better  results  than  Lord  Rosses  reflector. 
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Superheating  in  Locomotives. 

The  application  of  superheating  to  locomotives  lias  passed 
through  its  experimental  stage  with  comparative  rapidity.  It 
is  only  a  few  years  since  experiments  in  this  direction  were 
first  instituted  in  this  country,  though  they  had  been  preceded 
for  some  time  on  the  Continent,  and  it  was  not  until  Mr. 
Hughes,  the  chief  mechanical  engineer  of  the  L.  &  Y.  Rail- 
way, presented  his  paper*  to  the  Institution  of  Mechanical 
Engineers  in  March,  1910，  that  reliable  data  as  regards 
British  practice  were  available.  Mr.  Hughes'  investigations 
were  made  to  some  extent  with  tlie  object  of  determining  the 
relative  advantages  and  disadvantages  of  compounding  and 
superheating.  Although  conipoiniding  has  been  in  operation 
on  several  lines  for  a  considerable  period  and  economies  in 
certain  classes  of  service  demonstrated,  the  concensus  of 
opinion  has  bean  far  from  universal  as  regards  its  merits  or 
the  extent  to  which  its  adoption  was  desirable.  The  object  of 
both  compounding  and  superheating  in  the  main  is  ultimately 
the  same,  viz.,  economy  of  fuel  in  working,  but  economy  is  a 
term  much  more  difficult  to  express  with  locomotives  tlian  it 
is  with  stationary  engines  where  pounds  of  coal  or  pounds  of 
steam  per  indicated  horse-power  per  hour  carry  a  meaning 
which  permits  of  fairly  universal  application.  With  locomo- 
tives the  case  is  different— weight  of  fuel  per  train  mile,  per 
ton  mile,  per  indicated  horse-power  per  hour,  or  per  unit  of 
time  merely  bear  different  interpretations  as  regards  advan- 
tage, according  to  the  nature  of  the  service.  Speaking  gene- 
rally, it  may  be  stated  that  compounding  on  the  whole  has 
made  very  little  headway  and  the  general  experience  and 
tendency  of  iiiodeni  practice  would  seem  to  show  that  even 
where  coinpouiKling  has  been  adopted  it  will  event uallv  be 
supplanted  by  superheating.  Both  methods  seek  to  secure 
economy  by  increasing  the  range  of  expansion,  but  whereas  in 
(.■onipoiuuling  two  or  more  cylinders  are  necessary  for  expan- 


*  See  *'  The  Mechanical  Engineer/*  March  ISbh,  '25lb,  and  April  Isfc.  1910.  pp. 

33*2.  335.  and  380. 
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sion，  with  superheating  the  end  is  sought  in  one  cylinder.  It 
is  true  superheating  and  compounding  might  be  combined  as 
in  stationary  practice,  but  the  complication  entailed  is  gene- 
rally conceded  to  be  too  inconvenient  for  locomotive  practice 
and  the  end  is  therefore  sought  by  one  or  the  other  system . 
Hence  in  a  superheater  locomotive  the  higher  rate  of  expan- 
sion means  a  larger  cylinder  and  an  earlier  cut-off.  Two 
main  systems,  "  high  superheat  ，，  and  "  low  superheat,"  are  in 
use.  In  the  former  the  superheating  is  effected  mainly  by  live 
heat  ij'.e"  from  gases  that  are  in  contact  with  boiler  heating 
surface),  and  carried  to  250°-280。  Fall,  above  the  temperature 
of  the  saturated  steam,  while  in  the  latter,  the  superheat, 
derived  mainly  from  the  waste  heat  in  the  smokebox,  is  seldom 
more  than  100°  Fah.  over  saturation  point.  The  wide  range 
of  load  in  locomotives  affects  to  some  extent  the  economy  of 
superheating,  inasmuch  as  it  springs  from  the  prevention  of 
initial  condensation,  and  as  this  latter  increases  with  the 
number  of  expansions  it  follows  that  a  superheat  necessary  to 
prevent  initial  condensation  with  an  early  cut-off  would  be 
higher  than  was  necessary  if  the  cut-off  were  later  and  thus 
lead  to  loss  of  heat  in  the  exhaust.  On  the  other  band,  the 
practical  difficulties  which  arise  with  varying  rates  of  cut-offs 
in  compounds  are  avoided.  Mr.  Hughes  in  summarising  his 
experiments  arrived  at  the  couclusion  that  on  the  whole 
superheating  is  more  advantageous  with  passenger  than  with 
goods  engines,  whereas  the  reverse  is  the  case  with  compounds, 
whose  economies  as  compared  with  single  engines  are  more 
pronounced  when  the  load  is  variable  and  intermittent,  as  it 
IS  when  engaged  in  shunting,  light  running,  or  ballasting 
service,  or  wlieu  detentions  are  frequent.  As  regards  actual 
coal  economy,  Mr.  Hughes  did  not  find  that  any  special 
advantage  could  be  placed  to  the  credit  of  either,  but  speak- 
ing broadly  his  conclusion  was  that  while  compounding  was 
advantageous  in  slow-speed  goods  traffic,  superheating  was 
more  suitable  for  passenger  service  with  constant  loads,  and  it 
is  mainly  in  connection  with  such  service  that  superheating  is 
now  being  applied  on  the  main  lines  and  about  which  there 
appears  to  be  a  general  agreement  amongst  all  locomotive 
engineers  as  to  economy,  though  the  precise  measure  of  this, 
as  we  have  explained,  is  difficult  to  express  in  figures  per- 
mitting of  universal  application.  The  economies  range  from 
10  to  20  per  cent,  of  coal  and  from  20  to  30  per  cent,  of  water. 
The  latter  item  is  importaut  and  often  counts  for  more 
on  railways  than  in  stationary  practice.  Already  there 
are  about  1,000  superheated  locomotives  in  service  or  under 
construction  on  British  railways.  In  probably  about  40  per 
cent,  of  these  the  Schmidt  type  is  being  used  and  is  the  one 
which  has  received  widest  acceptance  both  here  and  on  the 
Continent,  where  superheating,  it  should  be  stated  to  the 
credit  of  German  engineers,  was  first  initiated  and  where  it  is 
becoming  almost  universally  adopted  for  all  classes  of  service. 
There  are  many  designs  of  locomotive  superheaters, 
and  patent  rights  cau  only  apply  to  particular 
arrangements.  The  Great  Central  Railway  are 
adopting  a  design  of  the  chief  mechanical  engineer 
of  the  company,  although  they  have  a  number  of 
engines  equipped  with  the  Schmidt  type,  while  the  Great 
Western  are  using  the  Swindon  type,  the  patents  of  、vhidi 
have  been  acquired  by  the  Schmidt  Company.  The  London 
and  Sout.h-Westeru  are  experimenting  with  a  superlieater  of 
the  Trevethick  type  in  which  the  temperature  is  ouly  a  little 
iu  excess  of  that  of  saturated  steam,  while  a  superheater  of  a 
similar  type  is  also  being  tried  on  the  North  British  Railway 
along  with  the  Schmidt  arrangement.  It  is  too  early  as  yet 
to  permit  of  comparisons  between  various  designs  and,  having 


regard  to  their  common  principle^  it  is  probable  opinions  will 
always  differ  as  to  their  individual  merits  owing  to  personal 
interests  involved.  There  is  no  doubt,  however,  that  loco- 
motive superheating  has  come  to  stay,  and  will  to  some  extent 
give  this  type  of  motor  a  further  lease  of  life  in  any  struggle 
that  the  future  may  bring  between  it  and  rival  methods  of 
traction. 


INGUS  CONTROLLER  FOR  WINDING  ENGINES. 

At  the  annual  meeting  of  the  Mining  Institute  of  Scotland 
recently  held  at  Glasgow,  Mr.  James  Black  read  a  paper  on 
" Overwinding  Prevention  and  Coutrolliiig  Gear  for  Colliery 
Winding  Engines,  with  a  Description  of  the  '  Inglis '  Con- 
troner."  An  ideal  controller  should,  he  observed,  be  capable 
of  performing  the  following  operations :  (1)  The  prevention 
of  an  overwind  or  an  uuderwind  ；  and  (2)  to  control  the  speed 
of  the  cages  throughout  the  entire  wind.  Most  controllers  in 
use  were  very  reliable  as  regards  the  prevention  of  overwind- 
ing, but  the  same  could  not  be  said  of  them  as  regards  uuder- 
winding,  which  presented  a  iiiore  difficult  problem.  In  the  rais- 
ing of  coal  there  was  a  practical  limit  beyuud  which  it  was  not 
desirable  to  reduce  the  cage  speed  when  Hearing  the  comple- 
tion of  the  wind,  from  which  it  appeared  that  a  controller 
arranged  to  permit  of  coal  winding  could  uot  prevent  an 
underwiud.  in  the  Inglis  controller  dangerous  overwinding 
was  prevented,  during  the  time  when  iiieu  were  being  raised 
or  lowered,  by  the  engiuemaii  making  a  simple  adjustment  on 
the  controller,  and  the  author  considered  that  some  such 
alteration  would  be  essential  iu  all  controllers  designed  to 
prevent  uiiderwindiiig  when  】ueii  were  being  lowered  into  t'he 
mine.  A  ('ontro】ler  which  prevented  overwinding  would  also 
prevent'  iiiidei*wiiiding,  provided  that  the  passage  of  the  cage 
was  unobstriK'ted  for  some  distance  below  the  lowest  hangiiig- 
011  point  in  the  shaft.  This  iniglil  seeiu  an  easy  way  out  of 
the  difficulty,  but  it  was  not,  as  keeping  a  pit  open  for  some 
distance  below  the  hanging-ou  poini  presented  several  diffi- 
culties, which  were  well  kuowu.  Accidents  resulting  from 
the  use  of  controllers  were  likely  to  occur,  unless  great,  care 
was  taken  when  fitting  and  adjusting  tlie  brake  whiHi  was 
brought  into  operation  by  the  cont rolling  gear.  When  a 
winding  engine  was  running  at  a  liigli  speed,  t lie  large  mass 
comprising  the  】noving  parts  contained  a  great  amount  of 
kinetic  energy,  wliich,  if  arrested  quickly  by  the  brake,  caused 
a  considerable  strain  on  tlie  niacliiiiery.  The  practice  of 
using  a  brake  wheel  iu  conjunction  wit h  a  controller  was  uot 
to  be  recommended,  as  a  terrific  strain  was  thrown  uj)ou  the 
keys  which  secured  the  wheel  to  tlie  drum  shaft.  The  most 
efficient  and  safest  iiietliod  was  to  have  a  brake  rim  lit  ted  on 
eacli  drum.  There  was  a  tendency  at  llie  present  time  to 
overload  tlie  brake  lever  with  llie  object  of  stopping  tlie 
engine  as  quickly  as  possible  after  the  controlling  gear  came 
into  operation.  This  was  a  mistake,  and  onlv  served  tlie 
purpose  of  subjecting  the  iiiarhiiierv  to  a  nuuh  p'eater  st rain 
than  need  be. 

The  controller  had  been  tested  exliaust ively  l>y  t lie  ongi- 
neers  and  officials  at  the  Holytown  Colliery,  Lanarkshire. 
The  following  tests,  among  ot hers,  harl  been  i^iuressfully 
carried  out  :  (1)  The  engine  was  started  wit li  the  larger  drum 
unwinding,  and  full  steam  was  admitted.  When  the  engine 
reached  70  revs,  per  iniiiute  at  the  eighth  revolution,  the 
governor  acted  and  brouglit-  the  engine  to  a  stop  in  three 
revolutions.  (2)  The  engine  was  allowed  to  run  at  its  pre- 
(leternniied  speed  of  60  revs,  per  minute  without  any  dieok- 
iiii^,  、vlien  the  governor  ratoli  came  into  rontat-t  with  the 
】iiplier-s"i|)pe(l  part  of  the  rack  and  lm、u 仁' 1"  the  engine  to  a 
slop  in  2\  revolutions.  (3)  The  entwine  was  started  in  llie 
wron«:  direction  with  full  strain  on,  ami  it  was  almost 
instanlly  brouijlit  to  a  standstill.  The  lieisjlit  of  (he  <age 
above  the  pit-lioad  plates  was  fouinl  to  be  *Jft .  lin.  This 
height  could,  of  course,  be  increased  by  an  adjustment  of  the 
set  pin.  (4)  Several  tests  were  made  in  order  to  ascertain 
tlie  efficiency  of  the  controller  in  preventing  dangerous  under- 
winding.  It  was  found  tliat-  whenever  the  sj>eed  of  the  rope 
exceeded  350ft .  per  minute  at  the  beginning  of  tlie  last 
revolution  of  the  wiud,  the  controller  act^d  instantly  and 
stopped  the  engine. 
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A  DISASTROUS  LOCOMOTIVE  BOILER  EXPLOSION. 

The  accompanying  photo  views,  for  which  we  are  indebted  to 
our  American  contemporary  "  Power/'  show  the  effects  of  what 
is  probably  the  most  disastrous  explosion  of  a  loco- 
motive boiler  on  record.  The  explosion  occurred  to  passenger 
engine  No.  704，  of  the  Southern  Pacific  Railroad,  while  stand- 
ing in  the  yard  at  the  railroad  shop  at  San  Antonio,  Texas, 
on  Monday  morning,  March  18th,  and  resulted  in  28  employes 
being  killed  and  more  thau  40  others  injured.  Part  of  the 
roundhouse  collapsed,  several  small  buildings  were  demolished, 
and  the  engines  in  the  roundhouse  were  badly  damaged.  It  is 
estimated  that  the  monetary  loss  will  reach  the  sum  of 
£40,000.  According  to  our  contemporary,  the  probable  cause 
of  the  explosion  was  excessive  steam  pressure.  This  belief  is 
substantiated  by  the  testimony  of  employes,  who  stated  at 
the  Interstate  Commerce  Commission  investigation  that  a 
workman  had  screwed  down  the  safety  valve  just  previous  to 
the  explosion,  and  that  the  oil  burners  had  been  extinguished 
and  then  re-lighted  shortly  before  the  accident.  Referring 
to  the  illustrations,  Fig.  1  shows  the  wrecked  engine  and 
roundhouse.  All  that  is  left  of  the  boiler  shell  is  the  crumpled 
and  torn  sheets,  shown  beyond  the  lubes.    The  only  part  of 


STEEL  RIVETS.* 

BY  D.  .1.  CHAMPION. 

Rivets  are  the  most  important  articles  you  use.  On  their 
trustworthiness,  life  and  property  depend,  and  for  this  reason 
too  nuich  importance  cannot  be  attached  to  guarding  the 
quality  and  looking  after  the  workmanship  in  order  to  ensure, 
as  nearly  as  possible,  perfection  along  these  lines.  Improve- 
ments ill  the  quality  of  rivets  have  kept  pace  with  the  im- 
provements ill  the  manufacture  of  steel,  and  excel  them  to 
some  extent.  Twenty  years  ago,  steel  rivets  were  practically 
unknown,  and  the  conservative  boilermaker  would  throw  his 
hands  uj)  in  horror  even  at  the  mere  mention  of  them.  So 
great  was  the  antipathy  against  them  that  one  of  the  leading 
manufacturers  who  was  then  successfully  producing  steel 
rivets  was  afraid  to  call  them  by  their  proper  name,  "  steel 
rivets,"  and  sought  to  appease  the  prejudice  against  them  by 
using  the  misnomer,  "  semi-steel." 

The  word  "steel"  was  formerly  used  to  indicate  hardness 
and  brittleiiess  ；  that  is,  it  conveyed  the  idea  of  an  unyielding 
metal,  principally  intended  for  razors,  swords,  chisels,  plough- 
shares, gun  barrels,  or  other  articles  of  like  hardness  that 
required  a  very  good  strong,  stiff  material  that  would  wear 
well.     With  the  advent  of  basic  open-hearth  steel,  however, 


Fig.  1.— a  Disastrous  Locomotive  Boilkr  Explosion. 


the  boiler  which  remains  is  the  extension  front,  shown  in  the 
foreground,  aud  the  mass  of  tubes,  some  of  which  are  still 
intact  in  the  front  tube  sheet.  Fig.  2  shows  the  engine  frame 
after  the  wreckage  had  been  cleared  away  from  around  it, 
and  gives  a  view  of  the  boiler  ready  for  the  Government 
inspector.  The  rear  driving  wheel  was  blown  clear  of  the 
shafting,  but  was  prevented  from  further  flight  by  the  side- 
rod  connection.  The  force  of  the  explosion  tore  the  steel 
boiler  plates  into  shreds,  which,  from  the  condition  of  the 
riveted  joints,  which  are  uninjured,  indicates  that  the  internal 
pressure  must  have  been  excessive.  Figs.  3  and  4  illustrate 
several  parts  of  the  exploded  locomotive,  and  afford  a  good 
idea  as  to  the  extent  of  the  damage  to  the  locomotive.  It 
would  appear  that  the  explosion  was  more  severe  at  the  fire- 
box end  of  the  boiler,  as  the  front  end  was  carried  only  a 
short  distance,  while  the  firebox  end  was  thrown  almost  at 
right  angles  to  the  original  position  oi,  the  engine.  That 
the  boiler  tubes  and  front  extension  were  not  thrown  a  greater 
distance  is  doubtless  due  to  the  giving  way  of  the  boiler  shell 
in  its  entirety  at  practically  the  same  moment.  The  photo- 
graphs indicate  that  the  initial  rupture  occurred  in  the  lire- 
box,  and  was  probably  due  to  the  failure  of  the  staybolts, 
which  were  iu  many  instances  broken  in  two  iu  the  centre. 


a  metal  was  placed  on  the  market  that  was  a  surprise  even  to 
the  most  sceptical.  The  metallurgist  and  the  steel  maker 
worked  hand  in  hand  to  make  this  metal  thoroughly  reliable, 
and  the  result  to-day  is  that  good,  soft  basic  open-hearth  steel 
cannot  be  surpassed  for  the  mauufacture  of  good  rivets  or 
other  articles  requiring  the  maximum  of  strength  and  tough- 
ness. 

The  great  desideratum  long  sought  for,  viz.,  low  sulphur 
and  low  phosphorus,  was  attainable  for  the  first  time  by  the 
use  of  this  process  of  steel  manufacture.  So  great  have  been 
the  improvements  in  the  manufacture  of  this  steel,  and  so 
responsive  under  intelligent  management  have  been  the  fur- 
naces and  rolling  mills  for  the  mauufacture  of  it  that  it  is 
put  oil  the  market  to-dky  as  ； i  very  reliable  product  at  a 
reasonable  price. 

For  the  enlighteunieni  of  those  who  still  lean  toward  iron 
iu  preference  to  this  steel,  let  it  be  said  that  this  steel  is  over 
99  per  cent,  pure  iron,  and  much  more  reliable  for  the  produc- 
tion of  rivets  than  the  best  Nonvay  iron.  This  is  not  meant 
to  convey  the  idea  that  good  iron,  either  Norway  or  best  char- 
coal bloom,  has  not  its  uses  for  certain  purposes,  for  instance, 
where  the  actiou  of  the  contents  of  a  vessel  has  a  tendency  to 
oxidise  the  metal  to  such  au  extent  that  more  is  expected 

*  Abstract  of  paper  read  before  Uio  American  Boiler  Manufacturers'  Associa- 
tion. March  13tb.  1912. 
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of  the  rivets  than  of  the  plates  into  wliicli  they  are  driven. 
But  what  I  contend  is  that  for  all  other  purposes  where  rivets 
are  used  mild  steel  is  superior  to  iron. 

Those  wlio  will  recall  their  troubles  of  years  past  when 
they  used  cliarcoal-haniniered  iron  for  boiler  plate  and  the 
best  iron  for  rivets,  can  now  appreciate  the  truthfulness  of  my 
assertions  in  regard  to  the  improvements  made  in  the  manufac- 
ture of  steel.  Steel  to-day  in  the  shape  of  boiler  plate,  bars, 
shapes,  or  rivets,  is  ideal,  compared  with  the  product  put 
before  the  public  20  years  ago.  Failures  in  the  use  of  it  are 
now  very  rare.    The  steel  maker  knows  how  to  make  it,  the 


free  from  crystallisation,  but  it  will  not  bend  and  show  a 
coarsely  fibrous  fracture  like  iron. 

The  nicking  and  bending  test  should  never  be  used  on  a 
steel  rivet  to  show  fibre,  for  the  structure  of  a  good  steel  rivet 
may  be  Iinely  granular  instead  of  fibrous.  Fine  fibrous 
structure  is,  of  course,  noticeable  in  a  steel  bar  of  small 
diameter  after  coming  from  the  rolls.  At  this  stage  the  bar, 
under  ilie  nicking  and  bending  test:,  would  bend  flat  on  itself 
without  breaking  and  show  a  finely  fibrous  structure.  But 
we  should  ？ lot  expect  to  get  this  result  after  the  double  heating 
which  must  be  given  the  bar  in  order  to  make  the  rivet.  The 


Fig.  2.— a  DiSASTUois  Locomotive  Boileii  Exi'Losion.   (See  page  COl.} 


workman  understands  better  how  to  handle  it,  and  there  is 
no  question,  but,  that  their  work  will  come  up  on  final  test 
to  their  highest  expectations.  In  line  with  the  progress  of 
the  age  in  which  we  live,  more  and  more  is  expected  of  every 
piece  of  power  machinery  manufactured,  and  if  it  were  not 
for  the  improvements  made  in  the  manufaciuie  of  steel  it 
would  be  a  physical  impossibility  to  accomplish  v/liat  we  are 
accomplishing  to-day.  ^V. 

A  structure  is  no  stronger  than  its  weakest  member,  and 
this  applies  to  the  rivets  in  a  structure  in  an  emphasized  sense. 
Did  you  ever  stop  to  consider  that  rivets,  of  all  the  articles 
you  use,  are  often  tested  to  the  death,  and  even  tlien  are 
expected  to  stand  up  and  fill  their  place  in  the  structure  just 
as  well  as  the  plates  into  which  they  are  driven,  though  these 
plates  have  not  been  heated  or  hammered  or  treated  one- 
quarter  as  harshly  as  the  rivets  that  hold  them  together  ？  In 
other  words,  to  use  a  homely  expression,  good  rivets  are 
expected  to  be  "  fool  proof,"  and  if  not  "  fool  proof  ，'  they  are 
often  condemned.  Would  any  of  you  tolerate  your  flange 
turner  to  haniiner  on  a  plate  when  it  is  blue  ？  Yet  very  fre- 
quently yon  allow  your  rivet  drivers  to  lianinier  on  rivets 
until  they  are  "  black  ami  blue/  and  condemn  t hem  if  uii for- 
tunately the  heads  come  off.  Rivet  making  is  an  art,  ami  a 
few  of  us  have  shown  a  disposition  to  acquire  that  art  and 
work  faithfully  to  gain  our  ambitions  along  tliese  lines.  Suffice 
it  to  say  that  if  "  eternal  vigilance  ho  t  lie  price  of  success," 
then  the  rivet  field  offers  ample  opport  unit  it.^s  t  o  t  lie  painstak- 
ing and  ambitious. 

Too  much  importance  must  not  be  placed  on  t  lie  very 
interesting  but  川 isleadhig  test  of  nicking  and  beiuliiii^.  i t 
is  a  test  intended  for  iron,  not  steel.  i roii  is  librous  in 

its  structure  and  will  si  and  t  \\v  test  a«liiiir;ili!y.  wliereas  steel 
may  be  of  a  i^ranular  st  ruct  lu  e  and  rouseqiUMit  ly  should  not 
be  ex  peeled  to  stand  this  test  like  iron.  It"  you  should  l>o  in 
doubt  about  the  superiority  of  one  steel  rivet  over  aiiolhor, 
and  you  are  inclined  to  test  out  the  rivet  by  ""'king  and 
b3n(ling,  T  would  suggest  t hat  you  subject  t he  two  rivets 
to  (a  heal  suitable  for  driving,  and  then  allow  lliein  to  cool 
until  both  are  entirely  cold.  Then  iiiok  and  bend,  and  you 
will  find  that  the  good  rivet  will  show  a  good,  clean  fracture. 


United  States  Government  realises  this  fact,  ami  tlues  not 
require  rivets  for  its  use  to  stand  the  iiickiug  and  bending 
test.  If  made  at  all,  it  is  only  to  show  the  appearance  of  the 
fracture. 

Under  the  caption  of  "  experiences,"  I  am  led  to  reproduce 
here  a  few  suggestions  which  I  consider  of  sufficient  merit  to 
have  tiiem  copyrighted.   They  are  as  follows : ― 

(1)  Hold  some  reliable  maker  responsible  for  tlie  quality 
and  workmanship  of  the  rivets  you  drive. 


I  It;,  j. 一  A  L)l:>.、Wl;tH!^  Lo(  (iM(t|  l\  K  ]>t)ll.LK  K\r u»MON.    ibec  ihik«  5U7.» 

Where  the  holes  are  not  reaiiied,  see  that  inside  sur- 
faces of  the  holes  are  parallel  to  eadi  other  without  undue 
overlapping. 

(3)  Heat  your  rivets  intelligently,  i^rading  t lie  degree  of 
lieat  to  conform  to  the  work  you  are  doing,  allowing  hand- 
driven  rivets  to  come  to  an  almost  white  heat  ；  pneumatic- 
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driven  rivets  to  come  to  a  bright  cherry  red  ；  and  hydraulic- 
driven  rivets  to  a  dull  cherry  red  ；  bearing  in  mind  at  all  times 
the  amount  of  pressure  your  machine  is  capable  of  putting 
on  the  rivets  at  the  point  of  upset,  and  regulating  the  heat 
accordingly ― the  lower  the  heat,  the  greater  the  pressure ― 
relaxing  the  pressure  when  the  rivet  is  cold,  or  nearly  so. 
Such  rivets  will  fill  the  holes  and  avoid  undue  shrinking  and, 
possibly,  caulking.  When  high-pressure  work  is  being 
riveted,  ream  the  holes  ^^in.  full  only,  as  tigliter  work  can 
then  be  done. 

(4)  Never  continue  hammering  (on  either  etui  of  the  rivet) 
until  it  is  blue. 

(5)  Never  try  to  fill  a  hole  witli  a  rivet  smaller  than  the 
regular  diameter  required  for  such  hole,  which  in  all  good 
work  is  g^^in.  larger,  bearing  in  mind  that  steel  expanded  by 
compression  (as  in  the  case  of  a  rivet  shank  expanded  to  fill 
the  hole  that  is  more  than  ^^in.  larger)  is  materially  weakened 
in  all  its  qualities  of  strength.  Therefore,  the  closer  the  fit, 
the  tighter  and  stronger  the  joint-. 

(6)  Never  use  heavy  pneumatic  tools  on  small  rivets.  In 
other  words,  never  use  a  tool  out  of  proportion  to  the  size  of 
the  rivet. 

(7)  Never  drive  a  cold-made  rivet  cold  without  first, 
annealing. 

(8)  Never  introduce  a  high-pressure  blast  into  your  rivet- 
heating  furnace  unless  you  break  the  flame  by  a  fire  wall,  and 
even  then  a  graduating  valve  should  be  used,  reducing  the 


Fig.  4.— a  DisASTiioL'S  LocoMorn  k  iloiLaii  Kxplosion.    (See  page  507.) 

pressure  so  as  not  to  be  over  151bs.，  bearing  in  mind  that 
only  sufficient  rivets  be  placed  in  the  fire  as  can  be  con- 
veniently handled  by  the  driver  without  allowing  them  to  soak 
too  long,  or  becoming  scaled. 

(9)  Never  allow  your  rivets  to  soak  in  the  fire,  either 
during  the  noon  hour  or  over  night.  If  a  cessation  of  work 
is  contemplated,  draw  them  out  of  the  fire,  but  avoid  replacing 
them  in  the  fire.  If  they  have  had  too  much  heat  previous ― 
use  new  ones. 

(10)  Never  pass  up  to  the  driver  a  rivet  showing  that  the 
metal  therein  started  to  melt.  Such  a  rivet  will  cause  trouble 
ultimately,  as  it  is  liable  to  remain  loose  in  the  hole,  or  lose 
its  head  if  caulking  has  to  be  done. 

If  you  follow  out  these  suggestions  faithfully,  you  will 
never  have  trouble  with  good  steel  rivets. 


Belgium  Blastfurnaces. —— The  number  of  blastfurnaces  in 
activity  in  Belgium  at  the  commencement  of  April  was  45， 
while  five  furnaces  were  out  of  blast  at  the  same  date.  The 
number  of  furnaces  in  blast  at  the  commencement  of  April, 
1911，  was  41,  while  six  furnaces  were  out  of  blast  .  The  pro- 
duction of  pig  in  Belgium  in  March  was  188,320  tons,  as  com- 
pared with  171,510  tons  in  March,  1911 .  The  aggregate 
output  for  the  three  months  ending  March  31st,  this  year, 
was  555,650  tons,  as  compared  with  505,500  tons.  The  total 
of  555,650  tons  was  made  up  as  follows :  Puddling  pig,  8,950 
tons  ；  casting  pig,  23,600  tons  ；  and  steel  pig,  523,100  tons. 


THE  DIESEL  OIL  ENGINE,  GEARED  TURBINE,  AND  SUCTION 

GAS  ENGINE.* 

Relative  Possibilities  as  Compakkd  with  thk  Recipro- 
cating Engine  for  Ma hinb  Puoi^ulsion. 

Suction  Gas  Engine. 

hy  a.  c.  holzapfel. 

{Concluded  from  page  462), 

I  WISH  to  congratulate  your  committee  on  the  happy  concep- 
tion of  the  idea  to  compare  power  installations  of  equal 
capacity  for  a  vessel  of  given  size,  as  it  is  in  this  way  only 
that  the  practical  advantages  of  each  system  can  be  brought 


home  to  the  general  public.  The  vessel  for  which  this  installa- 
tion is  required  is  assumed  to  have  the  following  dimensions  :  ~ - 

Feet.  Inches. 

Length  overall   412  0 

Length  between  perpendicvilars    400  0 

Breadth  extreme    52  0 

Depth  moulded    29  0 

Draught    26  1 

Deadweight    8,465  tons. 

Displacement    1 1,560  tons. 

Speed  at  sea    10?,  knots. 

Indicated  horse-power    2,600. 


If  fitted  with  reciprocating  engines  and  steam  boilers,  this 
vessel  will  have  an  engine  room  about  48ft.  long  ；  and  to  obtain 
the  usual  reduction  in  registered  tonnage  for  engine  spaces,  I 
propose  to  maintain  the  same  length  of  engine  room .  I  also 
propose  to  give  the  vessel  twin-screw  engines,  on  account  of 
the  greater  security,  and  to  have  everything  connected  with 
her  power  installation  as  nearly  as  possible  in  duplicate.  I 
propose  to  start  the  main  engines  by  electricity,  and  to  use  r.o 
compressed  air.  I  also  propose  to  have  all  auxiliary 
machinery,  such  as  steering  gear,  winches,  tar  extractors, 
pumps,  and  fans  electrically  driven. 

Producer  Plant. ― I  propose  to  have  four  producers  about 
5ft.  Gin.  square  by  15ft.  high.  These  would  each  be  capable  of 
giving  sufficient  gas  for  750  h.p.,  so  that  the  total  gas  plant 
would  be  suitable  for  3,000  h.p.  These  four  producers  1  pro- 
posf>  to  place  in  a  recess  15ft.  by  15ft.  amidships,  abaft  tlie 
fore  engine  room  bulkhead.  They  would  rest  either  on  the 
tank  tops  or  on  a  platform  a  few  feet  above  the  keel.  The 
recess  would  be  completely  sluxt  off  from  the  engine  room  and 
other  parts  of  the  vessel  by  gas-tight  bulkheads,  but  would  be 
entered  from  engine  room  by  a  gas-tight  door.  It  would 
reach  right  to  the  upper  bridge  deck,  but  just  on  the  level  of 
the  producer  tops  there  would  be  a  platform  from  which  the 
coals  would  be  filled  into  the  hoppers.  At  the  sides  there 
would  be  a  grating  allowing  of  ample  ventilation,  and  there 
would  be  another  grating  level  with  the  upper  bridge  deck. 
The  bunker  coals  would  be  in  'tween  deck  side,  bunkers  rea':h- 
ing  to  the  sides  of  the  recess,  and  there  would  also  be  a  spare 
bunker  in  the  lower  hold  at  the  front  of  the.  fore  engine  room 
bulkhead,  from  which  the  coal  could  be  raised  to  the  coaling 
platform  by  an  electric  hoist.  Of  course,  the  gas  plant  is 
intended  to  use  bituminous  coal  for  fuel,  and  each  producer 
would,  therefore,  be  fitted  with  four  openings  at  the  top  for 
stoking.  These  would  be  closed  by  the  usual  perforated 
cannon-ball  arrangement  ；  but  to  prevent  leakage  of  gas,  a 
screw-down  cap  would  be  fitted  over  each  cannon  ball  and 
would  be  closed  when  the  openings  were  not  in  use.  All  the 
pipes  leading  from  the  producers  to  the  coolers  would  be  in 
the  middle  of  the  recess,  so  as  to  be  easily  accessible.  The 
cooling  towers  would  he  placed  on  a  platform  just  above  the 
water  level  and  would  be  four  in  number,  about  7ft.  diam. 
and  2Cft.  high.  By  placing  the  coolers  or  scrubbers  above 
the  water  level,  the  exhaust  water  can  flow  overboard  on  either 
side  by  gravitation.  They  would  be  filled  either  with  earthen- 
ware tubes  or  earthenware  balls  of  special  design.  Tiie  top 
portion  of  each  cooler  would  be  a  water  tank  about  3ft.  cl^ep. 
From  the  coolers,  the  gas  would  pass  to  two  centrifugal  tar 
extractors  electrically  driven,  each  taking  about  25  li.p.  So 
far  as  I   am  aware,   perfect  gas  is    being   obtain  jri  f.c  ni 
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bituminous  coal  by  means  of  these  tar  extractors  which  have 
now  been  fitted  in  many  hundreds  of  installations.  From 
the  tar  extractors  the  gas  would  pass  under  slight  pressure 
induced  by  the  fans  of  the  tar  extractors  to  two  dry  scrubbers, 
and  thence  to  the  engines.  The  water  vapour  for  the  gas 
would  be  obtained  by  a  Holzapfel  patent  duplicate  vaporiser 
fitted  to  the  exhaust.  This  vaporiser  consists  of  two  cylinders 
into  which  sea-water  is  pumped  under  slight  pressure  and 
through  which  the  exhaust  gases  pass,  through  tubes  about 
2in.  diam.  There  is  a  constant  drip  of  brine  from  these 
cylinders  equal  to  about  half  the  water  pumped  in.  A  small 
quantity  of  kerosene  is  also  pumped  in,  and  while  preventing 
or  reducing  incrustation,  it  helps,  after  vaporising,  to  enrich 
the  gas  in  the  producers.  The  exhaust  can  be  so  arranged 
as  to  pass  through  either  or  both  of  these  cylinders,  and  they 
are  both  fitted  with  hand  holes  and  manholes  for  removal  of 
incrustation,  the  idea  being  to  clean  one  if  necessary  while 
the  other  one  is  in  use.  Tliey  also  act  as  efficient  silencers 
without  reducing  the  power  of  the  engine. 

Gas  Engines. ― For  prime  movers  I  propose  to  have  two 
6-cranlc  gas  engines,  each  of  about  1,400  b.h.p.  Owing  to  the 
somewhat  elastic  platform  on  board  ship,  I  consider  six  cylin- 
ders most  essential,  as  otherwise  vibration  is  too  considerable. 
While  there  would  be  no  difficulty  in  getting  1,400  h.p.  into 
six  or  less  cylinders,  I  propose  in  this  case  to  employ  two 
tandem  engines  each  of  12  cylinders,  the  cylinders  being  small 
enough  to  make  piston  cooling  unnecessary.  The  cylinders 
of  these  engines  would  be  about  20in.  diam.  and  the  stroke 
18in.  At  300  revs,  per  minute,  this  would  give  a  piston  speed 
of  900ft.  per  minute. 

The  diameter  of  the  upper  row  of  cylinders  can  be  increased 
and  that  of  the  lower  row  reduced  in  order  to  permit  of  the 
withdrawal  of  the  piston  through  the  upper  cylinder.  Dia- 
meters of  22in.  have  been  successfully  used  without  piston 
cooling.  In  front  of  each  engine  I  would  place  a  dynamo  of 
about  90  h.p. ，  and  in  front  of  the  dynamo  again  an  oil  or 
paraffin  vertical  engine  about  100  h.p.  These  latter  would 
be  used  in  port  to  generate  the  necessary  electric  power  iur 
eight  winches  and  for  lighting  and  ventilation.  Either  or 
both  the  dynamos  would  be  driven  by  the  main  engines  while 
at  sea,  but  as  the  power  required  for  the  steering  gear  and 
tar  extractors,  fans,  pumps,  and  lighting—  would  probably  be 
under  80  h.p.,  only  one  dynamo  would  be  in  gear  while  the 
vessel  is  at  sea  and  the  other  one  would  remain  as  a  stand-by. 
I  propose  to  start  the  main  engines  by  means  of  the  dynamo 
and  oil  engines.  This  would  be  quite  easy  as  it  will  be  seen 
later  on  that  there  would  be  no  load  on  the  engines  when  they 
are  started. 

As  regards  ignition,  either  high  and  low  tension  Bosch 
magneto,  or  else  low-tension  Bosch  magneto  and  Lodge  accu- 
mulator ignition  would  be  used.  It  is  desirable  to  have  two 
ignitions  and  separate  sparking  plugs  to  each  cylinder. 

Transmission  Gear. ― The  gas  engines  not  being  reversible,  I 
propose  to  fit  to  each  engine  a  Fottinger  transformer,  so  ad- 
justed as  to  reduce  the  revolutions  from  300  to  100  on  the 
propeller  shaft.  Sufficient  has  been  written  and  said  about 
the  Fottinger  transformer  to  make  a  description  of  this  super- 
fluous. My  own  experience  with  the  transformer  on  board 
the  "  Holzapfel  I."  is  a  perfectly  satisfactory  one,  and  its 
rapidity  of  action  is  remarkable,  while  practically  no  attention 
to  it  is  required  by  those  in  charge. 

One  of  the  advantages  of  the  transformer  to  which  I  should 
here  call  attention  is,  that  when  the  lever  of  the  transformer 
is  placed  at  neutral,  the  prime  mover,  or  gas  engine,  will  run 
without  load.  It  is  therefore  possible  to  start  each  gas  engine 
witli  the  100  h.p.  oil  engine  at  the  fore  end  of  the  dynamo. 
A  further  advantage  is  that  wlien  the  transformer  stands  at 
neutral,  the  propeller  shaft  can  revolve  freely,  enabling,  for 
instance,  an  auxiliary  dialling  vessel  or  yacht  to  sail  without 
any  drag  from  tlie  propeller.  The  fact  that  the  propeller  runs 
loose  when  the  transformer  stands  at  neutral,  will  also  make 
the  transformer  eminently  suitable  for  war  vessels,  which  fre- 
quently have  to  run  at  cruising  speed.  For  such  vessels  the 
power  necessary  for  cruising  speed  can,  for  example,  be 
delivered  to  one  propeller  in  the  middle,  while  the  side  tur- 
bines, which  may  be  made  more  powerful  tlian  the  middle 
one,  are  at  rest,  and  the  side  propellers  by  means  of  the  trans- 
former can  freely  revolve  wliile  the  middle  propeller  alone  is 


working.  I  consider  the  transformer  would  absorb  about 
12  per  cent,  of  the  total  power  delivered  by  the  gas  engiue, 
and  assuming  that  at  sea  the  gas  engines  produce  2,800  h.p. 
less  100  h.p.  absorbed  by  one  dynamo,  and  deducting  12  per 
cent,  from  the  remaining  2,700  h  p.,  the  transformer  would 
deliver  about  2,376  b.h.p.  to  the  propeller  shafts,  which  are 
fully  equal  to  the  2,600  i.h.p.  stipulated  by  your  committee. 
The  cost  of  this  power  would  be  at  the  rate  of  nine-tenths  of  a 
pound  of  bituminous  coal  per  brake  horse-power  per  hour,  a 
rate  freely  guaranteed  by  gas-engine  builders.  This  is  exactly 
26i  tons  per  24  hours  continuous  running  on  the  2,800  b.h.p. 
of  the  prime  movers,  and  includes  steering  gear,  lighting, 
pumps,  and  ventilation. 

In  regard  to  the  quality  of  coal  used,  the  Bower  Gas  Cor- 
poration claim  that  any  quality  of  coal  can  be  used  in  their 
producers,  but  on  my  part,  I  always  discriminate  in  favour  of 
a  dry  coal  with  not  too  strong  a  tendency  towards  caking.  A 
coal  as  free  as  possible  from  slag  should  always  be  selected. 
As  regards  size,  small  and  nuts  are  preferable  and  make  a 
good  mixture.  Coal  suitable  for  this  purpose  can  generally 
be  bought  on  the  Tyne  at  an  average  price  of  8s.  or  9s.  per  ton, 
and  in  tlie  Welsh  ports  at  Is.  or  2s.  more. 

Space  Occupied. ― The  length  of  48ft.  would  be  more  than 
sufficient  for  the  continuous  length  of  tlie  transformer,  gas 
engine,  dynamo,  and  oil  engine.  The  latter  would  reacli 
slightly  beyond  the  recess  containing  the  producers.  There 
would  be  no  lower  bunkers  in  the  engine  space,  but  a  'tween 
deck  bunker  of  considerable  size  would  be  fitted  level  with  the 
top  of  the  producers  or  about  20ft.  Gin.  above  the  top  of  the 
keel,  giving  a  bunker  of  about  9ft.  Sin.  deep  ami  about  18ft. 
wide  on  either  side,  practically  the  full  length  of  the  engine 
room.  This  would  give  about  180  £ons  of  bunker  space  in  each 
'tween  deck  bunker.  I  take  it  that  accommodation  for 
engineers  would  be  on  a  bridge  deck  above  the  29ft.  9in. 
moulded  depth  of  the  vessel.  The  engine  room  would  be 
exceedingly  roomy  and  airy  with  this  arrangement,  and  would 
also  have  a  large  amount  of  top  light  available. 

Weight  of  Installation. ― I  estimate  the  weight  of  the  gas 
plant,  including  cooling  water  in  the  tanks  of  the  cooling 
towers  and  fuel  in  the  producers,  at  about  220  tons  ；  that  of 
the  two  gas  engines  at  120  tons  ；  two  transformers,  including 
water,  at  60  tons  ；  two  oil  engines  and  dynamos  at  25  tons  ： 
pumps,  electrical  motors,  gas  pipes,  coolers,  &c.,  complete,  at 
a  further  50  tons;  which  makes  a  total  of  475  tons. 

As  regards  the  cost,  the  two  gas  engines  would  cost  about 
£7，500;  two  transformers,  £4,000;  gas  plant  complete,  about 
£2,000  ；  oil  engines,  dynamos,  steering  gear,  electric  winclies, 
and  windlass,  about  £3,200  ；  total,  about  £16,700.  These 
figures  are  based  on  estimates  obtained  by  me  some  little  time 
ago.  It  will  be  realised,  first,  that  as  regards  fuel  consump- 
tion, the  gas  engine  is  by  far  the  most  economical  motive 
power  for  ships ;  secondly,  that  by  its  use  in  conjunction  with 
electrical  auxiliary  machinery,  great  economies  in  fuel  con- 
sumption would  also  be  effected;  thirdly,  that  although  the 
cost  of  such  an  installation  at  the  present  time  is  about  equal 
to,  or  somewhat  in  excess  of,  a  steam  installation  of  equal 
power,  there  is  no  doubt  that  when  this  class  of  work  has  been 
standardised  and  produced  under  stress  of  competition  it  can 
and  will  be  supplied  at  considerably  lower  prices  than  the 
present  steam-power  installations. 

Lastly,  I  would  submit  to  this  Institution  that  while  oil  lias 
to  be  imported  from  abroad,  and  while  oil  strata  cannot  be 
measured,  there  is  consequently  no  guarantee  of  a  continuity 
of  supply.  Also,  while  tl»e  production  of  oil  is  under  the 
control  of  a  few  powerful  financial  groups,  one  or  two  of  which 
have  in  tlie  past  manifested  st ron*:  monopolistic  tendencies,  we 
have,  on  the  otlier  hand,  an  unlimited  supply  of  suitable  coal 
in  strata  whicli  have  been  carefully  calculated  by  our  jreologists 
and  which  is  produced  under  conditions  of  free  competition. 

Before  concluding,  I  think  it  would  interest  the  meeting 
if  I  referred  to  some  of  the  improvements  in  gas-engined  vessels 
which  have  suggested  themselves  to  me  from  my  experience 
with  the  "  Holzapfel  I  "  These  relate  almost  exclusively  to 
tlie  gas  plant. 

Producers  generally  are  lined  witli  firebrick  Clinker 
readily  forms  on  the  firebrick s.  and  has  to  be  removed  by  stok- 
iiii:  tools,  when  the  bricks  are  apt  to  be  broken  or  loosened.  A 
different  lining  should  be  adopted,  aud  I  have  suggested 
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steatite  as  a  substitute?  as  clinker  is  not  likely  to  adhere  on  a 
steatite  surface.  Experiments  so  far  made  have  not  been  suc- 
cessful, probably  owing  to  the  quality  of  the  steatite.  I  still 
consider  that  blocks  of  pure  steatite  will  prove  to  be  the  best 
lining. 

When  the  gas  engines  are  suddenly  stopped,  gas  is  apt  to 
develop  in  the  producers.  At  such  times  a  safety  blow-off  is 
opened.  This  is  generally  fixed  low  down  on  the  gas-pipe  lead- 
ing from  the  producers  to  scrubbers,  where  it  can  be  shut  off 
by  water  entering  the  pipe.  It  should  be  fitted  at  the  top  of 
the  gas  pipe,  where  there  is  no  danger  of  water  shutting  off 
the  gas.  The  handles  for  opening  the  valves  of  this  blow-off 
should  be  so  arranged  as  to  be  near  the  throttle  valve  of  the 
engines,  in  order  that  the  engineer  may  open  them  the  moment 
he  has  stopped  the  engine. 

The  pipes  leading  from  producers  to  scrubbers  should  be  so 
arranged  that  water  cannot  possibly  enter  into  them  while  the 
ship  is  pitching  and  rolling  about  at  sea,  i.e.,  they  should  slant 
downwards  just  before  entering  the  scrubbers. 

Scrubbers  are  generally  filled  with  furnace  coke.  This  is 
not  suitable  for  a  sea-  going  vessel  and  should  be  substituted  by 
earthenware  balls  oi  tubes  of  good  strength  and  of  a  design 
to  give  a  maximum  of  cooling  surfaces. 

All  the  troubles  and  delays  of  the  "  Holzapfel  I."  were  due 
to  the  inadequate  appreciation  of  these  facts  in  the  beginning. 
All  the  faults  have  now  been  remedied  and  a  useful  but  expen- 
sive lesson  has  been  learnt. 

I  would  finally  submit  that  the  gas  engine  and  gas  plant 
in  their  present  form  are  capable  of  vast  improvements,  and 
are  well  deserving  of  the  devotion  of  that  brain  energy  and 
ingenuity  which  British  marine  engineers  have  in  the  past  so 
successfully  devoted  to  steam  power. 


SOME  BRASS  ALLOYS. 

BY  J.  R.  ANDERSON. 

In  the  last  five  years  brass  foundries  have  sprung  up  all  over 
the  country  by  the  hundreds,  owing  to  the  greatly  increased 
demand  for  brass  castings  of  all  kinds.  Especially  is  the 
demand  for  plumbers'  supplies  and  automobile  factories  very 
great.  This  being  so,  the  writer  gives  some  of  the  many  useful 
compositions  of  brass  now  in  use.  The  first  thing  I  wish  to 
call  attention  to  is  the  melting  of  brass  or  copper,  as  therein 
is  to  be  found  a  greater  part  of  the  trouble  caused  by  bad 
brass  castings,  with  pin  holes,  shrink  holes,  and  spongy  or 
hard  spots.  In  any  kind  of  furnace,  air  or  blast  or  oil,  the 
furnace  should  be  well  cleaned  before  starting  the  fire.  It  is 
good  practice  to  let  the  fire  get  well  started  before  putting 
in  the  crucible.  If  melting  either  copper  or  scrap,  always  fili 
the  pot  when  placed  in  the  furnace,  then  keep  it  full.  If 
desirable  to  use  flux,  there  is  nothing  better  so  far  discovered 
than  a  handful  of  common  salt,  thrown  into  the  crucible  just 
as  the  copper  or  brass,  as  the  case  may  be,  commences  to  melt. 

It  is  all-important,  it  matters  not  what  kind  of  brass  you 
are  making,  to  attend  to  the  melting  closely.  The  melter 
should  see  to  it  that  as  soon  as  the  stock  commences  to  go 
down  the  crucible  is  kept  full,  and  it  is  a  great  help  to  have 
rings  to  fit  the  top  of  the  crucible,  so  as  to  put  on  more  stock 
at  a  time.  When  the  stock  is  melted  hot  enough,  care  must 
be  taken  that  the  metal  does  not  burn.  Particularly  is  this 
so  when  melting  old  brass,  and  the  metal,  either  copper  or 
brass,  must  be  hot  enough,  because  if  cold  metal  is  poured, 
pinholes  or  spongy  places  will  show  up  in  machining.  In 
melting  copper,  the  writer  always  had  the  best  success  when 
putting  in  the  tin  before  taking  the  crucible  from  the  furnace. 
After  taking  out  the  crucible,  add  the  other  compositions  in 
the  quantities  desired. 

A  good  brass  for  ordinary  bearings  or  bushings  is  made 
with  701bs.  copper,  701bs.  old  brass,  and  lOlbs.  of  tin. 

Another  good  bearing  metal  is  the  following :  Copper 
901bs.，  old  brass  451bs.，  tin  151bs,，  zinc  51bs.，  lead  5 lbs. 

A  good  phosphor  bronze  is  made  with  copper  lOOlbs"  tin 
101bs.，  zinc  51bs.，  lead  41bs. 

Any  of  these  will  stand  the  test  if  properly  mixed  and 
melted. 

For  rings  and  pipe  fittings  an  alloy  of  lake  copper  75Ibs.， 
zinc  17lbs.,  tin  41bs"  lead  31bs.，  is  recommended. 


A  good  brass  for  stove  burners  and  other  things  in  the 
same  class  is  copper  801bs.，  zinc  151bs.，  lead  31bs.,  tin  Slbs., 
pliosplior-copper  4ozs. 

A  good  straight  yellow  brass  is  copper  751bs.,  zinc  251bs., 
and  tin  21bs. 

A  mixture  that  will  braze  is  copper  901bs.，  zinc  181bs.，  and 
lead  Slbs. 

A  white  alloy  for  very  small  castings  for  typewriters  and 
like  machines  is  copper  601bs.，  nickel  201bs.,  zinc  201bs., 
aluminium  Slbs. 

A  special  red  brass  for  sprinkler  heads  and  other  small 
castings  ：  Copper  901bs.,  zinc  lOlbs"  tin  31bs.，  lead  21bs. 

To  make  a  good  trolley  wheel  :  Copper  901bs.，  tin  61bs., 
zinc-  51bs. 

A  good  brass  that  will  resist  acid  much  better  than  others 
is  lake  copper  701bs.，  phosphor-copper  31bs.,  tin  21bs.,  anti- 
mony 41bs.，  and  lead  lOlbs. 

For  bearings  and  to  resist  acid  :  Copper  701bs.，  manganese 
copper  lib.,  tin  51bs"  lead  201bs. 

Always  melt  the  copper,  then  add  the  other  parts  in  the 
order  given. 

Gold-coloured  brass  may  be  made  with  the  following : 
Copper  901bs"  tin  7】bs.，  zinc  41bs.，  lead  Slbs. 

To  match  yellow  brass  tubing,  use  the  following :  Copper 
751bs.,  zinc  301bs"  tin  lib.,  lead  21bs. 

The  making  of  bronze  castings  gives  more  trouble  than 
other  kinds  of  brass,  on  account  of  eating  into  the  sand  when 
cast  and  shrinking.  The  best  remedy  the  writer  has  ever 
tried  for  these  troubles  is  heavy  risers  or  heads  and  skin- 
drying  the  moulds.  This  brings  us  back  to  the  melting  of  all 
brasses,  and  I  would  again  lay  great  stress  on  the  melting. 
It  is  so  easy  to  fail  in  the  melting  by  just  a  little  neglect. 
A  melter  sometimes  is  too  persistent  by  trying  to  hurry  the 
metal,  and  is  continually  punching  at  the  stock  and  coke,  with 
the  furnace  open.  The  furnace  should  be  kept  closed  except 
when  absolutely  necessary  to  open  it. 

The  writer  said  bronze  castings  required  a  heavy  riser  to 
prevent  shrinking.  All  brass  castings  do.  The  pouring  gate 
should  be  high  on  all  brass  castings,  so  as  to  get  a  good  pres- 
sure on  any  casting  that  is  very  heavy.  In  making  very 
light  or  thin  brass  castings,  the  use  of  stick  phosphorus  is 
almost  indispensable.  The  amount  to  be  used  depends 
entirely  on  how  the  metal  is  to  begin  with,  and  the  nature 
of  the  casting  to  be  poured.  The  writer  is  not  a  great  believer 
in  fluxes  of  any  kind  for  any  metal.  Give  me  the  genuine 
article  every  time  properly  melted  and  mixed  ；  but  we  all 
must  admit  that  fluxes  do  help  us  sometimes ― or,  at  least,  we 
think  so. 

Six  years  ago  he  thought  he  could  not  make  a  sound  cast- 
ing of  iron  without  fluorspar,  but  lie  has  learued  better.  He 
has  nob  used  a  pound  in  five  years,  and  has  made  just  as  good 
or  better  castings  than  ever  before,  ou  an  average.  Still 
he  does  not  condemn  fluxing  in  some  cases.  For  copper  and 
brass,  common  salt  seems  to  be  almost  universally  used,  and 
seems  to  do  good.  Plaster  of  paris  is  also  used  in  many  cases, 
especially  for  melting  scrap  brass  of  all  kinds  when  pouring 
into  ingots.  Aluminium  is  used  for  a  flux  for  brass  some- 
times, and  to  good  advantage.  It  makes  the  metal  more  fluid 
and  runs  better,  and  in  most  cases  adds  to  the  strength  of 
the  metal. 

Anti-friction  or  babbitt  metal :  Common  babbitt  metal 
can  be  made  with  801bs.  of  lead，  antimony  201bs.，  tin  51bs.， 
and  bismuth  lib. 

A  good  babbitt  m6tal  that  will  stand  the  test  is  made  with 
copper  151bs.，  tin  301bs,，  antimony  451bs.,  and  lead  lOlbs. 

Any  of  these  compositions,  if  properly  melted,  will  give  good 
results.  There  are,  of  course,  many  more  good  compositions, 
some  costing  more  and  some  less.  Most  brassmoulders  and 
most  brassfounders  have  their  own  ways  of  mixing,  but  they 
vary  but  little.  To  make  any  kind  of  brass,  have  the  right 
formula  for  what  you  want,  the  right  kind  of  sand,  a  good 
moulder  wlio  knows  his  business,  and  a  melter  who  knows  his 
and  will  do  it,  and  brassfoundry  troubles,  so  far  as  making 
castings  are  concerned,  will  be  reduced  to  a  minimum. ― 
(( Southern  Machinery." 
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Fig.  1.— Feed  Mechanism  fob  Planing  Machines. 

machines,  wherein  the  requisite  feeding  movement  is  trans- 
mitted to  the  tool  from  the  main  drive  just  before  the 
driving  belt  is  shifted  off  the  driving  pulley  or  just  before 
reversal  of  direction  of  travel  of  the  tool  so  that  the  full 
power  of  the  driving  belt  or  motor  will  be  available  for 
imparting  the  feeding  movement. 

In  the  accompanying  illustrations  Fig.  1  is  an  elevation, 
partly  in  section,  and  Fig.  2  is  a  section  on  the  line  2-2,  show- 
ing the  arrangement  applied  to  a  planing  machine.   Figs.  3  to 
8  show  details.   Referring  to  Figs.  1  and  2，  there  is  fitted  on 
the  face  of  a  worm  wheel  A  (which  meshes  with  a  worm  B  on 
the  first  motion  shaft.  C  connected  to  the  main  driving  pulleys 
or  motors)  a  disc  D  circularly  adjustable  relatively  to  the  worm 
wheel  A  and  adapted  to  be  locked  in  any  desired  position. 
Part  of  the  face  E  of  tlie  disc  D  is  cut  away  as  at  F，  so  as  to 
afford  an  arcuate  depression  terminating  at  one  end  in  a  cam 
part  G.     Circularly  adjustable  on  the  disc  D  is  a  second  disc 
H  provided  with  graduations  and  being  fitted  with  a  trip 
device  or  trigger  extractor  J.    Tt  will  be  understood  that  the 
worm  wheel  A  and  therewit li  the  two  discs  D  and  H  will 
make  a  frartion  of  a  rotation  in  each  direction,  i'.(\，  will 
continue  to  oscillate  so  long  as  the  imidiine  is  running.  The 
disc  D  is  adjusted  relatively  to  the  worm  wheel  A  in  such  a 
position  that  the  cam  part  G  will  just  come  opposite  a 
plunger  K  as  the  driving  belt  is  about  to  be  sliifted.  The 
plunger  K  is  slidably  fitted  in  a  bracket  I.  adjacent  the  peri- 
phery of  the  worm  wheel  A,  the  end  of  the  plunger  being  fitted 
with  a  roller  M  adapted  to  enter  the  arcuate  depression  in  the 
cam  disc  I)  and  to  ride  u])  tlie  cam  part  G.  Operatively  engaged 
with  the  plunger  K  (as  for  instance  by  passing  through  a 
slot  N  therein)  is  a  lever  O  constituting  an  element  of  a  rook- 
ing frame  P  which  embraces  a  spring-actuated  clutch  nieiiiber 
Q  slidably  mounted  on  a  feed  controlling  shaft  Q\  the  spring 
R  iionnally  tending  to  fort'e  the  clutcli   uuMiiher  Q  into 
engagement  with  the  other  member  S  of  the  olutfh,  wliirh 
member  S  is  freely  mounted  relatively  to  the  shaft       and  is 
adapted  to  be  driven  by  means  of  bevel  gearing  S\  from  the 
first-motion  shaft  C. 

The  plunger  K  is  normally  held  in  such  position  that  the 
dutch  】ne】nber  Q  is  disengaged  by  the  action  of  a  spring- 


Fig.  2.- Section  on  Line  2-2  ok  Fig.  i. 

member  Q,  which  spring  R  also  causes  the  lever  O 
to  rock  and  the  dutch  faces  on  the  clutch  members 
Q  and  S  to  be  brought  into  engagement  and  thus  to 
effect  transmission  of  movement  to  the  feed  shaft  through 


Fig.  3. 


Fig 


Kio.  5. 


Via.  6. 


Fio.  7.  Kio.  & 

Fkkd  Mechanism  for  Planing  Machines. 

suitable  gearing.  As  the  worm  wlieel  A  continues  its  move- 
ment, the  roller  M  at  the  end  of  the  plunger  K  rides  up  the 
ram  part  G  on  tbe  disc  D  whereby  the  plunger  K  is  caused  to 
return  to  initial  position,  as  showti  in  Fi*:-      ami  by  rocking 


FEED  MECHANISM  FOR  PLANING  MACHINES. 

We  illustrate  herewith  an  arrangement  of  automatic  feed 
mechanism  for  reciprocating  machine  tools,  the  invention  of 
Thomas  Shanks  &  6、o.，  Union  Iron  Works,  Johnstone.  The 
arrangement  is   more   particularly   applicable   to  planing 
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pressed  trigger  device  which  engages  tlie  plunger  as  at  T. 
This  trigger  device  is  made  in  two  yieldingly  connected  parts 
U  and  V，  the  part  XJ  projecting  into  the  path  of  the  trip 
device  J  formed  on  the  diso  H，  as  indicated  in  Fig.  3，  so  that 
oil  the  oscillation  of  the  worm  wheel  A  during  the  return 
stroke  of  the  machine  the  trip  device  J  will  contact  with  the 
trigger  and  disengage  the  same  from  the  plunger  K，  as  shown 
in  Fig.  4,  thereby  permitting  movement  of  tlie  plunger 
towards  the  cam  disc  D,  as  shown  in  Figs.  4  and  5, 
under   tlie   action    of  the   spring    R    actuating   the  clutch 
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the  lever  O  to  disengage  the  clutch  members  Q  and  S,  the 
trigger  device  being  again  brought  into  operative  engagement 
with  the  plunger  K.  Just  at  this  moment  the  driving  belt 
is  shifted  off  the  driving  pulley  and  the  worm  wheel  A  makes 
its  oscillating  movement  in  the  opposite  direction,  and  the 
cutting  stroke  of  the  tool  now  commences.  As  the  trigger  is 
made  in  two  yieldingly  connected  parts  U  and  V，  the  part  U 
in  the  patli  of  the  trip  device  J  slips  past  the  latter  on  the 
return  movement  of  the  worm  wheel  A,  as  si i own  in  Figs.  7 
and  8.  The  adjustment  of  the  disc  H  on  the  disc  D  deter- 
mines the  range  of  feed . 

As  shown,  movement  may  be  transmitted  from  the  feed- 
controlling  shaft  to  the  feed  shaft  througli  the  inter- 
mediary of  bevel  gearing  W  and  worm  gearing  X,  or  through 
bevel  gearing  Y  and  worm  gearing  Z，  the  teeth  of  the  worm 
wheels  being  of  different  pitch  so  as  to  permit  of  further 
variation  of  movement  of  the  feed  shaft.  The  worm  wheels 
are  adapted  to  be  made  fast —— one  at  a  time — to  an  axially 
movable  shaft  A,  provided  with  feather  keys  and  carrying 
bevel  gears  C,  one  or  other  of  which  is  adapted  to  mesh  with 
a  bevel  gear       connected  to  the  feed  shaft. 


EXPERIMENTS  WITH  MANGANESE  BRONZE. 

IJY  C.  VICKERS. 

Manganese  bronze,  as  the  term  is  generally  understood, 
applies  to  an  alloy  of  copper  and  zinc  modified  and  improved 
by  small  percentages  of  manganese,  iron,  phosphorus,  and 
tin,  and  fluxed  with  aluminium  or  silicon.  Its  composition 
is  similar  to  that  of  Delta  metal,  Airch  metal,  Tobin  bronze, 
and  Muntz  metal,  which  are  all  alloys  of  copper  with  high 
percentages  of  zinc  and  contain  small  quantities  of  iron,  tin , 
and  sometimes  manganese.  Manganese  bronze  is  subject  to 
considerable  variation  in  composition,  and  may  be  either  soft 
and  ductile,  or  hard  and  strong.  In  the  former  case  the 
tensile  strength  is  low  and  the  ductility  high,  while  in  the 
latter  case  these  qualities  are  reversed.  It  is  an  alloy  very 
difficult  to  make  to  obtain  the  highest  tensile  strength  uni- 
formly, as  the  percentage  of  zinc  is  the  determining  factor 
and,  as  is  well  known,  this  metal  is  very  volatile.  Con- 
sequently, the  tensile  strength  of  the  alloy  will  fall  consider- 
ably each  time  it  is  melted  if  provision  is  not  made  to  restore 
it  again  to  pitch,  by  additions  of  zinc  to  compensate  for  what 
has  been  lost.  To  adjust  the  zinc  content  to  its  normal  pro- 
portions involves  considerable  difficulty,  and,  as  it  is  better 
to  err  on  the  side  of  too  little  zinc  than  too  much,  the  remelted 
metal  usually  shows  some  falling  off  in  tensile  strength  as 
compared  with  the  new  alloy. 

Consequently,  when  castings  of  the  highest  quality  are 
desired  it  is  always  advisable  to  use  new  metals,  as  gates  and 
risers,  remelted  and  mixed  with  new  metal,  are  liable  to 
cause  a  considerable  drop  in  the  ultimate  strength  of  the  cast- 
ings. It  is  not  always  possible  to  obtain  the  same  results  in 
tensile  strength  and  elongation  in  castings  made  from  diffe- 
rent heats  of  manganese  bronze,  even  wh^n  the  greatest  care 
is  exercised  to  have  the  proportions  of  the  component  parts 
of  the  alloy  the  same,  and  the  melting  conditions  uniform. 
Wide  variations  in  the  strength  of  the  castings  will  often  be 
noted,  which  no  doubt  are  due  to  slight  differences  in  the 
working  of  the  furnaces.  These  are  uiiobservable  even  to  the 
trained  eye,  but  permit  of  greater  oxidation  of  the  metal  in 
one  heat  than  in  another,  lowering  both  tensile  strength  and 
elongation.  In  other  heats  more  zinc  will  be  volatilised, 
which  also  cailses  a  variation  in  physical  properties  by  increas- 
ing the  elongation  at  the  expense  of  the  tensile  strength. 
As  an  example  of  these  variations,  tests  of  eight  heavy  cast- 
ings are  given  in  the  following  table  : ― 

Tensile  Strength,  Eloiifiatiou 
Pounds  per  in  -2  inches, 

square  inch.  per  cent. 

1    70,700    25 

2    71,250    26 

3    70,600    24-5 

4    72,750    29 

5    71,500    34-5 

6    71,650    32-5 

7    77,150    28-5  、 

8    74,900    32-5 

The  castings  were  all  made  from  separate  heats,  witli  due 
regard  to  conditions  that  would  lead  to  uniformity  of  results. 
They  were  all  moulded  and  gated  in  the  same  manner  ami 


cast,  as  nearly  as  could  be  judged,  at  the  same  temperature. 
All  the  fractures  were  classed  as  crystalline.  It  will  be  noted 
that  fairly  uniform  tensile  test  results  were  obtained  from 
the  first  six  castings,  although  1  here  was  a  variation  of  ] 0 
per  cent,  in  the  elongation.  'J'lie  seventh  casting,  however, 
was  much  stronger  and  the  elongation  was  also  high  for  an 
alloy  of  that  tensile  strength.  Between  the  seventh  and  third 
alloys  tliere  is  a  difference  of  6，5r)01bs.  in  tensile  strength,  atitJ 
4  per  cent,  in  elongation,  while  the  eighth  alloy  fell  off  in 
tensile  strength,  and,  as  would  be  expected,  gained  in  elonga- 
tion. This  was,  no  doubt,  due  to  a  greater  loss  of  zinc,  which 
resulted  in  a  ^aiii  of  4  per  cent,  in  elongation  and  a  loss  of 
2，2501bs.  ill  tensile  strength .  The  poor  showing  of  the  third 
alloy  was,  in  all  probability,  due  to  the  absorption  of  oxides, 
as  both  tensile  strength  and  elongation  were  reduced.  While 
tlie  elongation  of  alloy  No.  6  is  the  same  as  that  of  No.  8，  the 
tensile  strength  is  3/25()lbs.  less,  a  variation  iJiflicult  to  explain 
without  analyses  of  the  two  alloys  Tliis  might  have  been 
caused  by  accidental  iin purities  in  tlie  metals,  or  by  a  slight 
difference  in  the  temperature  a  I  which  this  alloy  was  poured. 
Numerous  other  causes  could  be  advanced  and  these  would 
emphasize,  further,  the  importance  of  careful  attention  to 
details  when  making  tliis  alloy,  if  fairly  unifoi-ni  results  are 
desired. 

Many  different  formulae  for  making  manganese  bronza 
are  used,  but  when  the  highest  physical  results  obtainable 
are  desired,  the  alloy  must  contain  the  maximum  quantity  of 
zinc  with  the  minimum  amount  of  lead.  The  latter  impurity 
is  so  potent  in  reducing  the  strength  of  the  alloy  that  ordinary 
commercial  brands  of  zinc  cannot  be  used,  as  they  always 
contain  lead.  Therefore  only  the  purest  and  best  brands 
should  be  used.  The  more  zinc  contained  in  the  alloy  the 
harder  it  will  be  and  the  higher  its  tensile  strength.  An 
alloy  of  copper  52  per  cent.,  zinc  46  per  cent.,  tin  1  per  cent. , 
and  iron  1  per  cent.,  when  first  melted  is  very  hard  and 
brittle,  showing  that  the  zinc  is  too  hi^li,  and  in  order  to 
make  a  strong  alloy  of  this  formula  it  seems  to  be  necessary 
to  boil  out  some  of  the  zinc,  or  to  increase  the  copper.  Experi- 
ments made  to  determine  the  length  of  time  required  to  boil 
out  sufficient  zinc  to  produce  a  dense,  tough  metal  from  this 
mixture  showed  that  it  cannot  be  done  in  less  than  an  hour 
when  using  remelted  ingots. 

An  investigation  was  made  of  the  effects  produced  on  an 
alloy  of  tlie  composition  given  by  various  deoxidising 
elements.  When  working  this  alloy,  the  copper  was  melted 
under  charcoal  and  the  iron  was  added  in  the  form  of  tin 
plate.  The  zinc  was  added  after  the  tin  plate.  Tlie  mixture 
was  well  stirred  and  poured  into  ingots.  This  mixture  gave 
a  very  hard  metal  with  a  brilliant  golden  fracture  and  small 
crystals.  It  was  low  in  ductility  and  could  be  easily  brokeii. 
Some  of  this  metal  was  then  remelted  and  0*5  per  cent,  of 
aluminium  added .  The  metal  was  poured  into  ingots  whicii 
were  afterwards  broken  so  that  the  fracture  could  be 
examined.  The  addition  of  this  small  amount  of  aluminium, 
it,  was  found,  made  the  metal  more  fluid,  produced  the  charac- 
teristic manganese  bronze  appearance,  changed  the  colour  of 
the  fracture  to  a  deeper  gold,  but  did  not  materially  strengthen 
the  alloy.  The  addition  of  3  per  cent,  of  50  per  cent,  ferro- 
silicon  produced  great  changes  in  the  structure  of  the  original 
alloy,  the  metal  being  hard  and  stiff  and  the  fracture  slate- 
coloured.  Tlie  metal  was  both  hard  and  strong.  The  addi- 
tion of  3  per  cent,  of  10  per  cent,  phosphor-copper  produced 
a  great  change  in  the  structure  of  this  alloy.  The  fracture 
of  the  ingot  showed  long,  golden  fibres  arranged  at  right 
angles  to  the  cooled  surface  of  the  ingot  and  extending  axially 
from  the  centre  to  the  circumference.  The  metal,  however, 
was  not  greatly  strengthened,  owing  to  the  fibres  running 
crosswise  instead  of  lengthwise  of  the  ingot.  Magnesium,  in 
the  proportion  of  0"25  per  cent.,  gave  tiie  alloy  a  white,  steel- 
like fracture.  The  alloy  was  hard,  but  not  tough.  Man- 
ganese, in  the  form  of  16  per  cent,  manganese-copper,  wlieu 
added  in  tlie  proportion  of  3  per  cent.,  produced  no  change 
in  the  appearance  of  the  fracture  of  the  original  ingot, 
although  the  manganese  was  visible  externally  on  the  ingot  . 

When  combinations  of  these  various  elements  were  tried 
in  the  iiiaiii^aiiese  bronze  formula  i^iveii,  it  was  discovered  that 
phosphorus  and  silicon  sliould  not  be  used  together  in  this 
alloy  ；  that  phosphorus  and  magnesium  should  not  be  used 
together,  but  that  aluminium  and  phosphorus  can  be  used 
together  to  great  advantage,  producing  a  good  alloy  having 
a  very  close,  drab-coloured  fracture. ― "  The  Foundry." 
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STRENGTH  OF  STEEL  TUBES,  PIPES.  AND  CYLINDERS  UNDER 
INTERNAL  FLUID  PRESSURE, 

BY  KEID  T.  STEWART. 

Pakt  I  ― A  Comparison  of  thk  Theoretical  Formul-e, 

In  order  to  arrive  at  some  definite  conclusion  as  to  what 
formula  or  formulje  should  be  used  for  calculating  the 
strength  of  tubes,  pipes,  and  cylinders  subjected  to  internal 
fluid  pressure,  the  different  published  formulse  have  been 
investigated  and  compared.  These  are  five  in  number, 
namely,  the  common  formula,  and  those  by  Barlow,  Lame, 
Clavarino,  and  Birnie. 

These  formulae  have  been  put  into  the  simplest  form  for 
application  to  tubes,  pipes,  and  cylinders,  and  are  reduced  to 
a  common  notation  for  the  sake  of  making  an  easy  com- 
parison.   The  notation  used  is  as  follows  : ― 

―  outside  diameter  in  inches. 
=  inside  diameter  in  inches. 
t  =  thickness  of  wall  in  inches. 

p  —  internal   gauge  pressure,   or   difference  between 
internal  and  external  fluid  pressures,  in  pounds 
per  square  inch. 
/  ―  fibre  stress  in  the  wall  in  pounds  per  square  inch. 
The  formul?e  here  given  are  for  the  usual  conditions  of 
practice,  namely,  where  the  external  pressure  is  atrnosplieric 
and  the  internal  pressure  is  expressed  as  gauge  pressure. 
They  are  also  applicable  to  cases  where  the  external  pressure 
is  not  excessive  by  taking  p  as  the  difference  between  the 
internal  and  external  pressures.      In  all  that  follows  it  is 
assumed  that  the  length  of  the  tube  or  pipe  relative  to  it's 
diameter  is  sufficiently  great  to  eliminate  the  influence  of  end 
support  tending  to  prevent  rupture. 

Nature  of  Mrcss  in  Tube  Wall.  ―  An  internal  fluid  pres- 
sure may  give  rise  (")  to  a  circumferential  stress  within  the 
wall  of  a  tube  or  pipe,  or  (h)  to  both  a  circumferential  and  a 
longitudinal  stress  acting  jointly.      In  either  case  the  tube 
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Fig.  1.~Tube  with  Frictionlkss 
Plungers. 


Fig.  2. ― Tube  with  both  knus 

CLOSED. 


wall  is  under  radial  compressive  stress  as  indicated  by  the 
arrows,  Figs.  1  and  2.  Fig.  1  illustrates  a  tube  with  friction- 
less  plungers  fitted  into  its  ends,  the  plungers  being  kept  in 
place  by  the  external  forces  PP，  which  exactly  balance  the 
internal  fluid  pressure,  tending  to  force  them  outward.  In 
this  case  the  tube  wall  is  subjected  only  to  the  internal  forces 
shown  as  acting  at  riglit  angles  to  its  inner  surface.  It  is 
obvious  that  these  forces  can  give  rise  to  radial  and  circum- 
ferential stresses  only  in  the  tube  wall.  The  value  of  the 
circumferential  stress  /,  in  ])ound  per  square  incli  is 

.  1  D^^n'  (1) 

Fig.  'J  illustrates  the  ordinary  case  of  a  t  ube  or  pipe  wii  li 
both  ends  closed.  In  this  case  the  lube  wall,  as  in  Fig.  1，  is 
subjected  to  the  circumferential  stress,  /"  along  with  the 
radial  stress,  and  ai  the  same  time  is  subjected  to  the  longi- 
tudinal stress 人.  The  longitudinal  stress  is  caused  by  the 
internal  fluid  pressure  tending  to  force  the  attaclied  heads 
outward  ami  expressed  in  pounds  per  squa ro  inch  is 

When  t  ho  t  liicktu'ss  of  wall  f  is  relatively  small  w  it  li  respect- 
to  the  diameter,  t he  longitudinal  stress  becomes  approxi- 
mately 

/i= 警 ...... （3) 

or  oiie-lialf  the  corresponding  circunifereiit ial  stress. 

Common  Formula.  一  This  is  the  fonmila  generally  found 
in  books  on  ineclianics.    It  is  based  on  the  condition  that  tlie 

•  I'apei*  read  before  the  American  Society  of  Mechanicnl  Eugiueers. 


tube  wall  is  subjected  to  ciniunfereutial  stress  only,  Fig.  1 , 
and  assumes  (")  that  the  material  of  the  tube  wall  is  devoid  of 
elasticity,  and  {b)  that  the  stress  is  the  same  on  all  the  cir- 
cumferential fibres  from  tlie  iTiiierniost  to  the  outermost. 
These  assumptions  are  only  approximately  true  for  tubes  of 
comparatively  thin  walls,  and  are  greatly  in  error  for  tubes 
having  very  thick  walls.  Using  tlie  notation  as  given  above, 
the  formula  is 

■Referring  to  the  charts,  Figs.  3  and  4，  it  will  be  seen  that 
tlie  conimoii  formula  gives  quite  close  results  for  compara- 
tively thill   walls  when   used   for  the  cojulitions  shown  in 


0        0.01      0.02     0.03     0  04      O.lfc     0.06      0.07      0.08      0.09     0  10 
VrtUics  of  thickness  divided  by  outside  diftincttr.  , 「力 

Fig.  3.— Comparison  ov  Internal  Fluid  PREbSVRE  Kormll.i;  you  TcBKb. 
Pipes ,  and  Cylinders. 

Fig.  1，  for  which  Biniies  formula  is  theoretically  I'oi'm't. 
The  error  increases  as  the  thickness  of  wall  becomes  relatively 

greater,  reacliing  10  per  cent,  for  a  thickness  ratio  工—， or 

about  ()•();—).    For  tliick  walls  1  lie  error  is  great  ；  for  example, 

when 》 = 0.25  the  value  of     is  about  100  per  cent,  in  error. 

It  should  be  observed  when  applying  the  lonunoii  foriuula  to 
this  case  that  the  error  is  always  on  tlie  side  of  danger. 

For  the  conditions  shown  in  Fig.  2，  that  is.  wlieii  the  tube 
is  subjected  to  tlie  stresses  due  to  an  internal  fluid  pressu re 
acting  jointly  on  the  tube  wall  and  its  closed  ends,  lor  which 
Clavarino  s  formula  is  theoretically  correct,  the  curves  show 

for  :i    thickness    ratio  二  less  than   0  07   that  the  common 

formula  ens  on  ( lie  side  of  safety,  the  greatest  error  being 
about  1  "1  per  cent,  ；  wliile  for  thickness  ratios  greater  tlian 
0  0 7  the  error  is  on  tlie  side  of  danger,  reacliiiig  10  per  rent . 
for  a  thickness  ratio  of  01  and  about  100  per  cent,  for  a  ratio 

of  o  '2r). 

Barlow's  Formula.  ―  This  formula  assumes  {a)  that 
because  of  the  elasticity  of  t he  inateri<il,  the  different  cin'um- 
ferential  fibres  will  have  their  diameters  increased  in  such  a 
manner  as  to  keep  the  area  of  cross-section  constant;  and 
(//)  that  tlie  length  of  the  tube  is  unaltered  by  the  internal 
lluid  ]>ressiire.  As  neitlier  of  lliese  as^^umptions  is  theoreti- 
cally  correct,   this   formula   can   give   only  approxiniatelv 
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correct  results 
formula  is 

t 


Using  the   notation   given    above,  this 


:2 


V: 


:2/ 人； 《— /)i 子； /=*Z)if—  .  (5) 


上—— 
T  "  D,' 

It  should  be  observed  that  while  Barlow's  formula  is 
similar  in  form  to  the  common  formula,  it  gives  results  that, 
are  quite  different  when  applied  to  tubes,  pipes,  and  cylinders 
having  walls  of  considerable  thickness.  This  is  due  to  tlie 
fact  that  Barlow's  formula  is  expressed  in  terms  of  tlie 
outside    diameter  wliereas    the    common    formula  is 

expressed  in  terms  of  the  inside  diameter  T\.  Referring  to 
Figs.  3  and  4,  it  will  be  seen  that  Barlow's  formula  gives 
quite  close  results  when  used  for  the  condition  shown  in 
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Values  of  thickness  divided  by  outside  diameter,  ^/q^  ^ 

1.— Comparison  of  Intebnal  Fluid  Pkesst;be  Formul,?-:  for  Tubes, 
Pipes,  and  Cylinders. 


Fig. 】， for  which  Birnie's  formula  is  theoretically  correct. 
The  curves  show  for  the  entire  practical  range  of  thickness 

ratios  that  the  error  in  values  of 子， for  this  case,  does  not 

exceed  3  per  cent.,  the  error  throughout  the  whole  practical 
range  being  on  the  side  of  safety.  This  then  is  the  best  of  tlie 
simple  theoretical  formula}  for  application  to  the  cases 
illustrated  in  Fig.  1. 

For  the  conditions  shown  in  Fig.  2，  namely,  when  the 
tube  is  subjected  to  the  stresses  due  to  an  internal  fluid  pres- 
sure acting  jointly  on  the  tube  wall  and  its  closed  ends,  for 
which  Clavarino's  formula  is  theoretically  correct,  the  curves 

show  that  Barlow's  formula  gi\  es  values  of 子   whose  errors 

range  from  15  per  cent,  for  tubes,  pipes,  and  cylinders  having 
thill  walls,  to  10  per  cent,  for  those  having  thick  walls,  the 
error  being  on  the  side  of  safety  for  all  practical  thickness 
ratios. 

Lame's  Formula. 一 This  formula  is  meant  to  apply  to  the 
conditions  shown  in  Fig.  2.  Each  material  particle  of  the 
tube  wall  is  supposed  to  be  subjected  to  tlie  radial  compres- 
sion, the  circumferential  and  longitudinal  tensions  due  to  an 
internal  fluid  pressure  acting  jointly  on  the  tube  wall  and  its 
closed  ends  ；  and  the  material  of  the  tube  wall  is  supposed  to 
be  elastic  under  these  actions.  Lame's  formula,  however, 
ignores  the  coefficient  of  lateral  contraction,  known  as  Pois- 


son's  ratio,  and  consequently  is  not  theoretically  correct. 
Using  the  notation  as  given  above,  this  formula  is 


p    D\  一  m        D[  一  D:;  /    n  n 


/  +  /' 


l-v 


(6) 


Referring  to  Figs.  3  and  4，  it  will  be  seen  that  Lame's 
formula,  which  is  meant  to  apply  to  the  conditions  for  wliidi 
Clavarino's  formula  is  theoretically  correct,  gives  for  thick- 
ness ratios,  ^-,  less  than  0*15,  an  error  on  the  side  of  safety, 
the  error  having  a  iiiaxiinuni  value  of  about  14  per  cent, 
when  ^  equals  0.01.    For  thickness  ratios  greater  than  015 

the  error  is  on  the  side  of  danger,  reaching  10  per  cent,  for 
a  ratio  of  about  0  23. 

Clavarino's  Formula. ― In  this  formula,  as  in  Lann^'s 
formula,  each  material  particle  of  the  tube  wall  is  supposed 
to  be  subjected  to  the  radial  compression  and  {he  circum- 
ferential and  longitudinal  tensions  due  to  an  internal  Huid 
pressure  acting  jointly  on  the  tube  wall  and  its  closed  ends  ； 
and  the  material  is  supposed  to  be  elastic  under  these  actions. 
Unlike  Lame's  formula,  however,  this  formula  expresses  the 
true  stresses  in  the  tube  wall  as  based  upon  the  coefficient  of 
lateral  contraction,  known  as  Poisson's  ratio,  and  is  con- 
sequently theoretically  correct  for  the  conditions  shown  in 
Fig.  2,  providing  the  stress  on  the  most  strained  fibre  does 
not  exceed  the  elastic  limit  of  the  material.  Using  the  nota- 
tion given  above  and  assuming  the  value  of  the  coefficient  of 
lateral  contraction  for  tube  steel  to  be  0*3,  this  formula  is 


P. 

T 


=   (7) 


This  theoretically  correct  formula  for  the  conditions 
shown  in  Fig.  2  lias  tlie  disadvantage  that  it  is  difficult  to 
apply  directly  in  making  calculations.  In  order  to  remove 
this  difficulty  Table  I.  has  been  prepared,  by  means  of  which 
any  desired  calculation  can  be  as  readily  made  by  Clavarino's 
formula  as  by  any  of  tlie  simpler  formula?.  The  entries  of 
this  table  are  the  values  in  Clavarino's  formula  of  the  factor 

10(i) 卜 
TM)\  +  4i)『 ― 

It  will  be  observed  that  these  factors  are  tabulated  lor 
thickness  ratios, 务  from  001  to  03，  advancing  by  thou- 
sandths. Thus  for  a  wall  thickness  t  of  0'25in.  and  an  outside 
diameter        of  lOiii"  the  thickness  ratio,  ―^，  would  be  0  25 

divided  by  10，  or  0025.  The  required  factor  correspoudiiig 
to  this  tliickuess  ratio  is  0'0587  and  is  found  in  the  coluiiui 
headed  0005  opposite  0*02  in  column  1.  Similarly  for  an 
outside  diameter  of  4in.  and  a  wall  thickness  of  0"5iii.,  the 
thickness  ratio  would  be  0.125  and  the  correspoiuling  internal 
pressure  factor  is  0'2869.  If  we  designate  the  value  of  any 
tabular  factor  by  K,  then  it  is  obvious  that  Clavarino's 
formula  may  be  written 


■    •  (8) 


Table  I.  is  well  adapted  to  the  ready  solution  of  problems 
involving  the  strength  and  safety  of  a  tube,  pipe,  or  cylinder 
which  is  subjected  to  the  stresses  due  to  an  iutenial  fluid 
pressure  acting  jointly  on  its  wall  and  closed  ends,  as  illus- 
trated ill  Fig.  2. 

Problem  1.  Recjuired  the  safe  working  pressure,  p  (Fig  2)， 
when  the  outside  diameter,  1)^=  4in.  ；  thickness  of  wa】l， 《- 
O'Sin.  ；  and  the  working  fibre  stress  of  the  steel,  /  =  lO'OOOlbs. 

Solution :   (a)  the  thickness  ratio,  ^  =  0*125 :   (b)  the  corre- 

spending  tabular  factor,  K，  is  found  from  Table  1  to  be  0*2869  ： 
and  (c)  the  required  safe  working  tluid  pressure,  p  =  A'/,  equa- 
tion (8),  or  0-2869  x  10,000,  or  2^8691bs.  per  square  inch. 
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Prohlchi  2.  Required  the  fibre  stress,  /，  in  the  wall  of  a 
cylinder,  Fig.  2,  when  the  outside  diameter,  Z)^  =  5-5in.,  the 
thickness  of  wall,  ；  =  0'25in.  ；  and  the  working  lluid  pressure, 
p=  l,5001bs.  per  square  inch.    Solution  :  (a)  the  thickness  ratio, 

^  =  0-045  ；  (i)  the  corresponding  factor,  K,  is  found  from  Table 

1  to  be  0*1054  ；  and  (c)  the  required  fibre  stress,  /  equa- 

K 

tion  (8)，  or  】，500  +  0'1054  or  14,2001bs.  per  square  inch. 

Ta]{Lk  1. ― Internal  Fluid  Pressure  Factors  K, 
For  conditions  slio、、n  in  Fig.  2, 

fAl.fTMMTKD    BY    ClaVAIUNO'S    FoRM  IJLA.    AHHUMINO     FOR   STFEL     A     CoEFirClENT    OF  I.ATERaI. 

Contraction  (I'oihhon's  Ratio)  =  0.;j. 

ft  VX.r.  DiVIDK  THICKNKSH  OF  TUBE  OK  I'lPK  liV  I  OUTSIDE  HI  \  MF.TER.  BOTH  BKIN (；  t.XPRK»«t.I) 
IN  INC  HKS.  THEN  MULTIPLY  TMK  TAnUI,\R  V.、1,UF-  rOHRr** PON D I NG  TO  THIS  QlTOTltNT  BV  THK 
WOnKLNG  FIBER  8TUt:S8  IN  Lit  I'ER  Sy.  IN.  THE  RESULT  WILL  BE  THF.  SAFE  INTERNAL  PREftBURE 
IN   LB.   PER  SQ.  IN. 


the  value  of  the  coefficient  of 
be  0'3,  this  formula  is 


iteral  contraction  for  steel  to 


-      1  Y  10/+  7p 


(10) 


Biniie's  formula,  like  Clavarino's  formula,  lias  the  dis- 
advantage of  being  difficult  to  apply  directly  in  making  calcu- 

Table  2. ― Internal  Fluid  Pressure  Factors  K. 
For  conditions  sho、、n  in  Fig.  1. 
Cai.culatkd  by  Bibnie'h  Formula,  assuming  for  .stekl  a  CotFPicitNT  oi  L、TtR",  con- 

■i  H\<  TION   (FoIS80N'8   UaTIo)  =0,3.  ^ 

Itu"::  Divide  thicknehs  of  tube  ok  pipe  by  its  outiMdk  diametf-r.  uotu  i*i:ing  exprehsco  in 

INCMEB.  THEN  MULTIPLY  THE  TABULAR  VALUE  CORRtSPONDlNG  TO  TIIl^  QUOTIENT  BV  Tilt 
WORKING  FIBER  STRESS  IN  LB.  PER  SQ.  IN.  TUE  BESULT  WILL  BE  THE  6AKE  INTERNAL  PRLSfiVHC 
IN  LB.  PER  BQ.  IN. 
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0.3557 

0.3：,78 

0.3：»99 

0.15 

0.3104 

0.3125 

0.3145 

0.3166 

0.3187 

0,3208 

0.3228 

0.3249 

0.3270 

o.32yu 

0.10 

o.:ir,2o 

0.36" 

O.30G2 

0.3683 

0-3704 

0.3724 

0.3715 

0.3766 

0.37K7 

0.3  SOS 

0.16 

0.3311 

0.3332 

0.3352 

0.3373 

0.3393 

emu 

0.3434 

0.3455 

0.3470 

0.3496 

0.17 

0.3849 

0.;i8G9 

0.3890 

0,3910 

0.3931 

o.:mi 

0.3972 

0.3992 

0.401a 

0  17 

0.3517 

0.3537 

0.3558 

0.3578 

0.3598 

0.3619 

0.3639 

0.3660 

0.3680 

0.3700 

CIS 

(M033 

a'105:i 

0.4073 

0.4094 

0.4114 

0.4134 

0.4154 

0.4174 

0.4 1 94 

0.4211 

0.18 

0.3721 

0.3741 

0.3761 

0.3782 

0.3802 

0.3822 

0.3842 

0.3863 

0.388a 

0.39Ui 

a  in 

0.42；1( 

0.125-1 

0-1274 

0.4294 

0.4314 

0-4333 

0.435.3 

0.4373 

0.4303 

0,4412 

0,19 

0.3923 

0.396:i 

0.3983 

0.4003 

0.4024 

0.4044 

0.40G4 

0.4084 

0.4104 

0.20 

0.1-132 

0.1452 

0  4471 

0.4400 

0.4510 

0.4529 

0.4548 

0.4508 

0.4587 

0.4600 

0-20 

0.4124 

0.4144 

0.4163 

0.4183 

0.4203 

0.4223 

0.4243 

(X4262 

0.4282 

0.4302 

n.2i 

0.^26 

0.lf)-i:> 

0.4fir>4 

0.4G83 

0  4702 

0.4721 

0.4740 

n.4758 

0.4777 

0.4790 

0.21 

0.4322 

0.4341 

0.4361 

0.4380 

0.4400 

0  4419 

0.4439 

0.4459 

0.4478 

0.4498 

0  22 

(1.481  r, 

0  4K.U 

0  48：) 2 

0.4871 

0.4889 

0  4  DOS 

().492C 

0.4945 

0.4964 

0.4082 

0.22 

0.4517 

0.4536 

0.4556 

0.4575 

0.4594 

0.4G13 

0.4633 

0.4652 

0.4671 

0.4690 

0.2:i 

0  5001 

0  5019 

0.'.()37 

0..'>05o 

0,5073 

0.5091 

0.5109 

0.5127 

0.5145 

0.5163 

0,23 

0.4710 

0.4729 

0.4748 

04767 

0.4785 

0.4804 

0.4823 

0.4842 

0.4S61 

0.4880 

0.24 

O-.'ilSf 

0.5199 

0.52 16 

0.5234 

or. '252 

0,5269 

0.5287 

0.5304 

0.5322 

0.5340 

U.24 

0  4899 

0.4918 

0.4936 

0.4955 

0.4973 

0.4992 

0.5010 

0.5029 

0.5048 

0.5066 

0.2：) 

0-5357 

0  53  71 

0  r.391 

0  :>408 

0.542fi 

0.5443 

0.54(iO 

0.5477 

0.5494 

0.5511 

0.25 

0.5085 

0.5103 

0.5121 

0.5139 

0.5157 

0.5176 

0.5194 

0.5212 

0.5230 

0.5248 

0.2G 

0 

0.5578 

0.5594 

0  5611 

0.r>f;JH 

0.5044 

0.5661 

0.5677 

0.26 

0,5266 

0.5284 

0.5302 

0.5320 

0.5338 

0.5355 

0.5373 

0.5391  1 

0.5409  1 

0  5427 

0.27 

0  6694 

0.57  I  n 

0.r)7'J6 

0,5742 

0.5758 

0.5774 

o.r)7"o 

o.r>soo 

0.5822 

0  o838 

0.27 

0.54  14 

0.5402 

0.5479 

0.5496 

0.5514 

0.5531 

0.5548 

0.5560 

0.5583  1 

0.5G0U 

0.2S 

(l.:,S5.l 

0.5870 

0.5885 

0.5001 

0.5916 

0.5032 

0.5*147 

0.5978 

0.:jfl9-l 

0.28 

0.5617 

0.5634 

0.5651 

0.5668 

0.5685 

0.5702 

0.5718 

0.5733 

0.5752 

0.5769 

0,29 

0.00(19 

0.G024 

0.6039 

0,f.054 

0.6069 

O.fiOSi 

O.liOO'J 

0:6114 

0.6129 

0  6143 

0  29 

0.5786 

0.5802 

0.5818 

0.5835 

0.5851 

1)  5867 

0.5884 

0.O900  1 

05916 

0.5933 

0.30 

0.6 15S 

0.6173 

0.6187 

0.6201 

0.6216 

0.6230 

0.6244 

0.6259 

0.6273 

0.6287 

0.30 

0.5949 

0.5965 

0.5981 

0.5996  ； 

i 

0.6012  , 

0.G028 

0.6044 

0.6039 

0.6075  j 

0.6091 

Problem  3.  Required  the  thickness  of  wall,  t  (Fig.  2),  when 
the  outside  diameter,  Z)j—  Sin.  ；  the  working  fibre  stress  of  the 
steel,  /  =  15,0001bs.  per  square  inch  ；  and  the  working  fluid 
pressure,  p  =  2,0001bs.  per  square  inch.      Solution  ;    [a)  the 

factor,        子， equation  (8)，  or  2,000 -r  15,000,  or  0' 133;  {h)  the 

value  of  the  thickness  ratio, 》， corresponding  to  this  value  of 

A'  is  found  from  Table  1  to  be  0*057  ；  and  (c)  the  required 
thickness   will   result  from  multiplying  this  thickness  ratio, 

/r，  by  the  outside  diameter,       or  0-057  x8  =  0*456in. 

Note, 一 When  the  inside  diameter,  D  ,、  the  internal  pressure, 
p,  and  the  working  fibre  stress,  /，  are  given  and  it  is  required 
to  find  the  thickness  of  wall,  /，  proceed  by  finding  first  the 
value  of  the  outside  diameter,  J)^,  by  means  of  equation  (7) ； 
after  which  the  required  thickness  may  be  had  by  taking  one- 
half  the  difl'erence  of  the  outside  and  inside  diameters  or 


(9) 


《- 1—   •  •  •  •  • 

Birnie's  Formula. ― This  formula  is  i'aserl  upon  the  condi- 
i ions  illust rat ed  in  Fig.  1 .  In  its  derival ion  precisely  t he 
same  assumptions  are  made  as  for  Cla va riiio's  fonnula,  w i I h 
i  he  single  exception  that  the  lon^it  luliiial  stress  /  ,，  due  to  1  lie 
internal  fluid  pressure  acting  upon  attached  heads,  is  assumod 
not  to  exist .  Biniies  fornuila  consequent ly  is  theoretically 
correct  for  tubes,  pipos,  and  cylinde rs  that  are  subjerted  to  an 
internal  fluid  pressure  in  sucli  manner  as  not  to  give  rise  to 
longitudinal  stress  in  t lio  wall  ；  provided  tlie  st ress  on  the 
"lost  strained  fibre  does  not  exceed  the  elastic  limit  of  the 
material.    Using  the  same  notation  as  before  and  assuiiiini; 


lations.  In  order  to  remove  this  diffic-ulty  Table  II.  has  been 
prepared,  the  entries  being  the  values  in  Birnie's  formula  of 
the  factor 

lO(Di-m  r 
V6Di  +  7Di  -  A 

This  table  is  used  in  a  manner  precisely  similar  to  the 
table  of  factors  for  Clavariiio's  formula. 

Part  II. ― Eesults  of  Tests  ox  Commkkcial  Tihes  and 
Pipes,  and  the  Applicahilitv  of  thk  Theohktical 

FOKMl'L.i:, 

In  Part  I.  there  appears  a  full  statement  of  the  basis  of 
each  of  the  five  theoretical  forimilre  for  the  strength  of  tubes, 
pipes,  and  cylinders,  when  subjected  to  internal  fluid  pres- 
sures, together  with  a  comparison  of  results  obtained  bv  their 
use.  One  or  the  other  of  these  formulae,  taken  apparently  at 
random,  lias  often  been  used  without  sufficient  inulerstandiiig 
of  their  application  to  practical  conditions.  Tt  is  the  purpose 
of  what  follows  to  illustrate  the  proper  application  of  these 
formula?,  making  use  of  the  results  of  hydrostatic  tests 
recently  made  on  commercial  pipes  at  one  of  the  mills  of 
the  National  Tube  Com  pan  v. 

Yield  Point  Tests  on  Commercial  Pipe.  —Tests  worn  made 
umlt'r  ('lavariiio's  (onditioii,  l-'iu.  •」. 1  '*•>  speciiuens  of  l()in. 
ami  1279  specimens  of  1 12in.  lap-wclded  steel  pipes,  all  of 
wliirli  wore  made  up  into  cvlinders  with  heads  wcldrd  to  the 
piptv  Tlio  liydiostatir  pressure  was  raised  until  t lie  yield 
point  of  t  lie  material  was  reached.  The  unit  st  reuses  on  the 
niost  strained  fibres  were  then  calculated  bv  means  of 
Clavarino's  formula,  the  pipes  having  been  measured  by 
inirrometer  before  welding  in  the  liead,  to  determine  tlie  least 
tliicknoss  of  wall. 


April  26,  1912] 


THE    MECHANICAL  ENGINEER. 


517 


The  average  results  of  the  yield  points  of  the  niosi 
strained  fibres  of  the  material  constituting  these  pipes,  when 
compared  with  the  average  yield  point  of  tensile  test  speci- 
mens cut  from  about  400  similar  pipes,  may  be  summarised 
as  follows  : —— 


Outside  diameter  of  pipe,  inches      …  ... 

Least  thickness  of  wall,  inches         …  … 

Hydrostatic  pressure  at  yield  point,  lbs.  per 

square  inch          …        ...        …  ... 

Yield  point  by  Clavarino's  fonniilji,  lbs.  per 

.square  inch          …        ...        …  … 

Yield  point  average  of  ten.sile  tests,  lbs.  per 

squaie  inch  ...  …  …  … 
Apparent  error  in  yield  point  by  Clavarino's 

formula,  per  cent ....        ...        ...  … 


10  00 

1200 

0  172 

Olf)4 

1,435 

I,l!t5 

35,600 

37,]  00 

37,000 

:{7, 麵 

-3-8 

+  0  3 

This  summary  of  the  average  results  of  474  tests  is  a  very 
satisfactory  confirmation  of  the  accuracy  of  Clavariiio's 
formula  when  applied  to  commercial  steel  pipes  for  the  con- 
ditions under  which  the  formula  theoretically  applies. 

Table  3a. ― Bursting  Tests  of  Commercial  Tubes  and  Pipes. 


to  a  degree  obtainable  only  by  boring  and  tu ruing  from 
forcings  of  the  choicest  portion  of  selected  ingots. 

It,  is  apparent  that  any  variation  below  the  nominal  or 
average  value  in  strength  of  material,  thickness  of  wall  and 
efficiency  of  joint  in  welded  pipe,  or  above  the  nominal  in 
diameter,  will  give  results  which  err  on  the  side  of  danger 
when  making  use  of  either  CHavarinos  or  Biniie's  formulae 
These  foniiulae  then  should  be  restricted  in  tlieir  use  to  cer- 
tain classes  of  seamless  tubes  and  cylinders  and  to  critical 
examinations  of  ordinary  tubes,  pipes,  and  cylinders,  when 
exact  results  are  desired  and  sufiiciently  accurate  data  are 
available. 

For  all  ordinary  calculations  of  strength  of  rom menial 
tubes,  pipes,  and  cylinders,  Barlow's  simple  approximate 
formula,  equation  (5),  is  preferable. 

Bursting  Tests  of  Commercial  Tubes  and  Pipes, —— Tables 
3a,  3b,  and  4  show  the  average  results  of  several  hundred 

Table  4. ― Strength  of  Welds  of  Commercial  Tubes  and  Pipes, 
selected  from  preceding  Table  of  Bursting  Tests. 


No. 

Aver- 

Nomi- 

Aver- 

Bursting Pressure 

Burst 

No. 

nal 

age 

Pounds 

per  Square  Inch 

by 

Fiber 

of 

Exter- 

Thick- 

Head 

Failun- 

St rcss 

Cta?s  cf 

Size 

Pieces 

nal 

ness 

Con- 

of 

i>y 

Material 

Dia- 

of 

dition 

Ma- 

Har- 

meter. 

WalU. 

Mini- 

Maii- 

Aver- 

terial 

low's 

In. 

In. 

raum 

mun' 

age 

not  at 

Form- 

Weld 

ula 

Steel.  Butt-Welded 


10 

0  405 

0  0G6 

11840 

17320 

14266 

C 

！ 4 

10 

0  540 

0  085 

8830 

14680 

12206 

c 

1 

H 

10 

0  675 

0  088 

5850 

13030 

10330 

c 

1 

*A 

10 

0,840 

0  101 

11380 

16310 

14038 

c 

0 

H 

10 

I  050 

0  109 

7150 

9150 

8020 

c 

0  1 

1 

10 

1  315 

0  131 

4500 

8800 

6990 

c 

0 

10 

1  660 

1 . 139 

4400 

7300 

5808 

c 

0  j 

15' 

1  660 

0  140 

5500 

11900 

7700 

c 

10 

.1 ,900 

0  143 

8000 

6100 

4960 

c 

0 

2 

11 

2  375 

0  149 

3830 

6060 

4951 

c  ■ 

0 

10 

2  875 

0, 198 

4310 

5740 

5134 

c 

0 

3 

10 

3  500 

0  204 

4650 

6370 

5398 

c 

0 

10 

1  .660 

0. 180 

7910 

14280 

10514 

c 

0 

2 

10 

2  375 

0  213 

7250 

8940 

8238 

c 

0 

2 

10 

2  375 

0  220 

G160 

8920 

7661 

0 

2 

10 

2  375 

0  445 

8500 

18314 

14992 

0  1 

General  average 


44011 
38645 
39272 
58163 
38657 
35085 
34603 
45215 
33031 
40485 
37331 
46234 
48922 
4593：) 
41347 
40023 
41G86 


Standard  pipe 
Standard  pipp 
Staudard  pipf 
Standard  pipf 
Standard  pipr 
Standard  pipe 
Standartl  pipi- 
Redrawn 
Stand&rd  pip*" 
Standard  pipf 
standard  pip<- 
Standfiril  pipe 
Extra  8t  rung 
Extra  n， ri'nn 
Extra  atronc 
X'X  strong 


Sletl  Lap-Welded 


2 

10 

2  375 

0 

155 

4890 

7940 

G645 

C 

1 

50962 

Standard  pipp- 

2 

10 

2.376 

0 

182 

4860 

10060 

7361 

c 

0 

4788'J 

.Standard  pipe 

3 

10 

3.500 

0 

210 

3830 

8200 

6368 

c 

535ti0 

Standard  pipr 

iO 

4.500 

0 

232 

4810 

5680 

5249 

c 

1 

51452 

Standard  pipe 

5 

10 

5.563 

0 

258 

3410 

52G0 

4538 

c 

1 

48882 

'Standard  pipe 

6 

5 

6  625 

0 

275 

2450 

5210 

4088 

c 

0 

49286 

Standard  pipf! 

6 

5 

6.625 

0 

275 

3170 

4760 

3666 

B 

0 

44106 

Standard  pipe 

10 

5 

10.750 

0 

349 

3560 

4730 

'4290 

C 

1 

66080 

Stan'^ard  pipe 

10 

5 

10.750 

0 

347 

2770 

3940 

3396 

B 

2 

52H92 

Standard  pipp 

2 

10 

2.375 

0 

218 

2500 

9870 

7909 

C 

0 

43254 

Kxtra  strong 

2 

10 

2  000 

0 

108 

5100 

6560 

議 2 

c 

65607 

Bo'Ier  tubes 

3 

10 

3  000 

0 

112 

3220 

4860 

30*17 

c 

1 

& 295  7 

Boiler  tubes 

5 

4  000 

0 

135 

3640 

4t)70 

3810 

c 

2 

561t7S 

Boiler  tubes 

5 

4  000 

0 

136 

3720 

4040 

3914 

B 

1 

57440 

Boiler  tube^ 

General  averaRp 

52225 

•  C  =Clavarino  conditions,  Fig.  2.    B  =  Birnic  conditions,  Fig.  I . 

Other  tests  show  that  when  the  heads  are  attached  to  the 
pipe,  as  ill  Fig.  2,  it  lengthens  upon  application  of  an  internal 
fluid  pressure  and  that  when  the  heads  are  held  indepen- 
dently, as  ill  Fig.  1，  it  shortens  in  accord  respectively  with 
the  assumptions  which  constitute  the  basis  of  Clavarino's  and 
Birnie's  forniul?e  regarding  change  of  length  under  internal 
fluid  pressure. 

Applicability    of    Clavarino's    and    Birnie's    Formulae. ― The 

above  suinniary  of  results  of  tests  on  pipes  shows  that  Clava- 
rino's formula  is  applicable  to  commercial  wrought-steel  pipe 
for  the  conditions  shown  in  Fig.  2,  when  the  yield  point  of 
the  most  strained  fibre  is  not  exceeded  and  the  least  tliickness 
of  wall  is  accurately  known.  Tests  made  at  tlie  Watertown 
Arsenal  in  1892，  1893，  1894,  1897，  and  190'J  on  sections  of 
steel  guns,  show  that  Birnie's  formula  for  the  condition 
shown  in  Fig.  1，  when  applied  up  to  the  elastic  limit  of  the 
most  strained  fibre,  gives  results  which  agree  with  the  results 
of  direct  tests  that  are  within  the  ordinary  range  of  experi- 
mental error.  These  Watertown  Arsenal  tests  were  all  made 
on  tubes,  the  material  and  dimensions  of  which  were  uniform 


Size 

No.  Pieces  Bursting 

Average  Fiber  Stress 

Claas  of 

in  Weldi 

by  Barlow's  Formula 

Material 

Steel.  Butt-We!ded 

H 

9 

43938 

Standard  pipe 

9 

37777 

Standard  pipe 

H 

0 

38954 

Standard  pipe 

H 

10 

58163 

Standard  pipe 

H 

10 

38657 

Standard  pipe 

10 

35085 

Standard  pipe 

IK 

10 

34603 

Standard  pipe 

14 

45643 

Redrawn 

10 

33031 

Standard  pipe 

2 

11 

40485 

Standard  pipe 

2M 

10 

37351 

Standard  pipe 

3 

10 

46234 

Standard  pipe 

l>i 

10 

48922 

Extra  strong 

2 

10 

45935 

Extra  strong 

2 

10 

41347 

Extra  Strong 

2 

10 

40023 

X  X  Strong 

General  average 

41634 

Steel.  Lap-Welded 

2 

9 

60052 

Standard  pipe 

2 

10 

47889 

Standard  pipe 

3 

3 

54510 

Standard  pipe 

9 

61019 

Standard  pipe 

5 

9 

48852 

Standard  pipe 

6 

10 

47026 

Standard  pipe 

10 

7 

59537 

Staodard  pipe 

2 

10 

43254 

Extra  Strong 

2 

3 

56933 

Boiler  tubes 

3 

9 

61980 

Boiler  tubes 

4 

67521 

Boiler  tubes 

General  average 

51688 

Iron,  Butt-Welded 

31136 

Standard  pipe 

IK 

9 

30680 

Standard  pipe 

2 

8 

27323 

Standard  pipe 

9 

27073 

Extra  strong 

General  average 

29053 

Iron,  Lap- Welded 

2 

9 

24581 

Standard  pipe 

2 

2 

34340 

Extra  strong 

General  average 

29461 

1.— These  only  are  included  in  averages. 

tests  of  commercial  tubes  and  pipes,  all  of  which  were  burst 
by  hydrostatic  pressure  at  one  of  the  mills  of  the  National 
Tube  Company.  Of  these  95  per  cent,  was  made  by  this 
company,  while  86  per  cent,  of  the  wroiight-iron  pipe  tested 
was  obtained  by  purchase  in  the  open  market.  The  average 
ultimate  tensile  strength  of  pipe  steel  is  57,0001bs.  per  square 
inch,  wlietlier  taken  in  the  direction  of  rolling  or  transversely 
thereto,  while  that  of  tlie  seamless  steel  tested  is  60，0001bs. 
per  square  inch.  No  tensile  tests  were  made  of  the  material 
of  the  wrought-irou  pipes. 

An  examination  of  these  tables  will  lead  to  the  following 
(general  coiu-lusions :  (ft)  In  coininercial  welded  pipe  the 
variations  in  thickness  of  wall,  perfection  of  weld,  tVc.  give 
rise  to  variations  in  bursting  strength  of  sufficient  magnitude 
to  render  unnecessary  any  consideration  of  Birnie's  or  Clava- 
rino's condition  of  liead  su])port  as  shown  in  Figs.  1  and  2 
respectively.  (A)  The  relative  st rengths  of  steel  pipes  and 
tubes,  when  using  Barlow's  formula  and  basing  the  calcula- 
tions on  average  diameter,  thickness  of  wall,  and  ultimate 
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tensile  strength  of  material,  are  as  follows:  For  butt-welded 
steel  pipe,  73  per  cent.  ；  for  lap-welded  steel  pipe,  92  per 
cent.  ；  and  for  seamless  steel  tubes,  approximately  100  per 
cent.  Ill  steel  pipe,  then,  the  strength  of  the  butt-weld  is 
about  80  per  cent,  of  that  of  the  lap-weld,     (r)  The  relative 

Table  3b. ― Bursting  Tests  of  Commercial  Tubes  and  Pipes. 
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*  C  =  Clavarino  contiitions.  Fig  2  B  =  Birnic  conditions.  Fig,  1 

strengths  of  wroiiglit-iron  and  steel  pipe,  from  Table  III"  are 
as  follows  ：  Butt -welded  wrought-iron  pipe  is  70  per  cent,  as 
strong  as  similar  butt-welded  steel  pipe  ；  and  lap-welded 
wrouglit-iroii  pipe  is  57  per  cent,  as  strong  as  similar  lap- 
welded  steel  pipe. 

Applicability  of  Barlow's  Formulas. ― Of  the  five  formulse 
considered  in  Part  I.，  that  by  Barlow  is  the  best  suited  for 
all  ordinary  calculations  pertaining  to  the  bursting  strength 
of  commercial  tubes,  pipes,  and  cylinders.      The  theoretical 


where 


P  _  9  ^ 

了— A 


7>  =  2/A:  t=il)、j  :  f  =  h  f)、 


V 
t 


=  outside  diameter,  in. 
t  ―  average  thickness  of  wall,  in. 

p  =  internal  fluid  pressure,  jxjuiids  per  square  im'li. 

n  ―  safety  factor  as  based  on  ultimate  -strength. 

f  =  working  or  safe  fibre  stress,  pounds  per  square  inch. 

= 40，000  for  butt-welded  steel  pipe. 


50,000 


n 


for  lap-welded  steel  pipe. 


= 6*^，*^〖0  for  seamless  steel  tubes. 


28,000 


for  wrouglit-iron  pipe. 


These  average  values  of  f  are  based  on  the  accompanying 
tables  of  bursting  tests  of  commercial  tubes  and  pipes.  They 
are  intended  for  substitution  in  Barlow's  formula  in  case 

more  exact  data  for  the  working  fibre  stress  are  not  at  hand. 


GAS  ENGINE  CONNECTING  ROD  BOLTS. 

Amongst  those  whose  duly  it  is  to  record  and  analyse  the 
causes  of  engine  breakdowns  it  is  well  known  tliat  one  prolific 
source  of  failure  in  gas-engine  practice  is  fracture  of  the  bolts 
in  connecting  rod  ends.  The  principal  complaint  against  this 
detail  is  insufficient  strength,  but  this  defect  may  be  aggra- 
vated when  tlie  shank  of  tlie  bolt  is  still  further  weakened  bv 
unnecessary  cutting  away  of  the  metal,  as  is  shown  in  a 
gas-engine  breakdown  recorded  in  the  March  issue  of 
' ' Vulcan,"  and  which  is  illustrated  in  the  acconi])any- 
ing  photo  view.  It  appears,  from  the  account  in  our 
contemporary,  that  a  hole  had  been  drilled  into  the  shank 
of  the  connecting  rod  bolt  for  the  reception  of  a  "  keep  ''  to 
prevent  the  bolt  rotating  when  it  was  tightened  up.  and 


A  Connecting-rod  Bolt  Failure  and  its  Effects.  j'Views  of  Fractured  Boi,t  showing  holk  drill ei>  into  miask  kor  Keep. 


error  on  the  side  of  safety  resulting  from  its  use  will  generally 
not  exceed  the  actual  combined  error  on  the  side  of  danger 
when  using  either  Biriiie  s  or  Clavarino's  formula,  due  to  the 
ordinary  range  of  variation  in  the  thickness  of  wall,  strength 
of  the  material,  &(，.，  when  applied  to  the  ordinary  commercial 
product.  This  is  true,  at  least  up  to  the  yield  point  of  the 
material,  for  any  ratio  of  thickness  of  wall  to  outside 
diameter  less  than  three-tenths.  In  this  respect  Barlow's 
formula  is  very  superior  to  the  common  approximate  formula 
which  gives  errors  that  are  absurdly  large  on  the  side  of 
(lander  for  very  thick  walls  (Fig.  4). 

For  all  ordniary  calculations,  then,  pertaining  to  tlie 
bursting  strength  of  coniineroial  tubes,  pipes,  aiul  t  vlinders 
use  Barlow's  formula*  (equation  [5]). 

， For  certain  classes  of  seamless  tnlies  and  cylinder**,  and  for  critical  t、xnmina- 
tiona  of  we  Id  Of  I  pipe,  where  tho  loasb  thickness  of  wall,  yield  pofnl  of  material,  *Vo.. 
luv  known  with  noeuracv,  iiiid  closo  results  are  desivecl,  see  Clavarino's  fonntilji' 
ami  Hirnie  s  otnuilious  t?)  and  《10), 


instead  of  drilling  a  small  hole  into  the  head  of  the  bolt 
parallel  to  the  axis  and  driving  in  a  small  ！) i",  a  hole  was 
drilled  into  the  shank  of  tlie  bolt  at  right  angles  close  to  the 
head.  This  materially  reduced  the  sectional  area  on  a  section 
which  was  naturally  weak  owing  to  change  of  section.  It  was 
t his  defect  which,  uiifortuiiatelv,  led  to  the  complete  break- 
down of  the  engine. 


NOTES  ON  POWER  STATION  WORKING. 

HV  .1.  \V.  .lACKSON. 

In  the  course  of  a  paper  on  power  station  working  read  before 
the  Newcastle  section  of  the  Institution  of  Electrical  Engi- 
neers, Mr.  J.  \V.  J aokson  stated  tliat  a  few  years  ago  one  of 
our  leading  consulting  engineers  remarked  that  the  difficulties 
to  be  dealt  witli  in  tiie  future  would  ]>e  on  the  niechaiiiral 
rat  lie  r  than  on  the  electrical  side.      In  view  of  the  fact  tliat 
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there  was  a  serious  amount  of  electrical  difficulty  and  break- 
down at  that  time,  many  engineers  consirJered  that  tlie  state- 
ment was  not  at  all  likely  to  be  confirmed,  and  yet  to-day 
we  find  that  the  mechanical  side  of  a  station  requires 
exactly  the  same  close  attention  that  it  always  did,  while  the 
electrical  side  very  mu('li  more  nearly  took  care  of  itself. 
The  immediate  future  should  intensify  this  difference  still 
further  when  it  was  remembered  that  switchboards  were  being 
built  of  the  iron-clad  type.  The  present-day  design  of  high- 
class  oil  switch  appeared  to  be  not  far  from  perfection.  The 
protection  gear  for  the  cables  was  also  working  out  in  much 
the  same  way.  A  few  years  ago  a  breakdown  on  a  big  system 
would  seriously  affect  a  good  deal  of  that  system,  and  often 
the  whole  of  it.  To-day  we  found  balanced  protective  relay 
gear  of  a  high  discriminating  value,  so  much  so  that  when 
cables  broke  down  it  was  seldom  that  any  other  portion  of 
the  system  was  affected  than  that  fed  by  the  particular  cable. 
Even  this  difficulty  was  reduced  where  anything  approaching 
a  ring  main  was  in  service.  Further,  because  the  relay  gear 
had  become  so  discriminating  the  present-day  oil  switches 
were  made  to  operate  at  such  a  high  rate  of  speed  that  the 
shock  to  the  generating  station  became  comparatively  small. 
This  point  was  borne  out  by  the  evidence  of  the  breakdown 
of  the  cable.  Faults  on  cables  were  often  difficult  to  locate 
because  the  rupture  on  the  broken- down  portion  was  such  a 
small  one  that  it  often  sealed  itself  up  again,  whereas  in  the 
past  there  was  little  chance  of  a  cable  again  becoming 
insulated. 

On  the  mechanical  side  a  real  advance  had,  he  observed, 
been  made  in  steam  turbo-alternator  design  and  operation, 
and  there  were  distinct  possibilities  of  further  improvement. 
Short  turbines  had  many  advantages  over  long  ones,  some 
important  ones  being  that  they  were  cheaper  to  build,  safer 
at  fine  clearances,  they  were  no  less  efficient  if  run  at  suitable 
speed,  and  they  could  deal  with  highly-superheated  steam. 
The  difficulties  of  the  pure  reaction  type  were  due  to  increased 
length  with  size,  coupled  with  fine  clearances,  both  of  which 
were  necessary  to  give  the  maximum  possible  efficiency.  This 
made  unwieldy  machines  above  a  certain  capacity.  Above 
a  certain  sized  alternator  the  speed  must  be  reduced,  thus 
necessitating  a  turbine  still  bigger  and  longer.  The  solution 
of  this  point  had  been  found  in  splitting  the  machines,  making- 
two  turbines  instead  of  one,  one  high  pressure  and  one  low 
pressure.  This  was  where  the  "  impulse-compounded  "  and 
the  "  impulse-reaction  "  types  came  in,  because  they  shortened 
down  the  machine  to  a  reasonable  length  and  allowed  of  it 
being  built  inside  one  casing.  It  would  appear  from  present 
practice  that  the  turbines  to  meet  general  commercial  pur- 
poses most  successfully  must  be  of  the  mixed  type,  namely, 
of  the  reaction  and  impulse  types  combined,  the  favourite 
design  at  present  being  known  as  the  "  disc  "  and  "  drum." 

Dealing  next  with  condensers,  he  said  that  several  diffe- 
rent types  had  been  put  on  the  market  in  recent  years.  These 
different  types  had  become  necessary  owing  to  the  demand 
of  the  turbine  for  superior  vacuum.  It  had  now  been  found 
possible  to  design  a  condenser  so  that  the  section  of  it's  effec- 
tive body  was  of  the  shape  of  an  isosceles  triangle.  One  very- 
successful  condenser  of  this  type  was  on  the  triangular  prin- 
ciple, but  was  arranged  in  the  usual  circular  body  so  that  the 
triangle  was  cut  up  into  three  portions.  This  might  have 
some  slight  disadvantage  owing  to  the  change  in  direction  of 
the  steam  in  going  from  one  section  to  the  other.  The  par- 
ticular advantage  which  this  condenser  offered  was  that  witli  a 
first  cost  little  more  than  for  a  simple  condenser,  it  allowed 
of  the  condensed  water  being  withdrawn  at  a  temperature 
within  a  few  degrees  of  the  exhaust  steam  entering.  Con- 
densers were  working  showing  a  difference  between  the  two 
temperatures  of  only  3°  Fah. ,  while  producing  a  vacuum  of 
about  l*25in.  to  lin.  mercury  of  absolute  pressure.  With 
the  simple  type  of  condenser  the  same  vacuum  could  be 
obtained,  but  the  condensed  water  was  of  a  temperature  from 
20°  to  30。  lower  than  that  of  the  exhaust  steam  entering. 

The  centrifugal  pump  was  being  applied  to  work  that  a 
few  years  ago  would  have  seemed  impossible,  and  it  seemed 
certain  that  for  nearly  all  purposes  it  would,  in  the  author's 
opinion,  displace  the  ram  pump.  The  efficiency  of  the  modern 
centrifugal  pump  was  very  high,  the  maintenance  charges 
were  low,  and  the  reliability  was  considerable.  The  main 
reason  for  this  was  that  the  centrifugal  pump  took  its  water 
in  a  manner  that  was  almost  entirely  free  from  shock.  Cen- 


trifugal ])iini])?.  were  now  being  applied  to  a  very  nnicli  more 
difficult  (*lass  of  work,  namely,  that  of  extracting  the  con- 
densed water  from  condensers  operating  under  high  vacuum. 
A  very  short  time  ago  this  would  h;ive  been  considered  quite 
impossible.  A  still  later  (level(jj)iiient  of  the  centrifugal 
piunp  was  the  rotary  air  pump.  Owing  to  its  special  design 
of  impeller  and  casing,  it  could  build  up  a  vacuum  and  give 
better  all-roiuul  results  than  the  old-fashioned  plunt^er  puuip. 
This  rotary  type  of  air  pump  could  be  made  of  generous 
capacity  for  its  work  and  yet  occupy  a  small  space.  Cen- 
trifugal pumps  had  also  for  some  years  been  used  for  pumping 
tlie  feed  water  into  boilers,  and  for  this  work  it  was,  lie  con- 
sidered, difficult  to  imagine  a  better  type. 

Referring  to  the  steam  generating  portion  of  a  power 
station,  he  remarked  that  although  alterations  had  been  made 
in  tlie  design  of  boilers  in  recent  years,  no  great  increase  in 
economy  had  been  effected .  Calculations  readily  showed  the 
reason  for  this,  and  did  not  hold  out  much  hope  of  further 
improvement  over  what  had  already  been  obtained.  It  was 
true  that  further  proposals  had  been  made  to  work  a  boiler 
with  high  speed  of  gases,  by  ineans  of  which  the  flue  tem- 
perature was  reduced  below  212。  Fah.，  thus  utilising  the  latent 
heat  of  the  steam  in  tlie  gases.  One  of  the  greatest  troubles 
with  boiler  operation  to-day  was  the  same  as  it  was  50  years 
ago,  namely,  that  of  admitting  just  tlie  right  quantity  of  air 
to  the  fuel  to  allow  of  complete  combustion  taking  place. 
For  general  all-round  work  a  boiler  with  straight  tubes 
undoubtedly  gave  the  least  trouble,  and  the  boiler  with 
straight  tubes  that  were  nearly  vertical  must  surely  be  the 
best  for  all-round  purposes.  With  the  best  of  boiler  arrange- 
ments and  feed-water  filters,  a  considerable  amount  of  mud 
was  found  in  the  water  as  a  result  of  the  completion  of  the 
water-softening  taking  place  in  the  boiler.  With  straight 
vertical  tubes  this  mud  had  a  chance  of  slipping  into  die 
bottom  drum,  which  should  be  of  fairly  large  capacity .  Tlie 
other  great  advantage  with  a  vertical  tube  was  that  it  did  not 
offer  a  surface  that  soot  could  readily  cling  to.  The  gas  path 
among  the  tubes  could  be  so  arranged  that  the  gas  tempera- 
ture was  reduced  to  an  equally  low  value  with  any  type  of 
boiler.  This  type  of  boiler  called  for  a  number  of  drums  into 
which  the  tubes  were  expanded  directly,  and  this  arrangement 
had  much  fewer  joints  to  make  and  keep  tight  tlian  most 
of  the  various  horizontal  tube  boilers.  This  made  iHS])ectioii 
a  comparatively  simple  job.  A  straight-tube  boiler  had  a 
considerable  advantage  over  a  bent-tube  boiler  of  almost  any 
make.  For  replacement  a  comparatively  small  stock  of  tubes 
was  needed,  and  further,  all  straight-tube  boilers  usually  had 
tubes  of  tlie  same  diameter  and  length,  whereas  with  bent- 
tube  boilers  an  almost  equal  number  of  each  type  of  tube 
need  to  be  kept  in  stock,  some  boilers  liavitie;  as  many  as  20 
different  types  of  tubes. 

An  important  advance  in  boiler  work  had  been  made  with 
economisers,  and  with  an  economiser  of  ample  size  it  was  now 
possible  to  obtain  overall  boiler  and  economiser  efficiencies 
as  high  as  85  per  cent.  Close  attention  to  economisers  was 
well  repaid  in  prolonging  the  life  of  the  metal,  as  well  as  in 
keeping  the  economiser  casing  airtight.  By  looking  after 
air  leaks  on  a  boiler  and  economiser  combined  in  regular 
commercial  service  it  was  possible  to  reduce  heat  losses  going 
up  the  chimney  to  about  10  per  cent.,  whereas  a  neglect  of 
precautions  would  allow  these  losses  to  rise  to  as  much  as 
30  per  cent. 

New  stoker  gear  was  continually  being  put  on  the  market 
with  improvements  made  to  meet  varying  conditions.  There 
appeared  to  be  very  few  stokers  on  the  market  that  would 
burn  any  class  of  coal  under  varying  conditions  with  equal 
efficiency.  Some  coals  burnt  quite  readily  without  furnace 
arches  at  all  ；  others  required  short  arches  with  air  admitted 
between  the  coal  and  the  arch,  and  others,  again,  required 
specially  long  arches  and  would  not  bear  any  extra  air  over 
the  fuel  bed .  Therefore  each  coal  required  a  set  of  conditions 
which  would  be  settled  by  its  particular  requirements.  Fur- 
nace linings  liad  always  given  a  considerable  amount  of 
trouble,  and  it  was  still  a  very  difficult  matter  to  find  the 
firebrick  that  would  withstand  satisfactorily  the  high  tem- 
peratures desired  for  liigh-efficiency  working.  Many  manu- 
facturers of  first-class  firebrick?  would  not  guarantee  their 
firebricks  to  withstand  a  working  temperature  of  3,200°  Fah.， 
and  very  few  bricks  itideed  would  witlist luid  a  temperature 
of  3,500"  Fall. 
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SUPEI<HEATER  FOR  LOCOMOTIVE  AND  MARINE  BOILERS. 

The  accompanying  illustrations  show  a  design  of  superheater 
for  locomotive,  marine,  and  other  similar  boilers,  the  joint 
invention  of  Mr.  E.  S.  Luard  and  Mr.  John  G.  Robinson, 
Boothdale,  Fairfield,  Manchester.  The  steam  superheating 
pipes  B,  four  of  which  form  an  element  and  extend  into  each 
of  the  enlarged  smoke  tubes  A，  are  provided  with  return 
bends  at  their  ends.  The  ends  of  the  superheater  pipes  B， 
which  project  into  the  smokebox,  are  bent  upwardly  to  the 
header  C.  D  and  E  indicate,  respectively,  the  saturated 
steam  inlet  end  and  the  superheated  steam  outlet  end  of  each 
superheater  element.  The  header  C  is  formed  with  saturated 
steam  compartments  F,  G，  and  H，  and  with  superheated 
steam  compartments  or  chambers  J,  K，  L,  and  M，  these 


central  saturated  steam  compart  meiit  F  of  the  header 
til  rough  the  pipe  T,  and  also  enters  the  saturated  steam  com- 
partments G  and  H  tliiougli  the  passages  N  in  the  header. 
The  saturated  steam  tlieu  passes  through  each  of  the  super- 
heater pipe  ends  D  into  and  circulates  through  the  horizontal 
portions  of  each  superheater  element  or  pipe  B，  the  highly 
superheated  steam  leaving  the  elements  and  passing  into  the 
superheated  steam  compartments  ，J，  K  and  L,  M  of  the 
header  through  the  superheated  steam  outlet  ends  E  of  the 
superheater  pipes,  the  superheated  steam  passing  out  of  the 
header  through  the  end  compartments  J,  M  into  the  main 
steam  pipes  to  the  valve  chests  of  the  engine.  Owing  to  the 
provision  of  the  short  cross  tubes  P,  any  reduction  in  tempe- 
rature of  the  superheated  steam  in  the  superheated  steam 
compartments  of  tlie  header ― due  to  the  walls  of  compart - 
iiients  being  contiguous  to  or  forming  also  the  walls  of  the 


several  -  compartments  being  arranged  side  by 
side  and  transversely  of  the  header  so  that  the 
saturated  and  superheated  steam  compartments 
alternate  in  the  header.  The  two  end  or  outer 
saturated  steam  compartments  G  and  H  of  the 
header  are  formed  in  the  upper  part  of  the  header 
and  at  a  higher  level  than  the  remaining  steam 
compartments  of  the  header,  these  compart- 
ments G  and  H  being  connected  to  the  central 
saturated  steam  compartment  F  and  also  to  each 
other  by  means  of  passages  N  formed  in  the 
upper  part  of  the  header  and  exteridiug  across 
the  tops  of  the  superheated  steam  compartments 
K  and  L. 

The  superheated  steam  compartments  J  and 
K  and  the  superheated  steam  compartments  L 
and  M  are  connected  by  short  transverse  tubes  P. 
In  the  top  of  the  header  C  there  are  provided  a 
number  of  holes  which  are  opposite  to  the  holes 
in  the  bottom  tube  plate  of  the  header,  so  that 
the  tube  expanding  mandril  can  be  introduced  into  the  header 
through  the  top  holes.  Screwed  plugs  are  provided  for  clos- 
ing the  holes  in  the  ton  of  the  header.  R  is  the  removable 
cover  of  the  header  which  when  placed  on  the  front  of  the 
header  closes  the  open  front  ends  of  all  tlie  steam  compart- 
ments in  the  header  with  the  exception  of  the  end  super- 
heated steam  compartments  J  M，  to  wliich  latter  compart  - 
inenis  are  connerted  the  main  steam  pipes  S  to  the  cylinder 
valve  chests  of  the  engine.  Saturated  steam  from  the  steam 
dome  or  source  of  supply  passes  to  the  superheater  header  V 
through  the  pipe  T.  Screwed  plugs  are  inserted  in  screwed 
holes  in  the  end  walls  of  the  header  and  in  alignment  with 
the  outer  ends  of  the  small  cross  tubes  P,  through  which 
holes  a  tube  expanding  mandril  may  be  introduced  for  the 
purpose  of  expanding  the  outer  ends  of  tlie  cross  tubes  in  the 
header. 

With  the  sunerheater  in  action  snliirated  steam  enters  the 


SUPEBHEATER,  FOB  LOCOMOTIVE  AND   MaUINK  HoILKRS. 

saturated  steam  compart inents is  compensated  or  more  than 
compensated  by  the  hot  ijases  issuing  from  the  smoke  or  fire 
tubes  of  the  boiler  acting  upon  the  small  cross  tubes,  thus 
rendering  the  superheater  highly  efficient.  The  provision  of 
the  removable  cover  R  on  the  header  provides  for  easy  access 
to  the  steam  coninartiiients  of  the  header,  and  not  only 
enables  the  interior  of  the  header  to  be  readily  inspected,  but 
also  enables  the  suoerheater  pine  ends  to  be  easily  ami 
quickly  secured  in  tlie  header,  aud  also  enables  tlie  pipes  to 
be  easily  and  quickly  withdrawn  from  tlie  header  whenever  it 
becomes  necessary  to  do  so.  By  disi'oiui**ctiiig  the  steai"  pipe 
flanges  and  steam  pipes  S  from  tlie  header,  access  is  obtained 
to  the  end  superheated  steam  compartments  J  and  M.  A 
damper  box  with  damper  (which  may  be  of  the  louvre  plate 
or  otiier  suitable  kind)  is  mounted  in  tlie  smokebox.  so  as  to 
enrlose  the  bent  ends  D,  £  of  f lio  sunerheater  elements  or 
pipes  B. 
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AUXILIARY  MACHINERY  FOR  INTERNAL-COMBUSTION 
ENGINED  VESSELS  * 

liY    W.   K.  (TMMINS. 

The  past  year  lias  seen  several  important  developments  in 
marine  oil  engines  of  considerable  power.  All  the  larger  and 
more  important  work  has  been  designed  by  our  competitors 
on  the  other  side  of  the  German  Ocean.  British  'ms 
appear  to  be  sitting  on  the  fence  waiting  to  see  how  .ese 
experiments  will  turn  out.  It  is  to  be  hoped  they  wi)  not 
sit  there  too  long,  and  that  when  they  do  get  down  o  the 
other  side  they  will  profit  by  the  experience  of  their  rivals 
and  be  able  to  go  one  better. 

The  auxiliary  machinery  on  board  a  modern  vessel  is  of 
such  varied  character  and  has  to  fulfil  so  many  different 
conditions  that  the  problem,  of  applying  a  suitable  motive 
power  is  of  some  difficulty.  It  is  of  course  desirable,  if  not 
necessary,  that  the  same  motive  power  should  be  used 
throughout  the  ship.  In  the  case  of  steam,  with  its  great 
flexibility,  very  few  difficulties  are  met  in  adapting  it  to  drive 
the  various  types  of  macliinery,  or  perhaps  it  would  be  】riore 
correct  to  say  that  any  difficulties  which  arose  in  the  past 
have  been  overcome  long  since. 

It  will  be  useful  at  this  stage  to  give  a  list  of  all  the 
auxiliary  machinery  required  for,  say,  a  moderate-sized  liner, 
carrying  passengers.  (1)  Starting  engine  ；  (2)  jacket  water 
circulation  pump  ；  (3)  oil  service  pumps  where  oil  fuel  is 
used  ；  (4)  gas  cooling  pumps  where  producer  gas  is  used  ； 
(5)  gas  sci'ubbing  pumps  or  gear  (if  necessary)  ；  (6)  producer 
water  pump  ;  (7)  bilge  pumps  ；  (8)  ballast  pumps  ；  (9)  sani- 
tary pumps  ；  (10)  fire  pumps  ；  (11)  hydraulic  pumps  for 
water-tight  doors  ；  (12)  fresh  water  pumps  ；  (13)  electric 
light  dynamos  ；  (14)  steering  engine  ；  (15)  deck  winches  and 
hoists;  (16)  windlass  ；  (17)  ventilating  fans  ；  (18)  refrige- 
rating engine  ；  (19)  siren  and  whistle  ；  (20)  fresh-water  dis- 
tiller. 

In  addition  to  the  above,  a  certain  amount  of  heat  is 
required  for  heating  and  cooking  purposes,  and  also  a  certain 
amount  of  power  for  small  labour-saving  machinery.  We 
will  first  consider,  as  seems  most  natural,  the  starting  engine, 
and  it  will  be  taken  for  granted  that  the  main  engines  will 
be  coupled  direct  to  the  propeller  shafting  without  the 
intervention  of  clutches  of  any  kind,  mechanical,  electric,  or 
hydraulic.  Recent  practice  appears  to  favour  this  direct 
coupling  for  engines  of  any  but  the  smallest  size.  Some  type 
of  clutch  is  useful  for  motor  boats  and  other  small  craft  to 
allow  of  hand  starting. 

There  are  two  methods  of  applying  a  starting  force  to  the 
crank  shaft,  the  fir  si  being  to  utilise  the  power  cylinders 
themselves,  air  or  gas  under  pressure  being  distributed  by  tlie 
ordinary  or  special  valves.  In  the  second  method  the  starting 
engine  mav  be  coupled  to  the  engine  shafting,  meclianically, 
liydraulically,  or  electrically  during  the  manoeuvring  periods. 
The  first  system  is  most  in  favour  at  the  present  time. 

A  great  many  complicated  contrivances  have  been 
designed  to  make  the  4 -stroke  engine  to  reverse  and  to  start 
in  either  direction,  biii  as  the  4 -stroke  engine  for  marine 
purposes  is  dying  a  natural  death,  there  is  no  need  to  go 
further  into  these  schemes.  In  the  case  of  2 -stroke  engines 
the  problem  is  simplified,  as  the  outlet  of  the  starting  air 
from  the  cylinder  takes  place  through  the  exhaust  ports,  and 
only  the  air  inlet  has  to  be  provided  for. 

It  is  usual  to  work  the  air  inlet  valves  from  a  cam  shaft, 
with  one  set  of  cams  arranged  for  ahead  and  another  set  for 
astern  gear,  the  cam  shaft  being"  moved  longitudinally  to 
bring  either  set  of  cams  to  operate  the  valve  spindles.  This 
arrangement  involves  lifting  the  valve  spindles  or  lowering 
the  cam  shaft  before  it  is  moved  longitudinally.  The 
arrangement  adopted  by  the  M.A.N,  in  their  Diesel  engines 
is  preferable  in  that  they  use  two  starting  valves  to  each 
cylinder,  one  for  ahead  and  the  other  for  astern .  The  cam 
shaft  has  two  sets  of  cams,  either  of  which  is  made  to  operate 
the  valves  by  the  insertion  of  a  finger- piece  between  the  cam 
and  the  valve  spindle.  This  system  involves  two  starting 
valves  in  the  cylinder  head  in  addition  to  the  inlet  valve,  thus 
adding  to  the  risk  of  leakage,  and  it  must  always  be  remem- 
bered that  leaky  valves  in  a  Diesel  engine  mean  disablement. 

*  Paper  read  before  the  Institute  of  Marine  Engineers,  January  15th.  1912. 


There  are,  generally  speaking,  many  disadvantages  in  using 
t  he  power  cylinder  as  a  starting  cylinfler,  as  wliile  it  is 
employed  in  starting  it  cannot  undertake  its  normal  func- 
tions. Ill  addition  to  this,  in  2-stroke  engines  the  exhaust 
ports  ooen  at  about  85  per  cent,  of  the  stroke,  so  that  the  last 
15  per  cent,  of  the  stroke  is  not  available  for  starting.  In 
the  system  patented  by  the  writer  the  bottom  end  of  tlie 
power  cylinder  is  closed  and  used  as  a  scavenging  and  cushion- 
ing cylinder.  The  starting  air  is  admitted  to  this  bottom  end 
of  the  cylinder,  thus  leaving  tlie  top  end  of  the  cylinder  free 
to  take  up  its  normal  functions  immediately  the  engines  are 
started  up. 

The  second  system  of  starting  has  not  been  used  up  to  tlie 
present.  So  far  as  the  writer  is  aware,  it  is  a  development 
of  the  system  as  used  for  starting  up  tlie  engines  of  motor-cars 
and  motor-boats,  with  the  difference  that  engine  or  other 
power  is  used  instead  of  hand  power.  The  starting  motor 
would  be  geared  by  chain  or  spur  gearing  to  a  friction  clutch 
on  the  main  engine  shaft,  this  clutch  being  in  gear  only  when 
manoeuvring.  The  starting  motor  would  be  reversing  and 
able  to  start  from  any  position.  It  might  be  worked : 
(1)  pneumatically  ；  (2)  liydraulically  ；  (3)  electrically. 

Passing  on  to  the  various  pumps  as  given  in  the  list  of 
auxiliaries,  with  the  exception  of  the  hydraulic  pumps  for  the 
water-tight  doors  and  the  fire  pumps,  all  deliver  at  a  compara- 
tively small  head.    For  tliis  duty  electrically  driven,  direct 


Fig.  1. 

coupled,  single  stage  centrifugal  pumps  will  be  far  an<l  away 
the  most  efficient  combination.  Centrifugal  pumps  have  been 
greatly  improved  of  late  years  as  regards  their  liyd raulic 
efficiency.  Their  extreme  simplicity,  freedom  from  break- 
down and  small  upkeep  cost  make  them  ideal  pumps  for  the 
various  water-lifting  and  circulating  duties  required  on  board . 
It  may  be  mentioned  here  that  the  electric  motor  ami  tlie 
centrifugal  pump  suit  each  other  as  regards  speed,  and  that 
no  damage  can  be  done  to  the  motor  or  the  pump  even  if  the 
discharge  valve  be  closed  when  the  piim p  is  going  full  bore, 
and,  further,  no  escape  valves  are  required.  Another  point 
in  favour  of  the  electrical  drive  is  that  the  amount  of  current 
taken  by  the  motor  adjusts  itself  to  tlie  duty  being  done  by 
tlie  pump. 

The  hydraulic  pumps  for  the  water-tight  doors  might 
quite  easily  be  driven  by  electric  motor  and  gearing,  or  on  the 
other  hand  would  work  just  as  well  with  compressed  air  as 
with  steam.  The  fire  pumps  could  be  of  the  centrifugal 
multi-stage  type,  driven  direct  by  electric  motor.  These 
multi-stage  pumps  liave  been  developed  in  recent  years  by 
continental  makers  and  are  highly  efficient. 

Coming  to  the  ventilating  fans,  of  which  a  large  number 
are  required  in  the  passenger  accommodation,  besides  those 
in  the  machinery  space,  the  electric  drive  is  also  in  this  case 
the  most  economical  and  suitable  in  every  respect. 

So  far  it  lias  been  easy  going,  and  we  now  come  to  the 
steering  engine,  which  presents  a  knotty  problem.  The 
present-day  steam  steeriner  engine,  tlie  result  of  many  years* 
experience,  is  a  very  reliable  piece  of  machinery,  and  deals 
successfully  witli  the  heavy  and  variable  stresses  which  come 
on  the  gear  in  a  seaway.  They  are,  however,  not  economical 
machines,  and  the  friction  of  the  usual  slow  pitch  worm  added 
to  that  of  the  thrust  collars  gives  a  low  mechanical  efficiency. 
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This,  combined  with  the  leak  past  the  control  valve,  makes 
til  em  rather  extravagant  in  steam  consumption.  An  easy 
solution  of  the  probleni  would  be  to  use  compressed  air  in 
place  of  steam ,  thus  utilising  the  present  standard  engines. 

It  is  a  sign  of  ilie  times  that  many  engineering  firms  who 
make  a  speciality  of  ship's  auxiliary  niacliiiiery  are  now  devot- 
ing their  attention  to  electrical  and  hydraulic  driving. 
Through  tlie  courtesy  of  Mr.  B.  P.  Haigh,  the  writer  is 


Fig.  2. 

enabled  to  describe  an  electrical  steering  engine  of  Mr. 
Haigh's  design  (Figs.  1  and  2).  The  experimental  gear  was 
made  by  Messrs.  Brown  Bros.  &  Co. 

The  motor  runs  continuously  in  one  direction  only,  and 
there  is  a  magnetic  clutch  at  each  end  of  the  armature 
spindle,  the  engagement  of  one  dutch  giving  port  helm  and 
the  engagement  of  the  other  starboard  lielin.  The  motion  of 
either  clutch  is  transmitted  through  suitable  gear  to  a  worm 
shaft  having  two  worms  engaging  wheels  so  arranged  that  the 
worm  thrusts  balance  one  another.  The  worm  wheel  shafts 
carry  pinions  which  engage  with  a  quadrant  rack  connected 
to  the  rudder  head  in  the  usual  manner  by  two  connecting 
rods. 

One  of  the  chief  points  to  be  guarded  against  in  electrical 
drives  is  that  of  overloading  the  motor.  If  tlie  steam  engine 
of  a  steam  steering  gear  were  to  get  out  of  control  and  put 
the  rudder  up  against  the  stops,  or  if  a  heavy  sea  struck  the 
rudder,  the  engine  would  just  pull  up,  no  damage  would  be 
done,  and  the  engine  would  start  up  again  when  the  excessive 
load  was  removed.  In  the  case  of  a  motor,  if  it  were  pulled 
up  dead  it  would  burn  out  if  no  overload  cut  out  were  pro- 
vided. In  Mr.  Haigh's  gear  any  ordinary  excess  load  would 
be  eased  by  the  slipping  of  the  clutch,  and  any  extraordinary 
excess  current  is  arranged  to  break  the  circuit  of  the  magnetic 
clutcli,  the  circuit  being  again  completed  when  the  excessive 
load  is  removed. 

Messrs.  Clarke,  Chapman,  &  Co.，  of  Gateshead,  manu- 
facture another  type  of  electric  steering  gear  of  which  the 
writer  is  enabled  by  their  courtesy  to  give  the  following 
particulars.  The  motor  is  of  the  reversing  type,  and  runs  in 
one  direction  for  port  helm  and  in  the  other  for  starboard 
helm.  The  steering  wheel  works  the  control  gear  starting  the 
motor,  and  tlie  usual  "  hunting  ''  gear  st ons  the  motor  when 
the  helm  lias  answered  the  moveinejit  of  the  steering  wheel. 
On  this  gear  an  overload  cut  out  will  be  required  to  deal  with 
excessive  rudder  resistance,  which  will  entail  the  stoppage  of 
the  motor  until  the  cut  out  is  mit  in  again. 

Messrs.  Brown  】3ros.  &  Co.  are  now  perfecting  a  combined 
electric  and  hydraulic  steering  gear.  The  electric  motor  runs 
continuously  and  operates  two  crank  shafts,  -vhirh  in  their 
turn  work  ram  pumps  which  (lis('li;u'ge  into  iiydraulic  cylin- 
ders controlling  the  position  of  the  tiller.  The  novelty  of  the 
gear  consists  in  the  arrangement  by  wliirh  the  two  crank 
shafts,  although  always  coupled  toilet licr.  mav  be  put  into 
different  phase  with  one  ？ mother.  By  tliis  means  the  ran* 
pimips  worked  by  the  crank  shaft  may  work  one  a^aiiist  the 
other,  each  pump  on  its  suction  stroke  taking  ns  neighbour's 
discharge,  in  which  case  no  puinpiiig  art  ion  takes  nlaoe.  The 
phase  of  the  crank  shafts  mav  also  he  arranired  tliat  tlu>  ram 
pumps  assist  each  otiier.  eat'h  contributing  its  full  out  nut,  in 
、vhidi  rase  the  pumping  action  is  at  its  maxinuiiu.  Any 


intermediate  output  can  be  obtained  by  altering  tlie  phase  of 
the  crank  shafts. 

Another  combined  electric  and  hydraulic  gear  is  that 
invented  by  Dr.  Hele-Shaw  and  Mr.  Leigli  Martineau. 
Through  the  courtesy  of  Messrs.  John  Hastie  &  Co.，  of 
Greenock,  I  am  able  to  illustrate  this  gear  (Fig.  3).  It  will 
be  seen  that  the  novelty  in  this  gear  consists  in  the  variable 
output  of  the  rotary  pump  wliicli  is  efferted  by  tlie  movement 

of  the  pump  case.  Not  only  is  the 
pump  output  varied  by  this  move- 
ment, but  the  pump  suction  and 
discbarge  are  also  reversed  so  that 
the  pump  can  be  connected  direct- 
ly to  the  two  hydraulic  cylinders 
controlling  the  tiller  without  any 
immediate  mechanism. 

The   windlass   presents  some- 
what similar  difficulties  as  regards 
driving  as  the  steering  gear.  It 
must  have  brute  force,  but  does 
not  require  delicate  control  like 
the  steering  gear.  Compressed 
air  would  be  a  satisfactory  way  of 
working  it,  as  it  、vould  have  all  the 
flexibility  and  reliability  of  steam. 
Messrs.    Clarke,   Chapman,  and 
Co.    also    make    an  electrical 
windlass,  in  which  a  worm  drive  is  employed,  which  will  to  a 
great  extent  protect  the  motor  from  undue  loads,  but  in 
addition  to  this  the  usual  overload  cut  out  is  fitted. 

The  cargo  winches  and  cranes  may  be  worked  by  com- 
pressed air  or  electrically.  As  an  alternative  the  cargo  could 
be  worked  by  hydraulic  power.  Hyd raid icallv-d riven  cargo 
hoists  have  many  advantages,  the  chief  being  t  heir  noiseless- 
ness  and  small  upkeep  cost. 

There  is,  of  course,  no  difficulty  about  the  electric  light 
dynamo.  It  would  be  coupled  direct  to  a  high- speed  oil  or 
gas  engine,  as  the  case  might  be.  The  pumps  and  ventilating 
fans  would  all  be  driven  by  this  same  dynamo.  The  refrige- 
rating engine  could  be  driven  electrically  or  by  compressed 
air,  but  in  the  case  of  a  vessel  carrying  frozen  cargoes,  a 
separate  plant  would  be  required,  the  coniDressors  being 
direct  coupled  to  oil  or  gas  engines. 

The  siren  and  whistle  could  be  worked  by  <-onipressed  air, 
which  would  be  cleaner  ami  more  convenient  than  steam,  as 
there  would  be  no  trouble  from  condensation.  The  fresh 
water  distiller  presents  no  difficulties,  as  there  is  plenty  of 


Fig.  3. 


waste  heat  available  in  the  exiiaust,  which  would  also  supply 
any  heating  required  in  the  passenger  acromniodation. 

We  have  now  gone  tliroii^li  all  the  auxiliary  niaclnnerv  in 
detail,  and  it,  、vili  have  been  seen  that  either  of  the  three 
systems  of  power  transmission,  electricity,  compressed 

air,  or  water  under  pressure,  could  be  used  to  operate  the 
auxiliary  machinery,  and  we  can  now  consider  each  system 
on  its  merits,  taki"^^  into  account  tlie  factors  of  ：  (1)  Reliabi- 
lity ； (12)  efficieiH'v  as  a  power  transmission  svstoin  :  (3、  flexi- 
bility : (4)  adaptability  for  power  storage. 

At  tlie  same  "me  it  is  important  to  keep  in  view  the 
desirability  of  liaving^  one  system  only  if  at  all  possible.  As 
electrir  liglit  is  one  of  the  necessities  of  the  case  elect ricitv 
will  he  dealt  with  first.  As  regards  reliability,  the  present- 
da'v  electrical  machinerv  as  manufactured  bv  responsible  firms 
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is  quite  reliable  and  suitable  for  use  on  board  ship.  As  a 
power  transmission  system  electricity  is  very  efficient,  good 
motors  and  dynamos  liaving  efficiencies  up  to  90  per  cent,  and 
over.  The  line  losses  for  the  comparatively  short  leads  on 
board  ship  are  trifling.  One  of  the  great  advantages  of 
electric  transmission  is  the  fact  that  the  motor  takes  just  as 
much  current  from  the  line  as  is  required  from  the  work  to  be 
done,  so  that  good  efficiencies  are  obtained  at 】ow  loads.  No 
precautions  are  necessary  to  provide  against  frost,  and  the 
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wiring  can  led  through  places  where  pipework  would  not 
be  permissible.  We  can  say,  therefore,  that  an  electrical 
transmission  system  would  have  aii  over-all  efficiency  of  about 
75  per  cent,  at  full  load,  reckoning  from  the  brake  horse- 
power of  the  auxiliary  driving  engine  to  the  brake  horse- 
power of  the  driven  motor. 

Two  systems  could  be  used  for  the  electrical  starting  of  the 
main  engines.  In  the  first,  a  reversing  motor  could  be  geared 
by  chain  or  spur  gearing  to  a  friction  clutoli  on  the  main 
shafting.  1  he  starting  switdi  of  the  motor  would 
operated  along  with  the  clutch  gear,  and  so  arranged  that  the 
motor  would  get  a  flying  start  before  the  friction  clutch  came 
into  gear.  On  the  second  system,  the  armature  of  the  start- 
ing motor  would  be  mounted  direct  on  the  shaft,  and  no 
friction  clutch  would  be  required.  The  winding  of  the  motor 
would  be  arranged  to  give  a  large  starting  torque,  and  the 
commutator  brushes  would  be  raised  clear  when  manoeuvring 
was  completed.  The  disadvantages  of  this  system  would  be 
the  large  size  and  expense  of  a  motor  to  give  the  necessary 
starting  torque. 

Direct  current  would  probably  be  the  most  satisfactory  for 
the  purpose,  but  perhaps  some  of  our  electrical  expert 
members  could  say  whether  the  more  robust  alternating  motor 
could  be  applied.  Tliife  system  would  pennit  of  all  the  auxi- 
liary work  being  done  electrically.  The  only  practical 
method  of  storage  would  be  by  accumulators,  which  are 
expensive  and  unsatisfactory  for  ship  use. 

Coming  next  to  the  compressed  air  system,  there  would  be 
a  gas  or  oil  driven  air  compressor  delivering  to  a  storage 
receiver  for  use  when  manoeuvring.  The  compressed  air 
would  be  used  for  starting  the  main  engines  by  admission 
direct  to  the  power  cylinders  or  by  means  of  a  compressed  air 
reversing  motor  coupled  by  gearing  or  chain  to  a  clutch  on 
the  main  shaft.  The  winches  and  windlass  would  also  be 
worked  by  compressed  air,  but  the  steering  gear,  pumps,  fans, 
and  all  other  small  machinery  by  current  from  a  gas  or  oil 
driven  dynamo.  This  arrangement  would  lend  itself  to 
economical  working,  as  the  compressed  air  portion  would  only 
be  in  vise  when  in  port  and  manoeuvring,  and  the  electric 
portion  would  have  a  practically  constant  load.  The  com- 
pressed  air  would  be  quite  as  reliable  as  steam,  and  perfectly 
suitable  for  the  rough  work  of  the  winches  and  windlass. 

As  regards  efficiency  as  a  power  transmission  system,  tlie 
usual  inetliods  of  working  compressed  air  do  not  give  econo- 
inical  results  for  two  reasons,  viz.  :  (1)  The  air  is  not  coin- 
pressed  isothernially,  the  consequence  being  that  a  great  deal 
more  power  is  required  for  the  acliabatic,  or  nearly  adiabat-ic 
comprepsion  ；  and  (2)  the  compressed  air  cannot  be  used 
expansively  as  the  moisture  contained  in  it  freezes,  ami  tlie 
cylinders  and  valves  get  cut  up,  and  the  passages  choked  by 
the  ice  thus  formed.  If  the  air  after  being  adiabatically 
compressed  could  be  used  at  once  before  it  lost  any  of  its 
heat,  then  expansive  working  could  be  used  in  the  motor 
without  the  formation  of  ice,  but  in  practice  this  is  difficult 
to  attain,  as  tlie  compressor  cylinder  must  be  jacketed  for 


practical  reasons,  and  a  sufficient  lagging  of  the  piping-  to 
prevent  any  appreciable  loss  of  heat  would  be  very  exj)ensive. 
Two  methods  are  used  to  diminish  the  power  required  for  the 
compression  process.  In  the  first,  water  is  injef'tf，'，  into  tiie 
air  before  compression,  and  in  the  second,  tlie  compression  in 
effected  in  stages,  and  the  air  is  cooled  when  passing  from  the 
low  pressure  to  the  liigli  pressure  stage.  In  both  cases  tlie 
cylinders  are  provided  with  water  jackets,  which  have  of 
course  considerable  cooling  effect .  Tlie  heat  ing  of  the  colrl 
compressed  air  before  being  used  in  the  cylinders  of  the  motor 
is  also  practised,  an  example  of  which  is  afforded  by  torpedo 
work,  where  petrol  is  used  to  give  the  necessary  heat.  A 
marked  increase  of  economy  has  been  attained  by  this  process. 

In  a  gas  or  oil  driven  compressor  there  is  a  certain  amount 
of  heat  available  in  the  exhaust  wliirh  can  be  transferred  to 
the  compressed  air.  The  writer's  suggestion  is  to  use  water 
iiijectioTi  ill  tlie  water-jacketed  cyliiiclers  of  the  compressor  in 
order  to  get  as  nearly  isothermal  coinpressioii  as  possible,  and 
then  pass  the  compressed  air  through  a  coil  heated  by  the 
exhaust  gases.  As  the  compressed  air  pressure  need  not  be 
inore  than  about  lOOlbs.  per  square  incli,  it  is  proposed  to 
us 3  single  stage  compression  for  tlie  sake  of  simplicity.  To 
get  an  idea  of  the  overall  efficiency  to  be  expected,  it  will  be 
convenient  to  take  a  numerical  exanmle, 

A  B  C  D  (Fig.  4)  represents  the  theoretical  diagram  for 
adiabatic  compression,  vertical  ordinal  es  representing  pres- 
sures in  pounds  per  square  foot,  and  horizontal  ordinates 
representing  volumes  in  cubic  feet.  Then  for  adiabatic  com- 
pression of  air  the  equation  to  th3  curve  A  B  ig  P  x 〜"" = Q 
A  E  C  D  is  the  theoretical  diagram  for  isothermal  compression, 
and  the  equation  to  the  curve  A  E  is  P  x  V  =  C.    The  volume 

of  lib.  air  at  70。  Fah.  is  ^-^^^^^=13-31   cub.  ft.  The 

temperature  at  B  on  the  end  of  adiabatic  compression  would  be 
530 

l4-7\  '29  =976''  Jibs,  and  the  volume  B  C  would  be 
120/ 

13-31  ' 
V>M  \  -71  -3-00  cub.  ft. 


14-7 


With  isothermal  rompression  the  temperature  at  E  will  b3 
530。  abs.  and  the  volume  E  C  will  be 


13.31  xl4-7 
120 


=  1-63  cub.  ft. 


The  work  done  in  compressing  the  air  adiabatically  from 

atmospheric  pressure  to  1201bs.  absolute  will  be 

p  V  _p  V 
;PiVi+ 丄 +4 丁  L'-  — P2V2  =  81，370ft.-lbs.， 

equivalent  to  105*4  B.T.U. 

The  work  done,  if  the  air  were  compresssd  isollic ntiallv, 
would  be 

P,V^(l  +  log.  E        -  P,V,  =  58,846ft..lbs., 

equivalent  to  76"2  B.T.U. 

The  adiabatic  compression,  it  'will  be  seen,  has  raised  the 


Fig.  5. 

of  the  air  145   Fah.,  entailing  extra  work  to  lli'^ 
tune  of  1"38  times  that  of  isothermal  c-ompression. 

The  most  convenient  met  hod  of  applying  the  injection 
water  for  cooling  the  air  during  compression  will  be  to  let  it 
first  circulate  through  the  jacket  and  then  be  passed  on  to  an 
atomiser  of  tlie  scent-spray  type  fixed  in  the  air  inlet  pipe. 
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It  will  be  assumed  that  each  pound  of  air  will  be  able  to 
carry  in  suspension  '1 51b.  of  water. 

Perfectly  isothermal  compression  is,  of  course,  impractic- 
able, and  it  will  be  assumed  that  the  iemperature  after  com- 
pression will  be  135°  Fah. 

The  extra  amount  of  heat  in  eacli  pound  of  air  over  and 
above  what  it  would  contain  if  isothermally  compressed  will 
be  (135-70)  X  '237  =  15-4  B.T.U. 

The  heat  developed  by  adiabatic  <'oinpression  is  105'4 
76-2  =  29*2  B.T.U. 

29*2-  15-4  =  13*8  B.T.U.  to  be  taken  up  by  the  water. 

•151b.  of  water  raised  from,  say,  50。  to  135°  will  take  up 
1275  B.T.U.,  and  the  balance  will  be  taken  up  by  extra  flow 
llirough  the  jacket. 

We  have,  therefore,  at  the  end  of  compression  lib.  of  air 
and  *151b.  water  at  135°  Fah. 

The  volume  of  the  air  at  135°  will  be 

1-63 丄 596-  1*8:3 
530 

We  can  determin©  the  curve  joining  A  and  F  roughly  from 
the  value  of  P  and  V  at  A  and  at  F,  from  which  we  get 


P,  V,  =  62,557ft.-lbs., 


Work  done  in  compressing  :- 
p  V  — p  V 

equivalent  to  8103  B.T.U. ，  which  is  only  10(3  times  the  work 
of  isothermal  compression. 

Kt.-lbK.  B.T.U. 

Adiabatic   compi'essiou      ―  81,343        …  105.40 
With    jacket   and  '151b. 

injected  =62,557       ...  81-03 

Isothermal  =58,846        ...  76*20 

We  can  now  proceed  to  calculate  what  heat  is  available 
from  the  exhaust,  and  how  much  of  it  can  be  utilised  for 
heating  the  air  before  it  is  put  to  do  work. 

In  modern  gas  and  oil  engines  of  the  total  heat  of  com- 
bustion of  the  gas  or  oil  as  delivered  to  the  engine,  about 
35  per  cent,  is  turned  into  work,  20  per  cent,  is  carried  away 
by  the  jacket  water,  and  about  35  per  cent,  by  the  exhaust, 
so  we  can  assume  tliat.  the  amount  of  heat  going  away  in  the 
exhaust  is  equal  to  the  amount  of  heat  turned  into  work. 

Ill  our  case  the  work  done  on  lib.  air  is  62, 577ft. -lbs., 
equivalent  to  81"03  B.T.U.  Witli  an  overall  efficiency  of 
85  per  cent.,  the  work  done  in  the  power  cylinder  will  be 
95  3  B.T.U. 

The  iemperaiure  of  the  compressed  air  is  135°  Fah"  and 
that  of  the  exhaust  will  be,  say,  500。  Fah. 

Assuming  that  the  exliausi  temperature  as  it  leaves  the 

500  -  **35 

heater  will  be  235。  Fah.,  we  shall  have  U5*3  x  " 


500 


=50 


B.T.I' 

lib.  air  raised  from  135」 tu  say  250^'  takes  30-2  B.T.I'. 
•151b.  water  ，，         ，，         ，，         ，，         ，，        17-2  B.T.U. 


47'4 


Total 

The  balaiu-e  will  allow  for  radiation  losses. 

We  can  now  proceed  wit  Ii  tlie  expansion  diagram. 
L,  M ，  N  (Fig.  5)  will   i-epresoiit  the 
the  air. 

The  volume  J  K  will  be 
'  1-83  X  696 


)rk  obtaiiu') 


.1,  K， 

from 


596 


=  2-13  cub.  ft. 


\\V  will  fix  the  temperature  at  end  ol"  t>xp;msi()ii  ;it 
r>()    Vi\\\.  to  prevent  any  chance  of  freezing. 
This  will  fix  the  ratio  of  expansion 
^2-45 


vi ② 

VA  HI 


fr(mi  \s  liicli  、  ..  ―  1  "5  1 


fruin  which  l\,  =  .IQ-Slbs. 


am    .]  K  L  M  X 


IS 


ami  1)2=  1*1  y 

The    work    done    as    per    the  dia^r; 
35, 968ft. -lbs.,  equivalent,  to  46*0  B.T.U.  ， 

We  have  tlms  expended  in  the  power  cvHiuUm'  Do  o  H-T.U. 
and  obtained  in  the  motor  cylinder  46*5  B.T.U.,  an  efficieiu'y 


of  about  48  per  cent.  This  efficiency  would  be  improved  if 
more  heat  were  available  for  lieating  the  air,  which  would 
be  the  case  if  other  auxiliaries  (such  as  the  electric  dyiiaino) 
were  being  run.  As  regards  storage  the  compressed  air 
system  has  many  advantages,  and  suitable  reservoirs  are 
cheap  to  manufacture,  and  are  not  very  bulky.  When  work - 
iug  the  winches  and  windlass  a  large  storage  of  power  would 
not  be  necessary,  as  the  auxiliary  engine  would  run  con- 
tinuously when  cargo  was  being  dealt  with .  The  engine 
would  also  be  kept  running  when  juaiioeuvring,  so  that  tlie 
receiver  capacity  need  only  be  sufficient  for  an  emergency 
manoeuvre. 

There  remains  the  purely  hydraulic  system  to  consider, 
but  as  this  is  so  very  inefficient  at  low  loads,  it  does  not 
appear  to  offer  any  advantages.  It  is,  however,  not  a  flexible 
system,  and  there  is  the  trouble  of  leading  heavy  pressure 
flow  and  return  pipes  in  exposed  positions  on  deck.  There 
would  also  be  difficulties  in  designing  a  suitable  reversing 
engine  to  do  the  manoeuvring,  and  tlie  storage  accumulator 
would  be  bulky  and  inconvenient. 


DETERMINING  SIZE  OF  SPIRAL  SPRINGS. 

A  METHOD  of  determining  the  size  of  spiral  springs  is  given 
by  H.  Al.  Siebeck  in  a  recent  issue  of  "  Zeits.  des  Vereines 
deutscher  Ingenieure,"  and  we  are  indebted  for  the  following 

Table  I, ― Diameter  of  Wire  and  number  of  Coils  in  Cylindrical 
and  Conical  Springs  with  rectangular  cross-section  of  Wire, 


The  Value  of  the  Greatest  Safe 
Load 尸 max  of  7  able    1  must  1". 
multiplied  by  the  Following  Num- 
bers c  for  Cylindrical  and  CoDical 
Springs 

The  Number  of  Coils  required 
n'w  witli  CoefTirient  of  Difirction 
L  nity  of  Tabic  1  must  be  multi- 
plied   by    tlir    Following  NuiD* 
bcrs  c 

— >i    J  H-  — 

»o- . 、文. - 

一 h 》 - 

k 



h  A'ariablo 
(/  constant 

h  variable 
d  constant 

For  Cylindrical 
SprioKS 

For  Coniral 
Spriosrs 

Roff*roncr 
Values  of  n 

1 

1 

1 

— — — — W  W  M 

- U     II     11     II     II     II  II 

—寸 l_  <r         00 寸 

1.13 

2.55 

3  47 

4  53 
7  07 

10.19 

1  41 

2.  ir» 
2.94 
3.73 
4.53 
6. 10 
7.64 

CO  M  IJ  M  9t  Ot 
(71  <J  —  00  O  CO  <J> 

t  ranslatioii  tu  the  Journal  of  the  Ainerican  Society  of 
Mechanical  Engineers.  The  efficiency  of  a  spring  depeuds  on 
its  greatest  safe  load  and  greatest  steady  deflection.  The 
natural  starting  point  for  the  computation  of  a  lielical  spring 
is  the  extension  diagram  (Fig.  1)  out  of  whidi  can  be  obtained  ： 
((/)  deflection  of  a  single  coil  in  millimetres;  (//)  greatest  safe 
load  P,  in  kilograms  which  approaches  more  or  less  the  greatest 
fe  steady  load  in  ai'cordance  with  the    variation    in  the 


sa 


number  of  deflections  per  unit  time  ；    (r)  initial   load  P、  in 
kilograms  which  may  be  equal  to  zero  or  even  negative. 
represents  therefore  tlie  actual  useful  load  on  tlie  spring,  and 
tlio  roenicient  of  dellection  of  the  spring'  /'  may  he  expressed  as 

k  =  p  !L  p,  (1) 

Therefore  /'  is  the  roiupression  or  extension  of  one  coil  of  tlie 
spring  ill  millimetres  for  change  of  useful  load  equal  to  1  kg. 
Practice  has  sliowii  tlie  extreme  importance  of  correct  choice 
of  the  coefficient  of  deflection  /'，  and  it  is  advisable  to  give 
the  deflection  diagrani  of  tlie  springs  on  drawings  of  machinery 
where  springs  are  used,  to  facilitate  their  test  and  installation 
at  t  he  shops. 

Tiio  raU'ulation  of  springs  is  cbnsiderahly  simplified  by  the 
introduction  of  a  certain  relation  between  the  mean  diameter 
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9 

10 

12 

14 

16 

18 

20 

22.5 

25 

27.5 

30 

35 

<0 

1.78 

1.60 

1.33 

1.14 

1.00 

0.889 

0,800 

0,711 

0.&40 

0  582 

0  533 

0  457 

0  400 

1.37 

1.00 

0,579 

0.364 

0.244 

0. 172 

0. 125 

0  088 

0.064 

0  048 

0.037 

0  023 

0  016 

4  00 

3  60 

3.00 

2  57 

2.25 

2  00 

1,80 

1  60 

1.44 

1  31 

1  20 

1  03 

'0  900 

2  06 

1  50 

0  869 

0  546 

0  366 

0.257 

0  188 

0.132 

0.096 

0  072 

0  056 

0.035 

0  023 

7.11 

6.40 

5  33 

4.57 

4  00 

3,56 

3  20 

2.84 

2.56 

2  33 

2.13 

1.83 

1  60 

2.74 

2  00 

1.16 

0.728 

0.488 

0  343 

0  250 

0  176 

0.128 

0  096 

0  074 

0  047 

0  031 

11. 1 

10  0 

8.33 

7.14 

6  25 

5  56 

5  00 

4.44 

4.00 

3.64 

3.33 

2.86 

2  50 

3.43 

2.50 

1.45 

0.910 

0  610 

0.429 

0  313 

0.220 

0. 160 

0  120 

0.093 

0.058 

0,039 

16.0 

14.4 

12.0 

10,3 

9.00 

8  00 

7.20 

6  40 

5.76 

5.24 

4.80 

4.11 

3,60 

4. 11 

3.00 

1.74 

1.09 

0.732 

0.515 

0  375 

0.263 

0.192 

0.144 

0.111 

0  070 

0,047 

21 .8 

19.6 

16.3 

14.0 

12  3 

10.9 

9.80 

8.71 

7.84 

7. 13 

6.53 

5  60 

4  90 

4.80 

3.50 

2.03 

1 .27 

0  854 

0.600 

0  438 

0.307 

0.224 

0.168 

0.130 

0.082 

0.055 

28.4 

25.6 

21.3 

18.3 

16  0 

14.2 

12.8 

LI. 4 

10  2 

9  31 

8.53 

7  31 

6.40 

5.48 

4.00 

3-/32 

1.46 

0.976 

0,686 

0  500 

0  351 

.0  256 

0.192 

0.148 

0  093 

0,062 

36.0 

32.4 

27.0 

23.1 

20.3 

18  0 

16.2 

14.4 

13  0 

118 

10  8 

9  26 

8.10 

6.17 

4  50 

2.60 

1.64 

1.10 

0.772 

0.563 

0  395 

0.288 

0  216 

0.167 

0.105 

0.070 

44.4 

40.0 

33.3 

28  6 

25.0 

22.2 

20.0 

17.8 

16  0 

14  5 

13.3 

11.4 

10.0 

6  85 

5.00 

2.90 

.1.82 

1.22 

0.858 

0  625 

0.439 

0.320 

0.240 

0.185 

0.117 

0.078 

53.8 

48.4 

40.3 

34.6 

30.3 

26  9 

24.2 

21,5 

19.4 

17.6 

16.1 

13.8 

12.1 

7.54 

5.50 

3.18 

2.00 

1.34 

0.943 

0  688 

0.473 

0.352 

0,265 

0.204 

0. 128 

0.086 

64.0 

57.6 

48.0 

41.1 

36.0 

32.0 

28  8 

25-6 

23  0 

20.9 

19  2 

Ifr.S 

14.4 

8  22 

6.00 

3.47 

2.18 

1.46 

1.03 

0.750 

0.527 

0  384 

0.289 

0.222 

0.140 

0.094 

75.1 

67.6 

56.3 

48.3 

42,3 

37.6 

33.8 

30  0 

27  0 

24.6 

22  5 

19.3 

16  9 

8.91 

6.50 

3.76 

2.37 

1.59 

1.11 

0.813 

0.571 

0.416 

0  313 

0  241 

0. 151 

0.101 

87.1 

78.4 

65.3 

56  0 

49.0 

43  6 

39  2 

34.8 

31.4 

28.5 

26  1 

22.4 

19  6 

9.59 

7.00 

4.05 

2  55 

1.71 

1.20 

0.875 

0  615 

0.448 

0.337 

0.259 

0.163 

0.100 

100 

90.0 

75.0 

64.3 

56  3 

50.0 

45  0 

40.0 

36.0 

32.7 

30.0 

25.7 

22.5 

10.3 

7.50 

4.34 

2.73 

1-83 

1.29 

0-938 

0  659 

0.480 

0.361 

0.278 

0.175 

0.117 

114 

102 

85.3 

73.1 

64  0 

56  9 

51  2 

45  5 

41.0 

37.2 

34  1 

29-3 

25  6 

11  0 

8  00 

4.63 

2  91 

1.95 

1.37 

1  00 

0,702 

0  512 

0  385 

0.296 

0.186 

0.125 

128 

116 

96  3 

82  6 

72.3 

64  2 

57,8 

51.4 

46  2 

42.0 

38.6 

33.0 

28.0 

11  6 

8  50 

4.92 

3  09 

2  07 

1  46 

1  06 

0  746 

0.544 

0.409 

0.315 

0.198 

0.133 

144 

130 

108 

92.6 

81  0 

72.0 

64.8 

57  6 

51.8 

47.1 

43  2 

37.0 

32.4 

12  3 

9.00 

5  21 

3.28 

2.20 

1.54 

1.13 

0.790 

0.576 

0.433 

0.333 

j  0.210 

0.140 

160 

144 

120 

103 

90.3 

80.2 

72.2 

64  2 

57.8 

52.5 

4B.1 

kl.3 

36.1 

13.0 

9  50 

5  50 

3.46 

2  32 

1.63 

1.19 

0.834 

0.608 

0.457 

0  352 

0.221 

0.148 

178 

160 

133 

114 

100 

88.9 

80.0 

71.1 

64.0 

58  2 

53.3 

45.7 

40.0 

13.7 

10.0 

5.79 

3  64 

2  44 

1.72 

1.25 

0.878 

0.640 

0.481 

0.370 

0.233 

0  156 

215 

194 

161 

138 

121 

108 

96.8 

86.0 

77.4 

70.4 

64  5 

55  3 

48.4 

15  1 

U.O 

6.37 

4.00 

2.68 

1  89 

1,38 

0  966 

0.704 

0.529 

0.407 

0.256 

0.172 

256 

230 

192 

165 

144 

128 

115 

102 

92.2 

83.8 

76.8 

65  8 

57.6 

16  4 

12  0 

6.95 

4  37 

2  93 

2.06 

1  50 

1.05 

0.768 

0.577 

0.444 

0.280 

0.187 

300 

270 

225 

193 

169 

150 

135 

120 

■  108 

98.3 

90.1 

77  3 

67.6 

17.8 

13  Q 

7.53 

4.73 

3  17 

2  23 

1.63 

1.  114 

0  832 

0.625 

0.481 

0  303 

0.203 

348 

314 

261 

224 

196 

174 

157 

139 

125 

114 

105 

89.6 

78  4 

19  2 

14.0 

8.11 

5.10 

3  42 

2.40 

1.75 

1.23 

0.896 

0  673 

0  518 

0-326 

0-218 

400 

360 

300 

257 

225 

200 

180 

160 

144 

131 

120 

103 

90  0 

20  6 

15  0 

8  69 

5  46 

3  66 

2.57 

1  88 

1  32 

0  960 

0.722 

0  555 

0.350 

0.234 

455 

410 

341 

293 

256 

228 

205 

182 

164 

149 

137 

117 

102 

21  9 

16  0 

9.26 

5  82 

3  90 

2.74 

2  00 

1  40 

1.02 

0.770 

0.592 

0  373 

0.250 

514 

462 

386 

330 

2g9 

257 

231 

206 

185 

168 

154 

132 

116 

23.3 

17.0 

9  84 

6  19 

4  15 

2  92 

2  13 

1  49 

1.09 

0.818 

0.629 

0.396 

0  265 

576 

518 

432 

370 

324 

288 

259 

230 

207 

189 

173 

148 

130 

24.7 

18  0 

10  4 

6  55 

4  39 

3  09 

2  25 

1-58 

1.15 

0.866 

0  666 

0.419 

0.281 

642 

578 

481 

413 

361 

321 

289 

257 

231 

210 

193 

165 

144 

26  0 

19.0 

11  0 

6  92 

4  64 

3  26 

2.38 

1  67 

1.22 

0.914 

0.703 

0.443 

0.296 

711 

640 

533 

457 

400 

356 

320 

284 

256 

233 

213 

183 

160 

27.4 

20  0 

11  6 

7.28 

4.88 

3  43 

2.50 

1.76 

1.28 

0.962 

0  740 

0.466 

0  312 

784 

706 

588 

504 

441 

392 

353 

314 

282 

257 

235 

202 

176 

28  8 

21  0 

12  2 

7  64 

5  12 

3,60 

2.63 

1；84 

1  34 

1 .01 

0.777 

0.489 

0.328 

860 

774 

645 

553 

484 

430 

387 

344 

310 

282 

258 

221 

30  1 

22  0 

12  7 

8  01 

5  37 

3  77 

2.75 

1  93 

1.41 

1-06 

0.814 

0-513 

0.343 

940 

846 

705 

605 

529 

470 

423 

376 

339 

308 

282 

242 

212 

31  5 

23  0 

13  3 

8  37 

5  61 

3.94 

2.88 

2.02 

1.47 

1.11 

0.851 

0.536 

0.359 

1020 

922 

768 

658 

576 

512 

461 

410 

369 

335 

307 

263 

230 

32  9 

24.0 

13  9 

8  74 

5  86 

4.12 

3  00 

2.11 

1.54 

1.15 

0.8SS 

0  559 

0.374 

1110 

1000 

833 

714 

025 

556 

500 

444 

400 

364 

333 

286 

250 

34.3 

25  0 

14  5 

9  10 

6.10 

4,29 

3.13 

2.20 

1  60 

1  20 

0.925 

0  583 

0  390 

of  the  coil  D  and  the  diameter  of  the  spritig  wire  d.  Let  this 
relation  be  c= The  formula  for  the  greatest  safe  load  of 


the  spring 


P  一"'  K 
尸— 8  £) 


may  then  be  written  in  the  form 


P= 栌'、 


(2) 


(3) 


The  author  shows  that  by  accepting  the  iiiaxinuini  intensity  of 
stress  ill  wire  Ka  =4,070  kg./qcm,  (57,8351bs.  per  square  inch), 
he  remains  always  within  safe  limits  ；  at  the  same  time  this 


allows  him  to  express  the  formula  m  t  he  lollowjii*^  lornt,  i'< 
veiiieiit  for  sliHe-rule  calculations  : —— 


P  二  1600  1 


The  coefficient  of  safety  'S;  of  a  spring  is  oft  en 
practice  from 


、V  =  1+150' 


(5) 


where  is  the  number  of  double  deflections  per  minute  (or 
number  per  minute  of  deflections  in  one  dirert  ion,  /.'  .,  iuuiil)''r 
of  compressions  or  expansions). 

For  the  computation  of  Table  I.  1  lie  aiit  lioi-  accepted  certain 

standard  values  of  c  =  一，   as  shown  m  1  lu;    lieadliiif    (>[   I  he 

d 

table,  and  h~\. 


Table  II. ― Diameter  of  ll'/re  and  number  of  Coils  in  Helical  Springs  with  Cirrular  Cross-sectio7i  of  Wire, 


d 

mm 


I.O 
1.5 
2  0 

2  5 

3  0 

3  5 

4  0 

4  5 

5  0 

5  5 
CO 

6  5 

7  0 
7.5 

8  0 
8  5 
9,0 
9.5 

10 

a 

12 
13 
H 
15 
IG 
17 
18 
19 
20 
21 
22 
23 
24 
25 


4  0 

15  6 
9  0 

23.4 

16  0 
31.2 
25.0 
39.0 
36  0 
46.8 
49-0 
54,6 
64  0 
62  4 
81  0 
70.2 
100 
78  0 
121 
85  8 


144 

93.6 

169 

101 

196 

109 

225 

117 

256 

125 

289 

133 

324 

140 

361 

148 

400 

156 

172 
576 
187 
676 
203 
784 
218 
900 
234 

1020 
250 

1160 
265 

1300 
281 

1440 
296 

1600 
312 

1760 
328 

1940 
343 

2120 
35tt 

2300 
374 

2500 
390 


2  67 
4.63 
6  00 
6  95 
10. 
9,26 
16,7 
11  6 

24  0 
13  9 
32.7 
16,2 
42.7 
18.5 
54.0 
20  8 
66.7 
23-2 
80  7 

25  5 
96  0 
27  8 
113 
30  1 


2.29 
2  92 
5.14 

4  37 
9.14 

5  83 
14.3 

7.29 
20  6 

8.75 
28  0 
10.2 
36  6 
11.7 
46.3 
13.1 
57.1 
14.6 
69.1 
16.0 
82  3 

17  5 
96  6 

18  9 


131 

32  4 

150 

34  7 

171 

37.0 

193 

39  4 

216 

41  7 

241 

44.0 

267 

46  3 

323 

50  9 

384 

55.6 

451 

60  2 

523 

64  8 

600 

69  5 

683 

74.1 

771 

78.7 

864 

83  3 

963 

88  0 

1070 
92  6 

1180 
97  2 

1290 
102 

1410 
107 

1540 
111 

1670 
IIG 


I  112 
I  20  4 

129  ― 
21  9 
146 

23  3 
165 

24  8 
185 
26  2 
206 
27.7 
229 
29  2 
277 
32.1 
329 
35  0 
386 
37,9 
448 
40.8 
514 
43.7 
585 
46  6 
661 
49  6 
741 
52  5 
825 
55  4 
914 
58 '3 

1010 

61.2 
1110 

64  1 
1210 

67.0 
1320 

70  0 
1430 

72.9 


2 
8 

3  90 
12.5 

4  88 
18.0 

5.85 
24.5 

6  83 
32.0 

7  80 
40.5 

8.78 
50.0 

9.75 
60.5 
10.7 
72  0 
117 
84  5 
12.7 
98.0 

13  7 
113 

14  6 


8 5  o  3  ^ 

9  5  9  w 
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a  4-cycle  internal-combustion  engine,  360  revs,  per  minute. 
The  number  of  double  deflections  per  minute  //f  =  180，  Accord- 
ing to  equation  (5)，  the  coefficient  of  safety 

The  deflection  diagram  i«  drawn,  as  in  Fig.  1，  with  a  coefficient 
of  deflection  //  =0"7  mm. /kg.  (0*0125in,  per  pound),  in  accord- 
ance with  theoretically  required  accelerations  and  practical 
experience.  For  a  valve  lift  of  20  mm.  (0*78in.)  the  load 
is  taken  as  50  kg.  (1  lOlbs.),  and  that  gives,  with  a  coefficient 
of  safety     =  2*2,  the  greatest  safe  load 

P,, 鼠 = 2-2       -  2'2  X  50  =  110  kg.  -  2421bs. 

Referring  to  the  upper  figures  of  Table  II. ，  for  values 
approaching  that  of  P^^.,^  (they  are  underscored),  it  is  seen 
that  there  are  many  such  values,  and  that  they  lie  practically 
along  a  diagonal  line.  The  lower  figures  show  the  number 
of  coils  required  with  a  coefficient  of  deflection  unity,  and 
since  the  coefficient  of  deflection  was  taken  above  as  A  =  0*7, 
the  actual  number  of  coils  required  may  vary,  according  to  the 
Table  II. ，  from  0'7  x  85'8  to  0*7  x  0'265，  the  last  figure  being, 
of  course,  practically  out  of  question.  The  diameter  of  the 
wire  may  vary  from  5  mm.  to  17  mm.  (0*196in.  to  0'665in.)， 
and  the  values  J  =  7'5，  />  =  60,  and  n,,=0-7  <  U'G  =  10  22  will 
probably  be  chosen  as  most  suitable. 

The  values  in  Table  II.  are  deduced  for  helical  springs 
with  circular  cross-section.  These  values  may  be  applied  to 
springs  with  square  or  rectangular  cross-section  by  imiltiplying 
them  by  values  in  Table  I.  corresponding  to  the  nearest  value 

of  (I . 

In  Table  11.  (I  is  the  diameter  of  the  wire,  D  mean  diameter 
of  the  coils,  the  upper  figures  indicate  職 x.  =  greatest  safe 
steady  load,  the  lower  figu res  indicate  ― number  of  coils 
required  with  coefficient  of  fledoction  unity. 


Diesel  Engines  for  Torpedo-boat  Destroyers. ― Presiding  at  the 
I  Itli  annual  <;tMieral  mct'tm;'  of  .) oliii  1.  'riioiiiycroft  cV  Co., 
held  on  Monday  last,  Mr.  John  E.  Thornycroft  said  that  as 
a  result  of  I  he  exprrieiice  ； gained  wit  h  Diesel  en*:[ines.  an  I 
with  some  ma rine  Diesel  engines  constructed  under  a  similar 
arrangement  at  the  Southampton  works,  the  directors  felt 
confident  in  making  an  offer  to  the  British  Ad  mi  rally  for  (lie 
consinu'tion  of  a  dest rover  fitted  wit li  Diesel  engines  I'or 
cruisino;  purposes.  Tlie  offer  was  aorepled,  and  tl»e  destroyer 
which  they  were  building  to  their  special  design  filled  with 
Diesel  engines  for  cniising  purposes  was  t lie  first,  and  jit 
present  the  only,  vessel  of  this  type  ordered  by  t he  Brif isli 
Admiralty. 


SuLZEB's  Two-stroke  Cycle  Internal-combustion  Kngink. 

controlling  the  admission  of  the  additional  air  is  arranged 
within  the  adual  scaveiiiriiic:  air  pipe  M .  When  the  valve  H 
is  <>]HMie(l  t lie  air  in  t lie  pipe  M  Hows  direct  to  t he  slots  G,  and 
in  that  way  the  losses  due  to  throttlint:  t iiese  t>]>eijings  or  in 
transniission  thereto  are  reduced  to  a  niinimuni. 


LecturG5  on  Heavy  Oil  Enijincs.  ― A  short  course  of  four  ler- 
l  ures  on  I  lea  vv  Oil  Eiii^im's,  '  by  Captain  II.  Riall  Sankey . 
H.E.  (ret.),  M.Inst .C'.E.,  will  be  given  before  the  Royal 
Soi'iet  V  of  Arts,  uiuler  t  lie  Howard  Ho<]uost .  roiiuiieiUMiii:  on 
Monday  evening,  the  29th  iiist at  8  p.m.  Admission  to  the 
lectures  is  free  to  noii-nienibers  of  the  society  on  production 
of  a  member's  order,  or  by  tlie  personal  introduction  of  a 
member. 


The  number  of  coils  required  for  a  spring  corresponding  to 
given  coiiditioiis  is  obtained  from  tlie  usual  formula  ： ― 

卜  (G) 

w  11  ere  tlie  transverse  modulus  of  elasticity  (j  is  taken  equal  to 
800,000  kg./qcm.  (1 1,400, OOOlbs.  per  square  inch).  By  sub- 
stituting ill  this  formula  h  for -p,  and  c  for  ？，  the  author 

again  obtains  a  formula  for  the  number  of  ('oils  in  a  spring  in 
a  form  convenient  for  slide-rule  calculations: —— 

10000 

=  ^,       (III  (0 

The  use  of  Table  II.  can  be  illustrated  by  the  following 
example.     Required  to  find  a  spring  for  the  exhaust  valve  of 


effective  number  of  Coils 
l3.6'0.7-'/0.2Z 


Fig.  1. —— Extension  Dia  gram  of  Helical  Spring. 


SULZER'S  TWO-STROKE  CYCLE  INTERNAL-COMBUSTION 

ENGINE. 

The  2-stroke  cycle  internal-combustion  engine  shown  in  the 
accompanying  sectional  views  has  been  designed  by  Sulzer 
Bros"  Wintertliur,  with  the  object  of  increasing  the  output 
of  this  type  of  engine.  The  scavenging  and  additional  com- 
bustion air  are,  it  will  be  noticed,  introduced  through  super- 
imposed slots  formed  in  the  wall  of  the  cylinder  and  extending 
over  different  portions  of  its  circumference,  tlie  slots  through 
whicli  the  scavenging  and  additional  air  are  admitted  being 
inclined  upwards.  The  valve  controlling  the  adinission  of 
additional  air  to  the  upper  slots  is  disposed  within  the 
scavenging  air  pipe,  and  is  controlled  by  a  cam  mounted  on 
the  engine  cam  shaft.  Referring  to  the  illustrations,  A  is 
the  engine  cylinder,  B  the  piston,  and  C  are  the  exhaust  open- 
ings, which  extend  over  half  the  circumference  of  the  cylinder 
wall.  The  scavenging  air  is  adinilted  tlirough  openings  D， 
which  also  extend  over  half  the  circumference  of  the  cylinder 
A,  and  further  openings  G  are  provided  for  the  admission  of 
the  additional  combustion  air,  three  of  these  openings  being 
shown .  The  openings  G  extend  over  about  one-quarter  of 
the  circumference  of  the  cylinder  wall.  Admission  of  the 
additional  air  is  controlled  by  a  piston  valve  H,  operated  by 
an  eccentric  L  mounted  on  the  engine  cam  shaft.  By  pro- 
viding a  difFerent  number  of  openings  D  and  G  it  is  possible 
so  to  control  the  air  jets  entering  the  cylinder  that  efficient 
scavenging  and  charging  is  ensured.  To  improve  tie 
scavenging  action  the  openings  D  and  G  are  directed  in  a 
different  manner  to  the  exhaust  openings  (，，  as  shown.  A 
further  feature  of  the  design  lies  in  the  fact  that  the  valve  H 


bc!Jd 力 JO  qtbcs 二  njssft 1 1 »v  1 
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CASE-HARDENING  METHODS  AND  MIXTURES. 

An  interesting  contribution  by  Dr.  L.  Guillet,  the  well-known 
French  metallurgist,  on  "  The  Present  Condition  of  the 
Theory  and  Practice  of  Case  Hardening,"  appeared  in  a 
recent  issue  of  "  Le  Genie  Civil,"  and  we  are  indebted  to 
" The  Iron  Age  ，，  for  the  following  abstract. 

A  good  case-hardening  mixture  must  answer  the  following 
requirements :  (1)  It  ought  to  bring  about  a  regular  pene- 
tration of  carbon,  because  otherwise  the  most  favourable 
carbon  contents,  0.85  to  1*00  per  cent.,  would  be  exceeded,  and 
then  harmful  cracks  would  form  in  quenching.  (2)  In  spite 
of  this,  the  action  must  be  quick  enough  so  that  the  process 
does  not  require  too  long  a  time.  (3)  It  must  be  uniform  so 
that  the  same  amount  of  carbonisation  is  produced  all  over. 
(4)  It  ought  not  to  become  exhausted  too  soon  ；  that  is,  it 
must  be  suitable  for  the  production  of  deeper  carbonisations, 
and  it  should  be  possible  to  use  it  several  times.  (5)  Not- 
withstanding opposite  opinions,  it  ought  to  contain  no 
sulphur-holding  material. 

The  author  does  not  recommend  charred  leather,  as  he 
considers  it  to  work  too  actively.  Apart  from  the  composi- 
tion of  the  case-hardening  mixture,  two  very  important  points 
are  to  be  considered  ；  namely,  time  and  temperature.  It 
hardly  needs  mentioning  that  the  temperature  of  the  furnace 
must  be  known  exactly,  and  with  regard  to  time,  careful  and 
detailed  experiments  must  be  made  to  determine  its  influence 
under  the  special  operating  conditions. 

The  carbon  of  the  steel  to  be  case  hardened,  at  least  if  it 
does  not  exceed  0*5  per  cent.,  has  no  effect  on  the  depth  of  the 
case.  The  following  simple  rule  can  be  made  for  those 
elements  which  favour  or  retard  the  operation  :  Those  which 
form  double  carbides  with  cemeutite  favour  it.  They  are 
chromium,  tungsten,  molybdenum,  and,  under  certain  condi- 
tions, vanadium.  Those  elements  which  remain  dissolved  in 
the  iron,  such  as  nickel,  silicon,  aluminium,  and ,  in  small 
amounts,  vanadium  retard  it.  With  a  certain  amount  of 
silicon  and  aluminium,  case  hardening  is  altogether  impos- 
sible. These  elements,  however,  play  another  role.  As  is 
well  known,  the  microscope  shows  characteristic  differences  of 
structure  in  the  special  steels,  which  depend  on  the  sum  of 
the  carbon  percentage  and  that  of  ihe  strange  elements 
multiplied  by  a  certain  coefficient.  These  structures  may  be 
separated  into  two  classes.  The  first  shows  pearlite,  or 
pearlite  and  cementite,  depending  on  the  composition.  The 
cementite  】iiay  be  more  or  less  complex.  The  properties  of 
the  case-hardened  material  correspond,  apart  from  the 
ductility,  to  those  of  similarly  treated  ordinary  steels.  To 
this  class  belong  the  tungsten  and  molybdenum  steels.  The 
other  class  of  special  steels  show  altogether  different  struc- 
tures, according  to  their  composition. 

Nickel  steels,  for  instance,  show  pearlite,  martensite,  and 
gamma  iron  ；  others,  such  as  the  manganese  steels,  pearlite, 
osmondite,  and  gamma  iron  ；  and  finally  the  chrome  steels, 
pearlite,  osmondite,  and  complex  carbide.  If  such  steels  are 
case  hardened  one  can  obtain,  under  certain  conditions,  either 
martensite  or  gamma  iron  from  the  pearlite.  For  example, 
with  a  7  per  cent,  nickel  steel  containing  0'12  per  cent, 
carbon,  case  hardening  will  produce  a  martensitic  layer  as 
soon  as  the  carbon  is  raised  to  0*90  per  cent.  If  it  is  increased 
still  further  to  13  per  cent. ,  gamma  iron  is  formed,  and  only 
with  a  carbon  content  of  more  than  1*65  per  cent,  does  free 
cementite  separate.  In  this  way  the  same  martensitic  struc- 
ture is  produced,  with  a  simple  case  hardening,  that  requires 
quenching  in  the  case  of  ordinary  steels.  Finally,  the  author 
points  out  that  the  moderately  hard  gamma  iron  steels  are 
not  hardened  by  case  hardening,  because  carbon  has  abso- 
lutely no  influence  on  their  properties  ；  nor  by  quenching, 
because  this  makes  them  somewhat  softer. 

Through  the  case  hardening  the  core  is  made  more  or  less 
brittle  because  of  the  long  annealing.  The  ductility  is  lower 
the  longer  the  operation  and  the  higher  the  temperature. 
The  piece  must  be  properly  heat-treated  to  produce  the 
desired  final  properties  ；  namely,  a  hard  outer  surface  with 
great  ductility  of  the  core.  This  heat  treatment  generally 
consists  of  two  quenchings,  the  first  one  being  for  the  refining 
of  the  core.  The  best  quenching  temperature  for  this  work 
has  been  found  to  be  between  1，000。  C.  and  1,025。  C.  This 
high  temperature  is  used  because  the  complete  homogeneous 


solution  of  the  carbon  is  reached  in  a  miu-h  shorter  time  tlian 
at  90(r  C,  which  is  the  temperature  theoretically  necessary. 
This  greatly  reduces  the  clanger  of  decarbonising  the  outer 
surface  of  the  steel  in  the  oxidising  atmosphere  of  the  furnace. 

This  first  quenching  does  not  give  a  satisfactory  liardness 
to  the  case,  and  the  second  part  of  the  treatment  consists  of  a 
second  quenching.  In  general  750。  C.  may  be  considered  as 
tlie  right  hardening  temperature,  and  the  author  draws  the 
following  rules  for  the  practical  treatment  of  ordinary  carbon 
steels.  The  first  rule  is  applicable  to  all  cases,  and  should  be 
considered  for  all  case  hardening  about  850。  C.  (a)  After 
the  case  hardening,  cooling  to  6^0。  C.  or  lower.  (h)  First 
quenching  from  1,025"^  C.  in  water  for  refining  the  core. 
(c)  Second  quenching  from  750。  C.  in  water  for  the  real 
hardening. 

Tlie  second  rule  is  only  applicable  for  case  hardening 
carried  out  at  temperatures  below  950。  C,  and  when  higli 
ductility  is  not  required,  (a)  After  the  case  hardening,  cool- 
ing to  600。  C.  or  lower.  (b)  One  quencliing  in  water  from 
750°  C. 

This  second  rule  can  only  be  used  successfully  when  no 
trace  of  free  cementite  is  present  in  the  case.  Its  usefulness 
is  restricted  to  special  cases. 

With  regard  to  the  influence  of  the  elements,  the  general 
rule  is  that  those  which  increase  the  amount  of  carbide,  such 
as  carbon,  manganese,  tungsten,  and  niolybdenum,  also 
increase  the  brittleness  of  the  core  after  case  hardening,  and 
also  favour  the  formation  of  free  cementite.  The  carbon  in 
ordinary  steels  should  be  from  0*10  to  0*15  per  cent .  ；  in  no 
case  over  0*20  per  cent.  In  special  steels  it  is  often  as  high 
as  0  30  per  cent.  The  manganese  should  not,  be  over  0*40  per 
cent,  if  a  single  quenching"  is  to  be  used,  but  a  somewhat 
higher  percentage  may  be  allowed  if  two  quenchings  are  to  be 
employed.  Silicon  increases  the  brittleness  in  all  cases,  and 
is  to  be  considered  as  a  harmful  element,  as  it  also  decreases 
the  thickness  of  the  case.     It  should  not  exceed  030  per  cent. 

Nickel  is  one  of  the  chief  elements  in  case-hardening 
practice.  However,  it  introduces  some  troubles,  because  it 
hinders  the  process  somewhat,  and  because  the  hardness  of 
the  case  is  somewhat  lower  than  that  possible  of  attainment 
with  ordinary  steels.  On  the  other  hand,  nickel  gives  the 
great  advantage  that  it  opposes  the  crystallisation  of  the  steel 
at  high  temperatures  and  the  consequent  brittleness. 
Because  of  tins  the  first  quenching  for  refining  the  core  is 
often  not  necessary.  However,  such  a  quenching,  if  carried 
out  at  a  suitable  temperature,  noticeably  increases  tlie 
tenacity  of  the  core.  With  a  2  per  cent,  nickel  steel ,  the 
following  temperatures  are  recommended.  (1)  Heating  to 
and  quencliing  from  1 ,000°  C.  (2)  Heating  to  750°  C.，  and 
quenching-  from  700°  C. 

A  single  quenching  from  70(^  C.  gives  the  greatest  hard- 
ness in  the  case,  but  not  the  greatest  tenacity  in  the  core. 
Quenclung  from  750。  C.  gives  a  somewhat  higher  tenacity,  but 
a  slightly  lower  hardness  in  the  case.  This  heat  treatment 
has  the  advantage  of  simplicity,  but  as  mentioned  before, 
does  rat  give  the  highest  values  for  hardness  and  tenacity. 
A  6  per  cent,  nickel  steel  should  be  treated  at  the  following 
temperatures,  because  of  the  lower  change  points : 
(1)  Quenching  from  about  850°  C.  (2)  Quenching  from 
about  675°  C. 

Since  this  high  nirkel  percentage  almost  completely  pre- 
vents the  brittleness  of  the  core,  a  simple  quenching  from 
700°  C.  is  sufficient  in  most  cases. 

A  steel  containing  7  per  cent,  nickel  and  0*12  to  0"15 
carbon  requires  absolutely  no  quenching  after  case  hardening, 
yet  one  ought  not  to  expect  extraordinary  hardness  in  the 
case,  as  the  outer  layer  contains  some  gamma  iron. 

Steels  with  I'O  to  1*2  per  cent,  chromium  are  used  in  cases 
where  an  especially  hard  case  is  required.  It  has  a  similar 
effect  to  manganese  ；  that  is，  it  accelerates  the  cementation, 
but  also  favours  the  crystallisation  of  the  core.  A  double 
quenching  is,  therefore,  absolutely  necessary.  Manganese 
has  the  advantage  coniiDared  with  chromium  that  it  does  not 
make  the  case  so  liable  to  spall  off  in  hardening.  Tungsten 
and  molybdenum  act  similarly  to  chromium  and  manganese, 
but  are  seldom  found  in  case-hardening  steels.  Vanadium  is 
sometimes  used,  from  0'2  to  03  per  cent.,  usually  with  0'4  to 
07  per  cent,  cliromium,  and  appears  to  raise  the  tenacity  of 
the  core  somewhat  after  quenchiiis:.  Tlie  chrome-nickel  steels 
are  the  special  steels  mostlj^  used,  and  with  a  low  chromiuni 
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content/  their  heat  treatment-  is  about  the  same  as  that  of 
correspondingly  pure  nickel  steels. 

The  case-hardening  mixture  recommended  by  Dr.  Guillet 
is  composed  of  60  parts  wood  charcoal  and  40  parts  barium 
carbonate.  lb  is  easily  made,  is  not  very  expensive,  and  can 
be  used  again  and  again  if  only  the  composition  is  regulated 
from  time  to  time. 

Very  often  it  happens  that  certain  parts  of  the  object  to 
be  case  hardened  have  to  remain  soft,  and  so  should  be  pro- 
tected from  the  influence  of  the  mixture.  These  parts  are 
usually  covered  with  a  layer  of  refractory  material  of  such  a 
nature  that  it  holds  together  well  and  does  not  melt.  Often 
graphite  is  added  to  prevent  small  cracks  forming  at  the  high 
temperatures,  and  whenever  possible  the  covering  is  rein- 
forced with  wire.  Care  must  be  taken  in  the  case  liardening 
of  semi-hard  steels  because  the  refractory  mat'erial  brings 
about,  slight  decarburisation  -  Another  method  used  is  to 
shrink  on  a  ring  of  soft  iron,  the  thickness  of  which  is  natu- 
rally greater  than  that  of  the  case  to  be  made.  After  the 
process  it  is  easily  broken  off  with  a  hand  hammer. 

For  difficult  pieces  the  following  rather  costly  method  is 
recommended  ：  The  whole  piece  is  first  case  hardened,  and 
then  what  is  necessary  is  removed  from  quenching.  At  these 
places  the  piece  must  therefore  be  correspondingly  thicker, 
and  should  be  made  at  least  0'5  mm.  more  than  the  depth  of 
the  case  expected. 

Finally,  the  iiiiethod  patented  by  the  firm  of  de  Dion  and 
Bouton  may  be  used,  which  consists  in  covering  the  particular 
places  with  a  coating  of  copper.  The  place,  previously  well 
cleaned  and  freed  from  grease  with  ether,  is  treated  with  a 
solution  of  copper  sulphate.  This  gives  a  precipitate  of 
(topper  which  resists  the  cementation  very  well.  A  nickel 
coating  can  also  be  used,  but  this  requires  electro-plating, 
which  is  usually  too  costly.  The  process  probably  requires 
too  much  care  for  ordinary  shop  practice,  as  the  slightest 
damage  to  the  copper  allows  case  hardening  not  only  of  the 
damaged  place  but  of  the  whole  neighbouring  zone. 


THE  EFFECT  OF  TEMPERATURE  IN  THE  CARBONISATION  OF 
COAL  AND  ITS  BEARING  UPON  THE  CONSERVATION 
OF  OUR  COAL  SUPPLIES.* 

BY  PKOF.  VIVIAN  B.  LEWES 

The  destructive  distillation  of  coal  is  at  present  carried  out  ;r. 
this  country  for  the  commercial  production  of  (1)  metal- 
lurgical coke,  (2)  coal  gas,  (3)  smokeless  fuel,  and  the  object 
ill  each  case  being  different,  the  means  adopted  for  carrying 
out  the  carbonisation  varies. 

In  making  metallurgical  coke,  the  desired  result  is  to 
obtain  the  highest  proportion  of  carbonaceous  residue  in  the 
hardest,  purest,  and  structurally  strongest  form,  in  order  to 
resist  crushing  and  to  be  less  friable  in  the  blastfurnace,  and 
the  resulting'  gases  and  vapours  are  looked  upon  as  by-products, 
the  value  of  which  has  only  of  late  years  been  recognised  as 
worth  recovery.  At  the  present  time  by  far  the  largest  pro- 
portion of  the  coal  so  treated  is  still  carbonised  in  beehive 
ovens  without  recovery  plant,  but  this  apparently  ir.defensible 
waste  is  largely  due  to  this  form  of  oven  being  suited  for 
producing  the  best  coke  from  highly  bituminous  coals,  ami 
is  therefore  largely  retained  in  use  in  the  North  of  Engla-id, 
whilst  the  South  Wales  coal,  being  less  bituminous,  lenvis 
itself  better  to  carbonisation  in  the  horizontal  types  of  oven 
； md  recovery  plant.  Tlie  characteristics  of  the  process  \u 
making  metallurgical  coke  are  ：  (")  Large  charges,  (/>)  high 
temperature,  (c)  long  period  of  carbonisation. 

In  making  coal  gas  the  object  kept  in  view  by  tlie  gas 
manager  is  to  produce  tiie  largest  volume  of  gas  per  ton  of 
coal  that  will  comply  with  the  Parliamentary  standard  of 
quality  prescribed  by  his  Gas  Act,  and  in  this  case  coke  and 
tar  become  the  by-pi'()dii('t's.  During  the  last  15  years  tlie 
incandescent  gas  mantle  luis  become  so  generally  adopted  that 
the  need  for  a  rich  caiuUe-power  gas  for  consuniptioii  in  tlat 
flame  and  argancl  burners  has  ceased  to  exist,  and  the  general 
standard  of  candle  power  for  a  town  supply  is  now  M  candles. 
Up  to  four  years  ago,  ])ract ically  the  only  niethod  adopted 
in  order  to  get  this  candle  powei'  and  the  largest  possible 
volume  of  gas  was  to  push  the  temperature  of  tlie  retorts  to 
the  highest  limit  which  was  economically  possible    witli  tlie 
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material  employed,  and  the  average  yield  of  gas  per  ton  of 
coal  was  about  11,500  cub.  ft. 

On  the  Continent,  however,  it  began  to  be  realised  that 
the  useful  limit  of  the  horizontal  and  inclined  retort  liad  been 
reached,  and  the  Dessau  vertical  retorts  were  then  introduced 
to  deal  with  coal  in  large  charges,  whilst  three  years  ago  a 
still  more  important  advance  was  made  at  Munich,  which  was 
to  carbonise  the  coal  in  chambers  of  such  size  that  from  three 
to  eight  tons  could  be  dealt  with  at  a  time,  and  installations  on 
the  plans  of  Ries,  Koppers,  and  others  are  being  rapidly  laid 
down  on  the  Continent.  Up  to  the  date  of  these  departures 
from  ordinary  practice  all  successful  gas  processes  had  dealt 
with  small  charges  of  coal,  heated  rapidly  to  a  high  tempera- 
ture, but  it  has  now  been  shown  that  with  these  new  methods 
of  carbonisation  up  to  13,000  cub.  ft.  of  ga^  can  be  obtained 
per  ton  of  coal. 

In  England  a  great  advance  has  been  made  over  Con- 
tinental practice  by  the  introduction  of  continuous  vertical 
carbonisation,  which  gives  the  nearest  approach  yet  attained 
to  ideal  conditions,  and  whilst  giving  a  gas  yield  per  ton  ot 
13,000  cub.  ft.  to  13,500  cub.  ft.  per  ton  of  gas,  does  away 
with  all  smoke  and  nuisance  at  the  gasworks,  whilst  it  nas 
also  been  found  that  by  filling  the  old  horizontal  retorts  with 
the  charge  of  coal  and  increasing  the  length  of  lime  of  car- 
bonisation, results  as  good  as  the  ones  given  by  the  Continental 
processes  can  be  obtained.  Taking  tlie  ordinary  gasworks 
practice  as  apart  from  the  modern  forms  of  carbonisation,  its 
characteristics  are  ：  (")  Small  charges, (厶) high  temperatures, 
(c)  short  period  of  carbonisation. 

During  the  last  five  years  an  attempt  has  been  made  to 
introduce  a  smokeless  fuel  known  as  "  Coalite,"  which  consists 
of  bituminous  coal  carbonised  at  about  half  the  ordinary  gas- 
works temperature  for  such  a  period  as  to  leave  in  the  coke 
some  10  per  cent,  or  12  per  cent,  of  volatile  matter,  this  giving 
a  form  of  fuel  superior  in  every  way  to  both  coal  and  coke, 
inasmuch  as  it  is  easy  of  ignition,  smokeless,  burns  into  a 
clear,  bright,  and  very  hot  fire,  ami  has  a  cheerful  flaine.  In 
the  manufacture  of  this  material  the  gas  made  is  only  about 
5,000  cub.  ft.  per  ton,  but  is  of  high  candle  power  and  higli 
calorific  value,  whilst  the  tar  increases  in  quantity  and  under- 
goes great  change  in  characteristics.  The  chief  points  of 
this  process  are:  ("、  Small  charges,  (h)  low  temperatures,  {c) 
short  period  of  carbonisation. 

The  effects  of  temperature,  time  and  mass,  all  have  an 
important  bearing  upon  the  quantity  and  composition  of  tlie 
products  formed  during  the  carbonisation,  and  these  again 
vary  widely  with  the  coal  used,  but  with  the  ordinary  run  cf 
bituminous  coals  it  may  be  stated  as  follows  :  When  coal  is 
rapidly  heated  in  thin  layers  to  a  high  temperature  the  coke 
is  of  medium  strength,  wliilst  the  ta r  formed  is  oliaracterised 
by  the  presence  of  aromatic  hydrocarbons,  and  the  gas  con- 
tains a  medium  amount  of  illuminants.  When  coal  is  heated 
for  a  short  period  to  a  temperature  just  sufficient  to  bring 
about  free  decomposition,  the  tar  increases  largely  in  quantity, 
and  is  characterised  by  the  presence  of  paraffinoid  hydro- 
carbons in  place  of  the  benzenoid,  whilst  the  gas  is  small  in 
quantity  and  rich  in  illiniiiiiants,  and  the  coke  soft  and 
friable.  When  coal  is  slowly  heated  in  mass  to  a  high  tem- 
perature, the  operation  being  spread  over  a  considerable  spat  e 
of  time,  the  coke  is  hard  and  resistant,  whilst  the  hydro- 
carbons in  the  tar  contain  both  benz?noid  and  paraffinoid 
('onii)ouii(ls,  ami  the  volume  of  i;as  is  smaller  and  of  poor 
(lualit  y. 

Ill  I  lie  ordiuarv  gas  manufacture  the  first  set  of  conditions 
prevails,  and  when  the  iiianutact urer  was  content  to  make 
1 0,000  t'ub.  ft.  of  15  to  IG  oaiidle  ii^as  per  ton  of  Durham  coaK 
lie  obtained  tar  rioli  in  benzine,  toluene,  and  antlnaoene. 
■which  in  the  early  days  of  the  coal  tar  indust ry  commanded 
a  hii^li  pi'it'e,  the  Kiiirlisli  market ,  however,  being  at  a  lator 
(late  spoilt  by  tlie  ainovint  of  benzine  produced  from  rlie 
recovery  plants  of  the  German  coke  ovens. 

When  a  few  vears  ago  increased  teniperat ures  began  to 
be  used,  the  tar  underwent  a  serious  deterioration,  naphtha- 
lene and  free  rarboii  being  present  in  quantities  which  so 
depreciated  its  value  that  the  price  fell  to  about  丄 a  gallon . 
With  the  iiitroduotioiu  however,  of  the  vertical  chamber  aiul 
fiiUy-cliari^ed  retort  into  gas-inakiiiL:.  tlie  action  of  mass  oonies 
into  play,  and  the  tar  shows  at  oiue  an  alteration  in  its  char- 
acteristics, paraffinoid  hydrocarbons  making  their  appearance, 
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and  tlie  naphthalene  and  free  carbon  falling  in  quantity,  tins 
being  due  to  the  fact  that  no  matter  how  high  the  teniperaiiiro 
of  the  vertical  retort  or  chamber  the  heat  can  penetrate  but 
slowly  into  the  mass  of  carbonaceous  material,  so  that  it 】s 
always  distilling  towards  the  centre  at  a  low  temperature, 
which  slowly  rises  until  the  maximum  temperature  is  attained, 
by  which  time  practically  all  the  hydrocarbons  have  been 
driven  off.  There  is  no  doubt  that  if  the  gas  and  tar  vapour 
had  not  to  traverse  a  certain  amount  of  highly-heated  carbon 
and  wall  surface  in  its  escape,  the  gaseous  products  would  be 
of  very  nearly  the  same  character  as  in  low-temperature  car- 
bonisation. The  gas  under  these  conditions  is  increased  m 
quantity,  but  is  poor  in  illuminants,  owing  to  decompositions 
taking  place  in  passing  through  the  incandescent  carbon. 

As  has  been  before  shown,  these  methods  of  carbonisin*^ 
coal  have  arisen  from  the  demand  for  perfectly  distinct  pro- 
ducts, and  in  considering  any  scheme  by  which  an  economy 
in  coal  might  be  effected,  it  is  necessary  to  clearly  bear  in 
mind  how  these  needs  can  best  be  satisfied.  Coke,  capable  of 
resisting  pressure  and  not  easily  friable,  must  be  had  for 
metallurgical  work  ；  coal  gas  for  lighting  and  power  must  have 
a  sufficient  thermal  and  illuminating  value  ；  fuel  for  the  open 
fireplace  must  be  easy  of  ignition  and  free  burning,  and  the 
problem  upon  which  any  economy  must  depend  is  how  best  to 
attain  these  desiderata  in  the  most  rational  way. 

If  carbonisation  of  coal  at  the  pit's  mouth  and  distributi.m 
of  the  gas,  as  proposed  by  Thwait'e,  Martin,  and  others,  could 
be  adopted,  the  perfect  solution  of  the  problem  would  be  a 
conibiii  ition  of  high  and  low-temperature  distillation  plants 
to  supply  the  metallurgical  coke  and  smokeless  fuel  needed, 
whilst  tlie  poor  coke  oven  gas,  enriched  by  the  low-temperature 
gas,  would  yield  an  ideal  gas  supply.  Such  a  scheme,  how- 
ever, would  so  seriously  interfere  with  vested  interests  that  it 
is  improbable  that  it  would  ever  be  adopted,  and,  such  being 
the  case,  the  only  practical  economy  is  to  be  found  in  doing 
everything  possible  to  accelerate  the  present  tendency  to 
replace  all  the  old  beehive  ovens  by  modern  type  coke  ovens 
fitted  with  recovery  plant,  and  in  the  gasworks  to,  as  far  as 
possible,  improve  the  character  of  the  coke  and  tar  by  adopting 
carbonisation  in  bulk  rather  than  by  pressing  the  tern 
peratures. 

If  the  gas  companies  were  not  so  antagonistic  to  low- 
temperature  caibonisation  one  of  the  most  important  steps 
that  could  be  made  would  be  for  them  to  manufacture  low- 
temperature  coke  to  replace  bituminous  coal  as  a  domestic 
fuel,  and  to  dilute  down  the  rich  low-temperature  gas  with 
water  gas,  which  can  now  be  made  by  the  more  modern  pro- 
cesses at  from  3 id.  to  4d.  per  1 ,000,  a  proceeding  which  would 
enormously  enhance  the  value  of  the  other  by-products, 
cheapen  the  gas,  and  save  the  waste  now  due  to  the  combustion 
of  bituminous  coal  in  domestic  fires  by  giving  a  fuel  which 
could  be  used  in  all  existing  grates,  whilst  an  incidental  advan- 
tage would  be  that  the  sulphur  in  the  gas  would  be  reduced 
to  a  small  fraction  of  the  present  amount. 

During  tlie  last  10  years  the  rapid  advance  made  by  gas 
as  a  fuel  in  gas  stoves,  cookers,  &c.，  has  considerably  reduced 
the  consumption  of  coal  for  domestic  purposes,  and  if  the 
whole  of  our  fuel  could  have  the  smoke-forming  tar  and 
fertilising  nitrogen  extracted  at  our  gasworks,  it  would  mean 
not  only  a  great  economy,  but  also  a  cleansing  of  our  town  air. 


The  Road  of  the  Future. ― The  road  of  the  future  was  dis- 
cussed by  Sir  John  H.  A.  Macdonalcl,  who  is  a  member  of  the 
Eoad  Board,  at  a  recent  meeting  of  the  Eoyal  Institution.  It 
might,  he  said,  seem  extravagant  to  say  that  in  another  decade 
the  main  roads  would  have  become  practically  mudless,  dust- 
less,  and  smooth  ways  ；  but  those  who  had  studied  the  matter, 
held  the  hope  confidently.  Would  it  not  be  well,  he  continued, 
to  endeavour  to  provide  an  elastic  skin  or  carpet  to  lie  between 
the  vehicle  and  the  bearing  crust  ？  Could  they  find  some 
material  for  the  exposed  surface  of  the  road  which  should  be 
resilient,  yielding  to  traffic,  but  resuming  its  form  and  surface. 
Recent  laboratory  experiments  indicated  that  this  would  be 
accomplished.  It  was  expected  that  with  such  material  laid 
on  the  top  of  the  main  road  the  crust  would  be  practically 
permanent,  the  upper  protecting  sheet  being  re-made  and 
re-laid  when  necessary.  The  result  would  be  that  the  rolling 
noise  of  the  vehicles  would  be  silenced  and  shock  reduced. 
The  engineers  at  the  Road  Board  had  already  decided  on 
experimental  roads  of  this  nature. 


DETERMINING  SIZE  OF  A  COOLING  RESERVOIR  FOR 
CONDENSER  WATER. 

In  a  paper  read  before  the  American  Society  of  Mechanical 
Engineers  on  The  Reduction  in  Temperature  of  Condensing 
Water  Reservoirs  Due  to  Cooling  Effect  of  Air  and  Evapora- 
tion/' Mr.  W.  B.  Ruggles  described  tests  made  with  the  idea 
of  determining  if  possible  a  fairly  reliable  factor  by  the  use 
of  wliicli  the  necessary  size  of  a  cooling  reservoir  for  condenser 
water  could  be  predetermined  for  any  assumed  power  and 
weatlier  conditions. 

In  1908，  while  designing  the  mill  for  the  Crescent  Port- 
land (Jemeiit  Company  at'  Wampum,  Pa.,  it  was  found  neces- 
sary to  install  a  cooling  device  for  the  condensing  water  from 
the  engines.  After  a  diligent  search,  no  data  were  found  as 
to  how  large  a  reservoir  had  to  be  to  give  the  necessary  cool- 
ing effect  to  the  water,  so  that  it  might  be  used  continuously. 
A  dam,  however,  was  built  275ft.  long  and  18ft.  high,  of 
skeleton  reinforced  concrete  construction  which  would  im- 
pound about  6i  acres  of  water 

Three  tests  were  made  during  the  year  1911，  each  of  one 
week's  duration,  in  order  to  determine  the  heat  radiation 
from  tlie  surface  of  the  reservoir.  These  tests  were  made 
in  May  when  the  temperature  was  moderate,  in  July  when  tlie 
temperature  was  high,  and  in  November  when  the  tempera- 
ture was  low.  Readings  were  taken  of  the  temperature  of 
the  river  water,  the  intake  vvater  to  the  power-house,  the  tail 
water  from  the  condenser,  and  of  the  air.  The  vacuum,  tlie 
power,  the  amount  of  water  pumped  from  the  river  to  the 
reservoir,  and  the  rainfall  were  also  recorded  -  Unfortunately 
the  temperature  of  the  rain  was  not  taken,  but  it  has  been 
assumed  the  same  as  the  temperature  of  the  air,  so  that  the 
figures  for  that  are  only  approximate,  but  a  difference  of  10' 
in  the  temperature  of  the  rain  would  not  alter  the  result  by 
more  tlian  two-tenths  per  cent. 

The  engines  used  in  the  power-house  are  three  compound 
condensing  engines,  26in.  by  52in.  by  36in.  There  are  two 
compound  compressors,  the  steam  cylinders  of  which  are  12in. 
and  21  in.  diam.  respectively,  the  air  cylinders  IHin.  and 
24in.  respectively,  the  stroke  24in.  The  steam  from  all  of 
these  is  condensed  in  a  barometric  condenser  equipped  with 
a  dry  vacuum  pump,  and  the  circulating  water  supplied  by  a 
direct-connected  centrifugal  pump  driven  by  a  synchronous 
motor  ；  an  engine-driven  circulating  pump  and  a  second  dry 
vacuum  pump  being  installed  as  reserve. 

The  water  from  the  condenser  flows  about  50ft.  through  a 
tile  pipe  into  the  east  side  of  the  reservoir  about  100ft .  from 
the  north  end.  A  dyke  was  built  south  of  this  inlet  to  the 
reservoir  extending  about  50ft.  towards  the  centre  of  the 
reservoir  and  then  north  nearly  to  the  north  end.  This  com- 
pels the  circulating  water  to  flow  up  and  around  the  end  of 
this  dyke  and  down  towards  the  dam,  a  distance  of  about 
1，  100ft. ，  before  it  reaches  the  intake  to  the  power-house. 

Water  to  supply  the  reservoir  is  pumped  from  the  river  by 
a  centrifugal  pump  direct  connected  to  a  150  h.p.  motor.  The 
pump  delivers  an  average  of  2,324'25  galls,  of  water  per 
minute,  and  it  is  found  that  about  8  hours  pumping  per 
week  is  sufficient  to  make  up  for  the  evaporation  and  seepage 
in  the  reservoir.  The  water  from  the  river  pump  is  delivered 
into  an  open  well  situated  on  top  of  the  plateau  where  the 
mill  is  located.  It  flows  by  gravity  from  this  well  through 
a  24in.  tile  pipe  into  another  concrete  well  located  in  tlie 
reservoir  about  800ft.  north  of  the  dam.  From  this  well  it 
flows  through  a  No.  24  tile  pipe  laid  on  the  bottom  of  the 
reservoir  to  witliin  6ft.  of  tlie  dam.  The  intake  water  for 
the  boiler  feed  and  condenser  is  drawn  from  this  well,  so  that 
the  water  must  flow  up  through  the  concrete  tile  pipe  from 
the  bottom  of  tlie  reservoir  at  its  deepest  point.  While  water 
is  being  pumped  from  the  river,  there  is  a  flow  south  through 
tliis  tile  pipe,  and  when  not  pumping  the  water  is  drawn  in 
the  opposite  direction  through  it.  the  average  horse-power 
developed  in  the  engines  during  the  21  days  of  these  tests  was 
2,446.  " 

The  results  of  the  tests  during  these  three  weeks  are  as 
uniform  as  could  be  expected,  the  heat  lost  per  square  foot 
of  surface  being  slightly  less  per  1。  difference  of  temperature 
in  cold  weather  than  in  warm  weatlier.  This  difference  is 
undoubtedly  due  to  an  increased  amount  of  evaporation  durino 
the  wanner  period.    The  average  humidity  for  the  different 
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weeks  during  which  the  tests  were  made  was  58*5  per  cent, 
in  May,  62'3  per  cent,  in  July,  and  71*2  per  cent,  in  Novem- 
ber.   Table  I.  gives  the  results  in  detail  of  the  tests  made. 

It  appears  from  the  tests  that  under  the  conditions  men- 
tioned, with  engines  using  151bs.  of  water  per  horse-power 
hour  and  a  vacuum  of  26in.,  a  reservoir  having  a  surface  of 
120  sq.  ft.  per  horse-power  would  be  ample  for  cooling  and 
condensing  water. 

Tablk  I. ― Test  of  Heat  Radiation  from  Surface  of  Condenser 
Mater  Tleservoir  at  Plant  of  Crescent  Portland  Cement 
Company,  Wamjmm,  Pa. 


Area  of  reservoir,  288,000  sq.  ft.  ；  average  depth  of  reservoir,  5 -3 Oft. ； 
capacity  of  reservoir,  1,543,080  cub.  ft.  二  96，480，000Ibs. 


Date  of  Tests. 

Week  finding 

Mo  \r  Itli     1Q1  1 

j 

W<  ek  ending 

Tni  V  19t,li   iqi  i 

Week  ending 
November 

£i  1  Uli  ,    i  ！ 7 上 1  • 

Amount  of  water  pumped  from 

river,  lbs  

10.458.956 

29,050,875 

4.f>4S.l-iO 

Averago  temperature  of  river 

water,  (leg.  Fah  

57 '5 

77 

3(i 

Average  temperature  of  intake 

to  power  house,  (leg.  Fah.  ... 

72-75 

91-43 

61-71 

Averasje    temperature   of  tail 

w  ater  from  condenser,  (leg. 

Fall  

101-36 

129-43 

no-71 

Average  tern j)(_'ratu vv  of  reser- 

voir, deg.  Fii h  

87  05 

】10  00 

7(V71 

Average    tempenituTe   of  air, 

deg.  Fah  

51  00 

7843 

33-30 

Average  difference  of  tempera- 

ture between  water  and  air, 

deg.  Fah  

36  05 

31-57 

43-41 

Change  in  tempera  tine  of  re- 

servoir during  test,  cleg.  Fah. 

0-25 

7-00 

2-00 

Three  26in.  by  52in.  by  36in. 

compound    condensing  en- 

gines, h.p.  hour   

411,320 

420, 93r) 

5' 

24iTi.  by  24in.  air  compressors, 

h.p.  hour   

46  535 

46  53(5 

Average    vacuum     at    30  in 

barometer,  in  

26,4 

22*2 

2(r(> 

Average    water   consuni eci  by 

engines,  per  h.p.  pt r  hour,  lbs. 

15  (J4 

14-4  1 

Average    water  consu nu*d  by 

(compressors    pci-    h.p.  per 

hour,  lbs  

J8-85 

20*12 

18-83 

Steam  conden.sed   bv  engines, 

lbs  

Steam  condensed  by  ('(  m  pres- 

sors, lbs  

877,204 

936,314 

876,273 

Latent  heat  of  stcjuii  coiuiensed. 

lbs  

】024'7 

1007- 1 

1026  0 

Heat  (k'liveml  to  m 、： ervoir  by 

engines,  B/IMT  

5,894,370,000 

6,478,720,000 

6,304,922,000 

Heat  (lelivert'd  to  reservoir  by 

compressors,  B.T.U  

898,871,000 

942,061,000 

899,056,000 

Heat  to  raise  river       tvr  to 

average  tempoiaturc   of  re- 

servoir, B.T.U  

:J09,0(52,000 

958,670,000 

189,226,000 

Heat  given  up  or  retained  in 

reservoir  .  uHng  test,  B.T.U.. 

24,120,000 

075,3()0,000 

192,960,000 

He;it  mlii(+ti(>"  in  reservoir  clue 

to  rain ,  B.T.U  

2 1.030.000 

50,700,000 

4  (>.  200,000 

Heat    absorbed    by    air  and 

evaporation     (hiring;  seven 

(lays,  B.T.r  

6.438,420.000 

5,730,942.000 

6.564,509.000 

Heat    a  bsorbod    l>v    air  and 

evaporation  pei    sq.    ft.  of 

surface  seven  days,  B.T.U  

22,356 

19,899 

23.495 

Hca  t    absorbed    bv    air  and 

e V a poratio ii   pe r  sq.  ft.  per 

hr.,  B.T.U  

133- 1 

118-4 

13!)S 

Heat    nhsoihrd     hy    ail'  and 

evaporation  ！) ('r  sq.  ft.  per 

In*.,    pt'i    1  (li'ir.  difference 

B.T.r  

3  (19 

:V7I 

3  22 

Turbines  for  Torpedo-boat  Destroyers. 一 The  Wallsend  Slipway 
and  Engineering  Company  have  secured  the  order  to  build 
the  turbine  inachinerv  for  the  t wo  torpedo-boat-  dest rovers 
recently  ordered  by  t he  Admiralty  from  Swan ,  Hunter,  and 
入 Vi"'liam  Richardson,  Ltd.,  Wallsend.  The  latter  firm  a  re 
constructing  live  of  these  boats,  and  the  Slipway  Company 
will  ens^ine  the  lot.  The  hulls  of  two  similar  vessels  ordered 
from  the  Parsons  Turbine  Company,  Wallspnd.  will  be  built 
b'y  the  Palmer  Shipbuilding  Company.  Jarrow, 


NOTES  ON  STRUCTURAL  STEEL  DESIGNS.* 

HY  ALBKKT  REICHMANX. 

Structural  steel  nowadays  is  used  so  very  extensively  in  the 
construction  of  our  railroads,  industrial  buildings,  office 
buildings,  apartment  buildings,  and  in  almost  every  means  of 
conveyance,  that  it  represents  a  large  part  of  the  capital 
outlay  in  our  railroad,  industrial,  and  real  estate  under- 
takings. For  this  reason  it  is  of  the  utmost  importance  that 
the  most  rigid  economy  be  exercised  in  its  use.  By  an 
economic  design  is  meant  a  design  wherein  the  cost  of  material 
and  labour  entering  into  the  construction  of  said  design  will 
be  a  minimum.  In  other  words,  the  writer  considers  a  well- 
designed  structure  one  which  will  most  efficiently  perform  its 
function  with  a  minimum  outlay  of  capital  and  the  lowest 
annual  maintenance  charge. 

One  of  the  most  important  features  of  a  material  to  be 
used  in  construction  work  consists  in  the  ease  and  simplicity, 
together  with  the  safety  and  reliability,  with  which  one 
member  can  be  attached  to  another.  In  the  case  of  wooden 
construction  it  is  almost  impossible  to  make  a  connection  of 
one  member  to  anotliei*  with  any  degree  of  certainty  and  use 
ordinary  factors  of  safety.  In  the  case  of  reinforced  concrete, 
or,  more  properly  speaking,  concrete  reinforced  with  steel, 
where  the  joints  are  largely  dependent  upon  the  adhesion  of 
the  concrete  to  tlie  steel,  the  question  of  connections  is  an 
uncertain  problem.  In  structural  steel,  owing  to  its  homo- 
geneous nature  and  uniformity  of  strength,  it  is  possible  to 
inathematically  determine  the  value  of  connections  of  one 
member  to  another  with  reasonable  margins  of  safety  and 
secure  a  perfectly  safe  structure.  Owing  to  the  importance  of 
securing  reliable  connections  of  one  member  to  another,  it  is 
perfectly  natural  that  the  type  of  connections  used  in  steel 
structures  should  be  one  of  the  most  important  subjects  to 
be  considered  in  structural  steel  designs.  It  will  be  observed 
that  the  question  of  connections  is，  therefore,  given  very  care- 
ful consideration  in  this  paper. 

The  first  iron  and  steel  bridges  designed  by  our  American 
engineers  were  typically  American.  That  is  to  say,  our  type 
of  construction  was  radically  different  from  that  used  by  otlier 
nations.  The  question  of  cost  was  given  the  most  careful 
study,  and  justly  so,  as  the  railroad  companies  which  pur- 
chased these  structures  had  a  very  difficult  time  to  make  both 
ends  meet.  In  those  days  the  rolling  stock  of  our  railroads 
was  very  light  ；  the  volume  of  traffic  was  very  small,  and  tlie 
trains  did  not  move  over  the  railroads  with  the  high  speed 
of  to-day. 

The  type  of  striu-t me  referred  to  is  the  pin-connected 
span.  When  first  introduced  it  was  built  of  any  length, 
ranging  from  30ft.  upwards.  It  was  very  popular  owing  to 
tlie  small  amount'  of  metal  required  in  its  construction,  the 
ease  with  which  its  members  could  be  transported  over  great 
distances,  and  tlie  facility  with  which  it  could  be  erected. 
These  bridges  were  built  at  a  time  when  the  science  of  build- 
ing structures  of  metal  was  in  its  infancy.  As  a  consequence 
most  of  the  old-time  bridges  were  built  with  very  inferior 
details.  Owing  to  tlie  rapid  increase  in  the  weight  of  the 
rollings  stock  of  the  railroads,  they  were  soon  taxed  to  their 
capacity  and  unfortunately  sometimes  beyond  tlieir  rapacity. 
As  a  result  it  did  not  take  long  for  these  old-time  bridges  to 
develop  imperfections  and  it-  soon  became  apparent  that  the 
pin-connected  bridge  was  not  the  ideal  type  of  structure  to  be 
used  in  every  case. 

The  next  step  was  the  introduction  of  the  plate-girder 
bridg^e  and  the  rivet ed-truss  bridge,  and  it  soon  became 
conmion  practice  to  build  plate  girders  for  all  spans  from  -Oft  - 
to  Toft,  in  length,  and  from  Toft,  to  125ft.  various  forms  of 
riveted  trasses,  and  spans  over  150ft.  of  tlie  pin-connected 
type.  In  other  words,  we  began  to  follow  the  practice  of 
European  engineers  in  the  building  of  our  shorter  span 
bridges. 

Now  let  us  analyse  wliv  we  departed  from  the  old-time 
practice  of  building  pi  "-connected  bridijes  and  substituted  the 
use  of  the  riveted  bridges.  In  tlie  first  place  the  old-time  ])in- 
ronneoted  span  was  used  without  consideration  of  span  length. 
The  shorter  pin-connected  spans,  owin^  to  their  extreme 
lightness,   the  small   moment  of   inertia   of   their  tension 
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members,  poor  lateral  bracing,  and  generally  inferior  details, 
vibrated  excessively  under  traffic.  The  fact  that  these  small 
pin-spans  were  used  out  of  the  sphere  which  naturally 
belonged  to  them,  led  a  great  many  engineers  to  abandon 
the  pin-connected  spaa  almost  entirely,  and  of  recent  years 
we  have  adopted  more  extensively  the  use  of  the  all-riveted 
span  for  our  longer-span  bridges.  It  has  occurred  to  the 
writer,  however,  that  in  many  cases  we  have  substituted 
riveted  spans  for  our  long-span  bridges  where  a  pin-coiinected 
structure  would  have  been  preferable. 

The  ideal  span  to  build  would  be  one  that  is  free  from 
vibrations  and  without  secondary  stresses,  but  as  tliis  is 
impossible,  the  problem  then  is  to  select  that  type  of  design 
which  has  the  minimum  number  of  objectionable  features. 
For  an  ordinary  simple  truss  span  there  are  four  types  of  con- 
struction to  be  considered  ： ― 

First,  the  truss  with  built-up  chords  and  diagonals  and 
riveted  connections  throughout,  or  what  is  ordinarily  called  a 
riveted  span.  In  this  type  of  construction  tlie  span  should  be 
made  as  deep  as  good  designing  will  permit.  The  dimension 
of  the  chords  and  web  members  should  be  made  as  narrow  in 
the  plane  of  the  truss  as  permissible.  By  increasing  the 
depth  of  the  trusses  the  connections  of  the  diagonals  to  the 
chords  become  smaller  ；  the  deformation  of  the  truss  under 
load  becomes  smaller  and  consequently  the  secondary  stresses 
become  smaller. 

The  problem  of  selecting  the  proper  dimensions  of  the 
various  members  forming  a  joint  requires  a  great  deal  of  skill 
and  judgment.  In  the  first  place  the  various  members  should 
be  slender,  so  as  to  be  as  flexible  as  possible,  in  order  to 
reduce  the  secondary  stresses  due  to  the  bending  of  the 
member.  On  the  other  hand,  with  slender  members  it  is 
exceedingly  difficult  to  concentrate  the  rivets  in  the  connec- 
tions. This  calls  for  the  rivets  to  reach  far  out  into  the 
members  ；  hence  the  use  of  large  gusset  plates.  The  longer 
the  connection  becomes,  the  more  uncertain  the  action  of  the 
rivets,  and  therefore  the  more  objectionable  the  connection. 
The  size  of  the  gusset  plates  may,  in  many  cases,  be  reduced 
by  connecting  the  main  member  to  both  sides  of  the  gusset 
plate  by  means  of  an  auxiliary  connecting  plate.  By  this 
means  the  rivets  connecting  the  main  member  to  the  gusset 
plate  take  double  shear  and  thus  the  number  of  rivets  can  be 
reduced  in  proportion. 

The  slenderness  of  members  calls  for  compression  iiiembers 
with  small  moments  of  inertia,  and  therefore  they  are  not  so 
economical  as  a  column  as  one  with  a  greater  moment  of 
inertia.  In  the  case  of  tension  members  it  means  thicker 
material,  and,  therefore,  more  waste  due  to  deductions  on 
account  of  rivet  holes. 

Thus  we  are  confronted  with  the  problem  of  selecting 
members  having  large  dimensions  of  their  cross-section  in  the 
plane  of  the  truss,  with  the  possibility  of  Mieir  connections 
being  concentrated  to  a  mininuim,  and,  as  a  consequence 
thereof,  of  having  large  secondary  stresses  due  to  bending  of 
the  con iiecting  members.  Or,  on  the  other  hand,  selecting  a 
cross-section  with  the  least  width  possible,  which  in  turn  calls 
for  small  moments  of  inertia  ；  that  is  to  say,  the  members  are 
not  economical  compression  members,  nor  are  they  economical 
tension  members,  as  the  material  becomes  too  concentrated. 
The  great  problem  is,  therefore,  to  know  just  where  to  draw 
the  line  in  the  selection  of  the  various  members. 

Ill  order  to  somewhat  overcome  the  effects  of  tlie  secondary 
stresses  in  riveted- truss  spans,  some  of  our  specifications  call 
for  their  partial  elimination  by  lengthening  and  shortening 
the  various  truss  members,  amounting  to  the  respective  dis- 
tortions due  to  dead  load  plus  one-lialf  the  live  load,  and 
reaming  of  the  chord  splices,  while  the  chords  are  assembled 
ill  a  straight  line,  and  then  forcing  them  in  their  proper 
position  before  the  connections  of  the  diagonals  to  the  chords 
are  d rilled  or  reamed.  This  is  all  right  as  far  as  it  goes  in 
tlie  sliop,  but  when  the  structure  is  actually  being  erected  it  is 
an  altogether  different  proposition.  If  the  chords  were  first 
riveted  togetlier  and  then  put  on  their  camber  blocking  before 
they  were  connected  to  tlie  diagonals,  these  results  might  in  a 
measure  be  obtained. 

Before  a  long  fixed  span  can  be  swung  it  is  necessary  to 
rivet  all  the  tension  splices  in  the  chords,  so  that  it  is  very 
probable  that  a  large  part  of  the  refinement  that  was  put  on 
this  work  in  the  shop  is  lost  in  the  field. 


Second,  tlie  truss  witli  built-up  continuous  chords  and 
built-up  diagonals,  pin-coiniected  throughout.  Tlie  vertical 
posts  and  diagonals  are  connected  to  the  chord  by  means  of 
pins,  which  in  tlie  case  of  a  continuous  cliorcl  become  very 
small,  owing  to  the  fact  that  the  pins  merely  transmit  the 
increment  of  the  stress  to  the  chords.  It  is  sometimes  found 
desirable  to  rivet  sucli  posts  and  diagonals,  as  in  case  of 
reversal  of  stresses  in  these  members,  in  order  to  avoid  the 
wear  in  the  pin  holes.  In  such  cases  the  stresses  to  be  trans- 
mitted to  ilie  chords  are  very  small  indeed  ；  consequently  the 
connections  are  small  and,  therefore,  secondary  stresses  are 
also  very  small.  This  type  of  construction  can  be  designed  by 
making  tlie  chords  sufficiently  shallow  in  order  to  make  the 
same  flexible  and  tlie  diagonals  sufficiently  wide  in  the  plane 
of  the  truss,  so  that  they  are  sufficiently  strong  to  rotate  upon 
the  pin  and  overcome  the  pin  friction  wlien  the  structure 
(le, fleets.  It'  is  believed  that  this  type  of  const rurt ion  lias  a 
miuimum  amount  of  secondary  stresses. 

The  only  objection  to  this  type  of  span  is  that  it  weighs 
more  than  a  span  with  eye-bars  used  as  tension  members,  and 
that  the  tension  chords  must  hd  spliced  in  the  field  before 
the  span  can  be  safely  swung,  wliich  in  many  cases  is  very 
objectionable,  as  in  most  long-span  bridges  it  is  desirable  to 
make  the  span  safe  in  the  least  time  possible. 

Third,  tlie  truss  with  the  chords  built-up  and  made 
shallow  in  order  to  be  flexible  ；  diagonal  eye-bars,  pin- 
connected  . 

Fourth,  the  truss  witli  bottom  (chords  and  diagonals  made 
of  eye-bars.  Wliile  this  type  of  construction  is  pin-connected 
throughout  and  theoretically  articulated,  the  joints  are 
actually  】iiore  or  less  rigid,  due  to  the  friction  of  the  bearing 
of  the  eye-bars  on  the  pins.  In  order  to  reduce  to  a  mini- 
mum the  secondary  stresses  due  to  pin  friction,  it  is  desirable 
to  make  the  bars  as  wide  as  permissible  and  still  not  exceed  the 
allowable  bearing  value  of  the  eye-bars  upon  the  pins. 

It  is  extremely  difficult  to  determine  tlie  amount  of 
secondary  stresses  in  a  pin-connected  bridge,  due  to  the  weight 
of  the  bridge  itself,  inasmuch  as  it  is  impossible  to  determine 
the  frictioiial  resistance  upon  the  pins  which  the  various  mem- 
bers encounter  in  righting  themselves,  while  tlie  camber 
blocking  is  being  removed  and  the  span  swung. 

While  the  action  of  eye-bars  in  a  structure  is  not  perfect ~ 
that  is  to  say,  that  bars  have  more  or  less  secondary  stresses ― 
nevertheless,  they  are  one  of  the  safest  articles  used  in  the  con- 
struction of  a  bridge.  When  we  are  using  an  eye-bar  we  can 
feel  that  we  are  using  something  about  which  our  knowledge 
is  reasonably  complete.  It  seems  to  the  writer,  however,  that 
it  is  the  common  practice  of  engineers  either  not  to  use  eye- 
bars  at  all  or  else  to  use  them  right  up  to  the  limit  of  their 
capacity  as  determined  by  full  size  tests.  They  seldom  figure 
out  what  amount-  of  economy  could  be  obtained  bv  using  an 
eye-bar  with  a  somewhat  lower  unit  stress  on  the  same  basis 
that  they  used  a  riveted  member.  In  the  case  of  a  built-up  ten- 
sion member,  there  is  a  large  amount  of  material  which  is 
wasted,  inasmuch  as  it  does  not  enter  into  or  carry  part  of  the 
primary  stress,  viz. ,  such  material  as  is  added  to  take  care  of 
the  deductions  from  the  section,  necessary  on  account  of  rivet 
holes,  and  material  added  for  lattice-bars,  batten  plates, 
If  they  realised  that  they  could  add  considerable  material  to 
their  eye-bars  and  still  use  them  with  economy,  they  might 
not  be  so  adverse  to  their  use.  This  material  added  to  tlie 
eye-bars  would  reduce  the  normal  stress  in  the  eye-bars  to 
such  an  extent  that  the  secondary  stresses  could  be  entirely 
ignored. 

The  vibration  of  pin-coniiect-ed  spans  may  be  reduced  in 
several  ways.  First,  by  making  all  of  the  members  built-up, 
with,  coinparativelv  speaking,  large  moments  of  inertia  in  the 
plane  of  the  truss  ；  second,  by  making  the  eye-bars  sufficiently 
wide  so  that  their  deflection,  due  to  their  own  weight,  will  not 
be  too  "rreat  :  third,  bv  wei*:liing  down  the  bridge  by  means  of 
a  ballasted  floor.  The  writer  raiinot  help  but  feel  that  when 
we  come  to  our  longer  span  bridges,  the  pin- connected  type 
bridge  is  the  proper  one  to  build.  The  main  advantages  of  a 
pin-connected  span  with  eye-bar  tension  members  are  that  it 
weighs  less  than  other  types  of  construction  and  can  be  built 
in  the  shop  with  extreme  accuracy  so  that  there  is  little  possi- 
bility of  encountering  trouble  in  erection  through  faulty  work- 
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manship.  Erection  can  proceed  with  greater  rapidity  than 
with  the  riveted  span,  and  the  writer  believes  that  less  skill 
is  required  in  designing  a  pin-connected  span  than  a  riveted 
span. 

Lateral  Bracing.- ~ There  is  a  feature  in  】ong  span  bridges 
which  should  be  considered  very  thoroughly,  and  that  is  the 
question  of  lateral  bracing  for  the  compression  chords.  In 
the  shorter  span  bridges  the  loads  allowed  for  wind  bracing 
are  ample  to  provide  sufficient  material  to  take  care  of  the 
actual  wind  stresses,  and  also  to  hold  in  alignment  the  com- 
pression chords.  However,  in  very  long  span  bridges,  the 
question  of  providing  sufficient  lateral  bracing  for  the  com- 
pression chords  to  hold  them  in  proper  alignment^  so  that  the 
compression  chords  will  act  in  unison  throughout  their  entire 
lengthy  and  in  reality  form  one  compression  member  when 
considered  in  a  horizontal  plane,  should  be  carefully  con- 
sidered. In  this  respect  the  lateral  bracing,  in  addition  to 
performing  the  function  of  wind  bracing,  also  perforins  the 
same  function  that  the  lattice  bars  do  to  the  individual  com- 
pression members.  However,  in  the  case  of  an  ordinary  mem- 
ber the  lattice  bars  connect  continuous  members,  whereas  the 
lateral  bracing  must  hold  in  alignment  members  which  are 
not  thoroughly  spliced,  and  are,  therefore,  more  liable  to  be 
out  of  true  alignment  on  account  of  imperfect  workmanship. 

It  is  not  au  easy  matter  to  determine  the  amount  of  lateral 
bracing  which  it  is  necessary  to  provide  to  hold  the  compres- 
sion chords  in  proper  alignment,  owing  to  the  fact  that  we 
have  not  made  sufficient  tests  of  large  size  compression  mem- 
bers to  determine  just  how  much  material  is  required  to 
hold  in  proper  alignment  the  main  sections  of  a  compression 
member. 

This  same  question  of  uncertainty  applies  to  the  proper 
bracing  of  the  top  flange  of  our  through  plate  girder  bridges. 
The  writer  is  well  satisfied  that  a  large  number  of  our  de- 
signers do  not  have  the  same  margin  of  safety  in  the  compres- 
sion flange  of  their  through  plate  girder  bridges  as  they  have 
in  the  tension  flange.  Some  recent  tests  of  plate  girders  show 
that  the  ultimate  strength  of  the  top  flange  is  about  the  elastic 
limit  of  the  material.  In  order  to  make  the  top  flange  of  a 
through  plate  girder  bridge  the  same  strength  as  the  bottom 
flange,  we  should  have  some  formula  to  guide  us  in  the  proper 
proportioning  of  the  top  flange.  A  formula  for  this  purpose 
can  be  developed  only  by  a  series  of  experiments.  However, 
ill  the  meantime  ifc  seems  to  the  writer  that  we  should  apply 
our  column  formula  to  these  flanges.  Of  course,  the  value  of 
iiitenriediate  supports  should  be  given  proper  consideration. 

Another  feature  in  plate  girdei'  designs,  which  the 
writer  is  inclined  to  believe  will  cause  engineers  some 
regret,  is  that  they  have  not  as  a  rule  increased  the  thickness 
of  their  web  plates  in  the  same  ratio  that  they  have  increased 
their  flange  areas.  This  is  especially  true  of  the  long  plate 
girder  spans.  Wlieti  the  large  web  plates  are  rolled  at  the 
niills,  the  edges  of  tlie  plate  cool  first  which  causes  the  plate 
to  become  "  dished."  In  order  to  eliminate  this  dishing  or 
buckles  ill  the  web,  it  is  necessary  to  put  these  web  plates  in 
(lie  bending  rolls  until  the  buckles  are  eliminated.  After 
t  his  the  plates  are  straightened  for  use.  There  can  be  no 
question  but  what  there  are  heavy  secondary  stresses  in  all 
these  large  web  plates.  Tn  addition  to  this  the  web  plates 
are  more  exposed  to  corrosion  llum  any  other  pari  of  the 
structure,  and  if  there  is  any  deterioration  in  this  structure, 
the  web  plates  will  show  the  greatest  portion  of  this 
deterioration. 

Tn  many  cases  stringers  and  the  shorter  span  plate  girders 
could  be  built  not  only  better,  but  also  cheaper,  by  omitting 
stiffeners  altogether,  except  at  end  conuei'iious  or  bearing 
points  and  in  cases  where  necessary  on  account  of  other  con- 
nections, and  putting  a  like  amount  of  material  in  tlie  web, 
i  hereby  obtainint^  a  much  stronger  web  and  adding  some  to 
the  strength  of  the  flanges. 

It  frequently  lia])pens  that  heavy  portal  or  sway  bracing 
is  attached  to  the  upper  part  of  bents,  leaving  the  lower 
portion  unbraced,  and  due  consideration  is  not  given  to  tlie 
bending  which  this  portal  or  sway  bracing  might  induce  into 
the  columns  ；  the  columns  are  merely  provided  with  ordinary 
lattice  ba rs  below  the  portal  or  sway  bracing  instead  of  being 
provided  with  proper  web  plates  or  cover  plates  to  transmit' 
the  shear  to  its  proper  destination. 

Lattice  bars  should  be  eliuiinat<}d  where  it  is  practicable 


inasmuch  as  their  function  consists  merely  in  holding 
members  together,  and  they  do  not  assist  materially  in  traus- 
mitting  the  main  stresses,  whereas,  if  a  solid  plate  were  used 
it  would  form  a  part  of  the  member  as  well  as  take  care  of 
any  local  shear  that  might  be  manifest. 

In  order  to  get  accurate  workmanship  in  large  compres- 
sion members,  they  should  be  so  designed  that  tliey  can  be 
completely  assembled  in  the  shop  before  riveting.  This 
practically  means  that  even  some  of  the  smaller  compression 
members  should  have  lacing  bars  with  at  least  two  rivets  at 
each  end,  in  order  to  keep  in  proper  alignment  the  members 
while  they  are  being  riveted  in  the  shop.  The  larger 
members  should  have  sufficient  diaphragms  to  ensure  the 
proper  amount  of  rigidity. 

There  is  a  tendency  among  engineers  to  over-rivet  their 
compression  and  tension  members  to  make  the  material  act  as 
a  unit,  and  it  often  happens  that  the  material  is  weakened  by 
this  means.  Material  should  be  used  as  it  comes  from  the 
mills  with  as  little  labour  on  it  as  possible. 

In  】nany  cases  the  specifications  call  for  symmetrical  sec- 
tions, but  do  not  mention  the  fact  that  the  coiinectious  should 
be  symmetrical  or  at  least  an  equal  number  of  rivets  on  eacli 
side  of  the  centre  line  of  the  member. 

Some  engineers  are  inclined  to  lay  clown  rules  to  others 
which  they  themselves  are  not  following,  for  instance,  in 
trough  floor  construction  used  extensively  for  track  elevation 
purposes.  These  troughs  are  filled  with  concrete  and  become 
inaccessible  for  painting  and  inspection.  The  writer  believes 
that  much  better  results  might  be  obtained  by  using  I-beams 
and  reinforced  concrete  decking  on  top  of  the  I-beams  with 
ballasted  floor  on  top  of  the  concrete.  In  tliis  way  the 
structural  material  is  always  accessible  for  painting  and 
inspection. 

In  the  designing  of  mill  buildings,  especially  where 
high-speed  travelling  cranes  are  used,  spe^jial  attention  sliould 
be  paid  to  the  proper  distribution  of  tlie  lateral  forces 
induced  by  the  travelling  cranes  throughout  the  building.  In 
cases  of  this  kind,  the  bottom  chords  of  tlie  roof  trusses  should 
be  provided  with  a  good  lateral  system  extending  tlie  full 
length  of  tlie  building,  so  that  the  lateral  forces  will  be 
thoroughly  absorbed  throughout  the  structure. 

Nickel  Steel. ― Of  recent  years  some  of  our  ent^aiieers  liavo 
heen  advocating  the  use  of  nickel  steel  and  oilier  steels  of  liigh 
ultimate  strength.  Inasmuch  as  the  modulus  of  elasticity  of 
nickel  steel  is  the  same  as  that  of  carbon  steel,  the  structures 
designed  with  these  steels  of  high  ultimate  strength,  where 
the  unit  stresses  are  from  two  and  one-half  to  three  times 
those  used  for  ordinary  carbon  steel,  the  deformation  and 
deflections  will  be  from  two  and  one-half  to  three  times  those 
of  structures  built  of  ordinary  carbon  steel.  As  the  deforiua- 
tion  of  the  structure  increases,  the  secondary  stress  also  in- 
creases in  proportion.  What  is  more,  even  if  the  secondary 
strains  have  been  rectified  for  the  dead  load,  the  defle<'tio!is 
due  to  the  live  load  will  be  nuicli  t^reater  in  proportion  in 
structures  of  nickel  steel  than  in  those  of  carbon  steel,  for  the 
reason  that  the  weight  of  t]ie  live  load  in  this  case  is  imu  li 
greater  in  proportion  to  the  weight  of  the  dead  load  than  is 
the  case  where  ordinary  steel  is  used.  In  addition,  t he 
tions  caused  by  the  passing  of  the  live  load  over  the  slriKlvirc 
are  much  greater  owing  to  the  increased  unit  stress  employed. 

For  the  above  mentioned  reasons,  striu-tures  built  of  steel 
of  high  ultimate  strength  sliould  be  desi"'，ied  with  the  inini- 
nunn  secondary  stresses.  One  of  the  worst  features  iu  connec- 
tion with  the  use  of  nickel  steel  has  been  that  some  of  our 
engineers  have  used  carbon  steel  in  conjunction  with  nickel 
steel .  Take  the  case  of  a  simple  truss  span,  where  the  chords 
are  made  of  nickel  steel  and  tlio  lateral  bivicin^'  is  made  of 
carbon  steel.  The  two  chords  are  lied  loirt^lior  by  the  lateral 
bracing  forming  one  compression  member,  ami  any  dc forma- 
tion vvhicli  takes  place  in  the  rhords  due  to  the  compression  of 
the  same  must  be  J)urne  jiroport iouately  by  tlie  laterals.  Tins 
means  that  the  lateral  bracing  may  be  stressed  up  to  its  elastic 
limit,  while  the  chords  themselves  arp  uo\  stressed  beyond 
their  usual  requirements. 

In  statin"'  tliat  nickel  steel  and  rarboii  steel  should  not  be 
used  together,  is  meant  in  such  parts  of  the  span  that  act  in 
unison."  For  instaure,  there  caii  be  no  objection  to  tlie  use  of 
carbon  stool  in  a  "irk(、l  steel  struotiiro  for  floor  beams  and 
slringoi-i?,  or  such  members  as  act  iiulopeiulenl  of  the  main 
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structure,  provided  ample  provision  is  made  for  the  stringer 
connections  to  expand.  These  are  points,  however,  which  can 
be  taken  care  of  in  the  design  of  the  structure. 

Secondary  Stresses. ― The  future  development  of  our  bridges 
depends  upon  the  careful  consideration  and  elimination,  as 
far  as  possible,  of  the  secondary  stresses.  It  will  be  observed 
that  in  none  of  the  various  types  of  spans  considered  is  it 
possible  to  eliminate  entirely  the  secondary  stresses  in  the 
chords.  The  secondary  stresses  may  be  reduced  by  the  selec- 
tion of  the  proper  section  for  the  diagonals  and  their  attach- 
ments to  the  chords.  Secondary  stresses  are  developed  in 
trusses  through  the  connections  of  the  lateral  bracing  and  the 
floor  system.  In  a  through  bridge  the  elongation  of  bottom 
chord  produces  an  elongation  in  the  bottom  laterals,  resulting 
in  heavy  secondary  stresses  in  both  the  floor  beams  and  laterals 
when  they  are  attached  to  the  stringers  and  intermediate 
points.  In  a  deck  bridge  the  top  chord  being  in  compression 
is  reduced  in  length,  while  the  bottom  flange  of  the  stringers 
is  elongated  more  or  less,  for  which  reason  the  stringers  should 
be  provided  with  extension  joints  at  the  floor  beams  in  order 
to  avoid  excessive  secondary  stresses. 

To  minimise  the  effect  of  secondary  stresses  in  a  truss,  it  is 
well  to  omit  knee  bracing  and  sway  frames  at  intermediate 
panel  points.  The  main  posts  of  a  truss  should  be  made  the 
full  depth  of  the  truss  wherever  possible  ；  in  other  words, 
bracing  to  increase  the  efficiency  of  posts  and  the  use  of  sub- 
struts,  materially  increases  the  secondary  stresses.  Floor 
beams  should  be  made  deep  and  centrally  connected  to  the 
posts.  Ill  order  to  avoid  chord  stresses  to  be  transmitted  to 
stringers,  their  end  connections  should  be  made  flexible. 
This  can  be  done  by  using  a  wide  gauge  of  the  outstanding 
leg  of  the  angle  connecting  the  stringer  to  the  floor  beam . 
When  a  truss  with  subdivided  panels  is  used  the  unit  stress 
of  the  floor  beam  hangers  should  be  very  low  so  as  to  keep 
down  the  elongation  in  same,  as  the  elongation  of  the  hanger 
produces  heavy  secondary  stresses  in  the  chords  to  which  it 
connects. 

Aside  from  the  make-up  of  the  various  members  of  a  truss 
span  and  their  connections,  a  great  deal  depends  upon  the 
type  of  span  itself.  Secoiulary  stresses  are  very  materially 
increased  or  decreased  according  to  tlie  type  of  the  truss, 
whether  it  is  a  single  intersection ,  a  tiiultiple  intersection,  or 
a  multiple  intersection  with  vertical  posts  or  without  vertical 
posts.  Another  source  of  secondary  stresses  in  a  truss  is  due  to 
the  fact  that  the  bottom  laterals  are,  as  a  rule,  attached  to 
the  bottom  of  the  post  quite  a  distance  below  the  bottom 
chord,  so  that  the  chord  stresses  in  the  lateral  system  must 
travel  through  ben<iiiig  in  the  post  into  the  bottom 
chord.  Besides  this  defect,  laterals  are  not  generally  run  in 
centrally  with  the  chord,  thereby  inducing  uneven  distribution 
of  chord  stresses. 


EFFICIENCY  IN  STEAM  ENGINES. 

In  his  report  on  "  The  Efficiency  in  vSteatii  Engines/'  presented 
to  the  British  Scienre  Guild,  Sir  Charles  Parsons,  C.B., 
F.R.S.,  states  tliat  in  all  steam  engines  t  lie  lieat  of  the  fuel 
is  conveyed  to  the  working  fluid  by  conduction  through  the 
metal  walls  of  the  boiler  or  superheater,  and  the  limits  of  the 
temperature  of  the  cycle  on  which  the  efficiency  of  the  engine 
primarily  depends,  are  fixed  at  the  upper  end  by  the  tem- 
perature at  which  deterioration  of  the  boiler,  superheater, 
and  engine  become  excessive,  and  at  the  lower  end  by  the  tem- 
perature and  quantity  of  cooling  water  available  for  con- 
densation, and  with  the  materials  for  construction  at  present 
available  the  upper  limit  of  temperature  seems  to  have  been 
nearly  reached.  The  highest  efficiency  realised  by  any  steam 
eiit^Miie  up  to  the  present  is  about  r2ilbs.  of  steam  per  kilowatt 
liour,  which  is  equivalent  to  9'Olbs.  per  shaft  horse-power, 
or  a  little  over  lib.  of  good  coal,  or  about  '85\h.  of  oil  burnt 
under  a  good  boiler.  This  result  has  been  obtained  with 
units  of  10,000  h.p.  working  at  full  load,  with  a  steam  pressure 
of  2001bs.  gauge,  superheated  to  a  temperature  of  300。  C., 
ami  exhausting  into  a  vacuum  of  liii.  absolute  of  mercury. 
It  represents  a  conversion  of  about  70  per  cent,  of  tlie  avail- 
able energy  in  the  steam  into  mechanical  power,  or  a  con- 
version of  about  uue-fifth  of  the  heat  in  the  fuel  into 
mechanical  work.  On  average  load,  and  iu  every-day  work, 
however,  the  consumption  may  be  taken  from  20  to  50  per 
cent,  greater.      As  regards  large  reciprocating  engines,  the 


consumption  of  coal  may  be  taken  at  from  10  to  20  per  cent, 
greater  than  tlie  above  figures,  and  as  regards  moderate  and 
small-sized  engines  and  turbines  when  condensing,  the  average 
consumption  may  be  taken  approximately  at  about  double  the 
figures  given  for  large  turbines.  With  higher  steam  pressures 
and  higher  temperatures  of  superheat  there  would  be  some 
reduction  in  consumption  of  steam,  but  only  a  slight  reduction 
in  coal,  because  of  the  greater  number  of  thermal  uiiiis  con- 
tained in  each  pound  of  steam,  and  also  because  of  the  increase 
in  radiation.  The  reduction  in  coal  may  be  taken  at  1  per 
cent,  for  every  14。  C.  increase  of  temperature  of  the  steam 
delivered  to  the  engine. 
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Steam  Presstjiie  ]50lbs.  per  Square  Inch. 
Vacuum,  at  full  load  27in.,  at  half  load  27^in.,  at  quarter  load  2ein. 
Barometer  30ins. 

In  practice  a  temperature  is  soon  reached  beyond  which 
the  increased  deterioration  of  the  superheater,  boiler,  and 
engines  more  than  counterbalance  tlie  saving  iu  fuel,  so  that 
finality  in  this  direction  is  soon  reached,  and  in  fact  has 
already  been  nearly  approached.  At  the  lower  end  of  the 
cycle,  the  temperature  of  the  condenser  being  determined  by 
that  of  the  circulating  water,  there  is  not  much  scope  for 
improvement  in  this  direction.  There  is,  however,  a  pro- 
bability of  some  improvement  in  boiler  and  engine  efficiencies 
by  the  reduction  of  petty  losses,  which  in  the  aggregate  repre- 
sent a  loss  nearly  equal  to  the  total  energy  realised  as 
mechanical  work.  These  losses  are  about  equally  divided 
between  the  boiler  and  the  engine,  and  have  for  many  years 
beeji  the  subject  of  much  careful  thought  and  investigation. 
The  conclusion  at  present  appears  to  be  that  the  boiler  and 
the  steam  engine  may  be  improved  to  some  considerable  extent 
by  small  ecouomic  improvements  in  tlie  method  of  combustion, 
i"  the  efficiency  of  heat  transfer  in  the  boiler  and  superheater 
to  tlie  working  fluid,  and  in  tlie  engine  itself,  but  tliat  no 
further  substantial  improvement  is  possible  in  the  condenser. 

The  New  Science  of  Aerology •— Iu  "The  World's  Work  "  for 
April,  an  article  under  tliis  title  says  that  above  the  liighest 
i<^'e  clouds  which  float  more  than  six  miles  above  the  surface 
of  the  earth  there  is  a  region  iu  which  there  are  no  storms. 
Here  the  air  is  cold  and  dry,  and  so  tenuous  that  a  human 
being  roiild  not  live  in  it,  if  lie  should  succeed  in  reaching  so 
great  an  altitude.  This  region  is  called  tlie  "isothermal 
layer  of  the  atmosphere."'  Everybody  knows  that  the  top  of 
a  niouutaiu  is  colder  tliau  its  base.  Suppose  we  ('(niM  travel 
far  above  tlie  highest  inouiitain  peak ― should  we  iiiul  tlie  air 
continually  growing  colder  as  we  ascended  ？  A  few  years  ago 
science  would  have  answered  yes  ；  but  now  we  know  that  this 
is  not  the  case.  In  the  year  1902,  a  French  meteorologist, 
M.  TeissereiK'  de  Bort,  discovered  that  in  every  case,  after  a 
height  of  about  six  and  a  half  iiiiles  was  attained,  tlie  steady 
fall  in  temperature  abruptly  ceased,  often  giving  place  to  a 
slight  rise  iu  temperature  for  a  certain  distance  upward.  A 
new  "  shell  •'  of  the  earth's  atmosphere  had  been  reached ― tlic 
isothermal  layer,  or,  as  its  discoverer  now  prefers  to  call  it, 
tlie  "  stratosphere."  The  temperature  at  the  bottom  of  the 
stratosphere  averages,  in  European  latitudes,  about  68。  below- 
zero  Falirenheit .  Tlie  stratosphere  is  not,  however, 
uniformly  high  over  different  parts  of  the  world  ；  it  is  lowest 
over  the  poles  and  highest  over  the  equator.  Hence  in 
equatorial  regions  the  regular  fall  in  temperature  of  the  lower 
air  witli  ascent  of  the  thernionieter  continues  to  a  greater 
lieight  than  elsewhere.  This  acroiuits  for  the  paradoxical 
fact  that  colder  air  is  found  over  the  equator  than  anvwliere 
else  in  the  world.  The  lowest  air  temperature  ever  rerorderl 
― 119°  below  zero  Fahrenheit ― was  found  at  a  height  of 
12  miles  over  tlie  heart  of  Africa. 
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TREATMENT  OF  PRODUCER  GASES. 

In  the  treatment  of  the  gases  obtained  from  gas  producers  in 
which  ammonia  is  formed  in  considerable  quantities  and  pro- 
vision is  made  for  its  recovery  it  lias  been  proposed  to 
separate  the  so-called  fixed  anunoiiia,  that  is  to  say, 
ammonium  salts,  chiefly  ammonium  chloride,  by  subjecting 
the  gases,  prior  to  their  passage  tlirougli  the  usual  acid 
chamber  or  "  saturator  "  for  producing  ammonium  sulphate, 
to  a  preliminary  washing  with  hot  water,  the  ammonium  salt 
solution  thus  obtained  being  either  treated  with  lime  for 
liberating  the  ammonia  or  with  sulphuric  acid  for  converting 
the  ammonium  chloride  into  sulphate,  or  evaporated  to  sepa- 
rate out  the  ammonium  salt.  In  the  case  of  separating  out 
the  ammonium  salt,  it  has  also  been  proposed  to  burn  or  roast 
tlie  salt  so  as  to  char  the  organic  matters  that  discolour  it, 
and  to  then  lixiviate  the  mass  so  as:  to  separate  out  the 
ammonium  salt.  The  sulphur  in  most  coals  causes  some 
ammonium  sulphate  to  be  present  in  the  washing  water  in 
addition  to  the  ammonium  chloride.  A  method  of  treatment 
has  recently  been  patented  by  Messrs.  Vickers,  Ltd.,  of  River 
Don  Works,  Sheffield,  in  conjunction  with  Mr.  Jolm  Iim'ie, 
the  chief  object  of  which  is  to  obtain  the  whole  of  tlie 
ammoniuin  salts  in  the  form  of  ammonium  chloride  of 
marketable  purity.  According  to  this  process,  the  ammo- 
nium salt  solution  resulting  from  the  preliminary  washing  of 
the  producer  or  other  gases  with  water  is  treated,  either 
before  or  after  concentration,  with  an  appropriate  quantity 
of  calcium  chloride  or  other  substance  capable  of  reacting 
with  the  ammonium  sulphate  to  form  ammonium  chloride 
and  an  insoluble  sulphate. 

In  carrying  out  the  process,  a  preliminary  washing 
chamber  is  employed  in  which  the  gases  are  led  in  at  the 
upper  part,  and  led  out  also  from  the  upper  part,  the  lower 
part  or  "  well  ，，  of  the  chamber  being  flooded  with  water  and 
provided  with  a  power-driven  paddle  for  spraying  the  water 
into  the  upper  region  of  ilie  chamber  where  the  gases  are. 
The  water  may  be  heated  before  being  supplied  to  the  wash- 
ing chamber,  or  may  be  at  the  ordinary  temperature  ；  in  the 
latter  case  it  will  soon  become  hot  by  contact  with  the  gases 
and  will  tlien  liberate  any  free  amnionia  that  it  may  have 
temporarily  held  in  solution,  and  in  either  case  it  will  be 
maintained  hot  by  the  heat  of  th6  gases.  In  the  exit  passage 
from  the  washing  chamber,  baffle  plates  are  provided  to  pre- 
vent any  spray  or  water  vapour  from  tlie  clianiber  from  being 
carried  away  and  lost.  Means  may  be  provided  to  withdraw 
the  liquid  that  accumulates  in  the  neighbourhood  of  the 
baffles,  since  under  some  circumstances  this  liquid  may  be  as 
rich  ill  chloride  and  sulphate  of  ammonia  as  that  in  the  well 
of  the  washing  chamber  or  even  richer  than  the  latter. 

At  intervals  the  liquid  in  the  washing  chamber  or  the 
liquid  collected  near  the  baffles,  or  the  liquid  from  both 
sources,  is  witlidrawn,  and  after  being  first  freed  as  far  as 
practicable  from  the  coal  dust  and  tar,  is  then  treated,  either 
before  or  after  concentration,  with  an  appropriate  quantity 
of  calcium  chloride  or  other  suitable  substance  that  is  capable 
of  reacting  with  the  aninioiiiiiiii  sulphate  to  form  ammonium 
chloride.  The  precipitated  calcium  sulphate  or  other  readily 
removable  product  of  the  reaction  is  then  separated  from  tlie 
ammonium  chloride  solution,  and  the  latter  is  subjected  to 
any  further  evaporation  necessary  to  crystallise  out  tlie  salt. 
The  salt  at  this  stage  may  require  to  be  purilied  owing  to  the 
presence  of  a  certain  quantity  of  tarry  ami  other  matter  ； 
this  matter  can  be  removed  by  calcining  the  salt'  at  a  low 
ieniperature,  say,  from  200°  C.  to  300°  C.,  and  by  then 
treating  the  whole  calcined  mass  with  water,  separating  the 
salt  solution  from  the  insoluble  matter,  and  recrystallising 
the  salt.  The  process  may  also  be  applied  to  blastfurnace 
and  coke-oven  gases. 


Crystal  Palace 已 ngiiuering  School. ― Tlio  ''  Wilson  Preiniuni 
for  the  best  paper  read  before  the  Crystal  Palace  Enginesriiig 
Society,  which  is  affiliated  to  the  Society  of  Engineers  (Incor- 
porated), during  the  present  session,  has  been  aw  a  rded  by  the 
Coum'il  to  E.  C.  Coke,  for  his  paper  on  "  The  Elet'trificatiou 
of  the  L.B.  and  S.C  Railway."  The  preniiuni  was  presented 
by  Rear-Admiral  Gordon  Wilson  Moore,  Director  of  Naval 
Ordnauce,  on  April  17th. 


INDUSTRIAL  AND  TRADE  NOTES. 

Scottish  Iron  Combine. ― After  protracted  ne<,'otiations  the  principal 

Sfottisli  iii;iileal)le  iroiimakers  have  agreed  to  anialgainate.  The 
capitalisjition  will  i^iohably  \)^  about  one  million  sterliti^^,  and  the 
new  compaiiiV  will  coiitro!  lo  works,  with  an  ； i niiiial  output  of 
2r,(),(K){)  tons. 

Petrol-driven  Cars  on  the  North-eastern  Railway. ― The  North-eastern 
Railway  ( 'oinpaiiy  has  just  introduced  ;i  jn'trol-driven  car.  w liich 
is  to  ho  nsod  for  inspection  purposes  by  the  executive  and  district 
officers.  Hitherto  the  work  has  been  undertaken  with  a  coach 
drawn  l).v  an  engine.  Thv  new  oars,  of  which  two  have  been  built, 
are  to  be  stationed  at  Newcastle  and  York  respoctiveiy.  Each 
vehicle  is  23ft.  Gin.  long  and  8ft.  Gin.  wide.  There  is  a  saloon 
IGft.  loJig,  with  driver's  compartments  at  oach  end.  Th ree  speeds 
of  15,  22  i.  and  45  miles  per  hour  a  re  provided. 

Propo.cd  Combinations  of  Shipyard  Trade  Unions.  The  ineinhers  of 
the  Jioilt'rnia kvvs  Society  a I'e  Ijeiiig  a.sked  to  vote  this  month  on 
two  separate  proposals  to  combine  with  other  shipyard  trade 
unions.  The  more  important  of  the  two  schemes  is  that  of  amal- 
gaiiiatimi  with  the  Ship  ('onstructivc  and  Shipwrights'  Association, 
the  otht'r  is  that  of  tVcleration  with  the  Livc^rpool  Shipwrights. 
Ill  the  first  case  amalgamation  means  the  constitution  of  a  new 
Joint  .society  of  i)oilerniakers  and  shipwrights  ii nder  one  governing 
authority,  with  a  new  code  of  rules  suitable  for  the  members  of 
both  trades.  In  the  other  case  the  proposal  is  simply  to  set  up 
a  working  arrangement  between  the  two  societies  under  which 
each  would  be  left  to  manage  its  own  internal  affairs. 

Boilermakers  and  the  "Down  Tools "  Policy. ― The  Executive  Council 
of  tho  lioilorniaker.s'  Society,  iii  tln'ir  current  monthly  it'port, 
issue  a  warning  to  members  against  stopping  work  without  doing 
all  that  i-aii  be  done  in  the  way  of  negotiations  on  a  question 
in  disp ut:^  in  accordance  with  the  provisions  of  the  supplenuMitaiy 
agreement.  Members  acting  contrary  to  this  instruction,  they 
state,  put  themselves  outside  the  pale  of  the  rules  of  the  society, 
and  must  themselves  1">  held  responsible  for  the  constHjUences 
arising  from  such  exclusion.  In  no  case,  it  is  added,  should  mem- 
bers require  to  wait  longer  than  one  week  for  a  price  to  be  fixed 
or  a  grievance  to  be  redressed  by  the  constitutional  procedure  now 
well  known  to  all  the  members  of  the  society.  In  conclusion  the 
executive  state  that  they  and  the  district  committees  will  put  the 
rule  into  force  against  iiiembers  who  take  the  law  into  tlioir  own 
hands. 

A  Large  Weighbridge. ― A  large  weighbridge  lias  just  beeu  laid  down 
at  the  Parkhead  Forge  of  Messrs.  Wm.  Beardnmre  &  Co.,  Ltd. 
This  is  the  most  powerful  Aveigh bridge  in  Scotland,  and  it  has  been 
installed  to  cope  with  the  tivmendous  increase  in  the  weight  of 
armour  plates,  naval  guns,  and  general  ordnance.  The  weigh- 
bridge has  been  specially  designed  by  Messrs.  W.  A:  T.  Avery,  Ltd.. 
of  liinniiigham  and  Newcastle.  Two  ■'  live  "  plattornis  are  laid 
down  on  the  railway  sidings  with  an  intermediate  "dead"  spate, 
allowing  the  largest  rolling  stock  to  be  poised.  Avery's  patent 
combination  steelyard  is  fitted,  enabling  the  machine  to  register 
any  load  i'roin  71bs,  up  to  181  tons.  Tliis  weighbridge,  in  view  of 
its  importance,  has  just  l)een  subjected  to  the  severest  Boa rd  of 
Trade  tests.  When  fully  lojulod  with  181  tons,  the  steelyard 
plainly  indicated  the  addition  of  30  ozs.，  showing  a  dclicac  v  aixl 
sensitiveness  of  0  0(J':04  \w  cent. 

Sir  W.  G.  Armstrong.  Whitworih.  &  Co.,  Ltd. 一 Tho  annual  meeting 
of  Sir  \V.  G.  Arnustroiig.  、Vlii"vorUi,  tV  Co..  Ltd..  "as  held  at 
Newcastlo-on-Tyne  on  tho  18th  in^X.,  Sir  Andrew  Noble  presiding. 
； Moving  the  adoption  ot  tlio  anmiai  roport.  wliich  reconiniended 
a  dividend  oi"  12^  per  cent,  and  the  canying  forward  of  £201,000, 
the  chairman  congratulated  the  shareholders  on  the  successful 
yea r,  and  said  that  their  works  at  Pozzuoli.  ItaI'v.  had  l)eon  gn-atlv 
developi'd.  l^tHontly  they  had  laid  tlowii  steelworks  so  tli ;U  they 
fould  u、；》l"、  thoir  own  lOr^int^s  ami  castings  tor  guns  instond  of 
inii'chasiiig  tliein,  and  now  tMiiplovod  4,0(X)  men,  (ompared  with 
1 .100  ten  years  ago.  In  .March  last  they  (lolivored  the  i»atlU^  ship 
*  Monarch  to  the  Adiuii  aity  at'tor  making  a  record  in  nip  id 
construction.  She  was  the  largest  and  most  powerful  vessel  they 
had  Wuilt  lor  the  Admiralty,  but  the  Brazilian  ''】《io''  and  Chilian 
*'  Valparaiso  "  they  woro  now  coiistrnctinK  、、i、rc  la rp»r  and  more 
po\\  ortul.  The  givat  iiiul  coiitiniiod  jirou  tli  in  llu*  (limo，，-、i(»"s  of 
tlio  、- i、sst、ls  had  iorcHul  tluMn  t(»  coiistnut  their  "，》、、  w ai>lii])  vard 
at  WalktT.  aiul  in 】1?  months  thoy  Iiopetl  to  lio  able  to  lav  don  ii 
tlio  \\\  i-;:t\sl  typo  oi  hattio  ship  tht、r，、. 

Wireless  Telegraphy  Developments. ―  The  M:m  ，ini  、Viieless  Tele"'ra，》h 
Company  aniiouiicos  that  it  has  iiiado  w  n  anmMiieiits  with  the 
Marconi  Wiroloss  ToK^^iapli  Conipaiiy  <»t  America  to  coiistnict 
for  that  ('(Unpany  ix  imiiiiIum'  ot  long  dist:""v  w  iroloss  stations,  and 
that  tlio  two  com punios  hw vo  si>::iuHl  a  w orkinn  agroi»iiient  with 
the  Woistoni  Union  Telegraph  Company,  of  New  York,  and  with 
the  Groat  North-wostoni  Tologrnph  Company,  of  Canada,  which 
provides  that  the  companies  shall  have  the  full  benefit  of  those 
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companies'  laiiclline  stations  foi'  the  I'ecoipt  and  tl"'  dclivory  of 
tlipir  messajves  throughout  the  I'liibed  States  and  C'anacla  upon  the 
most  favourable  cahk 、- rate  terms.  The  telegraph  romi)a"i(、s  liave 
ill  all  about  23,000  offices  throughout  the  United  States  and 
Canada.  The  Marconi  companies  are  to  oi*ect  long  distance  w  ire- 
less  stations  providing  direct  commniucatioii  between  New  York 
and  London.  Preparations  are  in  hand  for  the  construction  of 
stations  to  give  communication  with  the  East  from  San  Francisco, 
to  the  Hawaiian  islands,  the  Philippines,  China,  and  probably 
Japan.  The  American  company's  programme  further  provides  for 
a  second  long-distance  station  to  he  erected  in  the  imniodiaii^ 
vicinity  of  Now  York  to  communicate  with  (^iiha,  Paiiaina,  and 
South  American  countries. 

London  Chamber  of  Commerce  and  Labour  Unrest. ― The  :^Oth  annual 
meeting  of  tlio  】'oiuk)n  ('hamher  of  Coninun'ce  、vas  held  in  Loiuloii 
a  few  days  ago.  In  moving  the  adoption  of  the  annual  rej)mt, 
the  C'haii'man  snid  that  a  special  coniniittee  enquired  into  the 
whole  question  of  the  labour  unrest  and  the  proper  remedies,  and 
submitted  some  valuable  information  on  causes  and  effects,  as 
well  as  remedies,  the  need  of  which  was  strikingly  exemplified  in 
the  clock  and  railway  strikes  of  last  year,  and  in  the  still  more 
serious  strike  in  the  coal  trade.  On  this  vital  question  the  recom- 
meiulatio.is  of  this  and  other  Cliainbers  of  Commerce  had  not  yet 
been  given  effect  to,  l)ut  the  pressure  of  public  opinion,  stimulated 
by  recent  experiences,  must  iu  the  long  run  bring  about  the 
luloptiou  of  nieasu res,  however  drastic,  which  would  safegiiai'd 
the  connnnnity  as  a  whole  from  the  recurrence  of  conditions  \\'hioli 
were  fast  becoming  intolerable  in  a  free  country.  Another  special 
committee  had  reported  on  the  question  of  misdescription  and 
inisivi)iesentation  in  tr<ade.  Here  the  reconiineudations  of  the 
CiianilKU-  had  been  accepted  in  principle  by  tlio  Board  ol'  Trade, 
and  het'ore  the  year  was  ovoi'  they  migiit  expect  that  the  voluntary 
efforts  of  the  C'liamber  would  receive  more  active  support  ot  the 
Government  in  promoting  the  cause  of  trade  purity. 

Electrically-driven  Air  Pump. 一 la  connection  with  a  pneumatic 
cesspool  emptying  installation  for  service  at  a  large  hospital 
abroad,  Aiessis. 丄 VLeiT;y、veatjitM'  +  &  Sons,  of  Greemvich,  have  recently 
supplied  a  new  type  of  air  pump,  arranged  to  be  driven  by  a  small 
electric  motor.  丄' iie  motor  and  pump  are  mounted  on  the  same 
bedplate,  forming  a  very  compact  set.  The  services  of  the  pump 
will  be  requisitioned  for  exhausting  the  air  from  two  portable 
tank  vans,  each  ot"  350  galls,  capacity,  enabling  the  contents  ot  the 
cesspool  to  be  drawn  up  into  the  tanks  through  suction  hose.  The 
pump  J  which  is  known  as  tlie  "  Eavensbotune  "  pattern,  is  of  the 
dou ble-barrel  type,  constructed  entirely  ot  giui-metal，  with  rubber 
disc  valves  arranged  under  separate  covers  so  as  to  be  instantly 
accessible.  Tiie  pump  barrels  are  placed  opposite  each  other,  and 
the  iJlungers  are  driven  by  means  of  a  crank  and  connecting  rod. 
ine  electric  motor  gives  2  Ij.h.p.  at  950  revs,  per  minute.  丄 ii  view 
ot  the  tact  til  at  tne  piant  was  required  for  a  hospital,  special 
pret-aiitions  have  been  taken  in  order  to  ensure  noiseless  working 
as  fa  I'  as  possible,  and  the  drive  from  the  electric  motor  to  tiie 
pump  is  therefore  transmitted  through  a  special  wormwheel  gear- 
ing, which  is  enclosed  in  a  gun-metal  casing  forming  an  oil  bath. 
Tills  arrangement  is  so  effectual  that  the  appliance  is  absolutely 
noiseless  in  working.  The  pump  can  be  operated  alternatively  by 
means  of  hand  gearing,  with  detachable  winch  handles,  this  gearing 
being  put  iu  and  out  of  action  by  means  of  a  small  lever. 

The  Shipyard  Demarcation  Agreement.  ― The  text  of  the  agreement 
regard in<2;  deniarcatioii  disputes  w  iiich  has  been  arrived  at  between 
tlie  sliipi 川 ildiiig  and  engineering  tedeiations  of  employers  on  the 
one  hand  and  shipyard  trade  uiuoiis  on  the  other  is  given  in  the 
cu t  rent  monthly  report  ot"  the  Boilermakers'  Society.  The  report 
states  that  the  agreement  has  little  resemblance  to  the  one  which 
the  men's  I'epi'eseiitatives  asked  from  the  employers,  but  that 
it  is  the  most  the  employers  would  agree  to.  The  trade  unions 
concerned  are  to  be  asked  to  vote  on  the  question  whether  they 
will  accept  the  ngreoment  or  not.  The  agreement  stipulates  that 
there  should  be  no  stoppage  ot  work  on  account  of  a  demarcation 
dispute,  that  an  endeavour  should  be  made  to  settle  the  dispute 
iniiiiediiitely  it  arises  in  the  works,  and  that  failing  such  a  settle- 
ment the  recognised  practice  of  the  works  should  be  continued 
l)eiiding  a  settlement  by  tlie  committee  appointed  in  terms  ot"  the 
atii  eenioiit  for  dealing  w  ith  disputes ;  that  the  decisions  ot  the 
(■(unmitteo  should  h(>  accepted  by  the  parties  as  final  and  l)i"(lhig —- 
all  (tecisioiis  to  continue  for  a  period  of  12  months  and  theroaftei- 
until  brought  up  for  review  on  three  months'  notice,  that  the 
application  of  the  decision  should  be  conhued  to  the  works  in  which 
the  question  arose,  and  that  existing  arrangements  entered  into 
between  societies  and  employers,  or  recognised  by  employers,  for 
the  settlement  of  questions  of  demarcation  of  work  should  con- 
tiiine  in  force  until  otherwise  agreed  by  the  parties  concerned. 
Hotli  the  employers'  and  the  men's  representatives  have  a reed 
to  recommend  acce})taiU'e  ol  the  agreement  to  tlioir  respective 
societies.  The  ;igrtH"m、ut，  if  accepted,  will  come  into  Force  on 
J  uly  Iwt  :ii  the  following  dibtncts :  Aberdeen,  J)uiKkv,  Edinburgh 


Leitli,  Clydo,  T.viip,  \Y,'ar,  Toes,  Hartl<'|"">l,  Harrow,  Liverpool, 
Birkoiilir;i(l,  :m(l  1 1  nil. 

Competition  in  the  British  Electrical  Industry.  ―  In  an  article  on 
" Electrical  Progress  in  I5i  itai»i  and  America/'  by  Mr.  D.  S. 
:\Iiirtin，  iu  the  General  Klcctrical  Review/*  reference  is  made  to 
the  severity  of  the  competition  amoiiK  Hiitish  electrical  nianii- 
factiirers.  While  healthy  com]jotition  is  necessary  to  stinnilato 
activity,  an  excess  of  it  is,  tlio  writer  fonsirlors, 
;iItr)tr*'tlior  ItannFiil,  siiu-c  it  iitcvitahly  makes  the 
*|ii('stion  ol'  price  pre- eminent,  and  (Ionics  tlm  inaiiii 
factnrer  those  financial  resources  which  are  requisite  for  the 
])\ osocutiou  of  rosearch  work.  The  author  contends  that  even  if 
British  manufacturers  were  permiitod  l)y  law  to  combine  for  the 
maintenance  of  prices,  it  is  unlikely  that  any  permanent  improve- 
ment would  result,  and  he  submits  that  relief  will  1"'  toiind  only 
、vh(、n  two  or  three  firms  can  shake  off  their  rivals  and  ostablisii 
themselves  in  a  strong  position.  It  may  bo  necessary  to  employ  a 
consulting  en^iiKHM-  in  a  coimti  y  u  lu'ro  tho  manufacturers  are 
engaged  in  cut-throat  conipotilioii,  but  tlie  present  position  is 
not  a  happy  one  for  the  manufacturer,  in  that  he  may  he  required 
to  fill  many  contracts  for  motors  (liffeniig  only  in  minor  details,  hnt 
necessitating  new  drawings,  tools,  &c.,  tho  cost  of  which  absorbs 
the  profits.  The  Universities  aiul  the  consulting  profVssioii  con- 
tain many  men  who  could  I)o  employed  more  advantiiKcoiisIy  by 
the  maimhu'turers,  hut  this  cannot  1)(>  (l("i(>  iiiiiil  the  maiiiifacturor 
in  a  k  OS  sufficient  profit  to  onahh^  him  to  \n\y  tliem  the  salaries  they 
require,  and  he  cannot  get  the  profits  out  of  his  business  until 
he  has  acquired  the  standing  which  renders  a  large  part  of  the 
outside  consulting  work  unnecessary.  But  under  the  regime  of 
fierce  competition  no  manufacturer  can  acquire  this  standing,  and 
close  surveillance  of  all  by  tho  cousuitant  is  the  rule.  It  is  this 
state  of  affairs  which  has  resulttnl  in  the  oxtraorflirui rily  liigh 
standard  of  efficiency  wliich  has  been  roiiched  in  all  (It'paitment's 
of  the  electrical  manufacturing  business  in  JJritain,  in  the  work- 
niauship  of  the  machine,  as  well  as  iu  the  ingenuity  of  the 
designer  which  enables  him  to  extract  the  very  last  watt  out  of 
each  pound.  It  is  this  same  condition  which  will  continue  to 
prevent  the  British  electrical  manufacturer  from  poi'foiniing  his 
full  share  in  pioneer  work  towards  tho  hulk  eloctric  supply  systems 
l)ropJu'sied  hy  vSteiiimetz  and  Edison. 

Industrial  Disputes  in  1911. ― An  account  of  the  procee<ling.s  during 
1911  Tinder  the  Couciliatiou  (Trade  Disputes)  Act,  1890,  is  con- 
tained in  the  ninth  annual  report,  just  issued  by  Sir  G.  R.  Ask- 
with.    The  report  states  that  last  year  was  characterised  by  con- 
siderable   industrial    distu  rbaiice,    the    number     of  workpeople 
involved  in  disputes  causing  a  stoppage  of  work  being  the  highest 
ill  any  year  since  statistics  of  trade  disputes  have  been  recorded 
by  the  department.    This  unrest  was  very  marked  in  the  transport 
trades,  iu  which  industry,  during  the  mouths  ot"  June,  July,  and 
August,  strikes  broke  out  in  most  of  the  principal  ports  of  the 
United  Kingdom,  the  trade  of  some  of  the  ports  being  brought,  in 
consequence,  almost  to  a  standstill.      Iu  August  a  national  strike 
of  railway  men  also  occurred.    One  of  the  most  important  develop- 
ments dealt  with  in  the  report  is  the  establishment  of  the  Indus- 
trial Council  after  consultations  with    representative  employers 
and  woiknieiij  in  August   and   Septembei-j  1911，  with  a  view  to 
strengthening  tlie  existing  official  machinery  for  settling  and  for 
shortening  industrial  disputes.      The  number  of  cases  ni  which 
action  was  taken  under  the  Conciliation  Act  (1890)  during  the  year 
1911  was  92.    Of  the  92  cases,  57  were  disputes  involving  a  stop- 
page of  woi-k  affecting  in  the  aggregate    about    o(>j.00()  work- 
people.   Last  year's  figures  were  more  than  twice  as  large  as  those 
of  any  former  year,  the  previous  largest  having  been  27  in  11)10. 
During  the  year  recourse  was  had  in  seven  cases  to  the  system  ot 
cou rts  of  arbitration  established  in  1908.      The  transport  trades 
constituted  the  industry  in  which  the  largest  number    of  cases 
occurred,  21  cases  affecting  those  trades  being  dealt  with,  as  corn- 
pared  with  three  in  the  previous  year  a iid  27  in  the  whole  of  the 
period    189(5-1910.      18    of    tliese    cases    iinolvod    a  -stoppage 
of    work     affecting    nearly     34'"5，0(X>     workpeople.        Iu  tlie 
metal,     engineering,      and    shipbuilding    trades    the  munbor 
of   cases    (19)    was    considerably    above    the    average    ot  pre- 
vious years.      Twelve  of  tho  cases  iuvolred  a  stoppage  of  work 
affec'tiiig  aI)out  10.000  \vorki)oople.    In  the  early  years  application 
tor  iiitervciitioii  came  mainly  from  ono  side  only  (i^eiUMallv  troi" 
the  \\  orkpooi)le),  hut  in  recoiit  voars  tliore  has  lieeii  a  toiuleut  y 
fm'  the  majority  of  applications  to  be  made  jointly  hy  tlu、  pi"'tk，s 
or  hy  organisations  """vscutiiig  tho  in.      Tho    total    mimi't'r  of 
( 'oiiciliiition  Boards  in  t^xisteiico  at  tho  end  of  1911.  so  tar  as  Uiiuw  n 
to  tlu'  Depart mentj  was  293. 


Pit   Cage   Accident. ― Another  cage  accident,   fort unately 

unattended  by  loss  of  life,  occurred  at  tlie  Kivetou  Park 
(High  Hazel)  Colliery  a  few  days  ago.  The  afternoon  shift 
was  being  lowered  down  tlie  shaft,  ami  when  about-  15ft. 
from  1  he  bottom  the  cage  suddenly  clashed  downwards, 
injuring  four  of  the  occupants. 
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NEW  PATENTS. 

/Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  55,  New  Bailey  Street,  Manchester. 

MECHANICAL.  1910. 

Water-tube   steam    Injilers.       H  iiidley,    Hindley,    &  Sta'iifoixl. 


20132. 


1911. 


Apparatus  for  cleansing  stoa ni  and  hoatiii.u  ImhIcj*  Iced  、、- att'r. 
iMorison.    2503 . 

Apparatus  for  controlling  mechanism  from  ii  distance.  Jiloxiun. 
2819. 

Process  for  making  fuel  briquettes.    Forwood  &  Zimmer.  '5288. 

llock-drilling  machines.    Smith,  limes.  Joss,       Home.    5462 . 

Water-jet  ejectors.    M orison.  7809. 

Ceutrit'ugal  ore  separators.    Peck.    7893  and  789 -t. 

Detectio  a  of  inHaniniaI)le  gases  in  mines.       Sandy  &  Franks, 

7咖.  ' 
Valve-oi)erating   luocbaiiisni    for   i-pciprocntiiifj;   eii^inos,  pmups, 

and  biMkes.    Hai-iiic-li.    H  icli;i  rd son,  K  icliardsuii,   it  Defordt. 

798(5. 

Sxeam  engines.    Orbell.  8040. 

Steam  generators.    Johnston  &  Woniersley.  8177. 
Rotary  pumps.    Nelson  &  May.  8322. 
Shaft  couplings.    Simp:.on.  8366. 

Means  for  magiiifving  small  moclianical    or    electrical  effects. 

Heurtley.  8397. 
Combined  heater  and  filter.    Ganibati.  8414. 
Turbines,    Corthesy  &  Cortliesy.  8444. 
Valve  mefhanism  for  air  compressors.    Asti'ojii.  8626. 
Rotary  pumps.    Internationale  llotations-Maschinoii  Ges.  8ti7o. 
llotary  engines  and  pumps.    Vanghaii-SlieiTin.  8699. 
Carburetting  apparatus.    Schmidt.  8882. 
Mining  machines.    Jeusoii.  8895. 

Mechanical  device  for  automatically  locking  the  second  of  two 
shafts  so  as  to  prevent  its  rotation  other  than  through  the 
action  of  the  first.    Kingrose.  9010. 

Smelting  or  refining  of  metals  in  crucibles.    SoIoiikhi.    9031 . 

llolliiig  ot"  metal  sections.    Smith.  908G. 

Apparatus  for  laying  dust  in  mines.    Mavor  &  CWlscm，  Ltd., 

and  Mavor.  9312. 
Two-cycle  gas  engines.    Crowe.  9956. 
Water  heaters  and  steam  generators.    Sauor.  10020. 
Apparatus  for  foundry  moulding.    Moore  tS:  Rix.  10084. 
Apparatus  for  recording  the  amount  of  time  during  wliicli  a 

machine  is  in  operation.     Hoult.  10943. 
Revolving  cylinder  internal-combustion  engine.    Cauda.  11331). 
Transporting  mechanism.    McLacklin.  11462. 
Firegrates  for  steam  boiler  furnaces.    Curtis.  11(387. 
Vacuum  gauge.    Wood.    12156. . 

Quick-<^ri])piiiK  spaiuiei's  and  pliers.    De  Veulle.  32323. 

Lubi'ic;itin<j;  i tit(M-nal-c'onibii.stiou  engines.    De  Rusett.  12874. 

Starting  mechanism  for  explosion  engines.    McCorniick.  12971. 

Automatic  governors  for  marine  engines.    Mcllvenna.  13421. 

1  liter nal-combustioii   engines.    Douglas.  13535. 

Call) u n't U、rs  for  intei'iial-conibustion  eiigiiies.    Davis.  13842. 

Cont  rolling  device  for  railway  signals.  JU 'id.  14472. 

Annulai'  ball  and  roller  bea rings.    Iveiper.  15194. 

Hyd riiulic  presses  and  apparatus  for  breaking  st(、('l  a ixl  otluT 

metal  rails,  billets,  &c.    Ward  &  Lash.  15374. 
Ceutrilugal  pumps  or  turbines.    Jiees.  I(i529. 
Toothed  gearing.    Guillen.  17232. 
Straightway  valves.    Harris.  17872. 

Kotor  w  heels  for  centrifuo;al  ojoctor  i)unips.    •】：">；_；("'.     1  S'J  1 1 . 
Iladiators  lor  lioatia^'  buil(lin<j:s,    Steflon.     1 8272. 
Carburetters  for  iutornal-coinbustion  eiigiiuvs.  Gotlniaim. 
Roaxl  trains.    Lake.  19782. 

Vaho  口': ir  tor  hi^li-.si)oe(l  in  tenia  l-conilmst  ion  oiiy:iiies.  Atllcr- 

ut'rke  H<、imi('h  Klt、,v(、r  Akt.-(Jos.    21 828. 

St<'am-(listril)iitin^  means  lor  twin  st (、： u"  (Mi^^iiu's.  Sm ；， I. 
FnriKU'os  lor  lioatiii^  tools.     Mr  ;tvsha u   A:   IJiavshaw .  2；^0()0. 
N'alves.    Lord.    23479.  ' 
】{ oiler  l>ea rings.    Lewis;.  21t)i8. 

Haiul  tools  for  inserting  and  \a  itlulraw  in;;  tVrriih's  t  roiii  liiU' 

plates.    Jenkins  cV:  J cMikins.  24()7l^. 
('r;me-lil"、  a ppa ratus  tor  use  in  comioct  ioii  with  blast  I  urriiu  os. 

J.  Pohlio;  Akt.- (； OS.  24924. 
Gas  i)n)dncors.  C'Hinio.  "iruSG. 
Car  couplers.    Simons.  25798. 

Pr()(vss  in  the  refinin;^  of  iron  and  steol.     H  iortli.  l**)*)!"). 
C:irl»ui-ottin^-  nppa ratus.    Schmidt.  1].「細）. 
l""、nml  ('mil bust ioii  ongiiies.    Hi  juulis.  L*()l)i*J. 


Radiators   for    heating   buildings.     Karstcii,  Serritslev，  &  De 

KoDKHle  Jernstoberier  Aktieselskab.  26161). 
lU'ariiiKs  lor  rotary  sliat'ts.    Jackson  and  J,  G.  Jackson.  Lt<l. 

20299. 

Mechanical  stokers.    Beiinis.  26590. 

Pressuro-retaining  valve  devices.    Turner.  20(509. 

Compressed  air  brakes.    De  Lipkow.ski.    209  jO. 

Means  or  apparatus  loi*  obtaining  powor  from  the  ris<?  and  fall 

of  the  tide.    IMiilp.  27049. 
Jet  propulsion  apparatus.    Zclter.  29184. 
Purifying  the  smoke  from  boiler  furnaces.    Mellor.  29346. 
Bandsawing  machines  for  metal.    Noble  and  Lund.  29385. 


Tjul)rifati()ii  of 
Luljrii-iitiiig  device's 
llotaiy  i)umi>s  ov  n 


1912. 

al-c'oiiiljiistion 
Havier.  1374 
tors.    Nelson  &  May.  2331 

ELECTRICAL,  1911. 


engines.    Butterfield.  (')•")[). 


Control  .systems  lor  electric  motors  lor  d  riviiif^  reversing 
juechanisuis  as  applied  to  iiiachine  tools.  Vickers,  Ltd., 
and  Ellson.  7882. 

Eloctrif  motor-controlled  regulating  devices  for  furnace  dampers 
and  valves.    Rennert.    81 51 . 

Wireless  tck'grapli.v.    I^ill,  Arneson,  it  Sizer.  823G. 

A[agut、to  electric  niacliiiu'.    Jiindos.  8340. 

demote   contioi  .systems   tor   olcctrically-d riven   vehicles.  Elek- 

tromotoreu-Werke  Hermann  (iradenwit;^.    1055 1 . 
Electric  furnaces.    Plauson,  ZsvetaefF,  &  Tistclienko.  10858. 
Electrical  ('m'rent-c'ontrolling  device.    Berdon.  ]ol49. 
Electric  furnaces.   .British  Thomson-Honstoii  Company.  37060. 
^lagnoto-eloctric  machines.    Flint.  ]8702. 

FJecti'if ，； I】 （'(mt rollers.    Bi'ay,   -Markham,    tV   Hciss^    Ja(1.,  Bray, 

Markham,  and  】{eiss.  193Go. 
Arc  lamps.    Rogers  ct  Howe.    ；^(55】 丄. 

Apparatus  adapted  foj-  use  with  an  alternatiii*^  current  for  siy;- 
iialling  to  a  distance.    Hartniaiin  &  Hi*aun  Akt.-dles.  26548. 
Electrical  heating  apparatus.    Byng  &  Archer.  28779. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  23rd. 

Aluminium  ingot   丁 / -  per  c\\ t. 

"         wire,  according  to  sizes,  &c  from  1 02/ -  " 

"        sheets        ，，  ，,    ，，  1 20/-  ，， 

Antimony..;   £27/-/-  to  £27/10/-  per  ton 

13 lass,  rolled    8 Id.  per  lb. 

，，     t  u()es  (brazed)    lO^d. ，， 

，，       ，，     (solid  drawn)   ！， d.  ，， 

»，       ，，     wire   8|d.  ，， 

Copper,  Standard   £69/10/-  per  ton. 

Iron,  Cleveland   .")3/0  ，， 

，， 8o()tch    .->!»/ti  ，， 

Lead,  English    £1(5/17/"  •， 

，， Foreign  (soft)    £1(;/13/!» 

Mica  (in  original  cases),  small   -  (kL  to  2/-  per  lb. 

"  ，，  "       medium   2/6  to  4/-  " 

，，  ，，  ，，       large    4/6  to  8/G  ，， 

Quicksilver   £8/12/0  per  bottle. 

iSilver    27^(1.  per  oz. 

Spelter    £2「、/】*7/li  per  ton. 

Tin,  block   £202/15/- ,， 

Tin  plates   14/3  ，, 

Zinc  sheets  (Silesian)   £20/-/-  ，. 

，，  (Stettin  ；  Vieille  Montague)   £'20/7/<i  ，， 


British  Foundrymcn's  Association. 一 Tho  first  meeting  I  he 
Newrastlo  ； i lul  District  Hraiicli  ol'  t lie  British  FcuiidrvnuMi  s 
Association  was  held  a  few  days  ago  at  Xewcastle-on-Tyne. 
The  president,  Mr.  R.  Wall  is,  in  his  address,  laid  emphasis 
upon  tho  fact  that  all  fouiulryinen  sliould  strive  to  attain 
high  ideals  in  their  work,  and  to  keep  an  open  mind  on  all 
subjects  appertaining  to  their  craft.  All  should  cultivate  the 
habit'  of  training  their  power  of  observation,  es]'ecially  in 
relation  to  the  behaviour  of  the  various  processes  and  j)heno- 
meiia  I'oiuiiig  under  notice.  The  possession  of  a  highly-culti- 
vated power  of  observation  enabled  them  to  intuitively  deal 
witli  tho  roniplex  questions  and  results  arising  in  a  foundry 
with  almost  meclianical  acruracy.  Tlie  next  l，'cti，re  is  to  take 
place  on  April  27tb,  on  "  Modern  Foiuulrv  Practice,"  by  Mr 
J.  Smith,  of  South  Shields.  ' 
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—FLEXIBLE- 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  ：  PONDERS  END.  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.G. 


The  "PERFECT"  VISE 


£.  oept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
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Museums  of  Safety  Appliances. 

An  interesting  little  year  book  has  been  issued  by  the 
American  Museum  of  Safety  setting  forth  its  aims  and 
recording  some  of  the  good  work  it  has  already  accomplished. 
These  are  in  many  ways  so  admirable  ami  advantageous  that, 
ill  view  of  our  position  in  the  industrial  world,  it  seems  sur- 
prising a  museum  of  safety  appliances  on  the  lines  which 
have  proved  so  beneficial  both  iu  America  and  on  the 
Continent  is  not  already  established  in  this  country.  Berlin, 
Munich,  Vienna,  Paris,  Milan,  Stockholm,  and  many  other 
cities  have  such  institutions,  and  there  is  no  doubt  their 
educational  value  is  great  both  to  employers  and  workmen,  as 
well  as  economically  beneficial  to  the  nation,  for  the  death  or 
maiming  of  workers  in  the  prime  of  life,  apart  from  humani- 
tarian considerations,  is  a  tax  on  industry.  Our  factory 
legislation  by  its  efficiency  and  vigilance  has,  it  is  true,  anti- 
cipated to  soniei  extent  the  educational  efforts  of  the 
institution  that  has  been  established  iu  the  States,  where 
industrial  operations  are  conducted  with  a  disregard 
for  the  safety  of  life  ami  linih  that  has  often  evoked 
conimont  by  its  appalling  cliaracter,  and  where  they  have 
consequently  fuller  scope.  The  magnitude  of  this  waste  of 
life  and  limb  is  illustrated  by  the  fact  that  in  the  year  1907 
35,000  workmen  were  killed  and  two  million  more  or  Jess 
seriously  injured  by  industrial  accidents  in  the  United 
States.  At  tlie  same  time,  such  institutions  are  capable 
of  exercising  an  influence  wliicli  compulsory  legislation  cannot 
always  command.  Tlie  actual  inspection  and  study  of  work- 
ing appliances  always  tend  to  arouse  a  more  wide  and  active 
interest  than  is  possible  by  a  factory  by-law  backed  up  by  a 
Government  inspector,  and  the  voluntary  adoption  of  auy 
appliance  is  for  similar  reasons  always  likely  to  be  more 
effective.  The  good  work  already  done  by  the  American 
Museum  has  been  recognised  by  the  granting  of  a  special 
Charter  of  Incorporation  by  the  State  of  New  York.  The 
lustitution,  like  those  on  tlie  Continent,  is  run  on  iion- 
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commercial  lines.  No  exhibits  are  sold,  nor  do  the  authorities 
engage  in  the  promotion  of  any  devices.  The  majority  of  the 
exhibits  are  not  patented  and  are  hence  available  for  all, 
while  no  exhibit  is  accepted  unless  it  has  a  safety  feature  and 
has  been  passed  by  the  Board  of  Approval.  There  is  no 
charge  for  space  and  all  demonstrations  are  made  by  the  staff 
and  free  to  the  public.  Another  feature  is  that  the  associa- 
tion is  supported  entirely  by  voluntary  subscriptions  from 
firms  all  over  the  States,  who  recognise  the  value  of  the  work 
undertaken  and  testify  it  in  numerous  letters  embodied  in  the 
year  book.  For  instance,  one  large  iron  and  steel  works 
employing  some  7,000  men  states  that  in  1906  the  fatalities 
from  accidents  numbered  47，  whereas  in  1909  after  the  intro- 
duction of  a  safety  committee  working  in  close  touch  with  the 
Museum  the  fatalities  were  reduced  to  12，  the  inajority  of 
which,  it  is  stated,  were  accidents  of  a  kind  that  could  not 
have  been  avoided  by  any  means.  The  statement  of  the 
Museum  that  one -half  of  the  industrial  accidents  in  the  States 
could  be  prevented  by  the  adoption  of  suitable  appliances  is 
strikingly  confirmed  by  the  superintendents  of  two  large 
plants  employing  some  15,000  workmen,  one  of  whom  writing 
to  the  authorities  after  adopting  it's  suggestions  remarks,  "We 
know  it,  for  we  have  cut  down  the  accident  list  at  our  plants  by 
more  than  60  per  cent."  The  work  of  the  Institution  is  not 
confined  to  the  display  and  working  demonstrations  of 
exhibits,  but  includes  also  tlie  publication  and  dissemination 
of  illustrated  pamphlets  and  literature  amongst  the  army  of 
workers.  Notwithstanding  the  high  rate  of  immunity  gene- 
rally enjoyed  frora  industrial  accidents  in  this  country,  and 
for  which  due  credit  should  be  accorded  to  legislative  super- 
vision, there  is  still  in  many  directions  room  for  improve- 
ments, and  we  cannot  help  thinking  that  a  British  Museum 
of  Safety  run  on  similar  lines  would  prove  advantageous  to 
the  community. 


PARAFFIN  AS  A  FUEL  FOR  MOTOR-CAR  ENGINES. 

At  a  recent  meeting  of  the  Institution  of  Automobile  Engi- 
neers, Prof.  W.  Morgan  and  Mr.  E.  B.  Wood  described  the 
results  of  some  experiments  in  the  use  of  paraffin  as  a  fuel  for 
motor-car  entwines.  The  problem  was  to  run  an  ordinary  tour- 
ing car  engine  on  paraffin,  with  sensibly  the  same  ease,  flexi- 
bility, economy,  and  power  as  on  petrol,  and  to  determine  the 
paraffin  of  highest  boiling  point  usable.  The  difficulties  to  be 
overcome  were  (a)  the  ordinary  carburetter  diflicult.ies  due  to 
variation  in  mixture  quality :  and  (b)  the  difficulties  in 
vaporising  the  paraffin  and  holding  it  up  as  an  explosive  】Tiix- 
ture.  There  was  undoubtedly  an  apparently  greater  sensitive- 
ness to  mixture  variation  in  the  case  of  paraffin  than  in  the 
case  of  petrol,  due,  probably,  to  difficulties  of  vaporisation 
and  the  rapidity  with  which  deposition  occurred .  Whatever 
the  cause,  the  need  of  accurate  carburation  was  intensified. 

In  attempting  to  make  a  paraffin  carburetter,  the  follow- 
ing principles  were  laid  down  by  the  authors :  (1)  All  fuel 
should  l)e  completely  evaporated  before  entering  the  eniiine, 
although  partial  coiideiKsatiou  might  occur  after  evaporation  : 
(2)  the  fuel  should  be  evaporated  in  the  presence  of  some  10 
to  20  per  cent,  of  the  total  air  required,  and  then  mixed  witli 
the  remaining  air  ；  and  (3)  the  evaporated  fuel,  before  mix- 
ture witli  tlie  】i、ain  air,  should  be  superheated*  with  the 
objects  of  (a)  】m)dm'i""r  a  fog  of  extremely  fine  texture  on 
dilution,  and  (/>)  producing  a  fixed  gas.  The  necessity  for 
observing  the  first  prim'iple  was  obvious  merely  on  acrouiU  of 
lubrication,  particularly  in  the  vase  of  sleeve,  pisto",  ami 
rotary  valve  engines.  Further,  liquid  parafiin  on  a  hiirhly- 
heated  surface,  such  as  that-  of  a  valve,  readily  ('racked,  but 
the  vapour  might  safely  be  heated  to  a  inuoli  higher  tempera- 
ture without  decomposition,  and  wheu  cracking  occurred 
would  form  products  in  such  a  state  of  division  that  combus- 
tion was  easy,  and  deposition  rarely  occurred.  Although 
evaporation  luight  be  complete  in  the  vaporiser,  yet  on  inixing 


sucli  a  charge  with  extra  air  a  mixture  of  a  fog-like  character 
was  formed.  The  paraffin  condensed  in  this  form  had  practi- 
cally no  wetting  properties,  and  differed  entirely  frrm  the 
coarser  particles  of  liquid  formed  by  sprayint^  the  fuel.  Higli 
thermal  efficiency  could  not  be  obtained  unless  the  fuel  was 
atomised  as  finely  as  possible  ;  a  completely  vaporised  condi- 
tion, if  possible,  was  the  best.  Fuel  particles  of  any  size  took 
an  appreciable  time  in  burning,  and  hence  burned  ineffi- 
ciently. The  burning  might  easily  be  incomplete,  and  give 
rise  to  further  inefficiency,  and  cause  cracking,  with  deposit 
or  foul  exhaust.  This  action  could  take  place  in  the  case  of 
petrol.  With  the  paraffin  in  the  fog  condition,  it  was  probable 
that  on  compression  the  fuel  was  evaporated,  for  the  observers 
had  failed  to  note  in  the  case  of  engines  running  on  such 
mixtures  any  evidence  in  the  indicator  diagram  of  want  of 
sharpness  in  explosion  or  signs  of  delayed  burning  beyond 
those  observable  with  petrol. 

The  second  principle  depended  on  the  necessity  of  keeping 
the  charge  temperature  as  low  as  possible  in  order  to  maintain 
a  high  charge  density,  and  to  prevent  pre-ignition.  If  evapo- 
ration of  the  paraffin  in  the  presence  of  tTie  whole  air  were 
attempted,  it  was  necessary  to  raise  the  temperature  of  the 
whole  charge  to  a  temperature  approaching  that  of  the  boil- 
ing points  of  the  heavier  fractions.  This  temperature  was 
difficult  to  govern,  and  it  was  quite  possible  for  some  form  of 
ignition  to  be  set  up  in  the  overheated  evaporating  charge. 
The  troubles  and  losses  caused  by  this  action  would  be  pro- 
portionally greater  when  the  whole  of  the  air  was  concerned 
than  when  a  fraction  was  involved.  The  10  to  20  per  cent,  of 
air  used  in  evaporation  acted  as  a  carrier  in  much  the  same 
way  as  steam  or  nitrogen  when  employed  in  the  distillation 
of  organic  compounds  somewhat  unstable  with  heat.  It 
lessened  the  tendency  to  cracking,  with  the  accompanying 
deposit  of  tar  and  coke.  In  addition,  this  carrying  air  exer- 
cised a  useful  function  in  assisting  tlie  mixing  of  the 
evaporated  charge  with  the  main  air  with  mitii??i jim  deposi- 
tion. Later  work  had  shown  that  the  third  principle  was  very 
much  open  to  question.  There  was  no  evidence  that  a  finer 
fog  resulted  from  mixing  a  rich  charge  at,  say  550。  C.  with  air 
than  from  mixing  a  charge  at  30(r，  but  there  was  evidence 
that  where  high  superheat  had  been  employed  a  dense  readily 
depositing  fraction  occurred  which  caused  the  highly  super- 
heated charge  to  deposit  in  greater  quantities  than  the  cooler 
charge.  The  quantity  of  fixed  gas  produced  was  disappoint- 
ing, and  its  character  was  such  that  its  production  was  unde- 
sirable. 

In  spite  of  this  the  first  attempts  at  making  a  paraffin 
carburetter  were  encouraging.  It  was  placed  on  the  exhaust 
side  of  the  engine,  witli  main  and  carrying  air  throttles  oon- 
uected.  Tlie  fuel ,  with  its  fraction  of  air,  was  fed  tangentially 
into  a  cylindrical  chamber  and  delivered  axially,  passing 
directly  through  the  superheater  pipe  down  the  centre  of  the 
exhaust  pipe.  The  object  of  the  circular  vaporiser  was  to 
trap  all  unevaporated  paraffin,  and  prevent  it  from  entering 
the  more  highly  heated  superheater,  and  either  escaping 
unevaporated  or  cracking  on  the  hot  walls.  The  circular 
evaporator  was  quite  successful,  and  after  considerable  use  no 
trace  of  deposit  was  observed  in  the  superheater.  The  higbly- 
lieated  charge,  now  mixed  with  the  main  air,  was  discharged 
straight  along  the  induction  pipe,  so  as  not  to  impinge  on  any 
surface.  The  temperature  of  the  mixture  entering'  the 
cylinders  varied  from  60。  C.  to  8lV  C.  Other  modifications 
of  the  parts  were  used,  but  it  was  noted  that  for  slow  i'u""i"g 
(lie  most  successful  results  were  ohtaiuod  with  the  evaporator 
on  the  engine  side  of  the  throttle. 

Ill  running  the  exhaust  was  "'cm'rally  cloan  aiul  culourless. 
The  engine  showed  no  sii^Mis  of  deposit  oilier  than  those  due  to 
lubricaUnt^  oil,  except  on  two  occasions,  one  when  an  attempt 
was  made" to  start  from  cold  on  a  mixture  of  petrol  and 
paralVm,  and  another  when  an  attempt  was  made  to  run  the 
engine  on  crude  oil.  The  hi.t^host  mean  efTerlive  pressure  was 
701bs.  per  square  iiirh.  Tlie  plugs  were  clean,  but  showed 
signs  of  high  teuiperalure.  Tn  one  case  the  electrode  was 
found  to  be  fused  away.  The  engine  was  then  running  at 
1.600  revs,  per  iinnute  under  four-fifths  load.  The  engine  was 
capable  of  hicli  speeds,  and  yet  could  pull  down  to  quite  low 
speeds.    Carburetters  evaporating  on  the  engine  side  of  tho 
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throttle  were  much  more  successful  at  low  speeds  than  those 
evaporating  outside  the  throttle.  In  conclusion,  the  authors 
said  it  would  appear  that  there  was  a  sharply  defined  limit  to 
the  grade  of  paraffin  which  might  be  burnt  in  an  ordinary 
petrol  engine,  as  the  oil  must  be  heated  to  the  boiling  point 
of  its  heaviest  fractions,  and  yet  this  temperature  should  be 
below  the  ignition  temperature,  else  a  fraction  of  the  air  was 
burnt  wastefully.  The  evaporation  should  be  carried  out  in 
the  presence  of  some  20  per  cent,  of  the  air  necessary  for  com- 
bustion, and  the  mixture  diluted  afterwards  to  the  necessary 
degree. 


the  one  pump  was  switched  out  by  the  closing  of  a  valve  ami 
the  other  was  switched  in  l)y  t  he  opening  of  another  valve,  so 
that  the  comparison  was  absolutely  a  fair  one.  Prof.  Weigliton 
then  gave  the  following  results,  taken  on  March  3rd,  1910, 
in  the  presence  of  a  party  of,  tecluiical  visitors,  these  results 
being  typical  of  what'  could  be  done  by  this  pump  at  extremes 
of  vacuum.  lie  drew  special  attention  to  the  fact  that  the 
'( drop  ，，   (J、.  ―  /  )    was  negative  to  the  extent  of  4。  witli  tlie 


THE  KINETIC  AIR  PUMP. 

In  the  course  of  the  discussion  on  the  paper  entitled  "  Some 
Considerations  on  the  Choice  of  Auxiliary  Plant  for  Power 
Stations,"  read  by  Mr.  A.  H.  Finch,  M.A.，  before  the  North- 
East  Coast  Institution  of  Engineers  and  Shipbuilders,  and 
reproduced  in  our  issues  of  March  1st  and  8th  (see  pp.  269 
and  306  ante),  Prof.  R.  L.  Weighton  said  that  he  had,  within 
the  past  four  years,  given  a  good  deal  of  attention  to  rotary 

air  pumps  of  the  class  in  which 
the  power  expended  in  driving 
them  was  "  largely  conserved 
in  the  form  of  heat,"  and 
_  furnished  a  brief  description 

"^1/^.  of  what  seemed  to  be  a  most 

_2  _^J^  prominent  system  of  air  pump, 

―  involving  the  rotary  type.  He 

said  that  about-  three  years  ago 
a  specimen  of  rotary  air  pump 
― now  known  as  the  Kinetic 
air  pump 一 was  offered  to  the 
Armstrong     College    by  its 

avv^-TWTC^ , ,       \  vfiLB^i  owners,  ou   condition    that  a 

7；;;:：^^^^^^  series  of  tests  should  be  made 

upon  it.  This  offer  was 
accepted  ；  tlie  piunp  was 
coupled  to  tlie  experimental 
engines,  ami  the  tests  were 
made.  The  pump  in  question 
was  unique  in  many  of  its 
qualities.  Figs.  1  and  2  showed 
sections  through  two  forms  of 
tlie  main  part  of  the  vacuum- 
producing  portion  of  the  appa- 
ratus ；  and  Figs.  3  and  4 
showed  two  alternative  ar- 
rangements. The  system  com- 
prised a  small  centrifugal 
pump,  which  circulated  the 
feed  water  through  the  nozzles, as 
in  Fig.  4，  and  another  specially- 
arranged  centrifugal  pump, 
which  extracted  the  feed  water 
from  the  condenser,  and  dis- 
charged it  into  the  suction 
source  of  the  first-mentioned  pump.  Both  of  these 
pumps  were  driven  from  one  shaft,  any  kind  of  high- 
speed rotary  motor  being  suitable.  Preference  would 
probably,  however,  be  given  to  a  small  steam  turbine,  the 
exhaust  of  which  would  be  utilised  as  a  steam  jet  in  front  of 
the  water  jets,  as  shown  in  Figs.  3  and  4.  Fig.  3  showed  a 
rotary  feed  pump  mounted  on  the  same  shaft,  and  in  associa- 
tion with  a  separate  feed  heater.  The  apparatus  presented  to 
the  college  was  made  of  a  size  to  suit  tlie  experimental  engines, 
and  the  tests  made  were  of  a  varied  and  exhaustive  character. 
It  always  worked  most  satisfactorily,  and  gave  no  trouble  of 
any  sort  whatever.  As  regarded  the  results  obtained,  suffi- 
cient time  was  not  available  to  detail  them,  and  Prof.  Weigh- 
ton referred  only  to  certain  points  of  special  interest. 

(n)  Vac  a  um . ― The  air-rarefying  powers  of  the  Kinetic 
system  were  very  high  indeed.  The  air  pump  normally 
attached  to  the  experimental  engines  was  of  the  ordinary 
bucket  and  foot  valve  vertical  type,  driven  by  tlie  liiain 
engines,  and  was  of  unusually  large  diineiisioiis  in  relation  to 
the  engine  cylinders.  Under  certain  conditions,  when  this 
pump  maintained  a  vaciuiin  of  29  ins.  the  rotary  pump  main- 
tained 29 i  ins.     Nothing  whatever  was  altered  except  that 


Fig.  1.— Expeuimental  Apparatus. 


Fig.  2.— Multiple  Nozzle  Apparatus. 


new  pump,  and ― in  the  same  conditions ― was  positive  to  the 
extent  of  IT  with  the  ordinary  pump.  In  all  trials  with  this 
new  pump  the  feed  water  was  extracted  from  the  condens.jr 
along  with  the  air,  no  separate  water-extracting  pump  being 
fitted  for  these  experiments.  The  figures  given  in  the  follow- 
ing table  were  an  average  of  three  trials  in  each  case. 

It  was  to  be  distinctly  noted  that  owiiig  to  the  great 
quantity  of  condensing-  water  used  in  both  cases  these  results 
could  not  be  regarded  as  representative  of  ordinary  working. 
They  were  given  merely  to  show  the  capabilities  of  the  pump 
in  conditions  usually  associated  with  extremely  high  vacua. 


Fig.  3. 

But  no  matter  what  the  conditions  might  be  in  practice,  Prof. 
Weighton  had  always  found  that  the  condenser  "  drop  was 
diminished  materially  by  the  use  of  this  rotary  pump,  as  com- 
pared with  the  reciprocating  type,  and  this  he  took  as  an  index 
of  greater  rarefying  capacity.    Even  with  a  very  much  hijjher 
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/,i  than  that  given,  the  vacuum  maintained  by  the  rotary 
pump  would  not  have  been  reduced. 
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t 、-  =  temperature  corresponding  to  vacmmi. 

t"  =  temperature  of  condensing  water  at  outlet. 

t、  =  temperature  of  condensing  water  at  inlet. 
=  temperature  of  hotwell  or  Kinetic  tank. 
(b)  Heat  Efficienaj. ― When  the  rotary  pumps  were  driven 
by  an  auxiliary  steam  turbine,  the  exhaust  of  which  was  used 
in  the  steam  jet  of  the  air  ejector,  it  was  apparent  that  the 
efficiency  of  the  apparatus  was  practically  100  per  cent.  The 
whole  of  the  steam  jet  was  condensed  inside  the  ejector,  and 
therefore  the  whole  of  its  heat,  both  sensible  and  latent,  was 
returned  to  the  boiler  ;  all  the  energy  expended  on  fluid  fric- 
tion ami  on  bearing  friction  in  the  rotary  pumps,  as  \ve】】  as 
on  the  high-velocity  water  jets,  appeared  as  heat  in  the  feed 
water,  and  was  returned  to  the  boiler.    The  only  energy  lost 


Fig.  4.— Condenser  with  Kinetic  Air  Puaips. 
l.~Air  Suction  Orifice  on  Condenser.  '2.— Exhaust  Steam  -fet.  3. ― Air  I'ipc  to 
Kinetic  Ejector.  4.— Kinetic  Ejector.  5.— Suction  Pipe  to  Kinetic  Puuii>. 
6.— Kinetic  l^uiiip  Discharge  Pipe.  7.— Condeused 人 Vater  Pipe  to  Head  rump. 
8.— Stand  l*ipe  between  Head  niid  Pressure  Pumps  9. ― Pressure  Pumi>  Dis- 
charge to  Tank.  10.— Non-return  Valve.  11. ― Feed  Water  Delivtny  Pipe. 
12.— Float  Controlled  Feed  Delivery  Valve.     13.— Kinetic  Tank. 

was  that  small  quantity  representing'  the  equivalent  of  the 
heat  dissipated  by  radiation  and  conduction. 

(f )  delation  httwevn  II  of  well  Tewperature  (uid  1、"'〃〃". —— 
An  important  feature  in  this  system  of  air  piurip  was  that  ll'e 
temperature  of  the  water  used  in  the  ejecting  jets  could  exceed 
that  corresponding  to  the  vacuum  by  an  amount  varying  from 
1 5"  to  as  much  as  60%  according  to  the  amount  of  air  to  be 
dealt  with,  and  the  amount  of  steam  used  in  tlie  steam  jet. 
A  vacuum  of  29^  ins.  could,  if  desired,  be  maintained  with 
ejecting  water  at  a  temperature  of  120° — - a  difference  of  61。 
between  and  t、.  This  very  important  quality  was,  of 
course,  due  almost  entirely  to  tlie  particular  combination  of 
steam  and  water  jets  employed  in  the  system .  In  this  respect 
the  apparatus  acted  as  an  air  puni])  and  a  feed  heater  com- 
bined. 

In  working  toiidit ions  the  vacuum  inside  the  ejector 
between  the  steam  jet  and  the  water-expelliiig  jets  was  usually 
from  2in.  to  4 in.  less  than  the  vacuum  carried  in  tlie  coi;- 
(lenser,  and  it  was  this  diflereiu'e  whii'h  was  most  instrumental 
in  the  deterinination  of  the  amount  by  which  the  hotwell 
teiiipernture  miglit  exceed  that  due  to  the  vacuum  in  tlie  coii- 
(leiiser.  Further,  it  would  be  noted,  there  was  no  loss  of  feed 
water  in  this  system .  Water  vapour  withdrawn  from  tlie  vou- 
denser  along  with  air  was  condensed  by  the  jets,  and  ulti- 
mately returned  to  t he  boilers,  provision  bt'ini;  made  in  t he 
Kinetic  t aiik  for  the  separation  and  t、s('ape  of  the  air  prior  to 
the  water  entering  the  suction  pipe  of  the  feed  pump.  For 
marine  purposes,  this  was  a  significant  feature.  No  special 
or  independent  source  of  water  supply  was  re(piire(l  for  use 
in  the  air  ejector  jets,  these  being  ent irely  composed  of  llie 
water  of  condensation  from  the  condenser. 


SOME  ASPECTS  OF  DIESEL  ENGINE  DESIGN, 

l;V    i>.    .M.  SHANNON. 

At  the  last  meeting  of  the  Institution,  a  diagram  in  one 
respect  remarkable,  and  here  reproduced,  Fig.  1，  was  si i own. 
A  similar  diagram  for  a  Diesel  oil-eiii^i"e  installation  is  ^iven 
in  Fig.  2.  One  would  naturally  tliiiik  that  a  motor  、vhidi 
can  convert  Fig.  1  into  Fig.  2  would  have  enu;aged  the  ten- 
lion  of  marine  engineers  in  this  country  in  a  imicli  moiv 


, USEFUL  WORK 


heat  supplied 

Fig.  1.  — Heat  IUlance  Diagium. 

serious  manner  than  that  which  has  been  made  evident  during 
the  last  two  years.  This  comparison,  of  course,  is  not  alto- 
gether a  fair  one,  for  Fig.  1  does  not  take  into  account  boiler 
losses,  and  it  is  probably  not  the  best  that  can  be  done  by  the 
steam  engine.  The  transformation  naturally  follows  from  liie 
fact  that  the  energy  is  being"  directly  taken  from  tlie  fuel  on 
top  of  the  engine  piston  and  not  passing  through  the  series  of 
losses  and  leakages  shown  on  Fig.  1.  This  prime  mover 
promises  to  work  greater  changes  for  the  benefit  of  man  than 
tliose  which  the  steam  turbine  has  wrought .  The  pity  is  tliat 
tlie  changes  now  going  on  are  chiefly  of  continental  origin. 


USEFUL  WQPK 
HEAT  SuPPlieO 


FiQ.  2.— Heat  】Ula?«ck  Diagram  Ft>u  a  Dikskl  Oil  K.ngtxe. 

In  passing,  it  might  be  well  to  warn  those  about  to  take 
up  the  manufacture  of  the  Diesel  engine  that  nothing  but  the 
best  】natf  rials  and  woikinanshi}>  will  siiffire.  Otlierwise  there 
is  the  danger  of  (k""g  a  promising  motor  threat  harm  in  its 
infancy.  These  are  points  that  are  usuallv  brought  home 
very  severely  to  steam  engineers  on  first  taking  up  the  oil 
engine.    The  reason  for  greater  accuracy  and  better  material 
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is,  of  course,  due  in  the  first  instance  to  the  high  pressures 
that  have  to  be  dealt  with,  and  secondly  to  ilie  small  volume 
(KTupied  by  the  power  medium.  In  an  oil  engine  one  cubic 
inch  of  oil  for  power  purposes  is,  on  an  average,  equivalent 
to  5,500  cub.  in.  of  steam  used  in  a  steam  engine.  Hence,  the 
measuring  and  burning  arrangements  must  be  made  with 
t>reat  accuracy  ；  any  slight  variations  from  whicli  might  mean 
large  variations  in  power  and  effi- 
ciency of  the  machine.  Experience 
has  shown  that  only  a  few  thou- 
sandths of  an  inch  here  and  there 
makes  the  difference  between  a 
good  running  motor  and  complete 
failure. 

The  oil  engine,  it  should  be 
remembered,  is  still  iu  its  in  fancy, 
and  the  greatest  care  is  required 
ill  its  design  and  manufacture. 
Oil  engine  workers  recognise  that 
the  piston  engine  is  only  a  tem- 
porary solution  to   the  problem, 

and  that  a  reversion  to  the  turbine  principle  will  be  the 
natural  outcome  of  the  inherent  limitations  and  disadvantages 
of  the  reciprocating  form  of  motor. 

Great  efforts  are  being  made  with  engines  of  the  turbine 
form,  and  only  those  engaged  in  the  industry  know  how 
enormous  are  the  difficulties  to  be  overcome.  It  is  interesting 
to  note  that  the  only  reason  why  oil  engines  have  been  prac- 
ticable for  so  many  years  is  the  fact  that  the  surfaces 
coming  into  contact  with  the  flame  receive  a  little  rest 
between  the  explosions  iu  which  to  dissipate  the  beat. 

If  the  process  be  made  continuous  as  iu  the  turbine  form 
of  motor,  then  trouble  from  this  source  might  be  overcome  by 
allowing  one  set  of  blades  to  cool  down  while  another  set 
carried  on  the  work,  or  by  trying  a  turbine  of  the  bladeless 
form.  Again,  the  steam  turbine  only  shows  superiority  over 
the  reciprocating  engine  when  it  is  made  condensing,  and  this 
advantage  cannot  be  gained  in  the  internal-combustion  tur- 
bine over  the  reciprocating  engine.  There  is  also  the  diffi- 
culty of  obtaining  an  efficient  compressor  of  the  turbine  form, 
and  it  is  not  logical  to  carry  out  one  part  of  the  process  with 
a  piston  machine  and  the  other  part  with  a  turbine.  This  diffi- 
cjdty  would  be  minimised  with  a  producer  whicli  would 
produce  gas  at  a  pressure  of,  say,  1501bs.  per  square  inch,  or 
make  a  fixed  gas  from:  any  class  of  cheap  oil.  Facts  seem  to 
point  strongly  against  the  success  of  tlie  iuternal-conibustiou 
turbine  working  on  any  of  the  present  cycles,  and  until  a  new 
cycle  or  a  new  heat  carrier  can  be  found,  there  is  little  liope 
of  much  progress  being  made  in;  this  direction. 

A  question  that  is  greatly  exercising  tlie  minds  of  engi- 
neers is  ：  How  big  can  the  Diesel  engine  be  made  ？  Steam 
installations  have  already  reached  the  enormous  total  of 
90,000  h.p.  concentrated  iu  one  ship,  and  at  first  sight  this 
would  seem  quite  hopeless  to  attempt  with  oil  engines. 
Experiment,  and  the  present  means  of  manufacture  seem  to 
be  the  determining  factors,  and  it  is  probable  that  the  size  of 
the  crank  shaft  and  not  the  size  of  the  cylinder  will  limit  the 
power  of  tlie  oil  engine.  Considering  that  2,500  h.p.  lias 
been  put  into  one  cylinder,  I  have  assumed  for  the  sake  of 
argument  that  it  is  possible  to  put  2,000  h.p.  into  one  single- 
acting  2-cycle  cylinder,  or  4,000  h.p.  into  one  double-acting 
2 -cycle  one.  Since  the  volume  of  the  cylinder  rises  as  the 
cube  of  the  dimensions  and  the  area  of  the  exhaust  ports  is 
roughly  proportional  to  the  square  of  the  diinensions,  it  follows 
that  there  is  an  economic  limit  to  the  size  of  the  cylinder  on 
account  of  the  increasing  length  of  tlie  ports  in  proportion  to 
the  stroke  of  the  pistons.  This  limit  is  certainly  over  the 
powers  assumed.  By  combining  12  single-acting  2-cycle 
cylinders,  as  in,  Fig.  3，  or  6  double-acting  ones,  as  in  Fig.  4， 
then  a  total  of  24,000  li.p.  is  reached  for  one  shaft,  and  if 
t'lree  shafts  are  used  this  would  amount  to  72,000  b.ii.p.  m 
one  ship.  The  pistons  of  this  motor  would  be  about  45in. 
diam.,  and  tlie  stroke  60iii.  The  crank  shaft  would  bei  27iii. 
(Ham.,  stressed  to  ll,0001bs.  per  square  inch.  Tlie  overall 
dimensions  of  these  motors  would  be  as  shown  iu  tlie  illus- 
trations, the  two  halves  of  the  single-acting  motor  being  iu 
separate  engine-rooms.  By  using  high-tensile  steel  and  a 
judicious  arrangement  of  cranks,  it'  would  be  possible  to 
increase  the  power  up  to  30.000  h.p.  for  the  same  diameter  of 


shaft  by  adding  two  extra  double-acting  cylinders,  thus  giving 
1)0,000  b.li.p.  in  one  ship. 

The  diameter  of  shaft  given  is  limited  by  bearing  pressure 
considerations  ；  and  the  power,  as  already  suggested,  that  can 
be  passed  through  it,  can  only  be  increased  by  using  a  better 
quality  of  stee】，  and  increasing  the  number  of  cylinders  in  a 
line,  iiist ead  of  increasing  t  lie  diameter  and  stroke  of  the 


Fig.  3— Two-cycle  Single-actixg  Engine,  24,000  b.h.p. 


pistons.  The  large  diameter  of  shaft  in  proportion  to  t  he 
throw  would  necessitate  the  pins,  webs,  and  sliii ft  being 
forged  solid,  thereby  increasing  the  difliculties  of  manu- 
facture. 

Figs.  3  and  4  are  interesting,  as  showing  where  advance- 
ment along  existing  lines  would  lead  to  when  really  large 
powers  are  attempted,  and  they  prove  tliat  the  2-cycle  double- 
acting  type  is  the  only  one  that  can  be  seriously  considered. 
It  is  certain  that  the  motor  warships  suggested  by  Mr.  James 
Mc'Kechiiie  are  much  nearer  realisation  than  most  engineers 
thought  possible  at  the  time. 

Some  of  the  claims  made  on  behalf  of  the  Diesel  engine 
are  not  quite  accurate.  Tlie  absence  of  ignition  gear  is  not  an 
advantage  to  the  engine,  but  constitutes  what  is  pi'obably  its 
greatest  disadvantage.  In  place  of  simple  electrical  ignition 
gear,  there  is  a  very  high  pressure  to  deal  with  in  the  working 
cylinder,  and  a  complicated  two  or  3-stage  compressor  to 
provide  injection  air  at  a  pressure  of  SOOlbs.  or  9001bs.  per 
square  inch.  This  demands  the  finest  workmanship  ami  the 
greatest  care  in  handling,  and  has  proved  the  only  weak  point 
ill  some  jobs-  tJiat  have  otherwise  b^eu  faultless. 

Because  the  charge  is  not  admitted  until  the  piston  is  near 
tlie  top  dead-centre,  it  is  argued  that  it  is  impossible  to  obtain 
preignitions.  It  is  only  necessary  to  have  a  leaky  fuel- 
injection  valve  in  order  to  obtain  them,  although  iti  tlie 
Diesel  engine  they  are  not  so  violent  as  iu  engines  working 
on  the  Otto  cycle,  for  the  reason  that  the  pressures  are  iiuk-Ii 
higher,  and  the  changes  in  pressure  are  not  therefore  so 
noticeable.      Further,  the  temperature  to  cause  ignition  is 


Fig.  4. "Two-cycle  Double- acting  Engine*  '24,oCO  B.H.r. 

only  reached  when  the  piston  is  near  the  top  dead-centre. 
The  real  danger  is  tliat.  the  high-pressure  air  would  leak  into 
tlie  cylinder  if  the  needle  valve  were  to  stick  open,  ami  t Iu; 
piston  on  rising*  would  euorinously  increase  the  compression 
pressure.  At  least ,  to  niy  knowledge,  two  engines  have  been 
completely  wrecked  by  causes  which  could  only  be  traced  to 
this,  and  it  is,  therefore,  imperative  that  Diesel  engines  of 
any  size  for  marine  purposes  should  be  fitted  with  relief  valves 
on  all  t lie  cylinders.  Again,  there  are  no  violent  explosions 
ill  the  Diesel  en»jine  when  working,  for  allliougli  the  changes 
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weak  charges  can  b&  sent  into  the  exhaust  system  to  cause 
trouble.  This  fact  makes  the  Diesel  cycle  eminently  suitable 
for  dealing  with  gaseous  fuels,  especially  for  reversing  engines, 
and  I  think  that  this  is  the  correct  line  to  work  along  in 
developing  gas  plants  for  ship  propulsion.  In  a  reversing 
engine  working  on  the  Otto  cycle  there  are  always  one  or  two 
cylinders  full  of  mixture,  and  at  the  point  of  reversal  explo- 
sives are  discharged  into  the  exhaust.  Then,  again,  it  is 
wrong  to  introduce  the  fuel  into  the  cylinder  before  the 
exhaust  ports  are  closed,  for  no  matter  how  great  the  pre- 
cautions or  attempts  at  stratification,  it  is  quite  impossible 
to  prevent  tlie  escape  of  fuel  during  charging.  At  the  finish 
of  charging  there  is  always  some  gas  in  the  ports  and 
clearances,  and  this  is  swept  out  through  the  exhaust  during 


the  t'ojiipressor  ami  scavenging  cranks  has  been  neglected 
chiefly  on  account  of  the  great  variety  of  positions  these  can 
be，  and  are,  placed  in.  The  constants,  altliougli  quit-e  good 
for  prelimiiiarv  design  work  are  given  rather  for  purposes  of 
comparison. 

Ill  order  that  the  effect  of  inertia  on  torque  iiiay  be 
studied,  three  sets  of  constants  have  been  given  for  eacli  case, 
the  first  neglecting  inertia,  and  the  second  ami  third  allowing 
for  inertias  of  lOOlbs.  and  2001bs.  per  square  inch  of  piston 
area  respectively.  In  all  cases  the  curves  from  which  these 
ratios  were  taken  were  carefully  calculated  from  the  indi- 
cator cards  shown  on  Figs.  5  and  6，  which  are  ratlier  above 
average  practice,  and  assuming  a  conue<'ting  rod  4 "5  cranks 
long,  as  representing  average  practice.      Figs.  7  and  8  sliow 
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Fig.  7.— Four  Cycle  Twisting  Moments  for  One  Cylindeh. 


Fig.  8.— ri ending  Moment  Curves. 


the  next  scavenging  period.  These  things  tend'  to  make  the 
efficiency  of  the  large  2-cycle  gas  engine  rather  poor,  and  any 
development  must  take  place  by  withholding  the  gas  until  the 
exhaust  ports  are  quite  closed.  I  am  not  aware  if  Diesel 
engines  have  been  run  with  gas,  but  all  that  is  necessary  to 
test  the  idea  is  a  pressure  intensifier  in  conjunction  witli  the 
existing  multi-stage  injection  air  compressor. 

Crank  Shafts. ― Cranks  should  be  arranged  with  regard  to 
the  following  points,  which  are  given  in  order  of 
importance : — 

(1)  Uniform  twisting  moment. 

(2)  Balance  of  the  engine  as  a  whole. 

(3)  Unbalanced  couple  between  any  two  or  more  adjacent 

cranks  to  be  as  small  as  possible. 

(4)  The  angle  between  two  adjacent  cranks  to  be  as  large 

as  possible,  so  as  not  to  have  them  both  firing  on  the 
down  stroke,  and  causing  40.000 
excesive  pressure  on  the  30000 
bearing  between  them .  20000 
If  there  are  two  bearings  fo.ooo 
between  each  crank  this  0 
point  has  1  it  I  le  sigiiifi  - 
cance. 

(5)  If  the  shaft   is   made  in 

pieces,  these  should  be 
interchangeable,  in  order 
to  keep  down  t  lio  iiuinWr 
of  spare  parts. 
(G)  In  4 -cycle  work,  adjacent 
cranks  should  not  be 
arranged   on   the  same 

centre  Hue,  on  acfouni  of  concentrating  the  centri- 
fugal and  inertia  loads.  , 

(7)  As  far  as  possible  avoid  making  the  inaximum  twisting 
and  bending  iiioments  occur  at  the  same  inst ant. 

With  regard  to  twisting  iiioinents.  Tables  I.  ami  II.  con- 


li 


the  primary  twisting  ami  bejuiiug-nioiueiil  I'U rves  from  w 
all  the  results  given  were  obtained. 

Incident  ally  it  should  be  noted  that  balancing  is  a  Jiiuch 
easier  problem  than  in  steam  work,  on  acvount  of  the  greater 
number  and  flexibility  of  arrangement  of  cranks,  and  it  is 
possible  in  nearly  every  case  to  obtain  excellent  balance  with- 
out disturbing  the  equal  phase  difference  of  the  working 
cranks,  or  adding  balance  weights  to  tlieiii. 

To  meet  condition  1,  the  working  cranks  are  always 
arranged  at  equal  angles,  and  this  in  every  case,  excepting 
that  one,  two,  and  3-crauk  engines,  gives  complete  primary 
balance.  The  compressor  and  scaveugiiig  cranks  are  usually 
arranged  to  give  the  minimuin  disturbance  to  iiniforinity  of 
twisting  moment,  and  are  balanced  separately  with  tlie  aid  of 
balance  weights. 

Condition  4  can  best  be  investigated  graphically,  and  for 
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this  purpose  Fig.  9  is  given.  The  resultant  is  (liie_  to 
(</)  inertia  loads  of  the  】'e('i，"'ocati"fr  parts  ；  (/')  centrifugal 
loads  of  revolving  parts;  (r)  weight  of  parts ；  and  (d)  gas 
]irepsures.  This  is  given  for  one  ryliiider,  and  since  tliere  are 
two  bearings,  the  vertical  scale  will  require  to  be  halved  to 


ylinder  may  l)e  it  is  certain  to  burn.  Hence 
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in  pressure  are  great  they  are  gradual,  and  do  not  give  rise 
to  shocks,  as  is  experienced  in  engines  working  on  the  Otto 
cycle. 

One  of  the  greatest  advantages  of  tlie  Diesel  engine  is  that 
however  small  tlie  quantity  of  combust/ible  matter  injected 
into  tlie  cylinder  may  l)e  it  is  certain  to  burn.    Hence  no 

&00  I  1  n —— - ~ I  r —— ―  r  1  1  1  1 


tain  a  fairly  complete  analysis  of  all  engines  of  the  four  and 
2-cycle  single-acting  types  that  have  actually  been  built  or 
proposed.  Tlie  results  of  the  4 -cycle  engines  are  rather 
curious  and  these  will  be  taken  first,  although  it  is  rather  late 
in  tlie  (lay  to  be  considering  a  type  thai  lias  not  found  favour 
for  marine  work.    In  drawing  up  these  tables  the  effect  of 

500 


Fig.  6.— Two-cycle  CAitD. 
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obtain  the  result  for  one  bearing.  Hence,  by  combining 
curves  like  (ti)  Fig.  9，  for  two  adjacent  cylinders  at  the  proper 
crank  angle,  the  combined  effect  on  the  b&aring  in  between 
can  be  ascertained.    In  2 -cycle  engines  having  one  bearing  of 

Table  I. ― Four-cycle  Simjle-actimj  Engine. 


In  columns  5，  7，  and  9,  Table  T.，  the  ratio,  R  of  maxi- 
muni  twisting  moment  in  tlie  shaft  to  mean  twisting  moment 
lias  been  given,  and  tlie  small  number  in  brackets  imme- 
diately midcr  (leiioles  the  innii))f' r  of  rylimlers  giving  this 
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normal  length  between  the  cylinders,  it  is  not  safe  to  arrange 
the  cranks  nearer  to  each  other  than  90°. 

Condition  6  is  satisfied  by  most  engines,  the  only  excep- 
tions being  the  four,  six,  and  8-cylinder  4 -cycle  motors.  In 
the  four  and  6-cylinder  engines  the  only  provision  that  can  be 
taken  is  to  make  the  centre 
bearing  long  enough,  but  in  the 
8-cylinder  motor  there  is  an 
alternative  arrangement  to  that 
usually  adopted  in  practice. 
In  Table  I.,  the  first  arrange- 
ment of  the  8-cylinder  motor 
is  that  used  on  the  engines  of 
the  ship  "  Selaudia，"  and  the 
second,  giving  theoretically  the 
same  balance,  has  no  two  adja- 
cent cranks  on  the  same  centre 
with  only  one  bearing  between 
them . 

Fig.  10  gives  the  maximum 
twisting  moments  in  each 
case,  and  in  Fig.  11  is  given 
the  combined  bending  and 
twisting  moments.  It  will  be 
noted  than  in  cases  1  and  2  the 
maximum  twisting  moment 
occurring  in  the  shaft  is  that 
due  to  the  first  5  cylinders,  and 
that  case  2  gives  the  lower 
twisting  moment  of  the  two. 
Also,  in  case  2,  there  is  a  fur- 
ther advantage,  since  the  peak 
of  the  twisting  moment  curve  is 
at  a,  point  where  tlie  bending 
moment  is  least, whereas,  in  case 
1，  the  peaks  of  the  bending  and  twisting  moments  t-oiiu-ide, 
stressing  a  shaft,  at  a  particular  point,  to  3,0001bs.  per  square 
inch  more  than  in  case  2.  In  a  great  many  instances 
shifting  of  the  peaks  was  very  marked,  and  advantage  should 
be  taken  of  this  fact  to  so  arrange  the  cranks  to  give  a 
minimum  diameter  of  shaft. 


In  <oluii】ns  6，  8，  and  10, 
Rj  is  the  ratio  of  the  twisting  moment 
for  the  total  Jiuinber  of  cylinders  to 
tlie  mean  twisting  moment.  Ratios  R 
will,  therefore,  be  used  for  crank-shaft 
design,  and  ratios  for  tunnel-shaft 
design.  Columns  11， 】2，  and  13  show 
lif)w  slowly  the  twisting  moment  in- 
creases, due  to  piling  on  cylinders  in  the 
case  of  4-cycle  engines.  It  will  also  be 
noticed  that,  ill  a  number  of  cases, 
inertia  makes  very  little  difference  in 
Ri ,  that  in  4-cycle  work  inertia  cannot 
he  neglected,  and  that  in  some  extreme 
cases  there  is  an  increase  of  60  per  cent, 
in  the  twisting  moment  due  to  inertia. 
A  difFereiice  of  2,0001bs.  per  square 
inch  in  the  stress  of  a  shaft  seems  to 
be  treated  lightly  in  some  designs  of 
Diesel  engines. 

Table  IT.  ，  giving  particulars  of 
2-cycle  engines,  calls  for  no  particular 
comment,  since  many  of  the  remarks 
with  regard  to  Table  I.  apply  to  it  also. 
It  will  be  noticed  that  inertia,  in  nearly 
every  case,  reduces  the  twisting 
moment,  and  that  oue  is  quite  safe  in 
neglecting  it  altogether.  In  2-cycle 
engines  the  arrangement  of  cranks  is 
more  elastic,  since  only  in  the  first 
cases  of  the  5  and  6-cyliuder  en- 
gines is  the  primary  balance  of 
ranks  complete,  and  the  compressor  crank, 
crank,    or   both,    must    be    arranged  along 


the  working' 
or  scavenging 
with  balance 
examples  given 

to  reduce  the  unbalanced  couple  to  a  niiiiimuni 
II. ― Tico-cycle  Single- actbuj  Engine. 


weights     to  produce 
the  working  cranks 


balance.       In  the 
have  been  arranged 
so  that  by 


/ 

^      1  3 

苓 

s 

a 

if   1  s- 

9- 

'- 

//     \             \  /J 

夕, 

Of 

/r 

； r 

巧 

a 

J. 

o 

/ 

/// 

M 

SS 

S 
/"/ 

,W 

t 

/.e 

r  f 

f" 

r/s 

rs 

&j 

rr 

/rs 

J 

/ro ' 

/  £  J 

fr 

/■// 

(rj 

"J 

rrr 

fa  • 

/- 乎？  J 

Sft 

/'AS 

/•fj 
UJ 

"s 

f/ 

jar 

S 

/j7</ 一 

/■f/ 
/// 

A// 

/  ff 

/  fj 
/-/ 

/•rs 

JJS 

jt  f 

^^r 

s 

re' 

/',/ 

u/ 

/J/ 

/ef 

/•f& 

ru 

/.&  f     s  s 

/7 

fSJ 

/■// 

/" 

"J 

/■/Y 

/.  -f^  S  2  S  ^ 

/■7/ 

/'rr 

\\ 

HY 

"爭" 

- r'f 爭 

s 

/rs  ^ 

/'„ 
fr/ 

/♦/ 

"J 

s 

手 r rsj 

4  。S 

pi'opedy  arranging  the  scavenging  crank  an  excellent  balance 
will  result.  Fig.  12  gives  the  twisting  moment  curves  of  an 
8-cylinder  motor,  and  it  will  be  seen  that  the  resultant  is  of  a 
particularly  even  nature,       being  practically  1. 

lu  crank  shaft  design  it  is  generally  assumed  that  ths 
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maximum  moments  on  the  shaft  occur  when  starting  and 
before  inertia  lias  had  time  to  come  into  play,  ami  that  tliis 
will  be  due  to  gas  pressures  caused  by  the  working  fluid.  On 
account  of  the  maimer  in  wliicli  Diesel  engines  are  started, 
however,  this  is  certainly  not  the 
case.  In  a  4-cylinder  engine  the 
starting  air  is  admitted  over  a 
crank  angle  greater  than  90。  in 
order  that  the  engine  will  start 
from  any  position,  and  in  a 
6-cyliuder  engine  the  angle  will 
be  something  more  than  60。，  The 
pressure  of  the  starting  air  is 
generally  about  5001bs.  per 
square  inch,  and  it  can  be  shown 
that  the  stress  due  to  admitting 
ail'  over  a  crank  angle  of  90。，  as 
is  done  in  6-cyliuder  engines, 
will  stress  an  engine  shaft  to 
14,0001bs.  that  would  otherwise 
be  only  stressed  to  8，0001bs.  per 
square  inch.  This  is  rather  bar- 
barous treatment  of  shafts,  and 
it  would  be  much  better  to  re- 
lieve tlie  compression  pressure  to 
ISOlbs.  per  square  inch  and  use 
starting  air  through  a  reducing 
valve  at  that  pressure,  at  the 
same  time  effecting  a  large  saving 
in  compressed  air.  On  starting, 
cards  showing  pressures  of  7001bs. 
per    square     inch     have  been 

taken  from  Diesel  engines,  this  liigli  pressure  due  to  the 
starting  air  pressure  mouuting  up  before  the  pistons  liad 
time  to  get  uzider  way. 

In  the  following  crauk-shaft  formula  : ― 
Let   d  =  Diamoter  of  shaft  in  inches. 
D  =  diameter  of  cylinder  in  inches. 
/  =  stress  in  pounds  per  square  inch. 
P  ―  mean  pressure  in  cylinder  in  pounds. 

二 maximum  pressure  in  cylinder  at  iustanl 

mum  twisting  moment. 
:^4201bs.  per  square  inch  appioxiuiate. 
n  =  number  of  working  cylinders, 
maximum  twisting  nioment. 
minimum  twisting  moment- 


Main  Bearing  and  Connecting  Rod  Caps  and  Bolts, ― At  (《) on 

Fig.  9  is  shown  Mie  upward  loads  on  the  main  bearing  caps 
Miul  bolts  of  a  4 -cycle  motor,  assuming  that  1  liere  are  no 
balance  weights  oii  the  webs.     Put  into  a  formula  the  upward 


INERTIA  -  100  L&S.  


I_NE RTIA  -  200  LBS. 


Fig.  10.— Four-cyclk  Eight-cylindeh  Engine.  Twisting  Momknt  Curves. 


3 
2 


Fig.  11.— Combined  Bending  and  Twisting  Moments. 
load  for  one  cyliiHler  will  be: —— 

r  = -000028  RN,  [w  (l  + 

where 


十、 V;] 


IXl- 


a  = 


distance  between  centres  of  bearings. 

diameter  of  cylinder. 
2  for  most  engines, 
pisioxi  stroke. 


― diameter  of  cylinder. 
=  1*2  for  high-speed  engines  and 
1.4  for  low-speed  engines. 
Then  ./  -Pi^/Kn,  for  4 -cycle  single-acting  engines. 

=2  PimRiii  for  2-cycle  single-acting  engines. 
=4  P6 我, I  for  2-cycle  double-acting  engines. 


E  ―  crank  throw  \\\  iiulies. 
N  ―  revolutions  per  minute. 

length  of  connectine:  rod 

w  二   _2   ―    ―  _  p.  

crank  throw 

W  =  total  weight  of  reciprocat'ing  】iiasses  in  ])ouii<ls. 
Wi  —total  weight  of  revolving  masses  (/.r.,  crank  pii" 
part  of  webs  and  revolving  part-  of  coniicH-tiii*: 

rod). 

1 11  ])ra(.'ticc  the  load  la used  Ijy  \V,  is  generally  iieglei'ted 
or  forgotten,  altliougli  in  many  cases  it  amounts  to  45  per 
cent,  of  tlie  total  load. 

For  the  conneciing  rod  bolls. 

P  =  000028  KN'  [w  ( 1  + 1)  +  Wo] 

Where  W.,  - weight  of  revolving  pad  ol'  rounecting  rod  minus 
weight  of  bottom  end  cap.      Here,  again,  Wo  is  generally 


2/  = 


Tl 


or /  =  ^%<；  {-35//+ -65  + 


I'lO.  12. 


These  formula,  iilthough  rather  complirat^cl.  lake  into 
； u'count.  all  the  variables  ； iiul  cojistants,  ,'.  ami  .'/  be 
worked  out.  for  a  "ai'tiriil;"'  type  of  engine  ami  labiilalod  ior 
use    in    design    work.       It    is 山', lu''(、<l    i'n.m    llu-  usual 


-TwisTiKG  Moment  Ccbvks.    Two-cycle  Kiout-cylindkb  Ekoine. 
Inertia  =  0. 


M.. 


W  L 


•35  M„+-65  VMi; '+ 
the  amount  oi'  lioiuliiig  allowed  for  hw\g  equal  t<j  — g  '  where 
W  —  [H^iou  load,  ail. I  I.    <lis(aiire  l"'t ,'i'"lrt's  of  Ixnuiugs. 


neglected,  allhoiigli  its  effeils  in  high-speed  engines  are 
sei'ious. 

In  2 -cycle  single-art  itit;  cnginos  (iicse  loads  do  iiol  I'xist , 
lull.  it.  is  well  to  design  tlie  pads  to  wit  list  and  (lieiii  since  there 
is  always  the  change  of  a  scavenging  valve  ^niug  breaking 
and  letting  the  valve  stay  open.  1  hereby  relieving  all  com- 
pression and  allowing  the  full  inertia  and  ceiitiifiigal  loads  to 

roiue  into  play. 

'  (To  he  emit  ill  ttCil.J 
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LARGE  2—10—2  TYPE  LOCOMOTIVE  FITTED  WITH  SUPER- 
HEATER AND  MECHANICAL  STOKER. 

The  Baldwin  Locomotive  Works  have  recently  completed,  for 
the  Chicago,  Burlington,  and  Qiiincy  Railroad,  five  locomo- 
tives of  the  Santa  Fe,  or  2 ― 10 —— 2  tvpe,  wliich  are  the  largest. 


and  Engineering  Review."  They  have  a  total  weight  of 
378，7001bs.，  a  tractive  force  of  7 1,5001  bs. ,  ami  carry  approxi- 
mately G0,0001bs.  oil  each  pair  of  driving  wheels.  Tlie  fire- 
box is  placed  back  of  the  driving  wheels  and  above  the  rear 
truck  wlieels,  and  advantage  is  taken  of  the  opportunity  to 
floepeii  tlio  throat.    The  entities,  altliou^h  t hey  have  a  ri^id 


广 


•2—10—2  Typ:-:  LocoMOTiVK,  Fitted  with  Superheater  and  Mechanical  Stoker. 


2—10—2  TypK  Locomotive,  Fitted  with  Supeiiheater  and  Mechanical  Stokee. 


2—10—2  Type  Locomotive.   General  Arbangemknt  of  Babnum  Stokeu. 


engines  ever  built  with  all  the  driving  wheels  coupled  in 
one  group.  The  general  construction  of  these  engines,  wliioh 
are  fitted  with  superheaters  and  mechanical  stokers,  is  shown 
in  the  accompanying  illustrations,  for  which,  along  with 
the  following  description,  we  are  indebted  to  "  The  Railway 


wheel  base  of  20ft.  9iii.，  are  designed  to  traverse  2 curves. 
To  facilitate  this,  the  tyres  on  the  main  driving  wheels  are 
without  flanges  ；  the  intermediate  flanges  have  a  play  of  gin., 
and  the  front  and  back  flanges  of  ^in.  The  truck-wheel 
flanges  have  a  play  of  ^iii. 


. —— r 
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The  boiler  has  a  straight  top,  and  iiieasures  88Ain.  diaiii. 
at  the  front  end.  The  barrel  is  coin  posed  of  three  rings, 
and  the  third  ring  is  tapered,  the  slope  being  placed  on  the 
bottom.  This  construction  was  ado])te(]  because  the  firebox 
has  a  combustion  chamber,  ami  i oom  had  to  be  providevl 
under  the  same  to  permit'  free  circulation .    The  (lej)tli  from 


coiuiected  to  rock  in  two  groups.  Each  bar  is  set  in  a  rect- 
angular frame,  which  can  be  tilted  through  a  wide  angle  when 
the  fire  is  dumped.  Below  each  section  of  grate  is  placed 
an  asli])aii  Iiaving  two  hoppers.  There  are  thus  six  hoppers 
alto"'etlier，  ami  they  are  provided  with  cast-iron  droj)  bottoms. 
There  is  no  arch  in  the  firebox,  but  a  brick  wall,  24in.  liigli 
anri  9in.  wide,  is  bir'lt  in  the  cornbustioii  cliairiber.  The 
front  of  the  wall  is  16?,iii.  back  of  llie  tube  sheet,  and  t  lie 
vertical  distance  from  t  he  top  of  t  lie  wall  t  o  1  lie  uuder  side 
of  the  < TOW II  slieei  is  about  38iii. 

The  cylinders  are  of  the  usual  design,  each  being  cast  in 


2—] 0—2  Type  Locomotive.   Akrajjgemknt  of  CUiates. 

the  under  side  of  the  combustion  chamber  to  the  shell  is 
approximately  7in.，  and  the  front  water  leg  has  a  width  of 
()in .  The  crown  of  the  combustion  t'lianiber  is  stayed  by 
two  T-bars  hung  on  expansion  links  ；  otherwise  radial  bolts 
are  used.  A  total  of  501  flexible  bolts  are  placed  in  the 
sides,  throat,  and  back  head. 

The  locomotives  are  fitted  with  Emerson  superJieat ers, 
and  the  elements  are  place<l  in  'M)  tubes,  each  Ciiii.  diaiii. 
The  superheater  pipes  are  IJin.  (Hani,  outside.  Tlie  saturated 
and  superheated  stea 川 headers  are  separate  castings,  and  are 
boHed  together  in  sucli  a  way  as  to  allow  a  slight  relative 
movement,  thus  providing  for  un- 
equal expansion  and  contraction. 

Barnuni  stokers  also  are  applied 
to  t.liese  locomotives,  and  the  instal- 
lation is  of  special  interest  owing  to 
the  large  grate  area  (88  sq.  ft.) 
whicli  must  be  covered .  This  stoker 
is  of  t  he  uiuler-feed  type,  and  the 
furnace  is  charged  with  coal  by  four 
screw  conveyers  which  work  in  suit- 
able longitudinal  troughs.  The 
conveyers  are  28in.  apart',  measure'l 
transversely.  The  clearance  be- 
tween t  he  t'onveyer  and  ilie  bottom 
of  tlie  trough  can  be  adjusted  to 
secure  the 川 ost  satisfactory  results. 
Each  trough  contains  a  series  of 
im'li，ie(l  plates,  wliich  are  placed 
above  the  conveyers,  ami  as  tlie  coal 
strikes  Miese  pi atos  it  is  I'od  n])\vanls 
into  tlie  runiace.  Tlie  j^laies  a  re 
adjustable  for  height  and  incliiia- 
tion.  The  conveyers  are  worked  by 
a  transverse  worm  sliaft ,  wliicli  is 
placed  at  the  back  eiul  ami  is 
rotated  by  two  small  steam  engines. 
Oil  the  tender  is  ])lace(l  a  coal 
rrUvsher,  \vlii<*Ii  is  driven 】）y  a  Gin.  bv 
Oil  I .  tMi^-ino.  Til,'  cnisluM'  delivtMs  ，• 
veys  it  fw、var<l  ">  ;i  t  r;n»sverse  tr('ii"'li  i 山 i 
plate.  From  this  trouuh  Ili(、  coal  is  d 
longitudinal  feed  trouuhs.  The  I'm"  bin 
tains  a  coal  pusher. 

The  fire  door  is  not  emumbered  by  the  stoker  eciuipment, 
so  that  if  necessary  tlic  locomotive  can  be  fired  hv  linnil.  Tli，' 
i^nxio  is  cot)i posed  ol'  i  liroc  sections,  、vl"rh  arc  plarod  U、t  、、、'(、" 
tlio  iuljari'iil  stoker  IrouLrlis.      Tlic  Vm  ri>  of  carli  serlion  a  re 


'2—10—2  Type  Locomotivk.     Skction  thhough  Firichox  and  Klkvation 

UF  FiJtKJJOX  Kni>. 


The  cyliinitT  ba vvvl  、、. 
passages  in  t  lie  .saddle 


lis 


one  piece  with  iialf  the  saddle. 

are  2in.  thick.  The  live-steam  passages  in  t  lie  .sacicUe  are 
connected  by  an  equalising  pipe.  The  steam  distribution  is 
controlled  by  double-ported  piston  valves,  arranged  for  inside 
admission.  These  valves  are  15in.  diani"  and  are  set  with 
a  lead  of  ！ in.  Circulating  valves  of  tlie  Slieedy  type  are 
applied,  and  relief  valves  are  tapped  into  the'  live-steaiii 
passages.  The  valve  motion  is  of  the  Walscliaert  t'v】)e，  ami 
is  fontrollecl  by  Jlagoiiiiet  power  gear.  The  valve  I'od 
crosshead  works  in  guides  、vlii('h  a  re  casi  in  one  piece  wil  li 
t  he  back  steam-chest  liead. 


2  -  10-  2  Tvri:  TjOt'OMoTlVK. 


巧『 
U、  LINhl'K  Sapdi 


AND  DkTAII>. 


111 


Im'II  ,    \S  1 M  ( ■  1 1  cnu- 
I  ;i  I'm  r  t  lu'  l(>(»l 
'Iwirt^ed   into  t  hv 
t  he  tender  coii- 


\Vos(iii»jlK>use-AiiKM*ican  brake  tH|nipiiuMi(  is  appliod  li> 
t  lu'se  locomotives.  The  (eiuler  is  specially  arranged  to  aivoin- 
iim(l;"t、  the  stoker  equipment.  The  principal  features  of  these 
locomotives  are  inditated  in  the  followini:  table  : ― 

Type    2—10—2 

Service   Freight 

(VliiKlors   :{()in.  hy  :Vl\i\, 

Valvos   Ual;miv»l  pisl"'， 

Tradivo  j">、、i，r   7KC>U0lbs. 


。一  .i^. ； 


一  ：3^一 
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Boiler,  type   Straight 

Minimum  diameter   881in. 

Working  pressure  1751bs. 

Firebox,  size   96in.  by  132in. 

Grate  area   88  sq.  ft. 

Kind  of  fuel   Soft  coal 

Tubes,  number   30  and  285 

Diameter   2^in.  and  Gin. 

Length   22ft.  7Mn. 

Heating  surface,  firebox  255  sq.  ft. 

Combustion  chamber   65  sq.  ft. 

Tubes   4,841  sq.  ft. 

Superheater   970  sq.  ft. 

Total   5,161  sq.  ft. 

Driving  wheels,  diameter   60iii. 

Journals   Ilia,  and  12iii.  by  I2'\n. 

Truck  wheels,  diameter,  front   33in. 

Journals   6in.  by  lOin. 

Back,  diameter   42|in. 

Journals  .Sin.  by  14iii. 

Weight,  OM  driving  wheels   301,8001bs. 

Total  engine   378,7001bs. 

Total  engine  and  tender   652,0001bs. 

Wheel  base,  driving   20ft.  9in. 

Total  engine   39ft.  Sin. 

Total  engine  ami  tender   74ft.  4^ in. 

Tender,  wheels,  diameter   33iii. 

Journals   Gin .  by  11  in . 

Capacity,  water   10,000  galls. 

Capacity,  coal   15  tons 


ELECTRICITY  SUPPLY. 


A  LECTuitK  Oil  "  Electricity  Supply  ：  Past,  Present,  and 
Future  "  was  delivered  by  Mr.  A.  Campbell  Swiuton  at  the 
Royal  Institution  on  April  19th.  The  lecturer  referred  to 
the  retarding  effect  of  the  first  Electric  Lighting  Act  upon 
the  progress  of  the  industry.  The  first  electric  supply  station 
for  supplying  current  for  lighting  purposes  on  a  public  scale 
in  London  was,  he  said,  established  in  1882  by  the  Euison 
Company  on  Holborii  Viaduct .  When  this  slat  ion  was  first 
erected,  the  dynamo  was  described  by  one  of  the  tecluiical 
papers  as  enormous,  and  further,  that  no  less  than  1 ,000 
full- size,  or  16  candle-power,  incandescent  electric  lamps  were 
maintained  in  operation  from  one  of  these  machines.  Mr. 
Swintoii  pointed  out  that  it  was  on  the  banks  of  the  Tyne 
that  the  steam  turbine,  was  first  applied  to  tlie  public  supply 
of  electricity,  and  referred  to  the  order  recently  secured  by 
Messrs.  Parsons  from  the  Com moii wealth  Electric  Company, 
Chicago,  for  a  turbo-generator  set  capable  of  giving  a  con- 
tinuous output  of  no  less  than  25,000  kw.  at  unity  power 
factor.  The  lecturer  pointed  out  that  there  used  to  be  great 
prejudice  in  this  country  against  the  use  of  overhead  wires, 
but  this  was  fast  disappearing.  In  Cornwall  power  was 
transmitted  over  a  distance  of  about  20  miles  at  a  pressure 
of  10,000  volts,  there  being  one  overhead  line  across  the 
River  Hale  carried  at  an  elevation  of  150ft.  above  the  water, 
so  that  ships  could  ])ass  luidenieatli.  It  was  believed  that 
this  was  the  highest  overhead  transmission  line  in  this 
country.  He  explained  that  in  the  United  States  and  Canada 
pressures  were  in  use  as  high  as  100,000  volts  on  over- 
head transmission  lines,  and  thai  similar  voltages  were  being 
adopted  in  Germany.  Turning  to  futu re  expectations,  Mr. 
Swiiiton  was  of  opinion  that  for  large  stations  the  steam 
turbine  was  likely  to  hold  its  own,  though  in  the  smaller 
stations,  where  units  up  to  500  kw.  or  1,000  kw.  were  needed, 
the  interual-c'ombusiion  engine  was  undoubtedly  (gaining 
ground.  At  present  2,000  h.p.  seemed  to  be  about  the  maxi- 
mum that  could  sufely  be  obtained  per  cylinder  from  the 
i II terjial -combust iou  engine,  so  that  increased  powers  could 
(miy  he  secured  by  a  process  of  imiltiplifatiou,  which,  in  the 
t'ase  of  Iar"re  units,  led  to  complications.  The  efficiency  of 
a  steam  turbine  tended  to  increase  with  the  dimensions  at 
a  much  greater  rate  than  with  an  intern al-coinbustioiv  engine. 
As  to  the  possibilities  of  the  gas  turbine,  the  lecturer  did 
not  liold  out  much  hope  of  success.  He  considered  that  the 
future  of  electricity  supply  lay  witli  very  large  stations 
(MiiployiiiK  very  niiits  of  plant  and  conibinini^  tlio  genera- 
lioii  of  eloctricily  with  clieniical  iiiauufact  ure. 


mNDLEY'S  WATER-TUBE  BOILER 

We  illustralc  licrewitli  a  design  of  water-iu be  Ijoiicr  o I'  t  ho 
unit  type,  the  invention  of  L,  A.  Himlley,  H.  D.  Hindley, 
and  W.  Stanford,  Bnurton,  Dorset .  Tlif^  units  of  the  boiler, 
which  can  be  easily  disniaiitled  into  coiiipa ratively  light  sec- 
tions and  easily  re-assembled,  are  arranged  round  the  fire- 
box, and  each  com- 
prises an  upper  header 

B,  connected  l)y  tubes 
G  to  a  lower  chamber 

C.  The  steam  drum  S 
is  situated  on  approxi- 
mately the  same  level 
as  the  headers  B  and 
connected  to  them  by 
pipes  D  and  】'：.  This 
drum  is  centrally  dis- 
posed relatively  to  tlie 
units.  Semi-circular 
b  a  file-plates  R  are 
placed  in  the  positions 
indicated  to  direct  the 
products  of  combustion 
in  the  direction  shown 
by  the  arrows  round 
some  of  the  tuhes  in 
the  part  of  the  iirebox 
around  the  passage- 
ways T  into  the  flue  N 
and  up  the  chimney. 
In  operation  the  gener- 
ator is  tilled  with  water 
to  the  level  shown.  A 
large  amount  of  heat  is 
radiated  to  the  tubes 
between  the  tire  and 
the  baHie-plates.  Water 
is  heated  in  the  tubes 
and  ill  the  steam  drum, 
and  steam  is  generated 
partly  in  the  headers 
B  and  partly  in  the 
drum  S.  The  level 
of  the  water  in  the 
headers  and  drum  is 
equalised  by  the  pipes 
E  ，  and   the  steam 

set  free  in  the  headers  is  carried  into  the  steam  dome  by  the 
pipes  D.  Fig.  3  shows  an  arrangement  in  which  a  super- 
heater W  is  substituted  for  tlie  steam  drum.  It  will  be  seen 
that  the  arrangement  is  such  that  any  unit  can  be  readily 


Figs.  1  <fc 


-Hindley's  Wateh-tube 
Boiler. 


Fig.  3.— HINDLEY'S  WATEU-TUBE  BOILEU.  I'ITTED  with  SUPKllUKATLn. 

inspected  or  detached  and  replaced,  as  there  is  no  liner  inside 
the  furnace  space  to  conceal  the  units  or  prevent  access 
thereto,  and  there  are  only  the  two  connections  at  tlie  top 
that  connnunicato  with  the  steam  and  water  spaces. 


Pit  Ca^e  Accident. ―  An  accident  occurred  on  tlie  *」3r(l  iilt . 
at  the  Treetoii  pit  of  the  Rotliervale  Colliery  Company, 
Sheffield.  A  cage  with  a  number  of  men  was  descending 
the  shaft  when  it  clashed  to  the  bottom,  lauding  with  great 
force.  Seven  men,  some  suffering  from  broken  limbs,  had 
1()  1)0  reniovod  to  liospital,  、vliik、  live  oi liers,  also  injured,  but 
not  so  seriously,  were  rcmovtHl  to  their  homes. 


548 


THE   MECHANICAL  ENGINEER. 


[May  3，  1912 


AERIAL  FLIGHT.* 

HY  HENRY  REGINALD  AUNULPH  MALLOCK,  F.R.S. 

When  the  president  and  the  council  of  the  Institution  of  Civil 
Engineers  did  me  the  honour  of  asking  nie  to  deliver  the 
James  Forrest  lecture  for  the  year  1912  on  "  Aeronautics," 
I  thought,  although  having  some  first-hand  knowledge,  tliat 
it  would  be  right  to  examine,  as  far  as  time  permitted,  the 
literature  bearing  on  1  he  subject.  The  "  Bibliography  of 
Aeronautics  ，'  published  by  the  Smithsonian  Institute  of 
Washington  in  1910  contains  a  list  of  nearly  14,000  books 
and  papers/  all  dealing  with  ballooning  or  flying  ；  and  at  tlie 


(a) 


Fig. 


Fig.  2. 


present  time  I  suppose  that'  this  number  has  greatly  increased, 
and  I  feel  that  the  short  hour  at  my  disposal  will  be  better 
employed  in  sketching  the  principles  involved  than  in 
attempting  bo  give  a  historical  view  of  the  progress  of  these 
two  branches  into  which  aeronautics  has  become  divided. 

Beginning  with  balloons,  as  having  the  priority  in  point 
of  time,  it  may  be  remarked  that  the  whole  subject  is  included 
ill  the  last  130  years,  dating  from  the  experiment  of  the 
Moiitgolfiers,  who  made  their  first  ascent  in  1788，  but  were 
at  work  for  some  years  before  this,  and  that  other  designs 
quickly  followed  containing  in  principle  most  of  the  appli- 
ances which  are  in  use  to-day.  The  ballouet,  for  instance, 
was  proposed  and  tried  by  Charles  and  Robert.  We  find  also 
designs  for  dirigible  balloons  of  much  the  same  shapes  as  are 
now  familiar  ,to,  us. 

All  attempts  at  propelling  these  vessels  naturally  failed 
for  want  of  adequate  power,  and  in  some  cases  the  proposed 
form  of  proj)ulsiou  was  impracticable,  but  in  others  a  screw 
of  nearly  the  same  proportions  as  that  now  in  use  was 
actually  tried.  It  was  soon  found,  however,  that  the  speed 
which  could  be  developed  by  man-power  or  by  any  engine 
that  the  balloon  could  lift  only  amounted  to  a  few  miles  an 
hour,  less,  that  is,  than  the  speed  of  a  very  slight  breeze. 
Thus,  so  far  as  directing  the  course  of  a  vessel  was  concerned, 
the  meclianism  was  almost  useless,  and  few  further  attempts 
at  mechanical  ])ropulsiou  were  made  until  the  advent  of  the 
internal-combustion  engine. 

Within  the  last  20  years  much  lias  been  learnt  on  the 
subject  of  air  resistance,  both  with  regard  to  form  and  sur- 
face friction,  and  it  is  now  possible  to  predict  、vith  some 
certainty  the  power  which  is  required  to  give  any  particular 
form  a  specified  speed.  Tlie  power  ■which  can  be  carried 
depends  upon  the  available  lifting  force  of  tlie  balloon  and 
the  resistance  on  its  size  and  shape,  and  it  will  not  be  amiss 
to  devote  a  short  time  to  the  consideration  of  the  available 
lining  force  of  various  types  of  balloons  and  how  this  force 
depends  on,  and  changes  with,  the  altitude. 

Independently  of  outward  form,  balloons  may  be  divided 
into  two  classes,  according  as  the  lifting  gas  carried  is 
constant  in  mass,  or  {h)  constant  in  volume,  and  these  again 
may  be  sub-divided  acrordin^  to  the  relation  of  the  pressure 
or  density  of  the  enclosed  gas  to  that  of  the  surrounding  air. 
All  the  conditions,  however,  may  be  conveniently  represented 
l)v  supposing  tliat  the  gas  is  contained  in  a  in.issless  vertical 
rylinder  closed  at  the  top  by  a  fixed  cover  and  below  by  a 
movable  piston.    The  piston  may  ho  supposed  to  be  free  or 


clamped,  and  to  be  acted  on  by  the  gaseous  pressures  only  or 
by  any  other  additional  force. 

(1)  Taking  first  the  case  of  a  constant  mass  of  gas.  If  the 
piston ― Fig.  la— is  free,  the  pressure  on  both  sides  of  it  is 
always  the  same  and  equal  to  the  pressure  of  the  atmosphere 
at  that  level.  The  lifting  force  acting  on  the  cylinder  is 
therefore  the  difference  of  the  weights  of  a  column  of  air 
and  of  the  enclosed  gas  of  the  area  of  the  cylinder  and  of 
the  lieiglit  of  that  part  of  it  which  the  gas  occupies.  This  is 
true  no  matter  what  the  absolute  pressure  of  the  air  may  be. 
A  balloon  of  constant  mass  and  unlimited  extensibility 
would  be  realised  in  the  case  of  a  soap  bubble  if  its  size  was 
sufficient  to  make  tlie  pressure  due  to  surface  tension  negli- 
gible. Such  a  bubble,  therefore,  would  always  be  acted  on 
by  a  constant  lifting  force  as  long  as  the  atmosphere  outside 
had  the  properties  usually  ascribed  to  a  gas,  and  if  the  atmo- 
sphere had  the  same  temperature  at  all  levels  there  would 
l>e  110  limit  to  the  lieiglit  to  wliicli  tlie  bubble  would  rise. 
If,  on  the  other  hand,  the  (iisiributioii  of  temperature  was 
adiabatic,  there  would  be  a  definite  upper  limit  to  the 
atmosphere  which  in  dry  air  on  this  earth  would  be  20  miles 
above  sea  level. 

(2)  In  a  balloon  made  of  any  known  solid  material  the 
expansion  of  the  gas  is  resisted  by  the  tension  in  the  walls, 
and  if  these  are  inextensible  the  piston  nuist  be  supposed 
to  be  clamped  in  its  original  position.  If  the  walls  are 
elastic,  the  effect  on  the  density  of  the  gas  is  the  same  as  if 
a  pressure  were  applied  to  the  piston  corresponding  to  the 
stress  strain  curve  of  the  material  at  each  stage  of  expansion. 
In  both  these  oases  the  balloon  \\\\\  rest  in  stable  equilibrium 
when  such  a  height  is  reached  that  the  difference  of  the 
densities  of  the  internal  gas  and  of  the  external  atmosphere, 
multiplied  by  the  volume  of  the  cyliiuler  at  the  time,  is  equal 
to  the  load  carried,  or,  if  there  is  no  load,  when  tliese 
densities  are  equal. 

(3)  A  balloon  with  constant  volume  and  l  onslant  iiiterjial 
pressure  is  represent etl  by  supposing  tlie  piston  to  be  clamped 
in  its  initial  position  (Fig.  \h).  Such  a  balloon  would  be 
in  stable  equilibrium  in  the  case  (2),  but  at  a  lower  level. 
But  it  is  impossible  with  any  known  material,  except  on  a 
small  scale,  to  make  an  envelope  strong  enougli  to  withstand 
the  difference  of  internal  ami  external  pressure  at  great 
altitudes  and  at  the  same  time  light  enough  to  be  lifted  by 
the  gas. 

(4)  Balloons  with  const  ant  volume  and  with  internal  and 
external  pressures  nearly  the  same  are  the  only  forms  used  on 
a  large  scale.  The  conditions  of  the  ordinary  balloon  are 
represented  by  supposing  the  piston  to  be  clamped  but  per- 
forated (Fig.  so  that  the  gas  can  escape  when  the  pressure 
is  reduced.  The  limit  to  the  height  which  can  be  attained 
in  this  case  is  reached  when  the  (Ufferem'e  of  the  weight  of 
t  he  enclosed  gas  and  the  same  volume  of  outside  air  is  equal 
to  the  load;  but  the  equilibrium  is  then  unstable,  for  any 
loss  of  level,  however  small,  will  cause  the  heavier  outside 


Fig.  3. 


Fio. 


*  Jauu^H  Forrest 
•mb.  1912. 


leotui'u  aulivercHl  ul  tlie  liisliluUon  of  Civil  Eugiuec'rs.  April 


air  to  enter  the  cylinder  and  thus  diminish  the  lifting  force, 
which  at  the  highest  level  was  only  just  sufficient  to  support 
the  load.  An  ordinary  balloon,  therefore,  if  left  to  itself, 
would  rise  to  the  maximum  height  and  then  come  down  with 
a  constantly  aoceleraling  velocity,  and  it  is  only  hy  parting 
alternately  with  ballast  ami  gas  that  any  desired  altitude  cau 
be  maintained. 

(5)  Another  form  ol  const  ant -volume  balloon  consists 
essentially  of  two  compartments,  one  containing  the  lifting 
gas  and  the  other  being  in  communication  with,  but  at  a 
slightlv  hic^lier  pressure  than  the  air  outside,  the  difference 
being  maintained  constant  usually  by  a  centrifugal  pump. 
This  is  the  plan  adopted  in  all  non-ripd  dirigibles  wliere 
lonstaiiov  of  external  form  is  a  matter  of  importance.  To 
represent  these  conditions  we  must  suppose  that  the  piston 
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is  free,  and  that  the  cylinder  is  closed  at  both  ends,  enclosing 
therefore  a  constant  volume,  but  tliat  the  cover  at  the  lower 
end  is  perforated  and  provided  with  a  means  of  maintaining 
a  small  constant  difference  between  the  internal  and  external 
pressures.  As  far  as  lifting  force  is  concerned,  this  type  of 
balloon  is  similar  to  one  of  constant  mass,  the  only  difference 
being  that,  owing  to  the  expulsion  of  the  slightly  compressed 
air  ill  the  ballonet,  the  lift,  instead  of  being  constant, 
increases  with  the  altitude,  but  the  increase  is  small.  If 
such  an  altitude  is  reached  that  the  whole  of  the  air  in  the 
ballonet  is  expelled,  the  balloon  is  in  the  position  described  in 
case  (3),  namely,  constant  volume  and  constant  mass.  If, 
as  ill  the  rigid  type  of  dirigible,  the  outward  form  is  kept 
constant  by  a  framework,  it  is  not  necessary  to  maintain  an 
excess  of  pressure  in  the  bdlionet,  but  in  all  other  ways, 
as  far  as  lift  is  concerned,  the  rigid  and  non-rigid  dirigibles 


,  

Fig.  5.— Theoretical  Values. 

are  alike.  The  working  altitudes  of  such  balloons  are  limited 
by  the  volume  of  the  ballonet,  which  must  never  be  com- 
pletely collapsed.  For  instance,  if  they  are  intended  for  use 
up  to  5,000ft.,  at  which  level  the  atmospheric  pressure  is 
reduced  by  about  one- fifth  part,  tlie  volume  of  the  ballonet 
must  not  be  less  than  one-sixth  of  the  whole  volume  of  the 
dirigible,  leaving  five-sixths  for  the  lifting  gas. 

I  do  not  propose  here  to  go  into  the  questions  of  the 
relative  merits  of  the  rigid  and  non-rigid  forms,  questions 
which  turn  on  structural  details  rather  than  on  general 
principles,  but  something  may  be  said  on  the  nature  of  the 
envelope  used  for  retaining  the  hydrogen,  which  is  now 
usually  employed  for  lifting  purposes.  The  best  information 
ou  the  subject  is  due  to  work  recently  carried  out  at  the 
National  Physical  Laboratory,  at  the  request  of  the  Advisory 
Committee  for  Aeronautics,  and  will  be  found  in  detail 
in  their  published  reports.  It  appears  that  among  the  fabrics 
in  use  there  are  enormous  differences  in  their  retentive 
power,  that  is,  in  the  rate  of  the  diffusion  of  hydrogen 
through  them  irrespective  of  actual  leaks,  differences  of 
nearly  two  -hundredfold  appearing  between  the  worst  aud 
best  specimens.  India-rubber  coatings  are  the  least  satisfac- 
tory, allowing  an  escape  in  some  cases  of  more  than  0'7  cub.  ft. 
for  every  square  foot  of  material  in  24  hours  when  new,  and 
deteriorating  as  time  goes  on.  The  most  retentive  hitherto 
tested  are  various  oiled  skins,  goldbeaters'  skin,  and  some 
other  artificial  membranes.  When  the  large  surface,  which 
all  dirigible  shapes  expose  to  the  air,  is  considered,  it  will 
be  seen  how  important  is  the  choice  of  material,  and  that 
with  the  best  the  necessary  hydrogen  renewal  is  not  a  small 
matter,  even  if  no  ascents  are  made,  aud  may  well  be  over 
1,000  cub.  ft.  a  day  for  a  large  vessel. 

Much  more  than  this,  however,  must  be  lost  when  the 
dirigible  is  in  use.  A  thousand  cubic  feet  of  hydrogen  gives 
a  lifting  force  of  about  751bs.，  and  the  engines  of  one  of  the 
larger  dirigibles  will  part  with  many  times  this  weight  in 
fuel  and  other  ways  in  less  than  12  hours.  To  keep  the 
vessel  at  a  constant  height  the  lift  has  to  be  diminished  or 
the  downward  force  increased  at  the  same  rate.  While 
travelling  this  may  be  effected  to  some  extent  by  steering, 
but  when  stationary  the  balance  can  only  be  obtained  by 
allowing  the  equivalent  amount  of  gas  to  escape.  To  rise 
again  an  equal  amount  of  ballast  must  be  discharged.  The 
number  of  ascents  therefore  which  can  be  made  without  a 
fresh  supply  of  hydrogen  is  limited  by  the  quantity  of  ballast 
which  can  be  carried. 

It  is  of  some  interest  to  enquire  what  enoine  power  is 


required  to  propel  sucli  vessels  at  the  speeds  tliey  are  crecliterl 
witli,  namely,  35  to  45  miles  per  hour.  Model  experiments 
indicate  that  for  "fair"  shapes  the  resistance  actually  en- 
countered is  about  one-tenth  of  the  normal  resistance  of  a 
plane  whose  area  is  the  maximum  cross-section  of  the  vessel. 
The  greater  part  of  this  resistance  is  due  to  surface  friction, 
but  for  cylindrical  shapes  with  long  parallel  sides  the  propor- 
tion is  somewhat  greater  in  consequence  of  the  wake.  As 
will  be  mentioned  again  later,  the  normal  resistance  of  a 
plane  in  air  is  about  0  00135f"lb.  per  square  foot,  where  v  is 
the  speed  in  feet  per  second.  If  we  take  the  case  of  a  vessel 
with  "  fair  "  lines  whose  maximum  diameter  is  40ft.,  the  area 
of  the  cross-section  is  1,250  sq.  ft.  nearly,  and  tlie  resistance 
at  40  miles  an  hour  (that  is,  at  about  60ft.  per  second)  is 

X  0-0035  X  1-250  x  3600  =  l,6001bs     The  power  required 

for  the  thrust  therefore  is  ii^Ojl^  =  120  h.p. 

The  engines  are  not  likely  to  convert  imidi  more  than 
half  their  nominal  horse-power  into  tlirust,  so  that  240  h.p. 
engines  would  be  required  to  give  a  speed  of  40  miles  per 
hour  to  an  airship  of  this  size  and  form.  This  rough  calcula- 
tion probably  under-estiinates  the  power  required  even  for  a 
ship  with  fair  lines,  and  for  cylindrical  shapes  which  leave 
a  considerable  wake  the  defect  will  be  greater.  The  general 
steering  qualities  of  dirigible  balloons  are  unsatisfactory,  ami 
this  is  perhaps  more  apparent  in  the  large  cylindrical  vessels 
than  in  those  which  are  fish-shaped,  but  in  all  cases  the  steer- 
ing may  be  improved  by  the  addition  of  fins.  Even  with 
these,  however,  it  is  diffirult  to  keep  a  straight  course. 

We  may  now  turn  our  attention  to  tlie  more  promising 
field  presented  by  true  flying  machines ― machines,  that  is, 
which  are  heavier  than  air  and  are  supported  by  the  reaction 
of  a  downward  current  of  air  called  into  existence  by  the 
engines  in  ordinary  flying,  or  by  the  diversion  of  natural 
upward  components  of  the  wind  in  soaring.  It  is  theoretically 
possible  also  to  maintain  flight ― without  expenditure  of  work 
on  the  J) art  of  the  flying  machine ― in  a  horizontal  wind  whose 
velocity  increases  with  the  altitude  or  varies  from  place  to 
place  at  the  same  level.  In  this  case  the  flying  machine  has 
to  descend  in  the  direction  of  the  wind  and  then  turn  and 
ascend  against  it.  In  each  such  cycle  work  is  gained,  and 
the  work  is  obtained  from  the  difference  of  wind  velocities. 
It  IS  not  improbable  that  birds  in  some  circumstances  may 
actually  soar  by  this  means,  but  there  are  no  detailed  observa- 
tions, as  far  as  I  am  aware,  on  the  subject.  When  a  body 
falls  without  change  of  attitude  either  vertically  or  obliquely 
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Fi<;.  6.— Values  from  Experiment. 

under  the  influence  of  gravity,  it  acquires  in  time  a  cou- 
staiit  velocity,  and  when  this  is  reached  the  resistance  is 
equal  to  the  weight.  The  downward  momentum  imparted 
to  the  air  in  the  unit  of  time  is  tlien  w  vjf/,  where  v  in  this 
case  is  the  vertical  component  of  the  velocity.  At  the  same 
time  the  resistance  to  the  vertical  motion  is  w  V'j2  g,  and  the 
power  expended  ou  the  air  is  w  v^[2  g. 

The  terminal  velocity  itself  depends  on  the  shape  and  area 
of  the  surface  exposed  to  the  air,  and  on  the  manner  in  which 
it  is  presented  to  the  current.  Thus  it  would  seem  at  first 
sight  that  by  increasing  the  area  of  the  surface,  and  so 
diininisliiiig  the  velocity  of  descent,  tlie  power  expended 
might  be  reduced  without  limit.  As  will  be  seen  later,  how- 
ever, air  friction  places  a  limit  on  tlie  reduction  of  power 
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iiorosKary  for  Higlit,  indopeinlontly  of  oilier  pmrtU'al  limits 
imposed  by  sizes  of  t  lie  resist  in^  areas  which  can  he  art  ually 
constructed.  One  or  two  examples  may  be  given  illustrating 
the  (lepeiuleiice  of  ilie  power  re(|iiired  on  tlie  terniiiial 
velocity. 

First,  take  the  case  of  a  parachute,  wliicli  may  l)e  sup- 
posed to  be  massless  and  to  carry  a  long  ladder  up  which  a 
man  climbs  (Fig.  2).  If  the  man  is  to  maintain  a  constant 
elevation  above  the  ground  lie  must  be  able  to  climb  as  fast 
as  tlie  parachute  falls.  Now,  it  is  known  from  experiment 
that  a  surface  such  as  a  parachute  experiences  a  resistance 
wliile  falling  tlirougli  tiie  air  equal  to  about  jj^rio  of  a  pound 
for  every  square  foot  of  area  at  a  speed  of  1ft.  per  second. 
If  we  give  tlie  parachute  a  diameter  of  36ft.  its  area  will  be 
about  1,000  sq.  ft.  ；    and  if  we  suppose  the  man   to  weigh 

1501bs.，  tlie  terminal  velocity  will  be    given    by  r-  =  or 

v=3'3{t.  per  second.  This,  of  course,  is  iniu-h  more  tluui  a 
luiin  can  do. 

If  we  take  a  inan-]K)wer  as  one-tenth  of  a  horse-power, 
55ft.  per  mi  ante  or,  at  the  outside,  1  ft .  per  second,  may  be 
taken  as  tlie  rate  at  which  he  can  raise  his  own  weight  for 
any  considerable  length  of  time.       The  area  wliicli,  when 

loaded  witli  loOlbs.,  drops  at  rate  of  1ft.  per  second  is  "J^Tq" 

or  10,600  sq.  ft.,  that  is,  a  circle  of  113ft.  diam.  With  such 
a  ])Hr;iclnite  a  man  could,  by  climbing,  keep  himself  stationary 
ill  tlie  air. 


Fig.  7.— Non  ritu  riONAi,  Flow. 

It  is  not  necessary,  in  order  to  impart  this  momentum  to 
the  air,  that  the  surface  should  itself  have  this  area  of 
10,000  sq.  ft.  The  same  moinentum  may  be  given  by  a  much 
smaller  inclined  surface  moving  liorizontally.  If  a  per- 
fectly efficient  screw  or  inclined  plane  were  a  physical  pos- 
sibility, there  would  be  nothing  to  prevent  people  from  flying 
by  tlieir  own  muscular  effort,  and  it  is  worth  while  to 
examine  the  causes  wliich  prevent  the  realisation  of  such  a 
result .  The  reaction  on  an  inclined  plane  in  a  current  of 
air  will  sufficiently  illustrate  this  without  the  introduction 
of  coinplicaiioiis  which  surround  t  he  question  of  the  very 
M rnilar  reactions  on  screws. 

Take  the  case  of  a  thin,  ilat  plate  placed  edgewise  in  a 
wind.  If  there  is  no  surface  friction  between  the  fluid  and 
tlie  plane  tlie  latter  offers  no  resistance,  the  pressure  on  both 
sides  is  the  same,  and  the  flow  of  tlie  air  stream  is  unaltered 
by  its  presence.  If,  however,  the  plane  is  inclined  to  the 
current,  the  mathematical  solutions  present  two  possible 
forms  of  flow,  one  of  which  would  indicate  that  the  plane 
experienced  no  resistance,  but  that  the  pressure  was  so  dis- 
tributed over  the  two  surfaces  as  to  form  a  couple  tending 
to  turn  the  plate  broadside  to  the  stream  (Fig.  3),  the  other 
indicating  a  resistance,  the  pressure  on  the  up-stream  surface 
iH'ing  raised,  wliile  on  the  flown-streani  surface  the  pressure 
remains  unaltered,  equal,  that  is,  to  the  general  pressure  in 
the  air  at  a  distance.  This  form  of  flow  is  shown  in  Fi^.  1, 
and  it  will  be  seen  that  behind  the  plane  there  is  a  body  of 
st ill  air,  separated  hou\  tlie  cu rrent  hv  a  surface  of  dis- 


Neither  of  these  theoretical  flows  represents  what  actually 
takes  ])lace,  but  the  second  is  sufficiently  close  to  Nature  to 
give  a  rough  measure  of  t lie  real  resist aiico  when  the  inclina- 
tion of  the  plane  to  the  direction  of  the  current  is  a  moderate 
ant^le,  say,  not  less  than  S°  or  1 0 ' .  Assunuii^  for  tlie 
moment,  however,  that  the  second  solution  is  correct ,  we  may 
calculate  the  wind  speed  required  and  t he  an^Ie  wliirli  a 
plane  of  given  a  re  a  must  make  witli  t  he  dim'tio"  of  flow  if 
a  given  quantity  of  thotiumiI uni  is  to  he  goiierated  in  a  rliroo- 
、io，、  at  nTiL'los  t  o  t  he  sf  roam. 


Fr"m  the  theory  of  the  flow  shown  in  l'，ig.  ■)  it  appears 
that  tho   average  normal  pressure  on  tht*  unit  urea  <»£  the 

planft  is  proportional  to  ' '-' . 莒 " ——  where  r  is  the  velocity 
r  4  +  -  sin  (I  】 

and  a  the  an^le  which  the  plane  makes  with  the  stream.  When 

this  angle  is  small,  this  expression  may  be  replaced  by  i'-'  ^  sin 

4 

"， and  the  actual  normal  force  is  p  r-  ―  sin  "  per  unit  area  of 
plane,  p  being  the  density  of  the  air.  Hence  the  components 
parallel  and  perpendicular  to  tlie  flow  are  p  ？ r-^  sin'-  "  and  pr' 

- 8111  "  COS  (I, 

The  first  of  these  is  the  resistance  and  the  second  the  lift- 
ing force,  and  their  ratio  is  cos  "•    Tho  downward  momentum 

generated  is  then  p  -  ―  sin-  a  cos  a,  thus  leading  to  the  cf>n- 

clusion  that  there  is  no  limit  to  the  lifting  force  which  may  bo 
called  into  existence  l)y  a  given  resistance  or  by  a  given  power 
by  sufficiently  reducing  the  angle  a. 

The  general  relations  connecting  the  normal  force,  lateral 
force,  resistance,  and  power  expended  when  a  stream  of  air 
Hows  obliquely  past  a  long  narrow  plane ― the  long  dimension 
being  across  the  stream ― are  given  in  the  following  formula; ： 
Let     denote  the  velocity  of  steam. 

a      ，，       ，，    angle  between  the  stream  aiui  plane. 
S      ，，       ，，    area  of  plane. 
N      "       "    normal  force  on  plane. 
R      "       "  resistance. 
L      "       "    lateral  force. 

H      "       ，，    power    required    in    i'oot-poiiiuls  jhm* 
second. 

fi      "       ，，    density  of  air. 
Then  on  the  theory  of  the  flow  shown  in  Fig.  4  ：  一 

N="f'J 严 sin"  

-'^     4  +  T  sin  a  、 ' 

IW   (-J) 

^  '     4  +  TT  sin  a  \  ' 

L  =  2         "cos"  (3) 

2  '        4  +  -  Sin  „  、 ' 

When  the  angle  is  small  enough  for  "  to  be  sensibly  equal 
to  sin  <(  and  cos  "  is  nearly  unity,  if  we  put  .1  p  -"   =  A, 

L  =  X  =  A  S  v-  a  (1) 

R  =  A  S  V-  a-   (5) 

H  =  V  R  =  A  S  r.V  (6) 

l/R  =  i/q  (-) 

As  before  said,  according  to  t his  theory  any  pmver,  how- 
ever small,  would  be  sufficient  to  carry  any  weight  at  any 
speed,  provided  there  was  no  limit  placed  on  the  area  of  \  he 
plane.  If  the  area  were  given  it  would  al wavs  be  possible 
to  fhul  a  speed  at  which  the  load  could  be  carried  with  the 
specified  power.  For  instance,  if  it  is  asked  what  area  of 
wing  must  a  man  weighing  loOlbs.  have  in  order  to  fly  :it 
1  Oft.  per  second ― 6'8  miles  per  hour,  supposing  he  can 
develop 卄 li.p. — roughly,  about  GOft .-lbs.  per  second.  The 
value  of  the  constant  A  for  air  is  1/510,  and  from  the  equa- 
1  ions  (4)  to  (7)  we  find  that  tlie  required  area  is  S  二  L/A  ，'■-、  a 
11,400  sq.  ft.  ；  also  that  n  -  H  rL  -  2  3  . 

If  we  assume  a  wing  area  of  150  sq.  ft.  we  tind  that  for 
t  lie  same  power  the  velocity  required  to  support  loOlbs.  is 
\r  A  S  H  or  l,270rt.  per  second  with  a==  H-  A  S  L'^=  11 
riiiiiutes  of  arc.    Or,  again,  if  we  assume  a  velorit v  as  】o、v  as 

miles  per  hour ― 88ft .  per  second ― we  find  that  the  power 
required  is  L-/A  S  /•  ^  860ft. -ibs.  per  second,  or  rS^.p., 
and  the  corresponding:  value  for  n ― namely,  LAS  r- ― is  3 '7^. 

These  examples,  in  which  no  resist  a  nee  except  that  of  the 
wiiiLTs  is  taken  into  account,  and  whioh  it  must  be  remem- 
bered depend  on  a  theory  wliioli  excludes  frictioiial  forces, 
show  clearly  tliat  even  on  these  favourable  assumptions  flight 
by  muscular  power  would  IV  iiupract ira])le  for  liuniaii  beings, 
if  only  on  account  of  the  great  wiim  area  or  great  speed 
wliicli  is  required  for  the  purpose.  When,  however,  the 
;»<'trial  forces  whioli  act  on  j^laiip  surfaces  are  examined  experi- 
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inent ;illv,  it  will  ； ippeur  iUni  it  is  not  only  impiJictjcahle,  but. 
impossible.  The  (lifTereiice  between  the  tlieoretical  ami 
experimental  results  will  now  be  considered. 

Tn  Fig.  5  the  onlinates  of  the  curves  are  Ijie  L  and  11  oi 
the  equations  just  given,  and  they  refer  to  a  plane  whose 
hreadtli  j);irallel  lo  the  stream  is  small  coinpared  to  its  leii^tli. 
The  units  in  which  these  curves  are  plotted  are  sucli  that  1 
corresponds  to  the  weight  of  a  column  of  air  of  unit  section 
whose  height  is  the  dynamic  head  required  for  the  velocity. 
Tlie  ratio  L/R,  wliicli  measures  the  proportion  of  the  】ift,|n,g 
force  to  the  resistance— or,  in  the  case  of  flying,  the  lifting 
force  to  tl»e  propulsive  effort— is  simply  a  curve  of  <•()"- 
tangents,  M.  , 

In  Fig.  6  the  curves  and  their  ratio  are  the  result  of 
experiments  juade  with  planes  moving  in  air  and  in  water, 
and  it  may  liere  be  noticed  that  for  most  purposes  the  results 
obtained  from  water  may  be  applied  to  air,  and  vice  versa, 
provided,  of  course,  tliat  the  relative  densities  of  the  two 
lluids  are  taken  into  account. 

Three  points  in  particular  stand  out  clearly  in  tlie  experi- 
mental curves,  namely  :  (1)  That  the  actual  resistance  and 
lifting-  force  are  greater  than  the  theoretical  values  ；  (2)  that 
their  ratio  ceases  to  be  a  curve  of  roiitaiigents,  and  that  it 
has  a  large  and  distinct  maxinunn  when  "  is  somewhere 
about  5°  ；  (3)  that  both  the  resistance  and  lift  are  very  uncer- 
tain when  a  is  within  10。  or  15。  on  either  side  of  45。. 

It  appears  that  the  M  curve  (^^^^-^)  is  always  less 

than  cot  a，  but  that  it  approaches  cot  a  fairly  closely  when 
a  exceeds  15°. 

lift  lift 


The  curve  of 


is  one  of  the 


resistance       propulsive  force 
most  important  matters  in  principles  of  flight,  for  the  angle 
at  whicli  its  maximum  occurs  indicates  the  best  angle  at 


Fu;.  8.-  FuicTioNAi.  Flow. 

which  the  wings  can  be  set  with  reference  to  the  path  of  the 
machine  through  the  air,  and  the  actual  value  of  the  niaxi- 
nuim  is  a  measure  of  the  efficiency. 

In  most  of  the  experiments  which  I  have  made  this 
maximum  had  a  value  of  7  or  8，  that  is,  the  load  sustained 
was  about  7  or  8  times  the  propulsive  force.  Though  occa- 
sionally considerably  higher  values  were  obtained -- as  much 
as  12 ― and  though  I  have  seen  similar  numbers  recorded  by 
other  experimenters,  I  look  on  these  results  with  suspicion. 

The  fact  is  that  when  the  experiments  are  made  with 
small  models  the  quantity  R  is  very  small  for  the  small  values 
of  a  where  the  maximum  occurs,  and  a  very  small  error  in 
the  determination  of  this  small  quantity  has  a  great  effect 
on  the  ratio  L/R. 

It  will  be  readily  seen  that  since  a  propulsive  force  R  is 
capable  of  supporting  a  load  L  when  the  angle  of  the  sup- 
porting planes  with  the  path  is  a,  then,  if  the  propulsive 
force  is  due  not  to  the  engines,  but  to  the  path  having  a 
downward  inclination,  so  that  R  =La,  the  minimum  value  of 
R/L  is  the  tangent  of  the  least  angle  to  the  horizontal  down 
which  the  flying  machine  or  loaded  plane  can  glide. 

I  think  I  am  right  in  saying  that  no  flying  machine  has 
been  made  with  a  gliding  angle  as  flat  as  1  in  7，  and  that 
1  in  5  is  more  nearly  what  may  be  expected.  Of  course,  in 
actual  flying  machines  the  resistance  of  the  body  and  other 
parts  not  contributing  to  the  support  has  to  be  overcome  as 
well  as  the  resistance  of  the  supporting  wings,  and  this,  of 
course,  makes  the  gliding  angle  less  flat  than  it  would  be 
were  there  no  extraneous  resistance.  The  difference,  how- 
ever, between  1/5  and  1/7,  which,  roughly,  is  somewhat  less 
than  one-third  of  the  propulsive  force,  will  in  most  cases 
more  than  cover  tlie  loss  due  to  body  resistance,  and  it 

may  be  concluded,  therefore,  that  the  evidence  given,  as  far  as 
regards  actual  flying  Tiiachines,  is  in  favour  of  a  maximum 
value  of  Tj^R  not  exceeding  7. 


We  will  now  coiisiiier  more  closely  tho  causes  which  pro- 
duce the  very  nmrketl  difference  between  the  tlieoreti(、al 
curves  given  in  Fig.  A  and  1  lie  ('("'responding  (luantities  as 
(leterrniiied  by  experiment,  it'  is  well  known  that,  the  (1  aid 
with  whicli  mathematicians  deal,  and  wliicli  is  supposed  to 
surrouiK]  t  he  plane  iti  Fig.  4,  is  an  ideal  body  which  is  with- 
out- viscosity  -that  is,  opposes  no  resistance  to  shear —— and 
that  in  contact  witli  a  solid  it  experiences  no  frictional 
retardation.  In  such  a  iliikl  pressure  and  velocity  are  con- 
nected by  ail  invariable  law,  the  sum  of  the  potential  ami 
kinetic  energies  of  any  port  ion  of  the  fluid  reTiKiiii  iii^^  conslaiit 
j'or  all  time. 

This  law,  togetlier  with  the  necessary  condition  of  con- 
tinuity, wliicli  for  ail  iiiconi])re.s.sil)le  lluiW  merely  implies  that 
the  volume  of  a  given  mass  of  lluid  remains  constant,  no 
matter  what  shape  it  takes,  constitutes  the  foundation  of  all 
the  propositions  regarding  the  stream  lines  of  a  perfect  fluid 
which  have  hitherto  been  worked  out,  and  for  such  «i  fluid 
the  stream  lines  indicated  in  Fij^.  4  are  an  exact  solution  of 
the  problem. 

Now  real  fluids  differ  from  the  perfect  fluid  in  having  both 
viscosity  and  surface  friction.  They  require  that  work  should 
be  done  if  distortion  is  going  on,  and  they  adhere  to  the 
surfaces  of  solids  immersed  in  them.  Thus  a  plane  wliich, 
if  moving  edgewise  in  a  perfect  fluid,  would  meet  with  no 
resistance,  does  meet  with  resistance  iti  a  real  fluid  on  account 
of  the  adherence  of  the  fluid  to  the  solid  surface  and  the 
consequent  distortion  produced  iit  the  neighbouring  layers 
of  the  fluid. 

It  is  true  that  for  fluids  such  as  water  and  air  the  vis- 
cosity is  so  small  tliat  the  direct  effects  would  hardly  be 
noticeable.  IndirectTy,  however,  they  have  iniuieiise  influence, 
and  it  is  not  too  much  to  say  that  the  most  remarkable 
features  in  the  flow  of  the  winds,  tides,  and  streams  are  due 
to  the  modification  of  streain-line  motioh  set  up  by  fluid 
friction  ami  viscosity. 

The  indirect  action  referred  to  depends  on  the  fact  that 
when  a  strea.ni  is  retarded  by  friction,  the  velocity  is  reduced 
although  the  pressure  remains  unclianged,  and  thus  ihe 
fundamental  relation  which  connects  velocity  ami  pressure 
ill  a  perfect  fluid  is  violated.  As  long  as  the  stream  con- 
cerned is  of  constant  section  and  is  neither  accelerating  or 
retarding,  as  for  instance  when  the  flow  is  through  a  straight 
pipe  of  uniform  bore,  the  effect  of  friction  shows  itself 
merely  by  rendering  the  stream  lines  irregularly  sinuous,  in 
a  way  which  has  not  yet  been  investigated,  and  as  giving 
rise  to  a  resistance  which  is  proportional  to  a  power  of  the 
velocity  something  rather  less  than  the  square,  i.e. ,  to  the 
r85tli  or  r9th  power. 

Wlien,  however,  the  stream  is  divergent ― so  that  in  the 
absence  of  friction  the  velocities  and  pressures,  although  con- 
stant across  each  section,  change  from  one  section  to  another, 
but  keep  the  total  energy  of  the  flow  across  each  section  the 
same ― the  effect  of  friction  and  viscosity  is  much  more 
conspicuous. 

In  Fig.  7  fluid  is  supposed  to  be  flowing  outwards  in  a 
wedge-shaped  channel,  and  the  stream-line  pressure  and  velo- 
city at  each  section  for  a  perfect  fluid  are  shown  in  the  curves. 
This  relation  is  the  only  one  whicli  will  allow  a  portion  of 
fluid  at  Pl  V、  to  overcome  the  resistance  due  to  the  pressure 
gradient  and  arrive  at  with  tlie  velocity  v.,.  In  a  fric- 
tional fluid  these  relations  hold  fairly  well  for  the  central 
streams,  which  are  little  influenced  by  the  sides,  hut  the  side 
streams,  wliicli  have  had  their  velocity  reduced  by  friction, 
independently  of  tlie  stream-line  reduction,  find  themselves 
opposed  by  a  pressure  which  is  sufficient  to  reverse  the  direc- 
tion of  their  flow,  and  these  reversed  streams,  by  usurping 
part  of  the  channel,  alter  the  character  of  the  flow  altogetlier， 
the  result  being-  that  instead  of  an  outward  flow  over  the 
whole  section  of  the  channel,  a  rapid  current  traverses  Iho 
central  part  with  well-marked  eddies  on  either  side  (Fig.  8). 

The  exact  nature  and  form  of  these  eddies  are  not  at  pre- 
sent amenable  to  mathematical  treatmeut,  but  their  general 
character  and  the  fact  tliat  they  are  due  to  the  reversal  of 
streams  whose  potential  has  been  degraded  by  friction  was 
pointed  out  by  the  late  W.  Froude  before  the  British  Associa- 
tion meeting  at  Bristol  in  1875. 

(To  be  continued.) 
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COMPOSITION  OF  HIGH  SPEED  TOOL  STEEL 

liY  E.   T.  EDWAKDS. 

Improvements  in  iron  and  steel  making  for  the  last  several 
years  have  been  of  a  broad  character.  Two  brandies  of 
development  are  especially  noticeable :  (1)  The  application  of 
electricity  to  the  production  of  metals  by  means  of  the  electric 
furnace  ；  (2)  the  progress  being  made  in  the  methods  of  heat 
treating  high-speed  steel  and  the  changes  in  composition  oi  the 
letter.  The  composition  of  present-day  high-speed  steels  and 
their  cutting  qualities  form  the  theme  of  this  paper. 

The  history  of  high-speed  steel  began  when  patents  were 
granted  to  Messrs.  Taylor  &  White,  in  1900，  covering  the 
manufacture  of  a  brand  of  steel  alloyed  with  tungsten,  molyb- 
denum, and  chromium  in  sp(*cified  proportions,  and  certain 
exacting  heat  treatments  for  them.  Well  remembered  are  the 
remarkable  demonstrations  of  this  steel  made  by  the  Bethle- 
hem Steel  Company  at  the  Paris  Exhibition.  Tools  for  cat- 
ting metals  were  shown  operating  at  a  speed  eight  to  10  times 
greater  than  what  was  then  the  usual  shop  practice.  Engineers 
watched  these  tests  with  the  keenest  interest,  and  Messrs. 
Taylor  &  White  were  highly  commended  for  their  achieve- 
ments. But  note  the  rapid  trend  of  events.  A  decade  has 
passed  since  this  remarkable  steel  was  patented  :  to-day  it  is 
not  heard  of.  At  a  coinparatively  recent  date  the  patents 
covering  this  product  were  held  invalid,  the  court  saying, 
with  other  comments,  that  "  no  satisfactory  basis  appears  in 
the  records  for  the  assertion  that  the  patents  in  suit  lead  up 
to  or  were  the  means  of  producing  or  introducing  the  present 
high-speed  steels." 

Steelmakers,  encouraged  with  the  success  of  this  new  steel  ， 
soon  followed  with  superior  steels  that  taxed  the  capacity  of 
the  machine  tools  in  using  them  to  their  limit.  This  has  neces- 
sitated improvements  in  inachine  design.  Developments  along 
this  line  of  engineering  have  advanced  to  the  stage  where 
machine  tools  are  now  designed  specifically  to  secure  a  high 
efficiency  through  rapid  production  at  highest  speeds  with 
the  greatest  depth  of  cut  and  maximum  feeds  that  the  high- 
speed steels  are  capable  of  standing. 

In  a  paper  read  recently  before  a  railroad  club  the  author 
concluded  by  saying :  "  Tlie  makers  of  machine  tools  have  bad 
to  wake  up  to  the  fact  that  heavier  and  more  powerful 
machines  must  be  made  to  keep  up  with  the  working  capacity 
of  high-speed  steel,  and  I  venture  to  ])ropliesy  that  heavy 
machinery  is  as  yet  in  its  infancy."  This  j)ropliecy  is  proving 
true ,  for  day  after  day  we  see  ponderous  and  more  efficacious 
maclunes  turned  out  by  the  various  iiiacliino  tool  builders,  and 
the  end  is  not  yet. 

Without  referring  to  any  scientific  classifications  of  cutting 
tools  of  the  various  types  of  steel,  let  us  for  a  moment  com- 
pare the  composition  of  the  Taylor  &  White  steels  with  those 
of  later  years  and  also  present-day  practice.  Before  we  pro- 
ceed ill  making  this  comparison,  however,  it  seems  necessary 
to  refer  to  Mr.  Taylor's  groupings  of  high-speed  steel  histori- 
cally, so  that  a  better  uiu1(M's1  aiidiiig  mav  be  had  of  the  steels 
referred  to. 

" Group  A  is  known  as  the  era  of  carbon  steels  up  to  1894. 

" Group  B  is  known  as  the  era  of  Musliet  or  self-harden- 
ing steels,  1894  to  1900.  • 

" Group  C  is  known  as  t lie  era  of  high-speed  steels  from 
1900  to  ，，  ^ 

The  time  left  blank  after  1900  i)v  M  r.  Tavlor  has  now 
closed,  and  a  new  era  has  been  reached.  This  we  will  group 
under  D，  and  call  the  era  that  of  superior  hit,^h-s])ee(l  steels.  The 
old  era  closed  and  tlie  new  rra  began  wIumi  Dr.  A  mold  made 
the  startling  announrenient  in  England,  early  iii  1909,  thai  a 
new  high-speed  steel  had  been  discovered  that  would  do  from 
four  to  seven  times  the  amount  of  work  done  by  other  liigh- 
speecl  steels  and  at  increased  speeds. 

Relative  to  the  c-onii)osition  of  these  various  steels,  Mr. 
Taylor,  in  his  application  for  a  patent  ,  says :  *'  I  have  not 
found  any  very  material  diflerencc  in  the  cutting  speed  when 
chromium,  tungsten,  and  molybdenuni  are  iisod  in  excess  of 
the  percentages  last  given.  (Tungst-en  present  in  the  propor- 
tions of  I  or  more  per  rent.  ；  or  in  the  alternative,  molyh- 


denum  present  in  the  proportion  of  1  or  in  ore  per  cent .  :  or 
again  tungsten  present  in  the  proportion  of  2  per  cent,  or 
over,  together  with  molybdenum  in  the  proportions  of  1  per 
cent,  or  over.)  For  cutting  very  liard  metal  I  have  found  a 
tool  composed  of  a  steel  having  not  less  than  3  per  cent, 
chromium  and  not  less  than  6  per  cent,  tungsten,  or  in  the 
alternative,  not  less  than  3  per  cent,  molybdenuin,  to  have 
a  special  value.  I  have  worked  with  steels  containing  carbon 
0"85  to  2  per  cent,  without  notable  difference  in  the  character 
of  the  tool  produced  by  my  treatment." 

Table  I. ― Percentage  of  Various  Elements  in  Steels  succeeding 
the  Taylor  (&  White  Steels, 


No. 


Cr. 


Tung. 


Mo. 


The  Taylor  cV  White  steels  were  soon  followed  by  steels 
made  by  the  leading  steel-makers,  in  wliicli  the  composition 
varied  widely.  The  analyses  in  Table  I.  show  relatively  how 
the  leading  brands  compared.  Again  the  com])ositions  have 
changedj  and  we  are  confronted  with  steels  containing  elements 
ill  the  proportions  as  indicated  in  Table  II.  These  are  repre- 
sentative samples  of  the  present-day  superior  high-speed 
steels. 

It  is  just  as  interesting  to  note  the  increase  in  the  feed 
and  speed  of  to-day  over  those  of  previous  years  as  it  is  to 
compare  the  changes  made  in  machine  design  and  composition 
of  steel.  Instances  on  record  of  the  cutting  speed  of  the  Taylor 
and  White  varieties  of  steel  refer  to  these  as  cutting  cast 
iron  on  a  planer  at  50ft.  per  minute  and  on  a  lathe  at  70ft. 
per  minute.  On  soft  steel  speeds  of  50ft.  to  60ft.  per  minute 
are  recorded  on  cuts  of  0"04  sq.  in.  area  :  and  speeds  of  70ft. 
to  soft,  per  minute  on  cuts  of  0'02  sq.  in.  area  are  also 
recorded. 

Among  recent  records  】nade  by  the  group  C  steels  are  the 
following:  A  high-speed  steel  tool,  3iii.  by  lAin.  iu  section, 
not  long  ago  turned  at  14ft.  per  minute  with  A  in.  feed  and 
^in.  depth  of  cut  a  pair  of  locomotive  tyres  in  43  minutes. 
The  tools  were  taken  out  in  good  condition.  A  liiii.  square 
tool  turned  an  open-hearth  steel  forging  made  i  roin  high 
chrome  steel,  annealed,  at  66ft.  per  minute,  with  jin.  feed  and 


Table  II. ― Percentage  of  Variotis  Elenients  in  Present  Day 
Superior  High-speed  Steels. 


No. 

(_'. 

Si. 

Mn. 

Cr. 

Tung. 

Mo. 

Va, 

1 

O-GO 

0-07 

0-29 

4-53 

19-65 

003 

9 

0.65 

O'lO 

Tiaco 

3-23 

Ui-TS 

0-25 

3 

ov:$ 

0-32 

(»•  IS 

lS-27 

0-()7 

0-22 

Trace 

18：.1 

(1.42 

0-23 

0-20 

:i-2r> 

l(i'(iS 

(> 

0-()0 

0-20 

(»I7 

：) •  .•)(» 

I  "'00 

(>•,">(» 

0*70 

6 

0.16 

012 

1, 

0-80 

(»•:" 

OlS 

:i(H> 

… 

0*<H» 

*» 

()-(i4 

18'SO 

0-97 

10 

Ooi) 

OlS 

(»•  12 

:{••->" 

is-r>*> 

0-22 

11 

0-71 

(»-4."» 

0*2.") 

(1-71 

(»-：5：) 

0-  ！. •■) 

:t-7S 

IS'i»2 

dc|)lh  of  cut.  Eight  to  ]2in.  diaiii.  chrome  steel 
si) a t'ls  are  regularly  turnod  at  35ft  .  per  iiiiiiuto,  rediu  ing  the 
diameter  yin.  per  rut  and  I'eeiliiig  at  about  I'lw,  per  revolution 
of  lathe.  Fiuisliing  cuts  Jin.  dee])  with  0'  1  in.  feod  were 
regularly  taken  on  tlie  same  steels  at  90  to  95  jhm-  iiiiiuite. 

Ill  these  operations  I  lie  cutting  point  of  the  tools  for  some 
time  before  failure  discoloured  to  tlie  same  degree  as  they 
would  had  t hey  been  heated  to  650。  Fall. ，  which  shows  the 
wonderful  cutting  properties  even  of  this  class  of  steel.  Large 
amounts  of  these  steels  are  still  used,  but  they  are  being 
rapidly  replaced  by  the  new  superior  brands.  It  has  been 
said,  in  forecasting  the  future  of  the  high-speed  steel  industry, 
' tliat  it  will  probably  j)ay  better  to  produce  tools  from  cheaper 
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miitorials  than  tlioso  now  used,  that  will  run  ai  a  liltlo  loss 
than  1  he  present  degree  of  temperature  to  produce  failure, 
than  to  experiment  with  costly  alloys  that  may  be  found  to 
work  at  rather  higher  temperatures/'  The  autlior  does  not 
iigree  with  this  forecast  ；  an  illustration  taken  from  every- 
day practice  will  show  the  fallacy  of  its  reasoning. 

Tablk  III. ― Composition  of  Tool  Steels  Tested, 


No. 

Carbon. 

Tuiif^s. 

C 】m>nie. 

Vauadinui. 

Per  Cent. 

Vvv  Ct'nt. 

Per  (Vnt. 

Per  i'vui. 

I   

0-54 

10-35 

5-20 

Xonc 

0-53 

11.40 

«i-15 

O-")") 

14-;59 

5--)0 

I  

0-50 

1(5-00 

4- 00 

OMU 

17- 15 

:i  •  90 

r>  

O.*i0 

18-11 

4.51 

(Mil 

17-49 

4*90 

8   

0-()t 

17-15 

6-15 

<)  

0-5!) 

19.95 

4-75 

0-15 

HI   

0-G4 

20-03 

4-70 

0-27 

11   

0-04 

lS-4() 

4-45 

0-40 

0-88 

iti-(H) 

5 -00 

(〉•  15 

\:i   

0.()6 

20.2") 

4  03 

(l.fiO 

14   

0-08 

I8()0 

:J-50 

(» •  «r* 

A  in.  diam.  superior  steel  drill  in  test  did  the  work 
that  four  regular  high-speed  drills  would  do,  the  drill  only 
wearing  about  one-fourth  as  fast,  while  the  speed  and  feed 
were  increased  50  per  cent.      The  superior  dl'ill  was  useless 
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-Dimensions  of  Test  Bah  Showing  1'oints  where  Cutting  Speed 
IS  Increased. 


alter  drilling  6,100ft.  of  material ,  the  actual  time  required 
to  perform  the  work  being  490  hours.  It  was  necessary  to  use 
two  class  C  drills  to  do  the  same  work,  the  time  required  being 
762  hours.  The  superior  drill  cost  12s.,  while  the  class  C  drills 
cost  10s.  each.  A  recent  test  for  drilling  cast  iron  with  a 
superior  steel  drill  is  reported  as  follows  ：  A  lin.  drill  running 
at  520  revs,  per  minute  with  in .  feed ,  drilled  two  holes 
tlirough  a  4in.  block  of  cast  iron  and  the  drill  had  not  per- 
ceptibly  worn  :  this  seeins  to  be  about  the  fastest  on  record. 

Table  IV. ― Series  No,  1  of  Tests  on  the  Cutting  Qualities  of 
High-speed  Steel. 


Cutting  spetd  in  feet  per 

minute. 

Total 

Tool 

length 
of 

Remarks. 

No. 

4G 

54 

6-2 

70 

78 

86 

94 

cut,  ft. 

1 

150 

150 

150 

30 

480 

Tool  cut  rough. 

2 

150 

150 

150 

45 

495 

Tool  l)unu'(I  out. 

3 

150 

150 

150 

150 

30 

630 

Tool  lnuncd  out 

4 

150 

150 

150 

150 

15 

615 

Tool  cut  fair. 

5 

150 

150 

150 

150 

30 

630 

Tool  out  fair. 

(i 

ir)o 

150 

150 

150 

0 

600 

Tool  (lid  not  cut  well. 

7 

150 

150 

150 

52i 

502.1 

Not  gt)od . 

8 

150 

1「)0 

]50 

1.50' 

150 

b 

750" 

Good  tool. 

！) 

150 

150 

ir>o 

150 

607^ 

Did  not  cut  smooth. 

10 

150 

150 

150 

loO 

150 

150 

"b 

900— 

Tool  bui  iK'd  out. 

11 

1,")0 

1.-)0 

150 

150 

0 

歸 

Tool  burned  out. 

12 

loO 

150 

150 

150 

150 

150 

(ib 

9(iO 

Made  uleaii  smooth  cut. 

13 

150 

150 

150 

o 

150 

120 

1020 

Chips  deep  bliu*. 

14 

150 

150 

150 

150 

150 

150 

74 

974 

Chips  deep  blue. 

Note.— 0  means  the  total  failed  when  the  speed  was  increased.  150  means  a 
cut  of  150  circumferential  feet  was  taken  before  speed  was  increased.  Numerals 
less  than  150.  yiveii  under  any  speed,  means  that  the  tool  cut  the  flistance  indicated 
lit  that  speed,  then  Inirnetl  out. 

As  is  commonly  noted,  whenever  an  important  work  is 
accomplished  or  discovery  made,  a  theory  soon  follows  setting 
forth  a  reason  for  the  event.  This  has  been  true  of  high- 
speed steel  also,  as  numerous  theories  have  been  given  explain- 
ing that  the  results  attained  could  be  expected.  It  cannot 
be  denied,  however,  that  Messrs.  Taylor  White  have  paved 
the  way  for  the  development  of  the  present  superior  steels, 
wliether  it  be  conceded  that  they  made  a  wonderful  discovery 
01  simply  adopted  an  experimental  rule  that  permitted  them 
to  surpass  others  in  the  race  for  its  development. 

By  referring  to  the  analyses  of  the  now  leading  high-speed 


stools  it  will  lie  not od  1  lial  at  Icust  one  oloinont  lias  hooii 
to  all  steels  ;  t his  eleiiient  is  vaiiudiinn .  It  is  universal  prac- 
tice to  use  it  ;  all  t he  leading  l)raii(ls  of  steel  contain  various 
amounts.  Broad  claims  are  made  as  to  the  woiulerful  i*esiilt,s 
following  its  use.  Among  other  tilings  it  is  said  vanadium  lias 
triple  force  in  cleansing,  strengthening,  and  toughening  all 
varieties  of  steel,  ami  tliat  it  intensifies  treriiendously  the 
powers  of  other  elements.  In  other  words,  "  it  eiulows  steel 
witli  life." 

Tamlk  V. — ' Carles  No.  '？  of  Tesl.s  on  the  Cult'! mi  (JualiticH 
of  Hkili-spcod  Steel. 


CuUinti  speed 

in  fct 

iiiiuiiU*. 

Total 

T')oI 

leii^Ui 

Ueinarks. 

No. 

of 

46 

54 

6-2 

70 

78 

8(i 

94 

out,  ft. 

1 

150 

150 

150 

150 

90 

"90 

'\\)(}\  })i'rn<-(l  out. 

2 

150 

150 

150 

0 

4."><) 

Tool  Imincd  out . 

150 

150 

150 

150 

40 

()4() 

T(>('1  lmrtu'(I  out . 

150 

150 

150 

150 

0 

750 

F;iirl\  srm)"t  ii  ctil . 

5 

150 

150 

150 

150;  |-)0 

20 

770 

Fail*,  tool  Imi  rn  'l  I'lil . 

(； 

150 

150 

150 

150  i  ir>o 

0 

750 

liurned  o ut. 

loO 

loO 

150 

150 

1-)0 

7.1, 

757  i 

(hit  not  smoot h. 

8 

150 

1-)0 

150 

150 

ir>o 

fiO 

810" 

(load,  smooth  (  ut. 

9 

150 

loO 

150 

150 

!-)() 

150 

0 

900 

Tdol  ))iir  iu'(l  out . 

10 

150 

150 

150 

150 

150 

150 

BO 

議 

Stnodtli  (  lit.  hiiiiH-d  out. 

11 

150 

i.-)0 

loO 

150 

150 

12*> 

877 

Kail. 

12 

ir,o 

1  ：)0 

l.-)0 

150 

150 

150 

SO 

080 

SmiKitJi  (  lit . 

13 

l.V) 

ir>o 

1.— >0 

150 

150 

1)0 

1(>4 

10(14 

Sn\(M,tli  <  iit. 

14 

150 

130 

150 

150 

150 

150 

309 

\2i)U 

Snu»ot  h  l  ut. 

The  author's  experience  with  the  use  of  vanadium  has 
led  to  the  adoption  of  the  following  rules  which  show  the 
important  part  played  by  this  element,  and  how  much  it 
augments  the  properties  that  make  for  speed  and  endurance. 
Stating  the  effect  of  vanadium  as  an  average  of  many  tests, 
these  results  show  that  ： ― 

0*3  per  cent .  vanadium  allows  10  per  cent,  increased  speed 
or  10  per  cent,  more  metal  removed  in  same  time. 

0*6  per  cent,  vanadium  allows  20  per  cent,  increased  speed 
or  20  per  cent .  more  metal  removed  in  sanie  time. 

0'9  per  cent,  vanadium  allows  30  wv  cent,  increased  speed 
01  30  per  cent,  more  metal  removed  in  same  time. 

Stating  the  effect  in  terms  of  increased  time  between 
gi  iudiugs  of  tools  proves  that  ：  一 

0"3  per  cent,  vanadium  doubles  the  time  between  re- 
grinding. 

0*6  per  cent,  vanadium  quadruples  the  time  between  re- 
grinding. 

0*9  per  cent,  vanadium  cuts  eight  times  as  much  metal 
between  grindings  if  the  same  speed  and  feed  is  used. 


la 


1  y 

Tooi'i^y^ 

Tool 争 10 

^Todf^Q  

7 

■^n ！、， 

TnnJ* 

,  Total  LenQfh  of  Chip  taken,  in  feet 

Fig.  2.— Di.vGKAM  Showing  Relative  Efficiency  of  VAitiors  Tool  Stkels. 
A  tool  that  will  cut  at  10  per  cent,  faster  speed  will  last 
twice  as  long  between  grindings  (if  the  speed  is  not  changed) 
and  a  tool  that  will  stand  a  20  per  rent,  faster  speed  will  run 
four  times  as  long  between  grindings.  A  tool  that  will  stand 
3»)  per  cent,  faster  speed  before  it  reaches  the  breakiiig-dowii 
point  will  last  eight  times  as  long  without  re-sharpeiiing.  To 
make  this  clear  each  additional  0  3  per  cent,  vanadium  adds 
10  per  cent,  to  the  possible  cutting  speed  or  doubles  the  】it'e 
of  a  tool  working  at  the  same  speed  and  feed.  As  a  result  of 
these  data  it  is  apparent  that  it  is  not  policy  to  use  the  old 
high-speed  steels.    It  the  machinery  is  not  strong  enough  to 
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Cutting  Speed  in  Feet  per  minute. 

Tool 

No. 

46 

54 

m 

70 

78 

86 

94 

1 

150 

150 

150 

52 

2 

150 

150 

150 

67  A 

3 

150 

150 

150 

150 

•b 

4 

150 

ir)o 

150 

J  50 

145 

5 

】5() 

150 

150 

150 

150 

150 

0 

() 

150 

150 

ir)o 

150 

150 

52 

7 

150 

150 

150 

1-)0 

150 

40 

8 

150 

150 

150 

150 

150 

0 

！) 

loO 

150 

150 

l/iO 

150 

n 

10 

150 

150 

150 

150 

150 

150 

210 

11 

150 

150 

150 

150 

150 

1 

17.', 

12 

150 

loO 

】r>o 

150 

1->0 

I,-)7A 

13 

150 

loO 

150 

1")0 

150 

1-)0 

211.1 

14 

150 

150 

!")() 

ir)o 

150 

4.-> 

tlie  speed  is  immediately  increased  to  54ft.  per  minute  ；  it  is 
then  increased  in  iiu'reiiients  oi,  8ft.  per  minute  after  each 
150ft.  of  circumferential  travel,  until  a  speed  is  reached  where 
tlie  tool  fails  or  breaks  down.  Tt  is  considered  that  a  speed  of 
94ft.  per  minute,  turning  the  special  alloy  bars  used  for  test- 
ing purposes,  is  far  greater  than  would  be  met  in  shop  prac- 
tice except,  ill  the  most'  exceptional  cases  :  when  this  speed  is 
attained  t  lie  tool  is  permitted  to  operate  as  long  as  it  stands 
the  work,  or,  in  other  words,  until  it  burns  out.  The  tool  is 
then  regroiuid  and  the  same  cycle  of  tests  is  repeated  until 
the  tool  again  fails.  Tlie  strictest  precautions  are  taken  in 
grinding  so  as  not  to  blue  ihe  cutting  edge  or  point  of  the 
tool.  These  tests  are  repeated  until  each  tool  lias  had  four 
grindings  ;  experience  indicates  tliat  a  tool  usually  gives  tlie 
best  results  aftei'  the  second  grinding. 

The  sketch  (Fig.  1)  will  help  to  make  clear  the  method 
of  procedure.  The  tool  is  started  at  the  point  Y，  ami  cuts 
the  distance  A  along  the  shaft,  at  46ft.  per  minute.  This 
distance  is  4'75in.，  the  diameter  of  the  shaft  being  Sin.  before 
the  cut  is  taken,  and  corresponds  to  tlie  cut-length  of  150ft. 
the  feed  being  ^Mn.  per  revolution  of  lathe.  When  the  dis- 
tance A  has  been  completed  the  speed  is  iinmediat^ly  increased 
to  54ft.  per  minute,  and  the  distance  B  is  turned,  when  the 
speed  is  again  increased  to  62ft.  per  niiiiute,  and  tho  distance 
C  completed.  The  speed  is  increased  in  iiicrenieiits  of  8ft. 
per  minute  in  this  manner  until  a  speed  of  94ft.  per  minute  is 
attained,  as  before  stated .  The  tool  is  permitted  to  cut  at  the 
latter  speed  until  the  point  is  destroyed. 

The  record  of  tests  will  also  illustrate  the  method  of  test- 
ing. These  were  tests  precedent  to  a  large  number  that  were 
made  to  determine :  (1)  The  effect  of  liit^^li  or  low  carbons  on 
the  cutting  qualities  ；  (2)  the  results  secured  from  varying  the 
chrome  present  ；  (3)  tlie  e fleet  of  high  or  low  tungsten  ：  (4) 
the  effect  of  the  presence  of  varying  amounts  of  vanadium. 
The  carbon,  tungsten,  chrome,  and  vanadium  present  in  each 
tool  were  as  given  in  Table  III.,  and  they  are  branded  by 
numbers  for  proper  identification. 

To  estimate  1  lie  value  of  each  tool,  we  assume  tho  formula 
for  efficiency. 

Table  VIII. ― Series  No.  4  of  Tests  on  the  Cutting  Qualities  of 

High-speed  Steel, 


Cutting  Speed 

in  Feet  iiei 

- minute. 

Total 

Tool 

length 

Rein  arks. 

No. 

of 

46 

54 

62 

70 

78 

86 

94 

cut,  ft. 

1 

150 

150 

150 

ft 

•  •• 

45(5 

Burn  0(1  out . 

2 

150 

150 

150 

150 

ib 

610 

Burn  0(1  out. 

3 

150 

150 

150 

120 

570 

Bm'm'(i  out. 

150 

1「)0 

15 

315 

Burned  out. 

；) 

150 

150 

150 

67^ 

5I7J 

Burned  out. 

6 

150 

150 

150 

150 

is 

(U.-) 

Hu mod  out. 

150 

150 

150 

60 

510 

Burned  out. 

8 

150 

150 

150 

150 

40 

640 

Burned  out. 

9 

150 

150 

150 

150 

150 

60 

810 

Burnet!  out. 

10 

150 

150 

loO 

150 

150 

150 

945 

Cut  smooth,  I)iirne<l  out. 

11 

150 

150 

150 

150 

150 

50 

800 

Burned  out. 

12 

150 

150 

150 

150 

150 

6-i 

817i 

Burned  out. 

13 

150 

150 

150 

150 

150 

150' 

495 

1395— 

(jood,  smooth  cut. 

14 

150 

150 

150 

150 

150 

150 

135 

lO-V) 

Good,  smooth  cut. 

Efficiency 


= A  X        •¥  L  (1,000) 


1,000 

wliere —— 

-I  ―  area  of  cliij) ;  N  —-  average  oultiiig  speed  at  which  the 
tool  failed  ；  L  =  average  length  of  cut  taken  at  speed  *S.  The 
ofTicienry  of  each  tool  from  this  formula  is  then  as  follows : —— 

Tahle  IX. ― Relative  Efficiency  of  the  Different  Brands. 


The  efficiency  curve  (Fig.  2)  is  drawn  from  these  results, 
and  illustrates  grapliicallv  the  relation  of  ea<  h  tool.  Tn  these 
series  of  U、sts  sj)ecial  atloiition  was  attracted  to  the  last  four 
tools,  Nos.  U,  12,  13,  and  U,  as  these  tools  continued  to  rut 


run  at  increased  speeds,  the  tool  will  last  eight  times  as  long 
since  it  needs  to  be  sharpened  only  one-eighth  as  often  in 
removing  a  given  amount  of  metal . 

Much  has  been  said  and  written  about  Mr.  Taylor's  paper, 
" The  Art  of  Cutting  Metals."  It  is  certainly  a  masterpiece, 
based  as  it  is  on  the  longest  and  most  exhaustive  series  of  expe- 
riments conducted  along  this  line.  However,  it  would  be 
impractical  as  well  as  almost  impossible  for  the  tool  steel 
manufacturer  to  carry  on  experiments  of  this  kind,  day  after 
day  in  the  plant,  to  determine  what  composition  of  steel  gives 
the  best  results  under  average  shop  conditions  ；  yet  it  is  neces- 
sary for  the  manufacturer  to  determine  these  things  in  order 
to  keep  abreast  with  the  times.  Nor  does  the  tool  steel  testing 
niachiiie  designed  by  Ed.  G.  Herbert  give  all  that  is  desired. 

A  method  used  by  the  author,  and  with  excellent  success, 
can  be  briefly  described  as  follows  ：  For  making  tool  tests  a 
large  variable-speed  latlie  driven  by  a  15-li.p.  direct-connected 
Westin^hoiise  motor  is  used .  The  lathe  is  so  con- 
nected by  interchangeable  gearing  that  144  changes  of  speed 
can  be  obtained.       The  tools  to  be  tested  are  ground  to  a 

Table  \ I, —Summary  of  the  Four  Series  of  Tests,  showing  Total 
Length  of  Chip  for  each  Brand  of  Tool. 


Tool  No.  ]    2 J 28ft. 

Tool  No.  2    1,072ft. 

Tool  No.  3    2,440ft. 

Tool  No.  4    2,225ft. 

Tool  No.  5    2.8 1 7ft. 

Tool  No.  r>    2,782ft. 

Tool  No.  7    2，;V 趟. 


Tool 

No. 

Tool 

No. 

0  

Tool 

No. 

Tool 

No. 

11 

Tool 

No. 

Tool 

No. 

13 

4,(j07ft. 

Tool 

No. 

14 

 4.1()3ft. 

templet,  so  that  absolute  uniformity  of  clearance,  rake,  and 
shape  is  always  assured.  The  too】，  when  set  in  the  lathe,  is 
always  set  at  exactly  the  same  height,  this  being  about  ^in. 
above  the  lathe  centre,  as  experience  has  taught  that  this 
always  gives  the  best  results  on  a  large  diameter  bar,  such  as 
is  used.  Extreme  care  is  taken  in  hardening  that  all  tools  are 
heated  under  conditions  as  nearly  uniform  as  possible,  that 
they  are  held  at  the  same  level  in  the  hardening  bath, 
and  that  they  are  transferred  to  the  air  blast  to  cool 
thoroughly  under  exactly  uniform  conditions,  the  method  of 
hardening  being  to  heat  the  tool  to  the  proper  temperature 
i;i  a  clear  coke  fire,  then  to  harden  by  immersing  one-lialf  of 
the  cutting  point  in  oil  and  finally  to  cool  in  an  air  blast. 

The  bars  on  which  tests  are  made  are  of  a  special  defuiite- 
composition  alloy  steel.  They  are  first  annealed  and  then 
heat  treated  to  a  uniform  tough  structure,  of  the  same  hard- 
ness, from  the  surface  to  the  centre  of  the  bar.  The  bars  are 
made  Sin.  diam.,  and  are  discarded  after  the  diameter  has 
been  reduced  about  5 in.  In  making  the  tests  the  depth  of 
cut  is  set  at  f\in.  on  a  side  :  the  feed  is  also  set  so  that  it  is 
constant  at  ^\^in.  per  revolution.  The  cutting  speeds  are  then 
varied  until  the  tool  is  worn  out  and  the  test  completed. 

Table  VII. ― Series  No.  3  of  Tests  on  the  Cutting  Qualities  of 

High-speed  Steel, 


Total 
length 

of 
cut,  ft. 


Keniarks. 


The  method  of  procedure  is  this  ：  After  the  tools  are  ground 
properly  to  gauge  and  hardened  iiniionnly,  thev  are  set 
securely  in  the  lathe,  the  lathe  having  been  previously  set  so 
that  the  proper  depth  of  cut  and  anioiuit  of  feed  result  as  soon 
as  the  cut  is  started.  The  tool  then  starts  to  out  at  46ft.  per 
minute  ；  this  speed  is  maintained  until  the  tool  has  tra versed 
150ft.  in  oirciuuforenco  al(mg  the  surface  of  the  bar.  •  Then 


Tool  No.  1 
Tool  No.  2 
Tool  No.  3 
Tool  Xo.  4 
Tool  No.  5 
Tool  No. " 
Tool  N*>.  7 


1  ool  })urne(l  out. 
Tool  hiirnt'd  out. 
Tool  biii  iu'd  oiit . 
Tooi  hvirncd  out . 
Cut  fair. 

Tool  hui  iird  out . 
'I\»(tl  Iminrd  "lit. 
Fair. 
Fair. 

(lood  I  III . 

( ！ ooti  rut. 

Not  smooth. 

(！ oihI.  smooth  cut . 

GotuL  smooth  cut . 


Tool  Xt». 
Tool  Nt). 
Tool  No. 
Tool  No. 
Tool  No. 
Tool  No. 
Tool  No. 


^,S>J.  8  1-32 


u  s  .h  I  o  5  - 
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at  the  highest  speeds.  The  extreme  point  attained  a  tem- 
perature that  was  distinctly  "  red  in  shaded  shop  light." 

It  must  be  borne  in  mind  that  these  tools  and  all  the  tools 
tested,  from  which  the  results  are  given  relative  to  the  effect 
on  the  cutting  qualities  of  various  amounts  of  vanadium,  were 
hardened  under  the  conditions  generally  in  use  in  shop  prac- 
tice. The  method  of  hardening  any  tool  steel  exerts  an  enor- 
mous influence  on  the  cutting  qualities  of  that  steel,  as  by 
lieatiiig  to  lower  or  higher  temperatures  or  by  varying  the 
temperature  or  nature  of  the  cooling  bath,  the  character  of 
the  steel  will  without  fail  be  altered.  It  will  be  found,  how- 
ever, in  performing  a  series  of  tests  that  the  tools  giving  the 
best  results  under  one  condition  of  hardening  will  invariably 
give  the  best  results  under  all  practical  conditions  of  har- 
dening. 

Indications  are  that  high-speed  steel  tools  containing  vana- 
dium will  run  mucli  longer  between  griiidiiigs  in  proportion 
to  the  quantity  of  vanadium  they  contain  up  to  1*25  per 
cent.  Tools  containing  larger  amounts  than  this  have  been 
used,  but  the  added  efficiency  does  not  seem  to  warrant  the 
extra  expense  of  manufacture,  excepting  for  special  cases. —— 
'( The  Iron  Age." 

IMPELLERS  FOR  CENTRIFUGAL  PUMPS  AND  TURBINES. 

The  Rees  Roturbo  Mauufactiuing  Cojiipaiiy,  Ltd.,  oi"  Wed- 
nesfield  Road,  Wolverhampton,  have  recently  patented  a 
design  of  impeller  for  centrifugal  pumps  and  turbines,  having 
for  its  object  t'o  secure  as  free  a  passage  as  possible  for  the 
water  from  the  eye  to  the  water  space  within  the  impeller 
without  sacrifice  of  effective  blade  area  or  of  efficiency  in  pick- 
ing up  the  water.  The  arrangement  is  shown  in  the  accom- 
panying illustrations,  of  which  Fig.  1  is  a  longitudinal  section 
and  Fig.  2  is  an  end  elevation.  There  are  three  main  blades 
A，  and  between  each  pair  of  main  blades  are  three  inter- 
mediate blades  B，  C，  D，  with  their  inner  tips  arranged  in 
echelon.  With  this  arrangement  of  blades  cavitation  losses 
at  the  inner  tips  of  the  blades,  due  to  differences  of  velocity 
between  the  entering  water  and  the  blade  tips,  are,  it  is 
claimed,  reduced  to  a  minimum,  and  there  is  more  efficient 
picking  up  of  the  water,  both  on  this  account  and  because 
there  is  no  blanketing  of  one  blade  by  another,  or  spilling  of 
the  water  from  one  blade  on  to  another.  To  keep  frictional 
and  cavitation  losses  a  minimum,  however  the  relative  velo- 
city of  water  and  blade  tips  may  vary,  and  also  to  reduce  the 
liability  of  certain  kinds  of  solid  foreign  bodies  being  caught 
up  and  entangled  on  the  blade  tips,  the  inner  tips  of  the 


Impellebs  for  Centrifugal  Pumps. 
blades,  and  particularly  of  the  main  blades,  are  rounded,  as 
shown  in  Fig.  2.  Further,  each  of  the  intermediate  blade 
tips  is  given  that  inclination  appropriate  to  the  relative  velo- 
city of  the  water  and  the  tip  for  inost  efficiently  picking  up 
the  water.  These  advantages  are  secured  without  sacrifice  of 
effective  blade  area,  since,  although  this  area  is  reduced  at  the 
eye  where  the  water  pressure  is  small,  it  becomes  increasingly 
larger  towards  the  rim  of  the  impeller  commensurate  with 
the  increasing  pressure  of  the  water.  Further,  the  settling 
chambers  formed  between  the  rear  faces  of  the  main  blades 
and  the  tips  of  the  intermediate  blades  both  enable  the 
water  to  be  picked  up  very  efficiently  and  facilitate  the  pas- 
sage of  suspended  matter,  rags,  and  other  foreign  bodies. 


THE  HEAT  PATHS  IN  ELECTRICAL  MACHINERY.* 

BY  HAKOLD  D.  HYMONS  AND  MILES  WAl.KKlt. 

If  we  wish  to  get  the  largest  possible  output  from  an  electric 
generator  or  motor  of  given  cost  we  must  make  a  very  close 
study  of  the  possible  methods  of  carrying  away  t  lie  heat 
wliicli  is  produced  in  the  iron  and  copper.  The  heat  pro- 
duced in  any  part  (be  it  from  PR  loss  or  iron  loss)  has  a 
definite  path  from  ilie  point  of  origin  to  tlie  place  where  it 
is  thrown  out  from  the  machine.  Thus  some  of  the  I-R  losses 
in  the  armature  conductors  may  have  only  to  pass  through  a 
certain  thickness  of  insulation  to  the  air  surroumliiig  the 
coils,  while  the  heat  generated  in  the  copper  in  the  slots 
passes  through  the  insulation  to  the  iron,  where  it  meets 
witli  the  heat  produced  in  the  iron,  and  both  together  are 
conducted  to  the  ventilating  ducts  and  carried  by  the  air  to 
the  exterior. 

We  can  imagine  lines  of  heat-flow  drawn  tlirougli  the 
machine  which  follow  everywhere  the  paths  of  the  heat  from 
the  point  of  origin  to  the  point  of  discharge.  At  some  points 
there  may  be  coustrictions  in  the  path  wliich  it  is  desirable 
to  avoid,  at  others  the  heat  stream  flows  easily  without 
undue  temperature  gradient.  Everywhere  at  right  angles 
to  the  lines  of  heat-flow  we  can  imagine  isothermal  surfaces 
constructed  which  enclose  the  points  of  highest  temperature. 
If  we  are  to  even  out  these  surfaces  ami  lower  the  niaxirnum 
temperatures,  we  must  consider  closely  all  the  methods  by 
wliich  the  Ixeat  is  conveyed,  whether  it  be  by  conduction, 
convection,  or  radiation. 

The  metals  being  good  coiuluctors,  any  heat  produced  in 
a  mass  of  copper  or  iron  distributes  itself  easily  over  the 
whole  mass,  but  the  insulating  materials  being  poor  heat 
conductors  often  cause  excessive  temperatures  within  the  coils 
they  enclose.  It  is  desirable  that  the  designer  should  have 
specific  data  as  to  the  heat  conductivity  of  every  part  of  the 
machine  in  order  that  he  may  know  what  difference,  of  tem- 
perature to  expect  between  any  two  points  in  the  heat  path. 

The  authors  have  not  been  able  to  find  any  direct  data 
on  the  heat  conductivity  of  electric  insulating  materials 
mounted  in  the  same  way  as  one  usually  finds  them  in  elec- 
trical machines.  'They  therefore  thought  that  it  would  be 
worth  while  to  make  measurements  both  of  the  specific  con- 
ductivity of  the  commonly  employed  insulating  materials  and 
of  the  effect  on  the  conductivity  of  introducing  the  air  spaces 
and  gaps  such  as  are  often  unavoidable  in  electrical  machines. 
Two  classes  of  tests  were  made.  First  a  test  by  means  of 
laboratory  apparatus  on  the  specific  heat  conductivity  of 
materials  mounted  in  different  ways.  Secondly,  tests  made 
on  electric  generators  under  actual  running  conditions. 

Table  I.  gives  the  heat  conductivity  of  various  insulating 
materials  as  measured.  The  first  and  second  columns  give 
the  material  and  the  state  in  which  the  material  was  tested. 
The  third  gives  the  thickness  of  the  piece  under  test  ；  the 
fourth  the  heat  conductivity  in  gram  calories  of  a  centimetre 
cube  of  the  material  per  degree  C.  difference  of  temperature 
between  opposite  faces  of  the  cube.  The  fifth  gives  the  con- 
ductivity expressed  in  watts  per  square  centimetre,  and  the 
sixth  column  gives  the  watts  per  square  iucli  passing  through 
a  liu.  cube  of  the  material  for  1°  C.  difference  of  temperature 
between  opposite  faces  of  the  liii.  cube. 

It  was  found  that  all  the  cellulose  materials  such  as 
cotton,  paper,  &( ；,，  had  a  considerable  temperature  coefficient, 
the  heat  conductivity  at  a  temperature  of  100°  being  about 
12  per  cent,  higher  than  at  30''  C.  The  heat  conductivity  of 
mica  was  not  found  to  change  between  20。  and  100°  C. 

Of  all  the  fibrous  materials  commonly  used  in  insulation 
the  one  having  the  highest  thermal  conductivity  is  empire 
cloth  pressed  into  a  solid  mass  free  from  air  spaces.  This  is 
probably  because  tlie  fibres  of  the  empire  cloth  are  completely 
filled  with  oxidised  varnish,  whereas  many  of  the  papers, 
even  when  closely  compressed,  contain  air  spaces.  The 
difference  in  the  conductivity  obtained  by  winding  the  insula- 
tion on  the  copper  cylinder  very  tightly  and  by  winding  it 
oil  loosely  was  very  inarked.  It  was  found  that  micanite 
built  up  in  the  form  of  tubes  containing  about  11  per  cent, 
of  shellac  has  a  very  poor  conductivity  as  compared  with 
pure  mica. 

*  Abstract  of  paper  read  before  the  Institution  of  Electrical  Engineers, 
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Very  often  a  field  coil  insulated  on  the  inside  witli  layers 
of  iiKsulaiiiig  material  does  not  lit  tight  upon  the  pole,  so 
t'liat  a  short  air  space  exists  between  the  insulation  and  the 
iron  of  the  pole.  It  is  interesting  to  enquire  how  far  this 
air  space  liiiiders  the  passage  of  heat.  A  number  of  experi- 
ments were  made,  in  which  air  spaces  of  different  thicknesses 
were  made  between  the  copper  tube  in  the  testing  apparatus 
and  the  insulating  tube.  These  spaces  were  made  by  wind- 
ing twine  of  diffei  ejit  t  liickiiesses  in  a  wide  spiral  round  the 
tube,  and  then  winding  tlie  insulating  material  above  the 
spiral.  The  thickness  of  the  twine  gave  approximately  the 
size  of  the  air  space.  It  is  to  be  expected  tliat  a  very  narrow 
air  space  will  have  a  greater  thermal  resistance  per  centi- 
metre of  thickness  than  a  wider  air  space,  and  as  the  space 
is  widened  out  we  come  at  last  to  a  constant  resistance  (for 
1  sq.  cm.  area  of  surface),  which  is  the  reciprocal  of  the  cool- 
ing constant  (// 二"  O'OOl  1 )  for  surfaces  exposed  to  still  air. 
The  values  obtained  by  our  experiments  do  not  agree  very 
well  with  one  another,  as  will  be  seen  from  Fig.  5，  in  which 
they  are  plotted. 

For  wide  air  spares  the  resistance  will  depeiul  on  whether 
the  space  is  vertical  or  horizontal,  and  if  vertical  it  will 
depend  on  the  number  of  horizontal  baffles.  In  our  case  the 
air  spaces  were  vertical  and  the  pieces  of  twine  which  would 
have  acted  as  baffles  were  spaced  about  I'm.  apart. 

Let  us  now  see  how  this  curve  can  be  employed  in  practice. 
Suppose  that  we  have  a  field  coil  which  is  insulated  on  the 
inside  next  the  pole  with  treated  fuller  board  of  a  thickness 
of  0'2  cm.  From  Table  I.  we  find  the  thermal  conductivity 
of  tliis  material  (in  watts  per  square  centimetre,  &C-)  is 
0*0014.    The  thermal  resistance  of  1  sq.  cm.  is  therefore  0'2  + 
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Width  of  air  si'act'  in  centiniobrcs. 
Fig.  1.— TiiiaiMAL.  Kesistance  of  Am  Spaces  of  Dipfeuext  Thickni:sses. 

0*0014  ―  142,  so  thai  if  there  were  no  air  space  and  we  were 
passing  to  the  pole  0'15  watt  per  square  centimetre,  the 
(lifTei'ence  in  temperature  of  pole  and  coil  would  be  only  23°  C. 
If  now  we  introduce  an  air  space  of  1  nun.  wliose  resistance 
from  Fig,  1  is  about  200,  t  he  total  resistance  is  raised  to  342 
and  tJie  difTerence  in  temperature  for  the  same  heat-flow 
would  be  55""  C. 

A  test  was  made  on  a  5,000  k\v.  3-pliase  generator  hv  means 
of  t  liernH)-c()U])les  placed  in  t  he  armature  coils  (luriiit^  tlie 
course  of  const ruct ion .  Tlie  generator  was  run  at  full  spe-nl 
wit  1'  t  lie  armature  short-circuited,  t  lie  field  current  being 
iiuTCtised  until  the  arinal  nrc  current  was  .'528  am])eres.  The 
run  was  continued  unt  i  1  t  lie  temperalures  of  all  parts  were 
constanl  •  Tlie  temperature  of  tlie  air  admitted  to  tlie 
Miacliine  was  23°  C. ,  and  the  temperature  of  the  copptM* 
inside  tlie  slot  was  39°  C,  of  t  lie  iron  surroumliii"  t  he  slot 
18'4〜  of  1  he  outside  of  1  lio  coil  24'G。，  ami  of  t lie  copper  in 
pari  of  a  coil  project  in Gin  -  I  roiii  ( ho  iron  ,'5S  . 

Tlie  total  t liickiiess  of  insulation  amounted  to  0'  1 77in. 
Tlie  various  iiisnlat  ini^  materials  wo  it  1  lien  pn、s，""  in  t  he 
followiiif^  proportions:  Hmpiro  dot  ii ,  ()(>7  :  mica ,  (V()3  : 
va rnish  :in<l  ;iir,  O'O'J  ；  paper,  O'OI  7  ;  (ape,  (»*()  I.  Tlu'  lioat 
coiKliict  ivi(  y  oF  t  lie  iiisulat  ion  is  easily  ciilnilal  from  1  lio 
above  figures.  Tl"'  t  nt  ； il  loss  in  t  iio  coppt"'  roiHlurt  ors  p"r 
foot  run  of  coil  was  *J 7 ' 2  wat  ts.  I  n  calculat  iui^  1  his,  allow- 
iuice  has  been  made  for  the  rise  in  teinper;it  ure  of  t  he  copper 
due  to  the  eddy  currents  produced  in  the  roiuluctors.  The 
difTerence  of  temperature  between  t he  copper  mikI  iron  is 
'J(V(V、  （，.  'n、（、  uiojui  peri  mot  or  is  (>'8ii!.,  so  t  hat  1  lie  1  ot  a  I  arra 
of  insiil;ii  i(»n  per  1'(k»<  run  is  S'J  s(|.  in.  Willi  '27''J  wat  t  s  p"r 
fool  niu  1  his  gives  jiisl  over  3  sq.  in.  |»i'r  \\  iM  .    TIh'  s|u'ri(ic 


conductivity  for  heat  of  the  insulation  works  out  at  0*00112 
watts  per  centimetre  cube  per  degree.  This  conductivity 
is  considerably  lower  than  the  figure  (O'OO'i)  touiid  from  tests 
on  empire  clotli  and  mica  wound  on  a  copper  cylinder  with 
the  fewest  possible  air  spaces,  as  can  be  easily  umlerstood. 

With  coils  of  rectangular  section  wrapped  with  empire 
doth  ami  mica,  or  paper  and  mica,  in  the  ordijiary  inetliod, 
one  may  expect  to  have  a  heat  coiuluctivity  not  liiglier  lliaii 
0-001 12  watts  per  cubic  centimetre  per  degree.  This  figure 
is  useful  in  enabling  us  to  calculate  the  difference  of  tem- 
perature between  the  copper  conductors  in  a  slot  ami  the 
surroumling  iron,  and  checks  very  well  witli  other  results 
fmmd  in  practice  —for  instance,  on  the  arniat ure  of  a  direct- 
current  generator  whose  conductors  were  insulated  with 
"laiiilla  paper  and  mica  to  a  thickness  of  0*16  cm.  Tlie 
teni])eralure  rise  after  a  full-load  run  under  coiulitioiis  wliicli 
made  the  square  inches  per  watt  0*9  were  as  follows  ：  Internal 
copper,  41°  ；  iron,  2T.  If  we  use  tlie  figure  0-00112  watt 
per  cubic  centimetre  per  degree,  we  would  obtain  a  tempera- 
ture rise  of  copper  above  iron  of  20。. 

It  sometimes  happens  that  the  copper  conductors  on  an 
armature  or  field  magnet  are  grouped  together  so  closelv 
that  very  little  air  can  circulate  between  tlieiii,  and  tlie  total 
cooling  surface  of  the  group  is  too  small  to  dissipate  the 
lieat  generated  in  it.  In  this  case  one  relies  mainly  i'"r 
cooling  upon  the  roiiductioii  of  lieat  alon"'  the  conductors  to 
parts  of  the  coils  where  the  cooling  coiulitioiis  are  better.  A 
f^ood  illustration  of  this  case  is  offered  by  the  end  windings 
of  a  2 -pole  field  magnet  for  a  turbo-generator.  ^ 
It  is  necessary  sometimes  to  calculate  what  the  tempera- 
ture gradient  will  be,  and  what  the  niaxinuuii  temperature 
rise  will  be  in  the  centre  of  the  group.  The  problem  is 
somewhat  complicated  by  the  fact  that  the  resistance  of 
copper  changes  with  temperature,  and  one  oudit  to  take 
account  of  this  change  of  resistance  because  it  makes  die 
watts  lost  increase  according  to  a  compound  interest  law. 
Moreover,  in  most  cases  that  arise  in  practice,  part  of  the 
heat  is  radiated  from  the  surface  of  the  coils,  and  】)art  is 
conducted  aloiio;  them.  The  following-  forniuhi  has  been 
derived  by  the  authors  ： ― 

T、  =  T',,:,、  cos  (4-43  X  10 -' -'X  I  x  ./■), 

where— 

I  i-s  tlie  current  density  in  amperes  j)er  square  centimel re, 
r  is  the  distance  from  the  hottest  point  iu  centimetres, 
T、  is  the  absolute  temperature  at  any  point  /, 
T,,,:i、.  the  absolute  temperature  at  the  hottest  point. 
An  example  will  make  this  clearer.       Suppose  that  we 
Imve  a  liot-bed  of  condiu'tors  so  bulky  that  we  can  assume 
that  the  centre  conductor  parts  with  no  heat  laterally.  All 
heat  generated  in  it  passes  by  conduction  to  points  20  cm . 
away  from  the  centre,  wliicli  we  will  suppose  are  maintained 
at  40。  C.    Each  conduct  or  is  0'  1  sq.  in .  section,  and  carries 
a  current  of  250  amperes.    What  is  the  temperature  of  the 
hottest  point,? 

1  =  388  amperes  per  .siniare  centimetre. 
T,  =  (40  +  273)  =  313. 
313  =  T 、  cos  (4-43  X  10-  •  x  38^*  x  20). 
，313  =  T 隨. cos  0-343  =  0-941  T„:,、 
丄 III:".  =  332. 

.i32  -  273  —  59'^  C.  is  the  teniperat  uro  oi"  t  ho  lioUost  point. 

Now  consider  the  case  where  part  of  tlie  lieat  generated 
is  radiated  from  the  surface  of  tlie 卩' oup  of  conduct  ors,  and 
part  is  conducted  to  tlie  ends.  The  tomiuMaturo  rise  of  tlio 
l'(>"?st  i)oiiit  will  be  lower  tlian  if  "o  heat  were  lost  laterallv. 

riici'e  are  three  main  cases  occurring  in  elect  rital 
niaoliinerv  iu  which  it  is  necessary  to  calculate  the  rate  of 
convection  of  lieat  from  a  solid  surface  to  the  snrrouiulini; 
air.  ( 1 )  We  have  the  case  of  an  armature  or  field  "ia""i，:t 
<»f  approximately  cylindrical  slia|>e  revolviiis;  within  t  he 
s""i，"i;»ry  part  of  tlie  machine.  (C'oolini;  loenicionl  (len(»"'(l 
Kv  /'、•)  (-)  NVe  have  the  case  of  a  Held  toil  against  wliicli  ,i 
(lr;"ii;l"  of  air  is  hlowiiic^r.  (C'oolini;  coeiViricnt  Jeiiot ed  l)v 
!,'、■、  (3)  We  have  the  case  of  tlie  iron  surface  of  a  ventilating 
flurt,  through  wliicli  the  air  is  passing  at  a  certain  velocit v. 
((，o(、li"j;  coefficient  Henotod  hv  //,.)  • 

'n'<、  laws  of  roolins;  of  (lio  solid  sm'farr  aro  <lifTorent  in 
till'  t  liHH*  rasos.     Tlu'  Ii rs(  rase  '、i(»lin"'  ，》f  the  r"v(,1vi,"' 

'  vliM'k'r)  is  vorv         山，： " e(l .  & 
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For  ordinary  direct-current  armatures  surroinulo^]  hy 
ordinary  field  magnets,  wit'li  normal  air  gaps,  and  wiiJi  mo 
more  interchange  of  air  than  is  naturally  produced  by  the 
rotation  of  the  armature,  the  formula  given  by  Kapp ― 

550 


w 


1  + 


give's  irood  practical  results.  Here  O  is  the  area  of  the 
cylindrical  surface,  W  the  watts  to  be  dissipated,  r  the  ])eri- 
plieral  velocity  in  metres  per  second,  ajid  f  the  。  C.  rise 
above  the  surroiuuling  air.  Other  writers  give  different 
values  of  the  luunerator  550，  and  change  the  value  of  the 
coefficient  of  i\    Others  change  the  index  of  the  power  of  r. 

For  an  ordinary  armature,  surrounded  by  it's  field  magnet 
the  coefficient  O'l  seems  to  be  about  right.    For  the  nuiiiera- 
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M^p  whcitM  ofd/r^  I"  ^enC  duct  in  fpetr^  per  secof^a. 
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Fiti.  -J. ― Relation  betwken  /'、-,  the  Watts  per  Sq.  Cm  per  '^C.  (Uifi'^euknce 
IN  Temperature  bktwken  Ikon  and  Am),  and  the  Velocity 
OF  Air  in  the  Ventilating  Duct. 

tor  the  figure  550  ye  ems  to  be  rather  high  for  iron-clad 
armatures.  The  figure  333  given  by  Dr.  Ott  seems  to  give 
good  results  for  turbo-generators  with  forced  ventilation. 

In  tlie  case  of  field  coils,  an  increase  in  the  velocity  of  the 
current  of  air  not  only  increases  the  intimacy  of  contact 
between  the  air  and  tlie  surface  of  the  coil,  but  at  the  same 
time  increases  the  quantity  of  air  passing  the  coil  in  a  given 
time.  We  therefore  have  the  index  of  the  power  of  v  greater 
than  for  the  case  of  a  revolving  cylinder,  the  air  siirroimding 
which  is  not  necessarily  changed  at  a  rate  proportional  to  〃. 

In  cases  1  and  2  there  is  a  cooling  of  the  surface  by  radia- 
tion, apart  altogether  from  the  passage  of  air  ；  the  formulae 
should-  therefore  give  a  value  to  A  when  v  equals  0.  In  case 
3，  where  two  sides  of  a  ventilating  duct  face  one  another, 
there  is  no  dissipation  of  heat  unless  the  air  moves  through 
the  duct,  and  the  rate  of  cooling  is  approximately  propor- 
tional to 

For  the  purpose  of  determining  the  relation  between  the 
cooling  coefficient  h、、,  in  case  2,  and  the  velocity  of  the 
draught  blowing  on  tlie  sides  of  the  coil,  a  number  of  experi- 
ments were  made.  In  the  case  of  cotton-covered  wire  the  law 
is  approximately ― 

h.、\  -0-0011  (1  +  0-54  v''). 

In  our  experiments  the  draught  did  not  exceed  700ft. 
])er  Tiiinute,  or  3*5  met I'es  per  second.  It  is  possible  that  at 
liigher  velocities  the  law  may  change,  but  tlie  velocities 
investigated  cover  those  generally  obtaining  in  electrical 
machines. 

The  third  case,  the  cooling  of  the  sides  of  a  ventilating 
d uct,  was  investigated  in  some  experiments  on  a  turbo- 
generator. In  case  3  we  know  that  h、,  must  be  zero  wlien  no 
air  passes  along  the  duct,  and  so  far  as  our  experiments  go, 
h、.  seems  to  be  almost  proportional  to  v.  The  dotted  line 
(l,，ig.  2)  with  the  two  circles  on  was  obtained  by  keeping  all 
the  coiulitioTis  constant  except  tliat  the  velocity  of  tlie  air 
was  changed  from  3*95  metres  per  second  to  7"9  metres  per 
second -  The  other  points  shown  by  crosses  are  from  other 
exj)erinieiits,  and  calculated  for  other  parts  of  the  machine. 
Probably  the  black  line  may  be  taken  to  give  the  law  of  h 、- 
for  the  ventilating  ducts  for  a  turbo  generator. 

Til  predeteninniiit^  the  temperature  rise  of  a  wire-wound 
coil ,  、、■<、  iiiusl.  firsi  li iwl  \  \w  U'm|»('r;"  I'v,'  of  1  lie  oxtonial  ； ukI 
inteu'iiHl  surfaces  of  t he  coil.  These  will  bo  the  1  eniperat ures 
at  wliioh  the  coil  can  dissipate  to  the  surrounding  medium 


all  the  heat  generated  within  it.  In  t he  next  place  we  must 
IiihI  rise  of  1  eniperature  of  hot  test-  p;u't   above  llie 

external  surface  by  taking  into  account  the  lieat  cotul in'l  ivity 
of  the  layers  of  insulated  wire  ami  t  he  watts  per  cu bic 
inelre  generated  wiiliiii  the  coil. 

Where  the  coil  is  entirely  air-cooled,  some  rough  estimate 
should  be  made  of  the  mean  velocities  of  air  passing  over  the 
external  surface  and  along  the  ventilating  ducts,  ami  from 
t liese  the  specific  cooling  consiant s  can  ho  arrived  n1  from 

上'， ig-  3.  .  . 

Where  the  coil  is  a.  1  airly  t ight.  fit  (川 t.lie  pole,  we  sliouUl 
take  account  of  the  thickness  ami  iiatu re  of  the  iiisulal  ion 
and  calculate  the  number  of  watt's  which  will  be  coiulucled 
to  the  pole  for  a  given  temperature  difference  in  tlie  niaiui'U' 
indicated  in  the  example  given  in  conjunction  with  Fig.  i . 
The  rate  at  which  the  lieat  will  be  cotiducted  along  the  pole 
is  sometimes  of  importance.  For  this  purpose  it  is  useful 
to  remember  that  a  temperature  gradient  of  V  C.  per  centi- 
metre in  wrought  iron  causes  heat  to  flow  at  the  rate  of  0'7 
watt  per  square  centimetre.  Account  irmst  also  be  taken  of 
tlie  means  that  are  available  for  dissipating  the  lieat  from 
the  pole  itself. 

By  taking  account  of  these  matters  and  knowing  the  total 
watts  lost  in  any  particular  coil,  it  is  not  difficult  to  apportion 
tlie  loss  between  tlie  out-side,  the  inside,  and  the  ends  of  the 
coil,  and  come  to  a  fairly  accurate  estimate  of  the  temperature 
w  hi  ell  the  outside  surfaces  must  attain  to  get  rid  of  the  heat. 

Tlie  next  question  that  arises  is  :  How  much  higher  is 
the  temperature  inside  the  coil  ？  A  great ,  deal  of  valuable 
data  on  the  heating  of  shunt  coils  is  given  by  Mr.  E.  M. 
Rayiier  in  his  "  Report  on  Temperature  Experiments  at  the 
National  Physical  Laboratory."  A  study  of  the  curves  and 
figures  given  will  sliow  that  tlie  distribution  of  temperature 
inside  a  wire-wound  coil  follows  definite  laws.  The  problem 
is  somewhat^ analogous  to  tlie  case  already  considered,  where 
the  Ilea 七 is  conducted  along"  copper  conductors  and  the  law  of 
distribution  of  temperature  takes  the  same  general  form—— 

T,  =  T,,ia、  COS  2>i  ./'， 
where  is  the  temperature  of  the  hottest  point  measured 

iiom  the  absolute  zero,  and  is  the  temperature  of  any 
point  distant  x  centimetres  from  the  hottest  point  along  a 
line  drawn  in  the  direction  of  the  flow  of  heat  at  right, 
augle?^  to  the  cooling  surface.  The  value  of  />,  ./'  in  practice  is 
such  that  COS      x  never  assumes  negative  values. 

After  we  have  provided  sufficiently  well  for  the  conduction 
of  the  heat  t-lirougli  the  insulation  either  to  tlie  air  or  to 
tihe  iron  surrounding  it,  tlie  next  question  is  how  to  provide 
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Velocity  oi''  Am  when  Air  Blows  upon  a  Cylinduical,  Coil. 

sufficieuti  cooling  surface  so  t hat  t he  heat  ma\'  be  rnmmimi- 
cated  to  the  air  ami  carried  away  by  it.  There  are  really 
two  matters  involved  :  one  is  the  provision  of  suilicieiit  air 
to  carry  away  the  heat  produced,  and  the  oilier  is  the  pro- 
vision of  cooling  surface  exposed  in  such  a  way  as  to  heat  up 
the  air  which  passes  through  the  iiiaclnnc.  We  know  t.li;it 
1  cul).  R.  of  air  ])er  second  ((JO  cub.  ft  .  of  air  per  luiimi c),  if 
ivm*s(m1  ill  {(Miiporal  ure  27"  C.，  will  carry  away  1  k w .  As  ； i 
nood  (lea  1  ()(  air  some!  i inos  passes  through  a  inacliiiie  wit  lioiil 
being  raised  luiicli  in  temperature,  it  is  usual  to  allow  100  cul>. 
ft.  of  air  per  minute  for  eacli  kilowatt  loss. 

In  the  open  type  of  machine  wliere  the  jjatlis  for  the  air 
are  not  very  definitely  prescribed,  and  wliere  the  quantity 
n「  ； 1  i r  pjissi lit;-  is  usuji  llv  unknown .  nnl\*  t ho  v(m  v  i-()u«xliest 
(Mii|)iricul  rules  can  be  used  for  (lett'nniiiiug  1  lie  lciii])craturt» 
ri^e.    Where,  however,  deliuile  palhb  for  the  air  are  provkled 
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in  the  machine,  and  where  the  quantity  of  air  passing  is 
known,  the  cooling  effectiveness  of  the  surfaces  can  be  approxi, 
inately  calculated. 

In  the  cooling  of  large  maclunes,  such  as  turbo-generators, 
there  are  two  general  methods  of  providing  paths  for  the  air. 
According  to  one  method,  the  air  is  passed  through  axial 
holes  both  in  the  rotor  and  in  the  stator,  and  it  is  the  internal 
surface  of  these  axial  holes  which  mainly  constitutes  the 
surface  exposed.  Sometimes  the  air  is  passed  from  both 
sides  of  the  machine  towards  the  middle,  ami  in  other  cas^s 
the  air  is  passed  from  one  end  of  the  machine  to  the  other. 
According  to  the  second  method,  the  air  is  passed  through 
a  spider  or  through  axial  holes  in  the  rotor,  and  thrown  out 
through  radial  ducts  in  the  rotor  to  radial  ducts  in  the  stator. 

The  first  method  has  been  commended  on  account  of  the 
fact  that  the  iron  puncliings,  whose  conduction  is  better 
along  the  laminations  than  across  the  laminations,  can  con- 
vey the  heat  more  easily  to  the  air  than  where  the  ducts  are 
of  the  radial  type  parallel  to  the  plane  of  lamination. 
Another  advantage  of  axial  ducts  is  that  they  provide  a  more 
bountiful  supply  of  air  to  the  centre  of  the  machine  than  is 
possible  in  a  long  machine.  The  object  of  the  experiments 
was  to  determine  exactly  how  the  air  received  its  heat  as  it 
passed  through  a  turbo-generator  and  to  determine  the  value 
of  k、  (the  watts  per  square  centimetre  per  degree  C.  difference 
«f  temperature  between  surface  and  air).  At  the  same  time 
it  was  sought  to  determine  how  far  the  cooling  of  the  iron 
was  hindered  by  the  poorer  conductivity  of  the  punchings 
across  the  laminae  than  along  the  laminae. 

As  the  value  of  1"  is  dependent  upon  the  t'，  and  as  it  is 
the  velocity  of  the  air  in  intimate  contact  with  the  surface 
that  is  of  chief  importance,  we  may  gather  that  for  a  given 
quantity  of  air  passed  through  the  machine  narrow  ducts 
will  be  more  effective  than  wide  holes.  The  ducts,  however, 
must  not  be  too  narrow  or  they  will  be  liable  to  be  stopped 
up  by  the  accumulation  of  dirt.  Holes  if  too  wide  allow  the 
air  to  pass  without  coming  in  close  contact  with  the  iron. 
It  has  been  found  that  ventilating  ducts  from  0"3iu.  to  0'4iii. 
wide  having  smooth  iron  walls  will  keep  clean  for  a  great 
number  of  years  if  the  velocity  of  air  passing  through  them 
is  sufficiently  great.  A  velocity  of  from  5  to  10  metres  per 
second  is  sufficient  to  prevent  the  accumulation  of  dust  in 
the  absence  of  oil  spray.  If  any  oil  is  allowed  to  enter  with 
the  air  the  accumulation  of  dirt  will  be  facilitated.  It  lias 
been  found  that  round  axial  ventilating  holes  of  2iii.  or  3in. 
diam.  whose  walls  are  formed  from  the  rough  punchings 
accumulate  the  dirt  very  rapidly  ；  this  is  particularly  so  with 
the  holes  in  rotors,  where  the  centrifugal  force  can  press 
particles  of  dust  together  on  the  internal  surface  of  the  hole 
furthest  from  the  centre. 

In  cases  where  one  cannot  get  rid  of  all  the  heat  from  the 
cylindrical  surface  of  the  armature  and  where  it  is  therefore 
necessary  to  provide  further  cooling  surface,  tlie  radial 
ventilating  duct  is  very  effective.  It  enables  an  exceedingly 
large  surface  to  be  provided  without  unduly  increasing  the 
cost  of  the  macliine.  The  difficulty  of  getting  a  sufficient 
quantity  of  air  through  a  very  long  machine  with  a  small 
air  gap  can  be  met  by  providing  certain  channels  iu  tlie 
frame  from  which  the  air  is  forced  inwards  down  the  ducts  to 
the  air  gap  and  the  rotor.  Staggered  with  these  channels 
are  others  which  receive  the  air  thrown  outwards  from  the 
intervening  sectors. 

Tests  were  carried  out  on  a  totally-enclosed  turbo-gene- 
rator of  1,875  k.v.a.  capacity,  ventilated  by  means  of  fans  at 
each  end.  The  amoi^it  of  air  passed  through  tlie  machine 
per  minute  was  measur^tl  j^n  two  different  ways :  (1)  An 
anemometer  was  used  t^-O^cl  tlie  mean  velocity  of  air  at  tlie 
exit  iu  feet  per  minute/  ami  this  multiplied  by  the  area  of 
the  exit  in  square  feet  gave  rcjuglily  the  cubic  feet  per  inimite. 
(2)  The  total  rise  in  temperaUi-re  of  the  air  in  passing  throvigli 
the  macliine  was  measured,  and  from  the  known  losses  caiisinu' 
the  heating  the  How  of  air  coukl  be  raU-ulated.  The  first 
method  was  not  as  accurate  as  the  second .  It  gave  on  tlje 
average  an  air  velocity  from  5  to  7  per  cent,  too  high.  We 
have  therefore  adopted  the  fisfures  given  by  the  second 
method.  These  are  probably  right  within  '「>  per  cent.  Tlie 
total  losses  going  to  warm  up  the  air  were  :  Windage  2*2*8  k\v  . 
excitation  8*5  kw.,  iron  loss  43,5  k、v.  ;  total  74*8  k\v. 

The  air  entered  the  macliine  at  an  average  toniiuMal  mo 
of  21.7。  C.，  and  was  expelled  at  an  average  temperature  of 


53'2°  C.，  giving  a  temperature  rise  of  31'5°  C.  The  heated 
air  did  not  represent  the  whole  of  the  heat  produced.  The 
cast-iron  frame  presented  a  cooling  surface  of  10,900  sq.  in. 
and  had  a  mean  temperature  over  the  air  of  28^^  C.，  so  that 
it  would  radiate  in  almost  still  air  about  2*44  kw.  The  cast- 
iron  blocks  upon  which  the  frame  rested  would  carry  away 
not  more  than  1*5  kw.  Let  us  say  that  4  kw.  was  lost  by 
the  frame.  This  is  such  a  small  fraction  of  the  whole  that 
we  need  not  estimate  it  very  accurately.  Then  we  have 
70 "8  kw.  carried  away  by  the  air. 

The  temperature  of  the  air  in  the  various  ventilating  ducts 
and  in  the  air  gap  was  measured  by  a  pair  of  tliermo-couples, 
niouuted  on  a  long  wooden  rod ,  wliicli  could  be  moved  about 
ill  tlie  ducts  while  the  】t]achine  was  running.  In  the  end 
bell  the  temperature  had  risen  9  8°  C.  and  10*2°  C.  respec- 
tively. The  mean  temperature  rise  of  the  air  entering  the 
ducts  was  20*5°  C.，  representing  46  kw. 

The  windage  amounted  to  22'8  kw.  and  tlie  I-R  in  the 
field  to  8,5，  so  that  we  have  14'7  kw.  in  addition  which  must 
have  been  supplied  by  the  iron  loss,  ami  communicated  to 
tlie  air  mainly  on  the  cylindrical  face  of  the  armature.  A 
small  amount "~ probably  about  3  kw. ― would  be  supplied  to 
the  air  from  the  end  plates  of  the  armature.  Deducting  this, 
we  have  about  11 '7  kw.  conveyed  to  the  air  by  the  cylin- 
drical face  of  the  armature.  As  the  air  passes  along  the 
vent  ducts  the  temperature  rises,  the  mean  being  about  10'2 
rise,  representing  23  kw.  Air  passes  into  the  annular  space 
in  the  frame  and  picks  up  a  little  more  heat  from  the  punch- 
ings, giving  a  total  temperature  rise  of  3 丄 '5 人  Tlie  tempera- 
ture rise  of  the  iron  was,  on  the  whole,  from  10*5°  to  8'5° 
above  that  of  the  air  passing  through  the  ducts. 

These  experiments  show  that  //  (the  watts  per  square 
centimetre  of  cooling  surface  per  degree  C.  difference  of  tem- 
perature between  surface  and  air)  is  almost  exactly  propor- 
tional to  the  velocity  of  the  air,  and  is  given  by  the  equation 
h  ―  0'00145  Vy  where  v  is  the  velocity  of  the  air  iu  the  ventila- 
tion duct  in  metres  pei  second. 

The  heat  conductivity  across  the  laminations  was  found  to 
be  0*0174  watt  per  square  centimetre  per  degree  C.  per  centi- 
metre, or  0.0042  calories  per  second  per  square  centimetre 
per  degree  C.  per  centimetre,  the  thickness  of  iron  being 
0*041  cm.  and  that  of  paper  0  0033  cm. 

The  loss  per  cubic  centimetre  of  iron  was  0  055  watt,  ti，e 
machine  being  run  at  30  per  cent,  above  its  normal  field 
excitation.  A  more  usual  figure  for  50  cycles  would  be  0*045 
watt  per  cubic  centimetre  ；  for  a  packet  4*5  cm.  thick  the 
excess  of  temperature  would  be  6.5^  C.  and  the  mean  tem- 
perature of  the  iron  above  the  surface  only  4'5°  C.  It  is 
seen  that  unless  the  packets  are  made  inm.'h  thicker  than  is 
usual  ill  practice,  the  temperature  rise  in  the  centre  due  to 
the  poor  heat  conductivity  across  the  laminations  is  not  of 
very  great  importance. 

We  see,  then,  that  in  arranging  for  the  cooling  of  large 
electrical  madiines  the  following  matters  must  be  taken  into 
account : — 

Sufficient  air  must  be  provided  to  carry  away  the  lieal 
j^enerated.  If  100  cub.  ft.  of  air  per  minute  is  provided  for 
each  kilowatt  loss  it  will  in  general  be  sufficient .  If  the 
conductivity  for  heating  of  all  parts  is  sufliciently  good  and 
the  air  is  so  distributed  that  none  of  it  receives  a  temperature 
rise  greater  tlian  32。  C,  it  may  be  that  60  cub.  ft.  of  air  per 
minute  woulfl  l>e  sufficient  to  keep  the  niachine  below  45。  C. 
rise. 

Sufficient  roolui^i;  surface  must  be  provided  to  communicate 
tlie  heat  to  the  air. 

For  ventilating  ducts  we  may  take  the  formula ― 

==0'0014  r. 

Where  //、.  is  the  watts  per  square  centimetre  of  cooling  surface 
per  degree  C.  the  difference  of  leinj)erature  bet  ween  surface 
and  air  and  v  is  the  mean  velocity  of  the  air  in  t he  duct  ami 
metres  per  second. 

For  the  cooling  of  the  surface  of  rotors  and  the  internal 
cylinrlrical  fare  of  stators  we  may  take  the  formula —— 

_  333  X  watts  per  square  cm. 
=  (1+0-1  r)  ~ 

To  (ind  the  difference  of  temperature  between  an  armature 
。《）il  and  the  surrounding  iron  one  can  adopt  the  nietliod 
given  earlier,  using  the  constauts  for  the  heat  condut-tivity 
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of  the  insulated  material  given  in  Table  I.，  and  allowing 
for  air  spaces  wliose  resistance  is  given. 

To  find  the  temperature  rise  of  the  surface  ol'  wire-wuuiul 
coils  upon  which  the  air  is  blowing  witli  a  velocity  of  /'  metres 
l>er  second  we  may  take  the  formula — 

A,i  二  O'OOll  (1  +  0-54  v~). 


Txhhi:  I. 
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J':  III  II 
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Ho'w 


II  (1 


E  in  J)  i  r  r 
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Built  -up 
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mic'a  ... 
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{     1<>     turns,  each 
0017")    cm.  thick. 
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j     24  turns,  0  014  cm. 

I  thick,  t  ightly  m  omul 

j  Succcssivo  turns, 
[- 0-019  cm.  thick, 
j  tightly  \\r;i|)|K-'l  ... 

f  iSut'cos.sive  tutn.s, 
0  02H     cm.  thick, 

( tightly  won iicl  ... 

/  Altornatc  turns  uf 
Kni])iiv  cloth,  0  0 18 

- cm.  thick,  mikI  mica, 
0-075     cm.  thick. 

\ tightly  M'ouinl  ... 

I  As  in  Fig.  7.  con- 
i  taining  air  spaces  ... 

[ 3  ])i('cos, ('m  il  about 
joi.'icin. thick, tt'stod 
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Thick- 
ness of 
Material 
Tested. 


Centi- 
metres. 


0-28o 
0-320 
0-35() 
0-350 

0-280 

(»-410 

0-310 
0-401 

0-3!»0 


Thermal  Coiuliictivity. 


IV'i"  Square  Cou- 
tiuiebro  ))er  °  C.  of 
Dirfrvc'iuu'  of  Tcm- 
licrature  jmt  Oeii- 
tiiiiutrc  Linigbb  of 

mil. 


In 

Calorics 
per  Sec. 


0-000()04 
0-000410 
0-000278 
0- 000341 

0-000405 

0-000339 

0-OOOoUO 
()-00(»270 

0-00<)87() 
0 -000240 
0'0(. 嶋 3 
0*000350 


In  Watts. 


0-00249 
0-00170 
0-001 15 
0-00142 

0-00170 

0-00140 

0 -00200 
0-00112 

U- 00300 
0，00】03 
0-00120 
0-00146 


Per 
S(|uarc 
Inch  per 
e  C.  of 
Ditter- 
eiice  of 
Tempera- 
til  ve  per 

Inch 
Length 
of  Patli. 

In  Watts. 


0- 00034 
0-00420 
0-00292 
0-00371 

0-00420 

0-00850 

0-00530 
0-00285 

0- 001)15 
0 -00200 
0-00310 
0-00370 


Junior  Institution  of  Engineers,  一 Meetings  will  be  held  on 
Friday,  the  10th  inst.,  at  8  p.m.,  at  the  Institution  of  Elec- 
trical Engineers,  Victoria  Embankment,  wlien  a  paper  on 
" Notes  on  Telephone  Exchange  Eqiiipnient  ，，  will  be  read 
by  Mr.  Alex.  J.  Gayes  ；  on  Friday,  the  17tli  inst. ,  at  8  p.m., 
at  39，  Victoria  Street,  Westminster,  paper  by  Mr.  G.  C. 
Alliiigliam  on  "  Storage  Battery  Engineering  "  ；  and  on 
Friday,  the  24th  inst.,  at  8  p.m.,  at  39，  Victoria  Street, 
Westminster,  paper  by  Mr.  S.  H.  Hole  on  "  Brewery  Plant.  ' 

Mining  Institute  of  Scotland.  —The  annual  meeting  of  the 
Milling  Institute  of  Scotland  was  lield  oii  April  13tli  at 
Glasgow.  Mr.  James  Hamilton,  Glasgow,  was  elected  presi- 
dent, and  afterwards  presided  over  the  meeting.  In  the 
course  of  the  meeting  a  ballot  was  taken  in  connection  with 
the  election  of  vice-presidents  and  members  of  council.  The 
following  are  the  successful  candidates :  Vice-presidents : 
Messrs.  D.  M.  Mowat,  John  Gennnell,  Douglas  Jackson ， 
William  Walker,  James  B.  Sneddon,  and  Wallace  Tlior- 
neycroft.  Councillors :  Messrs.  John  Paul,  Wm.  Smith, 
George  Gibb,  Henry  Rowan,  Wm.  Telfer,  Daniel  Burns, 
Robert  Muir,  James  A.  Clarke,  Cliarles  Latham,  Sam.  Mavor, 
Pete V  Milligaii ,  ])ugal<l  Bainl,  Alexander  A  lulersoii,  Wm . 
Clark ,  J.  W.  Gregory,  Tlioiiias  J.  Jainiesuii,  Wm.  Caldwell; 
and  Mark  Brand. 


LARGE  HYDRAULIC  TURBINES. 

PAimcui^AUS  are  i^ivcn  by  Mr.  Arnold  riaii ,  ronsultin;'  engi- 
neer of  the  Allis-Chalraers  Coiupjuiy,  Milwaukee,  in  tlic 
current  issue  of  ''  Engineering  News"  of  the  hydraulic  tur- 
bines designed  For  use  at  the  White  River  liydro-electric 
station  of  the  Pacific  C'oast  Power  Company,  Seattle, 
which  it  is  claimed  are  the  most  powerful  yet  constructed. 
Each  turbiiio  was  designed  to  fleveloj)  1 8,000  h.li.p. ,  at  360 
revs,  per  minute,  under  440ft.  effective  head.  Each  is  capable 
of  developing  20,40()  b.h.p.  ，  with  a  maximum  head  of  480ft., 
and  at  the  same  speed.  All  parts  of  the  turbine  are  desi^nierl 
to  withstand  the  maximum  pressure  of  480ft.  lieacl,  and  the 
runaway  speed  of  the  rotors  under  this  liearl  brings  no  undue 
stresses.  These  turbines  now  carry  20,800  h.p.  in  service 
under  the  lower  normal  head,  and  this  gives  them  the  greatest 
capacity  of  any  in  the  world.  They  are  of  an  inward-flow  re- 
action type,  commonly  called  the  "  high-head  Francis,"  and  a 
spiral-case  double-discharge  arrangement  was  adopted.  The 
operating  water  enters  the  spiral  casing  from  below,  and  passes 
around  this  and  out  through  the  speed  ring  :  im mediately  upon 
entering  the  runners  it  is  divided  along  two  paths  with  sepa- 
rate quarter  turns  and  steel-plate  draught  tubes.  The  spiral 
casing  is  of  cast  steel,  made  to  withstand  a  test  pressure  of 
3851bs.  per  square  inch.  This  casing,  is  split  in  a  horizontal 
plane  through  the  centre  line  of  the  shaft.     Fig.  2  shows  tliat 


Fig.  1.-18,000  h.p.  Francis  Tukbixe.  、 

opposite  the  inlet-pipe  coiinectioii  is  an  outlet  branch  for  con- 
necting the  relief-valve  pressure  regulators. 

High  velocities  are  allowable  in  spiral  cases  under  higli 
head,  but  all  obstructions  to  free  water  passage  have  to  be 
avoided,  and  all  friction  contacts  have  to  be  kept  outside  of 
the  casing  for  ready  inspection  and  easy  lubrication  :  in  this 
case,  therefore,  the  so-called  ' '  outside  gate  rigging  was 
adopted.  The  guide-vane  pivots,  on  the  side  opposite  the 
generator,  carry  levers  which  are  connected  to  a  shifting;  ring 
by  individual  links  and  steel  pins.  This  ring  moves  in  bronze 
ways  bolted  to  the  speed-ring  flange.  The  shifting  ring  is  pro- 
vided with  two  lugs  for  the  pins  of  the  governor  connecting 
rods,  as  may  be  seen  from  Figs.  1  and  2.  Each  rod  is  operated 
by  a  bell  crank,  and  these  are  rigidly  iiitei'-coiiiiected  by  a 
horizontal  rod  underneath  the  shaft  and  directly  connected  to 
the  tnain  control  lever  and  pistoii,  as  shown  in  Fig.  2.  The 
maxiiiiuni  force  produced  by  the  governor  oil  pressure  u})oii 
the  regulating  piston  is  50,0001bs..  aiul  all  connections,  inrlud- 
iiio-  the  shifting  rin"、  are  made  strong  enough  to  witlistand  t his 
pressure. 

It'  tlie  guide-vaiu'  pivots  were  directly  t'oimected  to  t lie 
shifting  ring,  ； i lul  any  foreign  mat t ei-  sliouh  1  ！ (K*ale  between 
two  guide  VHiies  to  prevent  closiiiu  tluMii,  t hen  t  lie  "rovei'iior 
would  couceiitrate  full  force  upon  these  two  tiuide  vanes  ami 
their  pivots  and  levers,  which  would  be  dainat^^ed  unless  of 
dimensions  that  would  seriously  interfere  with  the  proper 
(lesion  o\'  \  iu'  i;ui(lr  vam'  hody,  and  increase  the  friction  of  the 
wliolc  nato  rioi>ing-.  Tlirrt'lon',  I  lie  stems  ami  levers  a  re  pru- 
portiuned  to  resist  only  the  forces  of  iiurnial  operatiou  \  I  lie 
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Fig.  2.— Plan  and  Elevations  of  18. 

ing,  with  three  collars  forged  with  the  shaft.  Both  bearings 
have  babbitt-lined  shells  and  oiling  rings  dipping  into  large 
reservoirs  in  the  pedestals.  The  shaft  packing  boxes  are  of 
interest,  for,  with  a  diameter  of  16iin.  at  the  quarter  turns, 
the  use  of  hemp  is  prohibited.  A  water-seal  box  has  been 
used,  operating  automatically  either  at  over  pressure  in  the 
quarter  turn  or  under  vacuum.  Discs  on  the  shaft  revolve  in 
chambers  connected  to  either  circulating-water  lines  or  drain- 
pipes from  the  draught  tubes. 

Balancing  in  normal  operation  is  relatively  easily  accom- 
plished here  with  double-discbarge  runners.  The  speed-gate 
covers  also  form  pockets  between  the  covers  and  the  runner 
walls,  so  til  at  the  media  nical  bearing  lias  to  support  only  the 
unbalanced  pressure  across  the  quarter-turn  opening  in  case 
one  side  of  the  discharge  is  blocked.  The  base  piate  of  the  tur- 
bine forms  a  top  for  the  draught  tube,  which  is  bolted  on  and 
concreted  into  tlie  fouiulat ion  (o  form  a  tapered  elhow  of 
long  curvature. 

The  turbine  slia 1 1  carrios  a  t ii('ti(>n-brake  pulley .  t he  liaml- 


H.p.  Francis  Turbine  Installation, 

vanes).  It  is  of  the  type  with  the  familiar  fly -ball  lift  of  a 
floating  lever  carrying  the  regulating- valve  stem  compensating 
relay  and  a  motor  attachment  for  switchboard  control.  The 
governor  regulating  valve  is  double-acting  and  hvdraulioally 
balanced,  so  that  practically  no  energy  is  re(juired  to  raise  or 
lower  the  valve  stem.  The  fly  balls  are  extremely  sensitive, 
but  still  release  considerable  energ^y,  so  that  the  smallest  speed 
variation  will  move  the  control  valve.  A  speed  variation  of 
one-fifth  of  1  per  cent,  is  siiflicient  to  cause  a  motion  of  tlic 
turbine  gates.  The  regulating  valve  is  returned  to  its  middle 
position  aft^r  each  movement  of  the  conipensatiiit:  relav  acting 
oil  the  other  end  of  the  floating  lever.  Tlie  desired  maxinunn 
speed  difference  between  frit  tion  load  and  full  load  ran  be  set 
tor  any  point  lietweeji  0  and  4  per  rent.  The  former,  how- 
ever is  not  permissible  with  alternating-current  generators 
running  in  parallel  with  earli  other,  as  the  lack  of  speed 
variation  would  cause  a  hunting  of  the  load  between  the  inter- 
connected generators.  To  limit  the  niaximuni  gate  opening 
of    1  urhiues    wlien    regulated    autoniaticallv,    the  governor 


connecting  links  between  shifting  rin^  and  guide-vane  levers 
have  been  made  to  break  at  predetermined  overload.  The 
guide  vanes  tend  to  close  to  a  no-load  normal-speed  opening, 
so  that  two  broken  links  will  not  materially  affect  tlie  runner 
speed.  The  levers  are  easily  removed,  and  the  two  links  may 
be  exchanged  without  shutting  down. 

The  runner  is  a  solid  steel  casting,  machined  all  over.  It 
is  bolted  to  a  flange  of  the  shaft,  and  machined  cover  rings 
form  a  smooth  guide  for  the  discharge  from  the  runner  pas- 
sages to  the  quarter  turns.  The  shaft  rests  in  two  ball-and- 
socket  bearings.  It  has  a  diameter  of  16in.  in  the  bearing  at 
the  generator  end,  and  this  is  increased  to  32-Mn,  at  tlie  centre 
flange.    The  outer  bearing  serves  as  a  thrust  and  steady  bear- 
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operated  grips  for  which  are  mounted  on  an  extension  of  the 
foundation  base  plate.  This  brake  is  designed  to  bring  the 
rotor  from  full  speed  to  a  dead  stop  in  five  minutes,  with  the 
speed-gates  dosed  and  the  spiral  casing  under  full  pressure. 
The  brake  is  water  cooled. 

Each  turbine  has  its  own  independent  pipe  line,  riinniiig 
from  the  forebay,  where  are  located  motor-operated  gate 
valves,  so  that  gate  valves  for  each  turbine  are  not  needed  in 
the  power  house.  However,  for  a  quick  closing  of  the  water 
supply  in  case  of  accident  it  was  found  desirable  to  have  some 
means  of  shutting  off  water  from  the  turbines  quickly.  For 
such  a  purpose  a  butterfly  valve  is  satisfactory,  provided  it 
can  be  designed  to  be  sufficiently  tight  to  enable  inspection  of 
the  interior  of  the  entire  turbine.  A  cast-steel  butterfly  valve 
of  Mill,  free-passage  diameter  lias  been  placed  below  the  main 
floor,  and  connected  between  the  tapered  inlet  pipe  and  the 
spiral  casing.  Since  the  valve  is  to  serve  as  an  emergency 
means  of  shutting  off  water  from  the  turbine  casing,  it  has 
been  built  to  withstand  full  head,  and  it  can  be  closed  or  opened 
under  full  pressure.  The  gate  has  carried  a  total  load  of  over 
2，000，0001bs.  at  3851bs.  per  square  inch  test  pressure.  The 
gate  can  be  hand-operated  or  worked  by  a  direct-current 
motor,  controlled  at  the  turbine  or  from  the  switchboard.  A 
by-pass  valve  may  be  opened  for  filling  the  turbine  casing, 
after  the  valve  has  been  closed,  to  balance  this  gate.  After 
balancing,  the  valve  can  be  opened  quickly  by  high-speed  gear- 
ing of  the  motor. 

The  governing  system  consists  essentially  of  an  oil-feed 
gcvernor  sending  oil  under  pressure  against  a  piston  iu  a 
regulating  cylinder  to  open  or  close  the  turbine  gates  (guide 
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control-valve  stem  is  prevented  from  dropping  below  a  certain 
fixed  but  adjustable  position. 

The  gate-regulating  cylinder  is  mounted  horizontally  on 
the  niaiu  base  plate  with  a  bracket  under  the  cylinder  and 
the  other  under  the  crossliead  guide.  The  piston  rod  projects 
through  front  and  rear  heads,  so  that  equal  oil  displacements 
are  secured,  which  allows  of  a  simple  by-passing  of  the  oil 
when  the  hand  regulator  is  used.  The  piston-rod  extension, 
through  the  rear  (away  from  wheel)  cover,  carries  a  gate- 
opening  indicator.  The  other  extension  goes  to  a  crossliead  in 
guides  which  receive  the  thrust  of  the  connecting  rod  between 
crossliead  and  first  gate  lever  at -end  positions.  For  iiispectioji 
or  repair  of  oil  piston  or  governor  without  shutting  down  the 
whole  unit,  a  hand  screw  is  placed  above  the  cylinder  and  con- 
nected with  the  first  gate  】ever，  so  that  it  cau  be  conveniently 
tlirowu  ill  or  out  of  connection. 

To  protect  the  pipe  line  and  to  assist  the  governor,  serious 
surges  in  the  water  column  must  be  prevented.  Inertia  in 
the  water  column  has  been  overcome  in  three  ways  at  this 
plant :  (1)  There  is  a  compressed-air  cushion  in  chambers 
outside  the  power-house  connected  to  each  penstock  ;  (2)  two 
30iii.  relief  valves  are  connected  to  each  turbine  casing,  one 
of  these  being  opened  by  the  governor  to  by-pass  water  when 
tlie  speed  gates  are  closed,  and  dosing  thereafter  gradually 
at  a  predeteriniiiecl  adjustable  rate  ；  (3)  breaking  plates  which 
are  provided  to  give  way  in  case  of  failure  of  either  of  the 
other  devices.  Both  relief  valves  consist  of  a  inain  valve  and 
ail  operating  niechanisiii.  The  main  valve  is  identical  in  both 
cases.  A  Y-pipe  is  connected  to  tlie  bottom  of  the  spiral 
casing  below  the  generator  floor,  the  branches  of  the  Y  lead- 
ing to  the  relief  valve.  The  neck  of  the  Y  is  also  connected 
to  a  hand-operated  gate  valve  (normally  open),  wliicli  is  dosed 
at  its  lower  end  by  the  breaking  plate  between  valve  body 
and  discharge  pipe.  The  discharge  from  the  two  relief  valves 
unite  in  a  steel-plate  elbow  to  economise  space  between 
draught  tubes. 

The  body  of  each  relief  valve  consists  of  an  elbow  which, 
at'  its  lower  joint,  holds  a  circular  bronze-bushed  ring,  against 
wh irli  is  pressed  a  flared  disc  on  a  stem  con iiected  to  a  piston 
in  a  bronze-bushed  cylinder  above  and  extending  tlirougli 
guides  below.  The  shape  of  the  disc  valve  and  discharge  ring 
is  such  that  when  the  disc  is  lowered  the  discharge  tends  to 
spray,  effectively  reducing  impact. 

Water  pressure  ou  the  disc  tends  to  open  the  valve,  but  it 
is  counteracted  by  pressure  below  tlie  control  piston.  Adjust- 
ment of  this  pressure  for  motion  of  the  disc  is  secured  by  a 
regulating  valve  which  receives  its  operating  water  from  the 
】iiain  pipe  line  through  a  pair  of  duplicate  cylindrical  screens. 
Main-line  pressure  can  be  directly  thrown  below  the  main 
piston,  so  that  the  relief  valve  may  be  held  closed  while  the 
regulating  valve  is  removed  for  repair  or  opened  up  for 
inspection. 

The  arrangement  of  these  operating  devices  on  the  relief 
valves  may  be  seen  from  Fig.  3.  On  the  governor-actuated 
valve,  a  horizontal  shaft  is  held  in  bearings  cast  integral  with 
the  cylinder  cover.  One  end  of  this  shaft  carries  a  lever, 
which  is  connected  to  a  reach  rod  from  a  gate-shifting  bell 
crank.  On  the  centre  of  the  same  shaft  is  a  forked  lever, 
carrying  an  oil  dashpot  on  pivots.  This  dashpot  contains  a 
piston,  the  stem  of  which  is  connected  to  the  outer  end  of  a 
floating  lever.  The  opposite  end  of  this  lever  receives  its 
motion  directly  from  the  disc  valve,  while  the  middle  part  of 
the  lever  is  connected  to  the  regulating-valve  stem.  The  oil 
dashpot  has  au  adjustable  by-pass.  When  the  turbine  gates 
are  closing  slowly,  due  to  a  gradual  reduction  of  the  load,  the 
dashpot  cylinder  is  lifted  slowly  and  the  oil  in  the  dashpot  is 
】nerely  by-passed  ；  the  floating  lever  is  not  moved.  If，  how- 
ever, the  gate  motion  of  the  turbine  is  quick,  due  to  a  sudden 
reduction  of  load,  the  oil  is  not  by-passed  quickly  enough  and 
the  floating  lever  and  the  regulating  valve  are  lifted.  The 
pressure  below  the  operating  piston  is  thereby  reduced  and  the 
relief  opens.  However,  this  movement  of  the  disc  has  lowered 
the  other  end  of  the  floating  lever,  so  that  the  regulating 
valve  is  brought  back  toward  its  closed  position  and  the  relief 
disc  is  held  balanced.  Due  to  the  slow  by-passing  of  the  oil 
in  the  dashpot,  the  piston  therein  moves  slowly  downward , 
closing  the  regulating  valve  and  causing  a  corresponding  clos- 


ing of  the  relief.  This  closing  time  is  determined  by  the 
amount  of  oil  by-passed  in  the  dashpot,  and  is  adjusted  indi- 
vidually for  each  unit,  according  to  the  condition  in  its  pipe 
line  ;  the  main  consideration  in  adjustment  is  not  to  close  tlie 
relief  valve  so  quickly  that  a  secondary  pressure  rise  is  caused 
it\  the  pipe  line. 

From  the  foregoing  it  is  obvious  that,  it'  the  by-pass  is 
completely  closed  and  if  the  relief  valve  has  a  discharge  capa- 
city equal  to  tliab  of  the  turbine,  the  governor  attachment 
allows  this  valve  to  serve  as  a  water-wasting  by-pass  with 
which  the  velocity  in  the  pipe  line  is  held  practically  constant, 
no  matter  whether  the  turbine  discharges  its  full  amount  of 
water  or  whether  the  speed  gates  are  closed  and  the  relief  is 
wide  open.  Simple  regulation  of  the  amount  of  oil  by-passed 
enables  a  change  from  water-wasting  to  water-saving  opera- 
tion, even  during  operation  of  the  turbine,  and  this  has  been 
found  valuable  in  plants  where  oscillations  may  be  set  up 
through  wave  interference,  under  severe  pipe-line  and  load 
changes— troubles  which  are  effectively  subdued  by  a  tempo- 
rary wasting  of  water  to  maintain  a  constant  velocity.  Witli 
very  long  pipe  lines  or  very  high  velocities,  the  pressure  regu- 
lator imist  be  operated  as  a  water-wasting  by-pass  ；  but  when 
the  turbine  speed  gates  are  closed  the  disc  valve  will  be  wide 
open,  and  it  may  become  dangerous  to  close  tlie  head  gates  ; 
a  hand  wheel  has  been  put  on  top  of  the  daslipot-pistx)ii  rod 
to  allow  a  preliminary  gradual  closing  of  the  relief  valve.  If 
the  Laud  wheel  is  left  at  ^,  ^，  or  2  full  travel,  ihen  the  by- 
pass will  be  closed  at  |， 圣， or  -|  opening  of  the  turbine  gate. 
This  is  desirable  whenever  the  maximum  load  of  the  turbine 
expected  for  certain  periods  of  service  is  less  than  full,  and 
where  it  is  desired  not  to  waste  the  full  amount  of  water. 


Governor 
Operated  Device 


Fig.  3.— Pressure  Kegulatobs  of  18,000  h.p.  Francis  Turbine. 

It  is  seen  that  the  governor-operated  relief  valve  controls 
pressure  in  accordance  with  the  gate  motion  of  the  turbine  to 
which  it  is  connected,  but  any  disturbance  of  pipe-line  pres- 
sure, caused  independently  of  speed-gate  Diotion,  is  not'  con- 
trolled by  this  device,  and  sucli  disturbances  are  taken  care  of 
in  the  second  relief  valve.  Experience  lias  shown ,  however, 
that  the  pressure-operated  relief  valve  cannot  function  as 
correctly  as  the  governor-actuated ,  and  it  is  therefore  advi- 
sable to  set  the  former  to  open  only  under  such  pressure  rise 
as  might  endanger  tl\e  pipe  line  ；  and  at  any  rate  it  must  not 
close  quickly  to  cause  a  secondary  rise  and  re-openiug.  Incor- 
rect operation  of  relief  valves  lias  often  interfered  with  the 
governor  action  and  even  led  to  destruction  of  a  whole  plant  . 

The  pressure-actuated  control  used  here  comprises  a  cylin- 
der and  piston  under  pipe-line  pressure  and  balanced  by  com- 
pression of  a  strong  spring.  The  piston  rod  goes  to  the  centre 
of  a  floating  lever,  the  outer  end  of  which  moves,  through  a 
dashpot,  the  regulating  valve.  The  inner  end  is  connected  to 
the  relief-disc  stem.  Pressure  rise  causes  an  upward  motion 
of  piston  and  regulating  valve,  which  drops  the  relief  disc. 
Motion  of  the  latter  restores  the  regulatino-  valve  to  mid-posi- 
tion and  holds  the  disc  balanced.  The  dashpot  between 
floating  lever  and  control  valve  allows  a  gradual  closing  of  the 
relief  valve  similar  to  the  governor-actuated  device  described 
already.    To  prevent  silt  from  interfering  with  the  sensitive- 
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iiess  of  this  control,  the  water  pressure  is  not  directly  admitted 
to  the  inanoiiietric  cylinder,  but  it  is  carried  into  a  pressure 
tank  filled  with  oil,  which  is  led  against  the  control  piston. 

As  this  })laiit  will  take  the  principal  load  fluctuations  of 
the  company's  whole  power  system ,  it  is  necessary  to  provide 
a  larger  supply  of  oil  under  pressure  for  the  governors.  Three 
rotary  pumps  have  been  installed,  each  with  a  normal  capa- 
city of  20  gallons  per  minute  against  a  pressure  of  4001bs. 
per  square  inch.  Two  are  directly  coupled  to  65  h.p.  induc- 
tion motors,  and  the  third  is  coupled  to  such  a  motor  on  one 
end  and  to  a  small  impulse  water  wheel  cm  the  other.  The 
pump  is  a  two-stage  gear  type.  Space  was  available  in  the 
power-house  basement  for  pumps,  pressure  tanks,  and 
receivers,  and  these  are  assembled  in  a  compartment  below  the 
generator  floor.  All  pipes  to  and  from  the  governors  and 
equalising  pressure  tanks  are  carried  directly  below  the  main 
floor,  through  basements,  which  are  easily  accessible.  The 
t  hree  pumps  are  set  with  the  driving  shafts  in  line.  The  pumps 
in  the  centre  are  built  symmetrical,  and  the  auxiliary  impulse 
wheel  between  them  can  be  coupled  to  either  of  the  two 
shafts,  as  needed. 

There  are  two  independent  steel  receiver  tanks  partly  set 
in  the  basement  floor,  so  that  oil  is  received  by  gravity.  The 
inflowing  oil  has  liberal  contact  with  air  and  discharges  over  a 
screen  to  clear  and  cool  itself.  The  receivers  are  inter-coii- 
uected,  and  each  is  of  ample  capacity,  so  that  one  is  capable 
of  carrying  oil  for  the  whole  system,  while  the  other  is  emptied 
lor  cleaning.  On  a  concrete  pier  between  the  two  receivers  are 
two  main  pressure  tanks  of  riveted  steel  plate,  tested  to  6001bs. 
per  square  inch  ；  each  has  a  capacity  of  about  250  galls.  An 
adjustable  safety  valve  is  attached  to  each,  and  discharges 
directly  into  the  receiver.  This  safety  valve  can  be  tripped 
from  the  outside,  so  that  an  operator  can  see  if  it  is  "  free 
and  sensitive." 

The  piping  between  the  pressure  and  receiving  tanks  is 
ji ri^aiiged  so  that  any  coinbiiiatioii  of  connections  can  be  estab- 
lished to  quickly  cut  out  any  part  of  the  system.  The  pipes 
are  of  4  A  in.  annealed  seamless  steel  tubing,  with  bends  of  at 
least  ]2in.  radius.  All  connections  are  made  with  flanged 
joints.  The  ends  of  the  oil-supply  pipe  carry  two  auxiliary 
pm^sui'e  tanks  to  prevent  serious  drop  of  pressure  due  to  the 
acceleration  of  the  oil  in  the  long  line  between  pressure  tank 
and  governor.  The  two  main  and  the  two  auxiliary  pressure 
t finks  are  iiiter-connefted  by  an  air  })i))e  and  also  connected  to 
a  small  air  compressor  located  in  the  basement. 

Two  exciter  units  have  been  provided.  The  wheels  of  each 
are  of  the  im pulse  t y})e  with  hand  needle  regulation  and 
governor-operated  deflecting  hood.  Each  wheel  is  designed  to 
develop  500  b. h.p.  under  420ft.  effective  head,  with  a  normal 
speed  of  400  revs,  per  nniiute.  A  runaway  speed  of  800  revs, 
per  minute  has  been  designed  to  be  withstood.  Since  close 
speed  regulation  is  accomplished  exclusively  by  the  deflecting 
hood  (operated  by  governor) ,  and  since  economy  of  water  was 
not  essential  with  these  small  units  as  with  the  main  unit, 
a  simple  hand  adjustment  of  the  needle  was  considered  sufFi- 
cient .  The  liood  j) roper  consists  of  a  forked  lever  hinged 
below  the  nozzle  and  carrying  a  removable  knife -edged  blade. 
This  blade  cuts  into  the  jet  from  underneath  in  such  a  manner 
that  the  entrance  edge  is  parallel  to  the  axis  of  the  jet.  By 
(his  an'angf'nui"t  the  upper  luidedected  portion  of  the  jet 
impinges  on  tlie  huckots  uiidist  iirhod,  while  the  lower  portion 
is  dellected  into  the  bottom  o I'  t  he  wlieel  pit  aLjainst  a  remov- 
able steel  plate  baflle  lining.  The  shaft  of  iho  deflecting  hood 
pro  jects  through  t  he  wlioel  liousiug  above  t  he  door,  so  tliat  it 
can  1)6  directly  connected  to  the  govcnior. 

The  exciter  governor  is  a  self-contained  oil  type  not  con- 
iKH'lt^d  to  the  central  |>ressure  -sysU""，  hut  furnishing  its  own 
oil  pressure.  This  scheme  euaMes  indo|MM!cl(Mit  operation  of 
i  lie  ,'xri"、r  unit ,  so  t  liat  t  he  field  cm  rent  can  he  held  ronslant 
()tt  1  he  generators  irrcspvl  i、'(>  ot  t  lie  condit  ion  of  t  lie  i^m.enmrs 
ul*  t  he  main  units.  Tl"、  hydraulic  ecjuipiiuMil  (icscrihed  above 
was  hirnished  by  the  Allis-Clialniers  Coi"!)a'iv,  of  M ilwaukee. 
The  first  main  unit  and  all  excitors  and  ； ipj)arat us  wero  readv 
for  conunorcial  ()i)erat  ion  on  Oclulu"'  31st  last .  The  e(|uip- 
nitMit  was  I  unird  ov，》r  "»  t  lir  operating  si  a  IT  《>ii  Ma  nh  ls( ,  and 
is  now  regvilaling  U"?  wliolo  power  sv-sU'm  oxdusivelv.  IVriinlir 


load  variations  of  about  3,500  k\v.  are  taken  care  of  by  the 
governors.  In  order  to  keep  the  speed  regulation  within  close 
limits  the  governors,  of  course,  have  to  adjust  more  than  the 
load  fluctuations  of  the  system  ,  and  it  will  be  n oticefl  tliat 
these  governors  change  the  gate  opening  of  the  turbines 
between  0.3  and  0'4  of  the  full  amount  during  such  variations. 
The  pressure  regulators  prevent  any  rise  in  j^en stock  pressure 
exceeding  91bs.  above  normal  when  full  load  is  suddenly 
thrown  off,  aud  the  air  chambers  now  connected  with  the  pipe 
lines  furnish  that  amount  of  water  which  cannot  quickly  be 
received  by  acceleration  when  load  is  thrown  on.  The  effect 
of  these  air  chambers  is  extremely  beneficial.  The  machines 
now  carry  a  full-gat^  load  of  15,500  kw.  (20,800  li.p.)  each 
under  440ft.  effective  head  ；  and  from  a  dead  short-circuit  to 
no  load,  which  requires  a  full-gate  motiou  by  the  governor 
from  wide  open  to  closed,  the  inaximuin  speed  does  not  ex<*<*<»d 
395  revs,  per  minute,  or  about  10  per  cent,  above  normal. 


DYNAMOS  FOR  MOTOR  ROAD  VEHICLE  LIGHTING.* 

liY  .'.  1».  MOKGAN. 

Introduction. -― During  the  past  few  years  serious  attention 
lias  been  directed  to  the  development  of  electric  lighting 
systems  for  motor  road  vehicles,  as  it  is  widely  recognised 
tliat  something  superior  to  the  ordinary  methods  of  oil  and 
acetylene  lighting  is  urgently  needed.  The  problem  presented 
is  a  threefold  one,  being  concerned  with  the  form  and  arrange- 
ment of  the  optical  parts  of  the  lamp,  the  disposition  of  the 
filaments  in  the  lamp  bulbs,  and  the  generation  of  current. 
In  the  present  paper  tlie  object  is  to  discuss  briefly  the  subject 
of  current  generation,  giving  a  short  account  of  the  most 
notable  work  which  has  recently  been  doue,  aud  of  tests  made 
by  tlie  author  on  machiiios  of  representative'  t yi>es.  Bv  com- 
mon consent  the  use  of  a  battery  alone  for  providing  current 
is  unsuitable,  and  a  dynamo  is  essential.  The  construction  of 
a  suitable  dynamo  presents  peculiar  difficulties,  and  the  crux 
of  tlip  lighting  problem  is  connected  mainlv  with  the  clviiaino. 
Tlie  principal  conditions  to  be  complied  with  are:  (a)  That 
the  dynamo  must  be  capable  of  maintaining  a  practically 
constant  voltage  over  a  wide  range  of  speed  variation  and 
under  (liffereiit  loads  :  and  (J,、  if  voltage  variations  are  un- 
a  voidable,  the  ainoinii  of  variation  must  not  seriously  a  fleet 
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t he  brightness  of  t he  l;iui]>s.  Regarding  the  first  condition,  it 
is  usual  to  arrange  tor  t  he  dvnaino  to  supj)lv  ciirrent  at  t lit* 
normal  voltage  when  the  vehicle  is  moving  at  the  rate  of  from 
1  >  to  15  miles  per  hour,  and  to  maintfiin  the  voltage  constant, 
or  as  nearly  constant  as  possible,  at  all  superior  speeds,  wliit  li 
may  reach  50  to  60  miles  j)er  hour.  When  tlie  vehicle  is  at 
rest  or  travelling  below  10  miles  per  hour  the  current  is  sup- 
plied entirely  or  for  tlu-  ureattM*  pa rt  l>y  a  battery  arranged  in 
parallel  wit h  t he  dynamo  cin  uit .  Regarding  t he  sorond  ron- 
dition,  it  is  known  tliat  in  metal  filament  lamps  a  small 
iiuTeaso  above  the  nonual  \ oil  age  is  attended  bv  a  relat  ivelv 
large  increase  of  briglil ness.  An  experiinenl  on  a  4 -volt  lamp 
showed  that  an  increase  of  the  voltage  from  four  to  five  caused 
t he  caiidlc-power  to  im'rease  from  3'G  to  8.  Variat  ion  of 
l>ri^lil  lU'ss  wit  li  variation  of  voltage  differs  consideralily  in 
(lilTt'ivnt  lamps,  l>iit  in  all  the  sanipN^s  tried  t  he  variat  ion  、、  ； is 
found  to  l)e  large.  In  an  experiment  by  Mr.  G.  A.  Shakes- 
peare at  the  】^n，、i，igham  University  an  increase  of  from  8  to 
8*8  volts  in  an  S-volt  lamp  caused  an  increase  of  oan(lle-]>o\ver 
U'om  1 4.1  to  26.     M any   proposals  and  atl^nipls  liave  bet*ii 

' Ahslnict  of  |、"，K>r  roiul  In^foro  Iho  InsUlutUMi  "f  I'.Icctricnl  l':n«"，ci'i、. 
liuuitDgluuLi  locul  sfctiiMi.  Jiiiitmrv  lOlh,  】'J' 丄 
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made  to  construct  dynamos  coin])lying-  wiili  tlio  above  (•<)"- 
dilioii.s,  hilt  ill  the  present  paper  only  a  few  loadint^  represon- 
tiilive  types  wliich  have  actually  been  reduced  to  practice  are 
('(tiisidered. 

In  passing  it  may  be  well  briefly  to  anticipate  a  familiar 
criticism  that  there  is  little  or  nothing  new  in  the  problem  of 
the  dvnamo  for  motor  road  vehicle  lighting,  as  it  is  strict ly 
analogous  to  that  of  the  dynaiiio  for  train  lighting,  upon  which 
a  large  amount  of  valuable  work  has  been  done,  and  that  what 
rs  suitable  for  the  one  is  also  suitable  for  the  other.  To  some 
extent  this  is  so,  but  the  task  before  the  uiaiiufacturer  of 
motor  vehicle  dynamos  presents  peculiar  obstacles  in  that 
simplicity,  coiiijjactness,  and  reliability  iiuist  be  obtained  in 
a  iiiiu'h  higher  degree  than  is  essential  for  train  lighting  where 
skilled  supervision  is  constantly  exercised. 

Electrically-regulated  Dynamos.  ―  A  method  of  regulation 
wliich  forms  the  basis  of  several  known  types  of  electrically- 
regulated  machines  consists  in  the  use  of  a  separate  counter- 
exciting  dynamo  adapted  to  diminish  the  excitation  of  the 
principal  inachiiie  in  such  a  manner  that  the  field  of  the  prin- 
cipal niac'liine  varies  inversely  as  the  speed.  This  device  is 
obviously  objectionable  on  account  of  the  duplication  involved. 
Several  attemnts  have  been  made  to  construct  machines  in 
which  a  series-compensating'  winding  is  used,  the  idea  being 
to  diminish  the  strength  of  the  field  progressively  by  the  cur- 
rent in  such  winding  after  the  normal    voltage    has  been 
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reached.  Obviously  a  constant  voltage  cannot  be  obtained, 
Init  what  is  aimed  at  is  to  keep  the  voltage  variation  within 
practical  limits  over  a  given  range  of  speed  variation.  A 
machine  embodying  this  principle  for  voad  vehicle  lighting  is 
produced  by  Messrs.  Bleriot,  Ltd.,  and  is  illustrated  diagram- 
〗n^iti"ally  in  Fig.  1.  The  arrangeineiit  differs  from  the  more 
familiar  devices  of  this  type  in  that  the  shunt  winding  〃  is 
connected  across  the  external  circuit,  and  the  current  leaving 
the  armature  passes  through  the  series  winding  h  before  reach- 
ing the  shunt  winding.  A  centrifugal  switch  at  r  closes  the 
external  circuit  when  a  certain  speed  is  attained.  Usually  the 
arraugeinent  is  identical  with  tliat  of  an  ordinary  compound- 
wound  dynamo,  excepting  that  the  series  winding  acts  in 
opposition  to  the  shunt  winding.  By  the  Bleriot  metliod  a 
much  larger  voltage  variation  can  be  produced  at  the  brushes 
tban  is  experienced  in  the  external  circuit,  and  the  current 
through  the  sliimt  winding  is  subject  to  smaller  fluctuations 
than  it  would  he  if  connected  across  the  brushes.  Consequently 
a  greater  compensating  effect  can  be  obtained  from  the  series 
winding  than  would  otherwise  be  possible.  A  representative 
result,  selected  from  a  large  number  of  tests  made  upon  a 
Bleriot  machine,  is  shown  in  Fig.  2.  The  machine  was 
intended  to  supply  lamps  consuniing  about  12  amperes  at  12 
volts,  but  was  designed  to  give  out  as  much  as  25  amperes.  In 
the  experiments  the  battery  used  was  a  set  of  six  Fors  cells  of 
50  ampere-hours  capacity ― a  size  coninionly  used  in  motor- 
car practice.  The  range  of  speed  variation  over  which  the 
machine  appeared  to  be  useful  was  not  as  large  as  might  be 
desired.  It  will  be  observed  that  between  the  speeds  of  ]  ,600 
to  4,000  revs,  per  minute  the  voltage  rose  from  10.5  to  13*75 
and  the  current  increased  from  6  to  18.    Over  the  same  range 


of  speed  variation  tlie  voltage  at  tlie  I)ruslies  rose  from  1 1  "5 
l  >  16*75.  The  increasing  (liir(，nm(,e  between  tlie  two  voltage 
curves  illustrates  clearly  the  asefulness  of  ilic  arran(^eine?it 
of  the  windings  in  tlie  BltM*iot  ！! lacliine  for  re<^ul;it ion  pur- 
poses. If  the  slnint  winding  had  been  connected  across  the 
i)rushes  the  two  curves  would  probably  have  been  nearly 
parallel ,  n n d  a  larger  variation  of  voltage  would  have  been 
experienced  in  tlie  external  circuit . 

As  a  result  of  t he  test  it  may  he  iir^ed  that  tlie  perfor- 
)iian(*e  of  the  Bleriot  inarliine  was  not  satisfactory.  But  it  is 
possible  that  witli  a  larger  battery  or  a  iiiachiiio  designed  to 
give  ii  smaller  output  at  the  same  voltage  better  regulation 


Fig.  3. 

would  have  been  obtained.  When  cleierniining  the  output  of 
machines  of  this  type,  makers  generally  appear  to  he  faced  hy 
the  difficulty  that  if  the  size  of  the  machine  is  reduced  there 
is  a  danger  of  excessive  heating,  whilst  if  liberal  proportions 
are  adopted  the  regulation  is  impaired. 

A  further  result  of  the  test  was  a  demonstration  of  tlie  fact 
that  the  regulation  of  the  machine  is  dependent  on  the  con- 
dition of  the  battery.  At  the  higher  s]>eeds  the  current  given 
out  is  much  larger  than  that  consumed  by  the  lamps,  and  in 
c-onsequeiice  a  heavy  surplus  is  directed  into  the  battery.  With 
the  battery  run  down  superior  regulation  to  that  shown  in  the 
diagram  was  experienced,  but  when  the  battery  approached 
the  fully-charged  condition  the  voltage  in  the  external  circuit 
increased  without  increase  of  speed.  Tlius，  in  one  experiment 
the  voltage  in  the  external  circuit  increased  from  15  to  20 
without  any  alteration  of  speed,  this  being  due  apparently  to 
change  in  the  condition  of  the  battery.  Obviously,  to  get  the 
best  results  the  current  given  out  should  approximate  more 
closely  to  that  required  by  the  lamps,  and  this  observation 
applies  generally  to  all  types  of  iiiacliiues.  It  is  sometimes 
urged  as  an  advantage  that  certain  machines  are  capable  of 
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giving  current  largely  in  excess  of  requirements.  Apparently 
this  is  fallacious  ；  it  is  a  disadvantage  rather  than  an  advan- 
tage. The  best  results  as  regards  steadiness  of  voltage  are 
obtained  when  the  maximum  output  does  not  exceed  the  con- 
sumption by  more  than  about  2  or  3  amperes.  With  some 
batteries  this  figure  】iiay  be  increased,  but  in  all  rases  a  heavy 
charging  current  should  be  avoided. 

From  the  foregoing  account  of  the  Bleriot  machine  it  might 
be  inferred  that  superior  regulation  could  be  obtained  by 
separately  exciting  the  field  windings  from  a  battery  or  other 
source  of  constant  potential,  or  by  using  permanent  magnets. 
The  author  believes  that  macliiiies  constructed  with  perma- 
nent magnets  and  a  regulating  series  winding  have  been  placed 
on  the  iiiarket  for  】notor-('ar  lighting,  but  lie  has  not  been 
able  to  obtain  one.  It  would  be  rather  surprising  to  find  that 
they  were  serviceable,  for  the  winding  imist  exercise  a  demag- 
netising effect  and  in  time  render  the  magnets  useless. 
Regarding  the  use  of  a  separate  exciting  battery,  this  would 
obviously  be  objectionable  on  account  of  the  extra  battery 
required,  and  the  additional  attention  uecessarv  for  keeping 
the  battery  in  proper  condition. 
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All  exceedingly  good  and  interesting  machine  of  the  inter- 
brush  type  is  that  of  Messrs.  Trier  &  Martin,  which  is  illus- 
trated diagrammatically  in  Fig.  3.  The  machine  is  of  2-pole 
shunt-wound  construction,  and  is  provided  with  a  pair  of 
intermediate  brushes  a  a,  placed  midway  between  the  ordinary 
main  brushes  h  h' .  The  main  and  inter-brushes  are  connected 
togetlier  through  resistances  c.  It  will  be  observed  that  the 
arrangement  differs  from  the  more  familiar  Leitner  arrange- 
ment in  that  the  inter-bruslies  are  connected  to  the  main 
brushes  instead  of  to  the  field  windings.  The  makers  describe 
u  the  action  of  the  machine  in  their 

patent  specification  as  follows  : 
"As  b  is  the  negative  and  ¥  the 
positive  brush,  the  current  in  the  re- 
sistance connecting  the  main  brush 
b、  with  the  auxiliary  brush  will, 
when  the  machine  is  running  on 
open  circuit,  flow  from  to 
and,  in  the  resistance  connecting 
the  other  pair  of  brushes,  will  flow 
from  a  to  b.  The  affect  of  these 
currents,  which,  of  course,  also 
flow  in  the  armature  coils  between 
1 ―)〜 and  a\  and  a  and  h，  is  to  streng- 
then the  main  field.  As  the  load 
increases  an  armature  reaction  is 
set  up  which  displaces  the  axis  of 
the  field  forward,  and  by  so  doing 
reduces  the  current  in  the  resist- 
ances c,  and  consequently  the  mag- 
netic iield  is  also  reduced. 
When  the  axis  of  the  magnetic 
field  is  displaced  by  45'"',  there 
will  be  no  current  at  all 
between  tlie  】nain  and  auxiliary  brushes,  as  they  will  then 
be  at  equal  potentials.  A  further  displacement  of  the  mag- 
netic field  clue  to  increasing  load  and  speed  will  cause  a 
current  to  flow  again  between  the  main  and  auxiliary  brushes, 
but  such  current  will  now  be  in  the  reverse  direction,  and  it's 
effect  will  be  to  weaken  the, main  field  instead  of  to  strengthen 
it.    Thus  the  output  of  the  dynamo  becomes  self-regulating." 

Regarding  the  performance  of  the  machine,  this  is  illus- 
trate'cl  in  Fig.  4.  In  the  tests  an  8-volt  battery  was  used.  The 
output  rapidly  rises  until  a  speed  of  about  1,600  revs,  per 
minute  is  reached.  Above  this  speed  the  output  rises  very 
slowly  and  keeps  within  a  practical  limit.  As  with  other  self- 
regulating  machines,  a  battery  is  essential,  and  the  】naximum 
voltage  and  current  obtained  depends  to  some  extent  on  the 
condition  of  the  battery.  The  variations  with  changes  in 
lamp  load  are  insignificant.  In  the  experiment  recorded,  cut- 
ting out  all  the  lamps  caused  an  increase  of  the  maximum 
voltage  of  \  volt  and  a  diminution  of  current  of  less  than 
i  ampere.  With  lamps  consuming  Al  amperes  the  】naxim，iin 
current  given  by  the  machine  was  8  amperes. 

Another  interesting  machine  is  the  Midgley-Vandervell ,  or 
C.A.V.  machine.  This  is  of  the  type  with  which  electrical 
engineers  have  been  familiarised  by  the  Rosenburg  luachiiie, 
depending  for  its  self-regiilating  property  upon  the  short- 
circuiting  of  certain  armature  windings.  The  principle  of  the 
C.A.V.  machine  is  illustrated  in  Fig.  5，  where  the  upper  view 
shows  the  connections  and  the  lower  one  the  iiia*^netic  system 
alone.  Two  opposite  pairs  of  polos  a  and  h  are  united  by  the 
body  c.  The  poles  a  are  provided  with  shunt  windings,  whilst 
the  poles  h  are  left  unwound.  Current  is  supplied  to  the 
external  circuit  by  the  armature  windings  under  I  lie  poles  /> 
through  brushes 《1  、  ami  I  he  armature  is  wound  in  sucli  a 
manner  tliat  tlie  bruslies  also  sliort -circuil.  armature  coils 
lying  in  the  iieighl)ourhood  of  tlie  leaving  edges  of  llio  ])oles  a. 
The  initial  path  of  the  magnetic  flux  is  indicated  diagranuiia- 
tically  by  the  thin  dotted  linos  in  the  lower  figure.  When 
the  current  iu  the  shorl-circ uit^d  coils  reaches  a  certain  value, 
the  magnetism  associated  with  tliein  appears  to  break  down 
the  principal  flux  at  the  parts  adjacent  to  those  coils,  and 
causes  the  flux  to  swing  into  opposite  quadrants  as  indicate;! 
by  the  thick  dotted  lines  iu  the  figure.  At  this  sta^e  the 
machine  becomes  self-regulating,  as  the  ci'oss-iiiagnctisatioii 
due  to  the  armature  coils  under  the  poles  h  counteracts  the 


principal  flux,  and  so  progressively  weakens  the  field  as  the 
speed  increases.  This  action  proceeds  to  a  limit  beyond  which 
under  a  given  load  the  voltage  and  current  are  constant  at 
all  speeds. 

The  above  explanation  is  based  upon  information  contained 
iu  the  inventors'  patent  specification,  but  whilst  apparently 
satisfactory  as  a  general  guide  to  the  action  of  the  】iiacl】iiie， 
it  does  not  appear  to  be  complete,  for  】ong  before  a  marked 
cliajige  occurs  in  the  disposition  of  the  flux,  (.-urreiit  is  sup- 
plied to  the  external  circuit,  which  suggests  that  the  two 
dispositions  of  flux  shown  in  the  figure  exist  coiiru rrontly  at 
all  speeds. 

The  behaviour  of  a  machine  in  practice  is  shown  by  the 
diagram  in  Fig.  6，  which  is  rejjresentative  of  a  large  number 
of  tests  with  the  machine  coupled  to  a  battery  and  lamps  as  in 
service  conditions.  It  will  be  observed  that  when  the  maxi- 
mum voltage  is  reached  it  remains  remarkably  steady.  A 
drop  is  shown  in  current  at  the  higher  speeds.  This  is  pro- 
bably clue  to  defective  brush  contacts.  It  will  be  observed 
that  the  maximum  current  directed  into  the  battery  was  1*2 
amperes.  With  such  a  small  charging  current  a  practically 
uniform  condition  is  maintained  iu  the  battery,  and  tlie  latter 
is  therefore  not  so  likely  to  interfere  with  the  regulation 
of  the  machine  as  when  a  machine  is  used  the  output  of  which 
is  largely  in  excess  of  the  demand.  The  lamps  used  in  the  test 
were  two  12-volt  headlights  in  parallel  and  three  4 -volt  side 
and  tail  lights  in  series.  Using  the  headlights  only  the  】i】axi- 
muni  volts  increased  from  13  to  13'5,  and  using  the  side  and 
tail  lights  only,  the  maximum  volts  rose  to  14. 

When  a  battery  is  used  such  an  increase  of  voltage  is 
attended  by  a  proportionately  larger  increase  of  current  pass- 
ing through  and  from  the  】nac'liiiie，  and  in  coiisequem'e  self- 
regulation  can  be  obtained.  This  fact  is  of  great  importance, 
iiiasnuK'li  as  it  makes  the  battery  an  indispensable  part  of  the 
equipment. 

Another  interesting  self-regulating  system  is  that  of  Grob, 
shown  in  Fig.  7.  The  inacliine  a  is  separatf^ly  excited  by  a 
battery 厶， and  the  field  windings  c  are  connected  between  the 
positive  poles  of  the  battery  and  machine  respectively.  With 
increase  of  voltage  across  the  brushes  the  difference  of  poten- 
tial at  the  ends  of  the  windings  diiiiinislies,  and  in  consequence 
the  strength  of  the  field  diminishes.  This  action  rapidly  pro- 
ceeds to  a  limit  above  which  tlie  voltage  and  output  of  the 
machine  under  a  given  load  remains  fairly  constant  at  all 
speeds.  The  system  appears  to  be  capable  of  giving  good 
results,  but  it  possesses  the  serious  disadvantage  that  a  battery 
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of  t wice  the  normal  size  must  be  carried  in  order  that  one- 
lialf  may  be  charged  whilst  tlie  other  half  is  iu  service. 
Further,  the  permanent  or  residual  magnet isin  of  the  niacliiiie 
sornis  to  prevent  a  porfectly  steady  voltage  from  being 
obtained. 

Mechanically  Regulated  Dynamos. —— Mechauirally  reuulated 
(iynaiiu)s  cle|)eiid  tor  I  heir  art  ion  upon  some  moving  part.  A 
imniber  of  different  methods  of  mechanical  regulation  are 
known.  Whilst  onlv  one  or  two  are  of  any  practical  value 
for  road  vehicle  service,  a  few  of  the  more  familiar  methods 
are  here  mentioned  as  objects  of  interest.  In  one  machine 
the  armature  is  moved  axially  by  a  governor,  so  that  the 
iiuiiiber  of  lines  cut  out  by  the  armature  winding  varies  prao- 
ti<'ally  inversely  as  the  speed .     Tn  another  machine  the  air 
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gap  is  widened  or  contracted,  either  by  tlie  use  of  govenior- 
coiit rolled  hinged  pole  pieces,  or  by  a  conically-shaped  arma- 
ture which  moves  axially  under  the  action  of  a  governor 
between  conically-shaped  pole  pieces.  Sliding  masses  of  iron 
for  varying  the  flux  through  the  pole  pieces  have  also  been 
proposed.  The  idea  of  shifting  the  brushes  automatically 
seems  to  have  been  popular  with  inventors,  and  a  machine 
embodying  the  equivalent  idea  of  swinging  the  machine  rela- 
tively to  fixed  brushes  lias  been  notified  in  the  Press,  if  not 
actually  put  on  the  market.  A  very  coiiiinoii  method  of  regu- 
lation consists  in  the  use  of  a  field  regulator  actuated  by  a 
governor.  This  is  undoubtedly  a  simple  and  practical  pro- 
cedure, having  one  or  two  possible  advantages  in  its  favour, 


Fig.  7.  ' 

but  tlie  difficulty  appears  to  reside  in  the  production  of  a  suffi- 
ciently simple  regulator  capable  of  withstanding  the  conditions 
experienced  on  the  roads.  Inventors  working  in  this  direc- 
tion usually  favour  a  combination  of  a  governor  and  a  switch 
arm,  but  obviously  this  is  too  complicated  and  not  so  good  as 
other  devices  in  which  a  governor  is  used  for  performing  a 
different  function.  For  example,  the  combination  of  a 
governor  and  a  slipping  clutch  gives  excellent  results  and  is 
very  simple.  If  a  field  regulator  is  to  be  successful ,  it  must 
show  advantages  over  the  slipping  clutch,  and  in  consequence 
some  means  other  than  a  governor  appears  to  be  required  for 
its  operation.  For  this  purpose  a  fixed  and  moving  coil  system 
might  be  used  in  conjunction  with  an  arrangement  of  windings 
whereby  a  change  of  current  causes  the  switch  arm  to  take 
up  a  new  position.  The  difficulty  lies  in  making  sucli  a  device 
sufficiently  sensitive  without  sacrificing  durability  and  immu- 
nity from  road  shocks  and  vibrations.  The  electrical  condi- 
tion which  a  field  regulator  must  comply  with  is  very  simple 
if  the  dynamo  is  worked  well  in  the  region  of  magnetic 
saturation,  and  is  one  which  can  readily  be  followed  in  an 
automatic  regulator. 

The  most  important  of  mechanical  devices  hitherto  pro- 
duced for  regulation  purposes  are  those  depending  upon  a 
slipping  drive.  These  are  divisible  into  two  classes,  which  are 
characterised  respectively  by  constant  torque  and  constant 
speed.  Engineers  have  long  been  familiar  with  a  notable 
instance  of  constant  torque  in  the  Stone  machines,  which 
employ  a  slipping  belt.  In  view  of  the  extensive  use  and 
excellent  service  of  these  for  railway  train  lighting",  it  is 
natural  to  consider  whether  they  are  equally  applicable  to 
motor-car  lighting.  Apparently  they  are  not.  In  the  first 
place,  it  is  generally  expected  that  as  soon  as  electric  lighting 
oil  motor  vehicles  becomes  extensively  adopted,  provision  will 
be  made  by  builders  for  direct  connection  of  the  dynamo  to 
the  engine,  as  for  the  magneto.  This  would  at  once  make  the 
use  of  a  belt  inconvenient,  if  not  impracticable.  In  the 
second  place,  a  constant  torque  device  is  wrong  in  principle 
for  motor-car  lighting.  No  doubt  tolerably  good  results  could 
be  obtained,  but  development-  could  never  reach  perfection  on 
account  of  tlie  inherent  unsuitability  of  the  device  for  this 
particular  service.  The  problem  before  the  designer  is  to  keep 
the  voltage  at  the  lamps  as  constant  as  possible.  Assuming 
that  a  constant  torque  mechanism  is  adjusted  to  slip  under 
full  load  at  a  given  speed,  then  if  the  load  be  reduced  con- 
siderably the  speed  of  the  dynamo  will  at  once  increase,  and 
this  will  result  in  increase  of  voltage,  which,  although  it 
may  be  prevented  by  a  suitably  proportioned  battery  from 
becoming  excessive,  can  never  be  avoided.  In  motor-car  prac- 
tice it  is  common  to  arrange  the  side  and  tail  lights  in  series 
under  the  control  of  one  switch,  and  the  head  lights 一 if  two 
are  used ― in  narallel  under  the  control  of  anotlier  switch.  To 


cut  out  either  set  of  lamps  causes  a  big  difference  in  the  lamp 
load,  and  is,  in  consequence,  attended  by  an  increase  of  speed 
ill  the  dynamo  and  of  brightness  in  the  remaining  lam ps.  It 
may  be  urged  that  variations  at  the  lamps  can  be  kept  within 
practical  limits,  especially  when  a  battery  is  used,  but  the 
point  wliich  it  is  here  desired  to  ernpliasize  is  that  the  constant 
torque  device  must  always  be  imperfect  for  motor-car  service. 

As  regards  constant  speed  devices,  these  usually  consist  of 
a  governor-controlled  clutch.  An  exceedingly  good  form  is 
one  constructed  by  Messrs.  Joseph  Lucas,  Ltd.  Fig.  8  shows 
a  section  of  the  clutch.  A  driving  pulley  "  is  arranged  to 
run  freely  on  the  armature  shaft  /'，  and  is  sluiped  at  one  end 
to  contain  a  number  of  free  governor  balls  (？.  The  latter  are 
supported  in  slots  in  a  plate  <L  keyed  to  the  armature  shaft, 
and  are  arranged  to  bear  against  the  inner  surface  of  a  clutch 
element  。  wliich,  whilst  secured  to  the  shaft,  can  slide  thereon. 
The  inner  periphery  of  the  pulley  is  shaped  to  correspond  with 
the  outer  coiiecl  periphery  of  tlie  part  r，  and  between  the  two 
surfaces  is  inserted  a  thin  ring  of  vulcanised  fibre.  Springs  / 
serve  to  keep  the  clutch  in  action.  At  and  below  a  certain 
speed  the  mechanism  revolves  as  one  piece,  but  above  that 
speed  the  balls  by  their  centrifugal  action  relieve  tlie  pressure 
due  to  the  springs  between  the  clutch  surfaces  and  enable 
slipping  to  occur.  There  is  no  appreciable  separation  of  the 
clutch  surfaces  when  in  action,  but  simply  a  variation  of  pres- 
sure. It  will  be  observed  that  the  balls  are  founected  to  the 
driven  part  and  not  the  driving  part  of  the  mecbauism. 

As  might  be  expected,  a  jerkiness  of  action  is  a  common 
fault  ill  slipping  clutches  at  the  critical  speed  owing  to  the 
difference  between  static  and  kinetic  friction,  and  a  drop  in 
speed  is  often  experienced  at  the  instant  when  slipping  begins  ； 
or,  in  other  words,  the  clutch  can  continue  to  accelerate  the 
speed  of  the  armature  beyond  the  maxinuini  speed  for  which 
the  clutch  is  adjusted,  but  as  soon  as  slipping  sets  in  the 
speed  drops  and  remains  tolerably  constant  at  all  superior 
speeds  of  the  driving  pulley.  Messrs.  Lucas  lia ve  avoided  this 
defect  by  arranging  for  ample  lubrication  of  the  clutch  sur- 
faces, so  that  they  are  always  separated  by  a  thin  film  of 
oil.  By  this  provision  the  instant  at  which  slipping  occurs 
becomes  practically  imperceptible,  and  an  extremely  smooth 
action  is  obtained.  Fig.  9  illustrates  the  results  of  a  series 
oi  tests  made  on  a  Lucas  dynamo  fitted  with  a  clutch  of  the 
type  above  described.  It  will  be  observed  that  the  niaxinuim 
output  remained  perfectly  steady.  With  variation  of  load  an 
increase  of  the  maximum  dynamo  speed  was  obtained  and  a 
consequent  increase  of  voltage.  When  supplying  current — 
3'8  amperes —— to  two  12-volt  head  lights  and  three  4 -volt  side 
and  tail  lights  the  maximum  voltage  was  13.    On  cutting  out 


Fig.  8. 


the  side  and  tail  lights  tlie  voltage  increased  to  13"6,  whilst  on 
cutting  out  the  head  lights ― leaving  tlie  others  in  service ^ 
the  voltage  rose  to  14.  The  variation  is  not  serious,  but  it 
serves  to  show  that  iu  some  degree  the  governor-controlled 
clutch  possesses  the  same  characteristic  as  the  constant  torque 
clutch.  This  difference  must  be  observed,  however,  viz.,  that 
by  increasing  the  sensitiveness  the  speed  variation  under 
varying  loads  can  be  made  much  smaller  in  the  governor- 
controlled  clutch  than  in  tlie  constant-torque  clutch.  Tt  is 
doubtful,  however,  whether    anything    is    to  be  gained  hv 
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developing  ilie  inechaiiism  beyond  a  certain  point',  .seeing  ， 
even  with  a  perfect  mechanism,  it  is  practically  impossible 
completely  to  avoid  variations  of  voltage  witli  variations  of 
load,  owing  to  conditions  existing  in  t he  dynamo  and  battery. 
Such  results  as  t  hose  obtained  in  the  tests  referred  to  are 
sufficiently  good  for  practical  purposes.  As  with  other 
inarhines,  tlie  Lucas  dynamo  is  arranged  to  work  in  conjunc- 
tion witli  ； I  battery,  supplying  into  the  latter  about  2  amperes 
wlien  tlie  inaximiirn  output  is  reached.  When  the  clutch  is 
adjusted  to  suit  the  particular  lamps  and  battery  wliicli  it  is 
re(jxiired  to  supply,  the  cutting  out  of  the  battery  involves  a 
large— though  restricted — increase  of  voltage  in  the  lamp  cir- 
cuits.   This  is,  however,  not  so  serious  as  in  the  electrical ly- 
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regulated  systems  described,  and  would  not  render  it  impos- 
sible to  use  the  lights  in  the  event  of  a  mishap  to  the 
battery. 

Much  controversy  is  centred  at  present  on  the  relative 
merits  of  the  inecliaiiically  and  the  electrically  regulated 
machines  which  are  capable  of  coinj^lying  with  service  condi- 
tions, and  this  is  likely  to  increase,  not  because  the  iimchines 
of  either  system  are  predominantly  superior  to  those  of  the 
other,  but  because  the  advantages  of  each  are  fairly  evenly 
balanced.  It  is  a  significant  fact,  however,  that  in  spite  of 
the  enormous  amount  of  work  wliich  lias  been  done  in  the 
development  of  electrical  systems  of  regulation  for  train  light- 
ing,  the  iiiecliaiiical  systems  of  regulation  appear  to  be  the 
most  extensively  used. 


CORRESPONDENCE 
The  "Titanic"  Disaster  and  Internal-combustion  Engines. 

To  the  Editor  of  ''  The  Mechanical  Engineer," 

Sir, ― The  recent  appalling  disaster  to  the  ''  Titanic  "  must 
impress  everyone  with  the  great  difficulties  under  which 
those  in  charge  of  a  ship  work  when  passengers  have  to  be 
transferred  to  the  boats,  and  it  is  obvious  that  this  difficulty 
is  enormously  increased  if  this  transfer  has  to  be  made  in 
darkness.  In  the  case  of  the  "Titanic  '，  the  special 
construction  of  the  ship,  with  boilers  in  small  groups  in 
separate  compartments,  appears  to  have  enabled  the  engines 
driving  the  dynamos  to  have  continued  at  work  long  after 
the  collision.  In  most  ships  such  a  collision  would  have 
almost  immediately  allowed  water  to  rush  into  the  boiler- 
rooms  ami  j>iit  out  the  fires,  thus  shutting  down  the  engines 
and  throwing  the  ship  into  darkness,  which,  undoubtedly, 
would  have  increased  the  loss  of  life.  The  White  Star  Com- 
pany evidently  realised  this  possibility  when  designing  the 

Titanic/'  but  a  further  develo]>iiient  by  the  same  (、onip;uiy 
iii  the  same  direction  will  perhaps  interest  your  readers. 
We  refer  to  an  installation  which  a  little  while  ago  we 
installed  on  tlie  new  White  Star  liner  Megantic/'  on  belialf 
of  tlie  White  Star  Company  and  Messrs.  llarland  &  WolfT, 
having  for  its  object  the  continuance  of  the  Marconi 
apparatus,  and  of  a  considerable  portion  of  t he  lights,  even 
after  the  whole  of  tlie  steam  marliinery  below  has  been 
stopped  by  an  accident  such  as  that  mentioned  above.  In 
tins  scheme  a  45  b.h.p.  Mirrlees-Diesel  oil  engine,  made  by 
us  and  directly  connected  to  a  dynamo,  is  installed  on  mi 
upper  deck,  and  from  the  (Ivnaiiio  a  sepa rate  cin  uit  is  i  ； ikon 
roinul  the  ship  and  conuefted  、、- ith  I i 1 1 1  s  lixeil  in  t Uo  main 


passaf^os.  coifijKUiioii  ways,  saloons,  &c.  This  circuit  is  also 
arranged  to  provide  lights  in  the  neiglibourliood  of  the 
boats,  in  addition  to  being  connected  with  the  Marconi 
apparatus.  From  the  above  description  it  will  be  seen  that 
ill  case  of  a  serious  disaster  su'cli  as  that  on  tlie  "Titanic," 
a  supply  of  electricity  would  be  continued  on  board  the  ship 
and  give  light  for  the  free  movement  of  people  about  the 
sliij),  also  for  the  launching  of  the  boats,  as  well  as  giving 
cui  rent  for  the  wireless  tele^n-apliy,  riglit  up  to  tlie  last 
moment  when  the  upper  deck  sinks  below  tlie  sea.  The 
installation  on  t  he  "  Megantic  "  is  set  to  work  daily  as  dark- 
ness approaclies  and  continues  until  daylight,  quite  irrespec- 
tive i){  the  fact  that  tlie  steam-driven  electrical  dynamos 
are  working.  This  is  done  so  as  to  avoid  any  rush  or  hurry 
to  start  up  tlie  plant  in  case  of  anything  happening  in  the 
night.  Of  course,  an  independent  plant  of  this  kind  could 
be  driven  by  otlier  forms  of  entwines  than  the  l)iese】，  hut  with 
steam  or  gas  engines  the  space  occupied  would  be  greater 
and  tlie  handling  of  coal  on  an  upper  deck  would  cause  con- 
siderable nuisance.  Petrol  or  paraffin  engines  mi^ht  be 
suitable  for  the  work,  but  the  oils  they  use  would  be  quite 
unsafe  oil  board  a  large  ship,  and  in  fact  are  prohibited  by 
Board  of  Trade  regulations.  The  oil  used  on  our  engine  is 
cheap  residual  petroleum,  Lf\ ,  tlie  heavy  residue  left  from 
crude  petroleum  after  all  the  liglit  oils  luive  been  distilled  off. 
We  believe  that  the  arrangement  described  is  a  life-saving' 
appliance  of  the  greatest  value,  as  with  ample  light  boats 
can  be  rnucli  more  quickly  and  safelv  launched  than  in  dark- 
ness or  semi-darkness.  Also  tlie  extended  time  during  wluch 
the  wirnless  telegraphy  apparatus  can  be  worked  gives  a 
greater  chance  of  help  being  obtained.  The  fact  that  the 
White  8tar  Line  has  been  the  first  to  try  this  scheme  proves 
their  desire  to  do  everytliintr  possible  to  secure  the  safety 
of  their  passengers. ― Yours  faithfully, 

M nil! LEES,  BrcKEKTON,  k  Day,  Ltd., 

((Mias.  Day,  Managing  Director.) 

April  ？ Gth,  1912. 


INDUSTRIAL  AND  TRADE  NOTES. 

Floating  Workshop  for  the  Admiralty.  ―  Alessrs.  Scott,  Greonook. 
huniclu'd  on  Mojulay  last  tor  X\\v  British  Admiralty  tho  do  pot  ship 
• '  Maidstone,"  the  first  vessel  specially  designed  as  a  floating 
workshop  for  use  witli  tlie  submarine  fWt  in  doop  wator.  The 
vessel  has  appliances  that  will  】ift  snhinariiios  out  o!*  tho  wator. 
and  is  fitted  with  emergency  gear  and  workshop  tools  for  tin* 
speedy  exocution  of  repairs. 

Capital  invested  in  German  Industrial  Enterprises.  ―  According  to 
tlie  '•  h'raitkturter  Zcitimji," '  tlit'  amomit  oi  i resli  capital  iuvt»s"»d 
in  industrial  en terj) rises  in  (itTiiuuiy  during  tlit、  first  quarU'r  of 
U)12  amounted  to  21  \  bullions  sterling,  as  compared  with  nearly 
U)i  millions  in  the  corresponding  period  of  1911,  Tho  approxi- 
mate a  mount  invested  in  cnjiinooriiiji  、vas  £3,200,00(1  ；  electricity 
； m(l  gas  xuidertalvings,  £*2,l7'),')iH)  ：    and  ininin*r.  fonndrios, 

Barrow  Steel  Plate  Mill  Restarted. ―  A t'ter  standing  idio  for  a  iV、v 
yoars,  tho  plate  mill  at  Hai  row  Stocl  Works  was  iv- started  on 
Monday  last.  The  department  lias  ]>oeii  "io(lt、r，，ise(l，  and  will  l)o 
cjipaMo  of  dealinji  with  much  lai'^^er  ship  l"、ilcr  plat<>s  than 
hitherto.  Tho  local  doniaiul  tor  sliiplmilding  matt'iial  、、：》•、  novor 
so  brisk,  ，mt  all  plates  for  some  time  have  l>oeii  obtained  from 
outsido  tho  district ― Scotland,  South  AValos,  Kast  Coast,  ito. 
Thort*  is  <'\ cry  pmsp(H't  ot"  a  l>nsy  time  in  the  iron  :、'"1  st<H»l 
trados. 

Geared  Turbine  Steamer. ― TW  lsK»  of  Man  Steam  l*a('ket  Com 
I) any  ha ve  just  placed  ait  order  witli  Messrs.  C;» inmell.  Laird,  and 
Co.,  liirkoiihead.  for  a  tnrUino  stvanior,  to  1，，、  delivored  ，、>'  M ay 
Isi  oi"  iu»xt  year.  Tho  v^*^sol,  >vlnoli  is  intondtMl  tor  tho  mail  and 
])ass(Mi^(M*  sorviro  hetw  »mmi  tho  lsl，、  oi  Man  and  tl"'  inainlaiul,  is 
to  ho  a i tout  3fM»ft.  in  K*n<itli  Itv  VM\.  in  Ui  tsultli.  w  itli  \\  drau^lit 
of  12tt.  aft  and  1 1 1 1 .  (>iii.  forward.  Hor  <iu;»r:mtiHHl  spood  is  to 
l)o  21  knots.  Tlu»  propi^liiii^  niMclnnory  w  ill  consist  of  p:»»M rod 
Parsons  turhines. 

Clyde  Shipbuilding. ― Tho  Civ  do  shipUnildin^  n»tnrns  for  April 
sliow  that  2S  \、'sM'l-、  ot  .")(). 1 1.)  tons  、、vn'  lauiirluHl.  ； is  romp;i，v(l 
witli  'JO  vossols  of  o2,20o  tons  in  March,  an  incroas<>  of  eijilit 
vossols  and  3,1*10  tons.  For  tho  four  months  of  tho  y oa r  the  nniii 
，H、r  of  vossols  floated  is  S4,  of  lin,l-V>  tons.  Vov  tho  lirst  fonr 
inontlis  ot'  last  vtNir  tiu>  toniiajio  ])ut  iiilo  tlu»  rivor  totalled 
1  ti;l,."> 111.    Thonjih   :i   fair  lunoiint  of  now    work  was  l>ook*Ml  in 
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March,  it  falls  coiisidoralily  sliort  of  the  contracts  reported  in 
some  recent  months.  The  yartls  will  he  l)usy  for  a  long  time 
ahead,  however,  in  fulfilment  of  contracts  on  hand. 

Steelworkers  and  an  Eight  Hours  Day. ― For  some  tin 化 past  an 
agitation  has  been  iti  profj;ross  amongst  the  millnien  at  Cousett 
in  favour  of  ei^ht-lioiir  shifts.  At  a.  mass  meeting  of  the  men 
at  the  Consett  works  recently  held,  a  resolution  was  carried  to  the 
effect  that  the  present  was  an  opportune  time  to  arrange  for  an 
eight-hours  working  day  amongst  the  iron  and  steel  workers  in 
the  North  of  England.  It  is  expected  that  similar  gatherings 
will  take  place  in  other  iiuhistriul  centres  in  support  of  the  move- 
ment. 

Wages  of  Cleveland  Ironstone  Miners. ~ -  A  meeting  of  Cleveland 
ironstone  mineowners  and  the  miners'  representatives  was  held  at 
Micldlesbrou^^h  on  Monday  last,  Sir  Hugh  Bell,  Bart.,  presiding, 
to  consider  the  wages  to  be  paid  for  the  ensuing  three  months. 
The  men's  representatives  asked  that  an  advance  of  1^  per  cent 
to  1)6  conceded.  The  owners  said  they  could  not  entertain  the 
request.  There  Avere  legislative  enactments  shortly  coming  into 
force  which  would  place  additional  heavy  Inirdens  on  the  cost  of 
getting  the  ironstone,  and,  having  regard  to  all  the  circumstances, 
the  mineowners  could  not  offer  a  fraction  more  than  1  per  cent. 
Eventually  it  was  agreed  that  the  advance  should  be  1  per  cent. 

Oil-engined  Coasting  Vessels. ― The  first  vessel  of  the  fleet  of  oil- 
en^iined  coasters  which  are  l)eing  built  for  the  Coasting  Motor 
Shipping  Company,  of  Glasgow,  was  launched  on  the  24th  iilt.  at 
Kirkintilloch  by  Messrs.  Peter  M'Gregor  &  Sons.  The  fleet  of 
boats  when  complete  will  consist  of '  18.  The  vessels,  which  will 
have  oil  engines  of  various  types ,  are  intended  for  the  general 
cargo  trade.  The  vessel  launched  is  G7ft.  in  length,  18ft.  3iii.  in 
】>readth，  and  9ft.  in  depth,  and  has  a.  cargo-carrying  capacity  of 
140  tons.  The  engine  will  be  of  the  Boliiider  type,  and  will  be 
supplied  by  Messrs.  Douglas  Primrose  &  Co"  Glasgow.  The 
engine  is  designed  to  give  a  speed  of  8  knots,  and  Scottish  crude 
oil  will  be  used  as  fuel. 

American  Motor-car  Industry.  ~ -  The  exports  of  motor-cars  from 
the  Uiiitod  States  in  1911  were  valued  at  £4,327,332,  ；: s  against 
£2，8()0，（）（10  ill  1910,  whilst  the  imports  of  these  articles  into  the 
United  S ta tes  show  a  tendency  to  decline,  being  of  a  value  of 
£480,000  in  1911 .  The  cars  in  use,  both  pleasure  cars  and 
motor  wagons,  are  being  more  and  inore  supplied  hy  native  indus- 
try. Imports  from  all  foreign  countries  are  decreasing,  France 
having  sent  £20O，Q00  worth  and  the  United  Kingdom,  Germany 
and  Italy  about  £60,000  each,  in  1911，  as  against  France, 
£600,000,"  Germany,  £75,000,  the  United  Kingdom,  £65，0OU，  and 
Italy,  £.57,U0U,  in  the  fiscal  year  ended  June  30th,  1906.  Most 
of  the  cars  exported  go  to  British  territories,  Canada  last  yea r 
taking  nearly  £1,500,000  worth,  or  one-third  of  the  entire  export. 
The  United  Kingdom  took  £740,000  worth,  and  Australasia 
about  £450,000  worth. 

The  Sending  of  Wireless  Messages  from  Post-offices. ―  An  important 
announcement  was  made  in  the  House  of  Commons  ou  Monday 
last  by  the  Postmaster-General,  in  reply  to  a  question  asking 
whether  the  Post  Office  was  prepared  to  arrange  for  the  public 
vise  of  the  Marconi  wireless  system  between  this  country  and 
America.  Mr.  Samuel  said  ：  "  On  an  application  from  the  Mar- 
coni Compauyj  I  have  made  arrangements  to  accept  from  the 
public  on  and  from  May  1st，  at  all  telegraph  offices  in  the  United 
Kingdom,  telegrams  addressed  to  places  in  Canada  and  the 
United  States  for  transmission  by  the  company's  wireless  Trans- 
atlantic service.  The  company  have  notified  that  the  full  rate 
for  telegrams  sent  by  their  route  to  New  York  or  to  Montreal 
will  be  8(1.  a  word,  the  rate  for  cablegrams  being  Is.  a  worclj  and 
that  there  will  be  a  similar  reduction  in  the  full  rates  for  tele- 
grams for  other  parts  of  America.  For  deferred  telegrams  in 
plain  language  the  rate  to  New  York  、、- ill  he  4cl.  a  word,  the  cable- 
gram rate  being  6(1.，  with  corresponding  reductions  for  other 
places." 

Effect  of  Minimum   Wage  on  the  Iron  and  Steel  Trade. ―  At  the 

an  11  u ill  meeting  of  the  South  Staffordshire  Iron  and  Steel  Insti- 
tute, held  on  vSaturday  】ast  at  Dudley,  Mr.  William  Simons,  of 
the  Sheltoii  Ironworks^  North  Staffordshire,  said  that  in  regard  to 
the  iron  and  steel  trades,  manufacturers  were  in  the  happy  posi- 
tion of  having  plenty  to  do  for  the  next  five  or  six  months  ；  in 
fact,  he  thought  it  was  difficult  to  recall  a  previous  period  in 
recent  years  in  wliieli  the  deniiimls  were  so  large.  But  for  the 
coal  strike  this  year  would  have  been  a  good  one  for  those  engaged 
in  the  iron  and  steel  trades.  The  strike  had  interfered  Avitli 
manufacturers  in  their  efforts  to  meet  the  competition  of  other 
countries,  and  he  thought  a  permanent  loss  had  been  sustained 
by  the  concessions  made  to  the  miners'  leaders.  As  the  result  of 
the  minimum  wage  coal  would  be  permanently  dearer  by  anything 
from  6d.  to  Is.  per  ton.  At  the  modest  figure  of  6d.  this  would 
mean  a  loss  to  the  rolling  mills  of  the  country  of  £150,000  per 


year,  and  tlie  TnsurjUK*(»  Bill  wotild  plaoe  iipoii  man ufacturors  a 
further  burden  of  about  £25,000. 

Large  Stern  Frames  for  the  "  Aquitania." ― The  large  steel  stern 
frarnos  and  rudder  brackets,  which  liuve  hoxrn  cast  at  th D:ir- 
lingtou  Korge  for  tho  new  Ciniardor  "  A(|uitjuiia,"  were  remmrd 
to  Mi(l(】leshrougli  on  tlio  28th  ult.  by  sj)(K-i:il  train,  for  sliipnu'iit 
to  Messrs,  John  Hrown  tSc  Co.'s  shipyard,  Cl,y(】（ 山; ink.  Tlicsc  cast- 
ings are  understood  to  be  the  largest  ever  constructed  in  the 
annals  of  shipbuilding.  The  aggregate  weight  of  tho  rudder, 
stern  frame,  and  brackets  closely  approximate  220  tons.  The 
stern  frame  iincl  rudder  alone  in  coniplotod  oondition  woi^lis  1 3f ) 
tons,  M'liilst  the  main  stoni  post  (which  was  cast  in  on<，  piece) 
weighs  50  tons,  tlie  after  briK-kets  33  tons,  the  forward  l>r;"'k(>ts 
35  tons,  and  tho  rudder  70  tons.  Although  tho  stern  fnune  was 
loaded  upon  a  specially  designed  54-ton  trolley  wagon,  its  dime"- 
sions  wore  of  such  exceptional  size  as  to  largely  exceed  the 
British  railway  loading  gauge,  the  "wing"  of  the  frame  over- 
lapping the  wagon-side  by  10ft.  lOin.,  whilst  tho  ovorliaii^  on 
the  abutment  side  was  5ft.  Gin.,  the  overhang  hoing  balanced  i>y 
heavy  steel  ingots.  The  distance  from  the  rail  level  to  the  top 
of  the  load  was  no  less  than  13ft.  Gin.  It  was  found  quite 
impracticable  to— transport  the  castings  by  railway  from  Darling- 
ton to  Glasgow,  the  only  alternative  being  to  convoy  the  articles 
to  Middlesbrough,  to  be  there  shipped  by  special  steamer  to 
Clydebank. 

British  Railways  in  19II. ― Some  interesting  figures  relating  to  the 
railways  of  the  United  Kingdom  are  given  in  a  Government 
return  just  issued.  According  to  this,  the  total  length  of  line 
open  for  traffic  last  year  was  23,396,  whilst  the  authorised  capital 
of  the  various  companies  reached  a  total  of  £1，401, 18-5， 000，  as 
compared  with  £1 ,399,313,480  in  the  previous  year.  Paid-up 
capital  amounted  to  £1,324,003,000,  as  compared  with 
£1 ,318,515,417.  Exclusive  of  season  ticket-holders,  the  number  of 
passengers  conveyed  in  1911  reached  a  total  of  1,326,246, GOT),  fom- 
pared  with  1,306,728,583  in  the  previous  year.  There  was  a  total 
of  780,000  season  ticket-holders,  the  number  in  1910  lieiiig  7o2,()(j.'3. 
The  various  railways  conveyed  a  total  quantity  of  minerals  and 
general  merchandise  amounting  to  523^556,000  tons,  compared 
with  514,428,806  tons  in  1910  ；  whilst  the  number  of  miles  tra  vollcd 
by  trains  reached  a  total  of  428,581,000,  compared  with  423,22】 , 33^:4 
in  the  previous  year.  The  gross  receipts  from  passenger  traffic 
amounted  to  £53,933,000,  the  corresponding  figures  for  1910  being 
£52,758,489.  There  was  received  from  goods  traffic  £63,273,000, 
compared  with  £01,478,643  in  1910，  whilst  the  receipts  accruing 
from  steam-boats,  canals,  harbours,  docks,  &c.,  reached  a  total  of 
£10,010,000.  The  total  gross  receipts  under  all  heads  amounted 
to  £127/216,000,  as  compared  with  £  123， 92.5, '56'5  in  the  previous 
year.  Working  expenditure  on  all  the  railways  is  given  at 
£78,566,000,  leaving  net  receipts  of  £48，650，000，  the  correspond- 
ing figures  for  1910  being  £76,569,676  and  £47,355,889. 

Mineral  Oil  Industry  of  the  Caucasus. ―  A  report  by  his  Majesty's 
Consul  at  B'atoiim  states  that  the  mineral  oil  industry  still  ranks 
first  in  magnitude  amongst  the  industries  of  the  Caucasus,  and 
although  the  output  of  oil  in  the  Baku  district  is  far  from  show- 
ing signs  of  actual  exhaustion,  the  quantity  of  oil  now  produced 
by  the  wells  of  that  territory  has  much  decreased.  The  deficiency 
in  1911 ,  as  compared  with  the  production  of  1910，  is  estimated  at 
239,400,000  gallons,  a  decrease  of  11  per  cent.  Under  the  effects 
of  the  following  conditions,  viz.，  an  ever-growing  demand  for 
mineral  oil  products  for  home  consumption,  short  production,  and 
the  high  level  of  prices  for  oil  in  Russia,  a  prevailing  low  ten- 
dency in  prices  ahroacl,  a  variety  of  combinations  entered  into 
between  the  leading  petroleum  dealers  of  Europe  and  the  United 
Kingdom,  combined  with  the  operations  of  the  two  or  three  power- 
ful groups  which  control  the  oil  industry  and  trade  of  America 
and  the  Far  and  Near  Easts,  and  the  competition  of  Rouraaiiia, 
the  Russian  oil  trade  in  1911  ceased  to  exercise  the  great  influence 
it  at  one  time  had  ou  the  markets  of  the  world.  Moreover,  the 
State  monopoly  of  transport,  although  the  arrangements  a  re  ot 
the  best,  seriously  handicapped  the  trade  owing  to  the  costliness 
of  the  system.  Consequently  only  a  small  proportion,  viz., 
179,830,559  gallons,  of  the  petroleum  products  manufactured  at 
Baku  found  their  way  to  Baton ni  tor  oversea  trade.  Prices  of 
miiierixl  oil  hi  the  Caucasus  were  well  maintained  throughout  J iH  1 
at  an  average  rate  of  about  (JAd.  per  3011  »s.  In  fact,  prices  (luring: 
the  year  Avere  so  high  that  ia  the  districts  along  the  Volj^a  wliero 
cinide  oil  has  been  for  years  used  for  fuel,  owners  of  factories,  in 
many  cases,  have  reverted  to  coal  for  fuel  purposes.  Despite  the 
improved  situation  as  to  prices,  producers  exhibited  littio  inclina- 
tion to  engage  in  drilling  new  wells.  The  potroleuin  pipe  lino 
between  Baku  a iid  Batoum  m  as  in  use  without  interruption  (hi rin^ 
the  year  ；  but,  owing  to  the  small  quantities  of  keroseue  that  had 
to  be  conveyed  to  Batoum,  was  not  worked  to  its  full  capacity. 
Only  132,750,000  gallons  of  kerosene  were  punipod  through  the 
line  ill  1911. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  puhlishedy  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
" Mechanical  Engineer/^  53,  New  Bailey  Street^  Manchester. 


MECHANICAL.  1911. 


Bm'ktoii  &  Co. 


Bvdtun 


Machines  for  drilling  and  boring  metals. 

and  Jamos.  5422. 
AVhoels  and  axles.    A  damson.  8443. 
Slide  valvo    iiiochanisiii    for    multi-c> liridcr    iiittM  ii; 

ongincs.    】）e  Jon<j;.  8510. 
Miiiiufacture  of  hollow-rolled  metal   rods  ； m(l  h:iv 

8551. 

Steam  generators.    Robinson.  8559. 

Moulclinj^  machines.    Soc.  Non.  des  EtJihlisseiiiojits  Ph.  IJoiivillaiu 

and  E.  Roncoray,  Roiiceray,  &  Bonvillain.  8818. 
Safety  .siisijeiiding  grip  for  mine  cages.    Lon^rid^e.    8883 . 
Carburetters  for  use  with  internal-combustion  engines.  Johnson, 

Glaser,  &  Lloyd.  8926. 
Grinding  machine  witli  automatic  vertical  adjustment  of  the  tal 山'. 

Kiuulig,  8939. 
II pressure  motors.    Oschatz.  9028. 
Two-stroke  cycle  interiial-combustioii  engines.    Sangstcr  tt  Evans. 

9056. 

Internal-combustion  engines.    Barn^tt.  9074. 
Kotary  valves.    Marks.  9106. 

Axle  boxes  for  railway  and  tramway  rolling  stock .  Bicrnacki. 

9140.  ' 
^lounting  of  patterns  for  moulding,    Rix  &  Moore.    986*2 . 
Variable  gearing  for  motor-cars.     Lamplongh  &  Buokingliain. 

10347. 

Fuel  admission  valves  for  internal-coni])Ustion  engines.  Breucr. 
10365. 

Variable - speed  g(，ariiig.    Horstmann.  10384. 

Control  of  elastic  fluid  compressing  plants.    K  iibloi',  AVoullatt .  and 

Fraser,  and  Chalmers,  Ltd.  10940. 
Couplings  for  railway  vehicles.    Thorn.  11130. 
I.ntlies.    Hulse  &  Co:  12137. 

Heating  or  temporature  rej^iilating  systems  lor  buildings.  】"'n- 

liam  &  Sons,  Ltd . ,  and  Allensby.  12778. 
Spanners.   Eggleton .  12825. 

Means  for  removing  dust  in  coal  mines.   Rollin.  12902. 
Machines  for  miHinjj;  surfaces.    Shanks.  13174. 
Automatic  safety  grip  for  pit-cages  and  lifts.    Adams.  13427. 
Kock  drilling  machines.    Ferguson  tfc 】{uk 、-  lf>152. 
Condenser.    Berg  &  Drake.  15428. 

Striking  gear  for  power  transmitting  belts.    15mitall.  1-3 IGO. 
Steam  generators.    George  Fletcher  &  Co.,  and  Rudder.  Io022. 
Propeller.    Habig,    15896.  ， 
Carburetters  as  used  upon  internal- combustion  engines.  Downs. 
15923. 

Blade  with  successive  outlet  surfaces  in  different  planes  for  sci'e 、、- 

fans.    Turlur.  16146. 
Apparatus  for  bending  metal  bars  or  rods.    Anthony.  1G455. 
Pneumatic  percussive  tools.    Pokorny  and  "Wittekind  ■Nlaschinen- 

bail  Akt.- Ges.  16909. 
Fluid-pressure  clutches.    Pauilhac.  18963. 
Furnace  grates.    Joha risen.  19383. 

Production  of  liigh-grade  steel  and  slag  rich  in  solul>le  pli()-、| 山; iU、s. 

DcMitscli    Luxenibiirgische    Borgwcrksund  Huttcn-Akt.-Ges. 

and  Voglor.  10()40. 
Valves  for  steam  on<;iiu's.     Hloxani.  20147. 
Speed-recording  devices.    Schulze.  21428. 

Process   and  apparatus  for    regulating    coiitinucus    air  hraUes. 

Daudy.  21893. 
Valvo  mechanism  for  pneumatic  apparatus.  1 
Steam  supei lu-aters.    Kn-lisli  A:  Mills. 
Epicyclic  toothed  ^vi}  riiij;.    Barker.  24140. 
Hock-drilling  apparatus.    Kubat.  24oo3. 
Ih^^onerative  coke  ovens.    Gohniiuin.  ^iotXiO. 
Ca rhnrottinp:  apparatus.    Srhniidt.  2.")998. 
^\rt;ii  moulds  lor  casting  luotals.    Cotliins.    *i7">  18. 
McMiis  for  ('(nisiimin^  siuoko  in  lmil，、r  furnaces.        山、 ii.    'J' '"3. 
|{(»iary  iutcriial comlmsl ion  (Mi^iiirs.    Ciirrin  A  Stanli<"Iil.  *— 
SniHM'hoators.    Schinidt'schc  Hcissdimpf  (:(、s.  'J8(i07 
Marhinos  for  cutting  metal  by  smootli  discs  idtatinu      lii^li  -、 |'，t<1. 

MtuH  Worko  Akt.-Ges.  i(-  Heynnar.  28072. 

1912. 

Oro  coiK-ontraiors.    Mowim*  、、•  \Villi;niis.    171!，.  _ 
Variable-speod  pulleys.    IL  HourUeau^  and  H.  Dovaux.  '"VV-'O. 
Milling  machines.    Jensen.  6285. 


221)41). 


ELECTRICAL,  1911. 

Thermo-electric  gravity  motors.    Jioiisc.  7380. 
Electrical  time  switches.    Chiger.  8585. 
Brushes  for  dynamos.    Engisch.  8656. 
Electrically-controlled  grab- hoist  gear.    Brull.  8798. 
AVireless  tolegraphy.     Lodge  tV  Robinson.  88UG. 
Electrical 賺 asuriii;^;  instruments.    Lake.  9000. 
Arc  lamps.    Hccht  ct  DowdelL  9072. 

Constant-speed  devices  for  driving  dynamos.    Van  Celst.  11738. 
Soldering  of  electric  conductors.    Egnor.  11841. 
Automatic  regulators  for  dynamos.    Hirst  it  An<z:oI(l.  i:M77. 
Herniation    of    electric;    generators    driven    at  va ry iii;^  speeds. 

British  Thomson-Houston  Company^  and  Yming.  ISdoO, 
Automatic  re<^ulating  niccljanism  applicable  to  electric  generators. 

(iviUet  &  Truchetet.  17419. 
Inductive  wireless  telephone  and  telegraphic  installations.  Vuii 

Iv  ranier.  17634, 
l':l('(,ti-k'  switches.    Crabb,  Perl,  tfc  Hutchinson.  18007. 
Manufactiire  of  electrical  coils.    Lake.    191  If). 
S.vsttMu  of  electric  propulsion  for  vehicles.    Lister.  iU747. 
Automatic  electric  circuit-breakers.    Cuculic.  201G1. 
KIec"ti-()-inagnetic  reoiprooatin^  motors.    Lake.  2180G. 
Klec-trically-Iioated  soldorin;^  irons.    Evershed  S:  Vigimic! 

lOvershecl  &  Clark.  24933. 
Eloctric-i^^nition  apparatus  for  internal-coiiiluist ion 

toring.  28539. 

I9I2. 

liUcrconininnicatioii  t(、l(>plmm'  systems.    ('<>r、viii.    ； J()*)8. 


Ltd. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  30th. 

Aluminium  ingot   07 /-  per  c、、t, 

"         w  ire,  according  to  sizes,  &c  from  102/-  " 

"         sheets        "  ，，   "  】20/-  " 

Antiiiioiiy   £27/-/-  to  £28/-/-  per  ton 

Brass,  rollcti    Sid.  per  ik 

，，     tubes  (brazed)   、   lO^d. ，， 

，，       ，，      (.solid  dra \vn)   !)d.  " 

，，       ，，      wire   8jjd.  " 

Copper,  Standard   £70/7/0  per  ton. 

Iron,  Cleveland   r>3/10.\  " 

，， Scotch    :iS)/\\)\  ，， 

Lead,  English    Clfi/IT/G  ，， 

，， Foreign  (soft)    £10/11/3  ，， 

Mica  (in  original  cases),  small   6d.  to  2/ -  per  lb. 

，，  ，，  "       medium   2/6  to  4/-  " 

，，  ，，  ，，       large    4/(>  to  8/G  •， 

Quicksilver   £8/5/-  per  bottle. 

Silver   28 ^d.  per  oz. 

Spelter    £25/17/0  per  ton. 

Tin,  block   £211/-/-  ，， 

Tin  plates    14/(>  ，， 

Zinc  sheets  (Silesian)   £29/-/-  ,， 

，，  (Stettin  ；  Vieille  Montagne)   £29/7/0  ,, 


The  Institute  of  Metals. ―  The  third  May  lecture  of  the  Insti- 
tute of  Metals  will  be  delivered  at  the  Institution  of 
Mechanical  Engineers,  on  》Iav  10th,  bv  Sir  J.  Alfred  Ewing, 
K.C.B.,  F.H.S.,  the  subject  being  -  The  Inner  Structure  of 
Simple  Metals."  The  chair  will  be  taken  by  Prof.  W.  Gow- 
land,  F.R.S.  Those  desirous  of  being  present  should  apply 
for  tickets  to  Mr.  G.  Shaw  Scott,  M.St'.,  Secretary,  Institute 
of  Metals,  Caxton  House,  Westminster,  S.W. 

Mine  Shaft  Signalling. ― Considerable  attention  is  now  being 
paid  to  the  question  of  shaft  signalling,  and  improved 
methods  are  being  introduced  with  a  view  to  avoiding  acci- 
dents. The  subject  came  up  for  consideration  at  the  meeting 
of  tlic  Notts  and  Derbvsliire  brancli  of  t he  Associat ion  of 
Milling'  Electrical  KiiL^inetM's,  liold  at  Xott in<:liain  on  Satur- 
day last,  when  、ir.  1'，.  Turner  gjave  a  demonstration  of  a 
luiniiious  nune  shaft  sit^iialliiii:  apparatus,  which  lias  been 
designed  to  provide  a  safe  and  ready  means  of  comnumication 
of  orders  from  tlio  different  levels  of  the  mine  to  tlie  engine- 
house  by  the  addition  of  visual  indications  of  the  orders  to 
the  bell  signals  usually  employed.  It  is  claimed  that  this 
apparatus  provides  the  only  elect riral  system  which  gives 
roiifinnatorv  visual  signals  and  at  the  same  time  complies 
fully  with  the  Home  Office  regulations. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 
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Alloys  Research. 

Pressure  on  our  space  has  prevented  us  till  now  from  expres- 
sing to  the  Institution  of  Mechanical  Engineers  the  apprecia- 
tion which  we  think  will  be  felt  by  all  thoughtful  members  of 
tlie  profession  of  the  teiitli  report  to  the  Alloys  Research 
Committee  prepared  by  Messrs.  Rosenham  and  Archbutt  on 
the  alloys  of  aluminium  and  zinc,  which  was  recently  presented 
and  a  summary  of  which  lias  already  appeared  in  our  colunms. 
Complaints,  are  heard  from  time  to  time  that  investigations 
undertaken  by  the  institution  are  characterised  by  unreason- 
able slowness,  but  we  fear  that  many  of  those  who  utter  these 
have  a  very  imperfect  conception  of  the  amount  of  labmir 
involved  in  research  work  when  results  have  to  be  put  forward 
authoritatively  and  with  a  due  sense  of  responsibility.  Some 
idea  of  what  it  means  is  afforded  by  the  report  just 
issued.  The  properties  of  no  alloy  can  be  deduced  from  a 
simple  knowledge  of  the  physical  characteristics  of  its  ingre- 
dients, and  the  variations  in  proportions  even  of  i\  si  in  pig 
binary  alloy  necessary  for  thorough  research  furnish  at  the 
outset  innumerable  samples  for  investigation ,  aiwl  wlien 
it  is  considered  that  eacli  of  these  must  be  submitted 
to  a  wide  variety  of  tests  to  determine  its  physical  properties, 
such  as  tensile  strength,  compressive  strength,  its  ability  to 
resist  torsion,  alternate  stress,  or  impact,  the  extent  to  wliicli 
material  may  be  hot  worked,  or  cold  worked,  and  the  effect  of 
such  treatment,  the  resistance  of  the  alloy  to  corrosion,  its 
liability  to  "  ageing,"  & c.,  it  is  evident  that  enormous  labour 
and  considerable  time  is  needed  to  arrive  at  reliable  results, 
which  after  tin's  must  ])e  passed  under  careful  review 
before  those  of  practical  value  can  be  gleaned.  The 
outstanding  feature  of  t  he  present  investigation,  viz., 
\  lie  important  effect  produced  upon  alinniniiun-zinc  alloys 
by  hot  work,  is  not  one  that  foiild  have  been  foreseen  or 
anticipated.  The  same  may  also  be  said  of  another  fact 
brought  to  light,  viz.,  that  two  atoms  of  aliuniiiiain  and 
three  of  zinc  (AU  Zn^)  form  a  definite  compound  whose  exist- 
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ence  lunl  not  previously  b&en  established.  The  influence  of  hot 
treatment  and  temperature  generally  on  tlie  physical  proper- 
ties of  these  alloys  is  probably  the  feature  of  greatest  interest 
to  engineers.  For  instance,  the  alloy  containing  25  per  cent, 
of  zinc  (20  per  cent,  is  given  as  the  proportion  most  generally 
useful),  which  gave  a  tensile  strength  at  ordinary  temperature 
of  27'5  tons  per  square  inch,  falls  off  to  18  5  tons  at  the  tempe- 
rature of  boiling  water.  Another  curious  feature  is  that  while 
exceedingly  brittle  to  shock  and  incapable  of  being  forged 
much  above  400°  C.  (752°  Fall.),  the  alloy  nevertheless  exhibits 
an  exceptional  amount  of  ductility  in  the  testing  niacin ne  and 
makes  it  possible  to  roll  into  bars  alloys  which  are  brittle  in 
the  cast  state,  though  accurate  control  of  the  rolling  tempe- 
rature is  essential.  The  highest  ultimate  tenacity  was  found 
with  this  alloy,  and  oddly,  with  bars  of  one  diameter,  viz" 
] jin.  Alloys  richer  in  zinc  present  tlie  unusual  property 
that  cold  drawing  from  to  -揚 in.  raises  both  yield  point 

and  elastic  limit,  wliile  at  the  same  time  lowering  elongation 
and  actually  reducing  ultimate  stress.    We  mention  these  as 
showing  the  unexpected  facts  brought  to  light  in  the  course  of 
the  research  and  which  nothing  hut  painstaking  examination 
of  wide  ranges  of  tests  could  possibly  reveal.      Torsion  tests 
also  displayed  results  somewhat  at  variance  with  those  with 
which  the  engineer  is  familiar  in  the  simple  metals.  The 
strength,  for  example,  while  it  increased  considerably  witli 
the  increase  of  the  zinc  content,  yet  did  not  increase  as  rapidly 
as  the  tensile  strength.      Another  interesting  behaviour  of 
these  alloys  wortli  noting,  from  a  structural  point  of  view,  is， 
after  15  per  cent,  of  zinc  tiie  resistance  to  alternate  bending 
impact  tests  is  strictly  proportional  to  the  zinc  content,  a 
result  somewhat  at  variance  with  the  cominonly-accepted 
belief  that  these  alloys  are  weak  under  shock.    Not  the  least 
important  of  their  properties  is  the  facility  with  which  all 
containing  from  10  per  cent,  to  30  per  cent,  of  zinc  can  be 
worked  by  machine  tools,  a  contrast  in  this  respect  to  pure 
aluminium,  which  is  often  very  troublesome,  while  the  alloys 
named  possess  the  further  quality  that  machined  surfaces 
retain  their  brightness  for  months  without  prot-ectioii  of  any 
kind.    The  report  just  given  is  but  a  preliminary  to  a  further 
investigation  which  is  being  undertaken  by  the  same  authors 
into  the  ternary  alloys  of  copper,  aluminium,  and  zinc.  This 
introduction  of  another  element  makes,  of  course,  the  field  of 
investigation  wider  still,  and  before  the  results  of  this  enquiry 
can  be  revealed  a  considerable  interval,  it  will  be  evident  to  all 
who  realise  its  nature,  must  elapse.    Attention,  however,  is 
drawn  in  this  report  to  one  particular  specimen  of  ternary 
alloy,  consisting  of  72  per  cent,  of  aluminium,  25  per  cent,  of 
zinc,  and  3  per  cent,  of  copper,  which  may  be  useful  in  many 
directions  ou  account  of  its  lightness  and  tenacity.      It  is 
stated  that  this  alloy  gives  an  ultimate  stress  of  no  less  than 
34  tons  per  square  inch,  while  its  resistance  to  repeated  bend- 
ing impact  is  over  4,r)00  blows,  as  compared  with  3,400  with 
the  best  of  the  binary  alloys.    The  strength  of  this  new  alloy, 
it  will  be  seen,  compares  with  the  best  steel,  and  its  discovery 
serves  also  as  an  indication  of  the  unexpected  possibilities 
which  such  researches  may  reveal.    They  are  of  a  kind  which 
no  single  individual  could  possibly  undertake  and  for  、、'hidi 
every  engineer  must  feel  grateful. 


Elasticity  in  Boiler  Connections. 
While  the  importance  of  providing  some  degree  of  elasticity 
in  boiler  steam  pipe  connections  to  allow  tor  tlie  inevitable 
expansions  and  contractions  arising  from  variations  in  tein- 
peiaturo  is  generally  recognised,  lailures  from  iiiadequalc 
provision  are  not  infrequent,  and  even  when  actual  failures 
do  not  occur  a  good  deal  of  uimecessary  trouble  is  often 


incurred  at  the  various  joints  from  inadequate  allowance  on 
this  score,  and  is  the  less  excusable,  as  it  could  so  easily  be 
avoided.  It  is  not  in  steam  pipes  alone,  however,  that  the 
importance  of  elasticity  and  freedom  to  move,  either  on 
account  of  alterations  in  temperature  or  settlement  in  founda- 
tions, should  be  recognised.  Feed  pipes  and  blow-out  pipes 
are  just  as  important,  but  as  they  are  out-  of  sight,  they 
often  receive  scant  attention  until  some  scalding  accident  or 
fatality  awakens  in  those  responsible  a  sense  of  their  import- 
ance. We  are  reminded  of  this  by  a  fatality  in  a  recent 
Board  of  Trade  Report,  No.  2,114,  arising  from  tlie  sudden 
fracture  in  the  blow-out  pipe  of  an  economiser,  due  to  the 
stresses  to  wliicli  it  was  exposed  when  the  tap  was  opened,  as 
a  result  of  one  end  of  a 】ong  waste  pipe  being  bound  fast  in 
a  wall  through  which  it  passed  to  the  drain.  This  is  a 
common  defect,  and  lias  been  responsible  for  many  serious 
accideuls,  and  we  call  attention  to  the  present  one  in  the  hope 
it  may  lead  all  boiler  attendants  and  engineers-in-charge  to 
carefully  inspect  such  arraiigeirients.  Tlie  provision  for  expan- 
sion provided  in  the  heart h-pil,  where  there  are  a  group  ot 
boilers,  is  iiot,  always  sufficient.  A  waste  pipe,  although  only 
used  occasionally,  may  easily  become  a  trap  if  it  is  】i()t  free 
to  move  throughout  its  entire  】engtli，  whether  it  be  long  or 
short.  Ill  the  latter  case  it  is  very  common  for  it  to  be  built 
fast  in  a  wall,  and,  although  the  quest 'on  of  expansion  or 
contraction  is  not  tlieii  so  important,  a  slight  】uovemeiit 
ill  the  boiler  foundations  may  easily  raiise  fracture,  and 
iiiaiiy  blow-out  elbow  pipes  have  been  broken  in  this  way. 


Bursting  of  a  Mould. ― Four  luen  were  engaged  in  ladling 
Jiiolteii  metal  in  the  Bessemer  department  of  Messrs.  Samuel 
Fox  &  Co.，  Stocksbridge,  when  the  mould  wliirli  they  were 
filling  burst,  and  tlie  contents  flew  in  all  directions.  Two  of 
the  men  were  severely  burued  about  the  legs,  and  were 
removed  to  the  infirmary.  The  other  two  men,  whose  injuries 
were  not  so  serious,  were  taken  lionio. 

Gasolene-electric  Car  for  the  Canadian  Northern  Railway. 一 The 

Canadian  Noli  hern  Kaihvav  C'oinpaiiv  a  re  experimenting 
with  a  gasolene-electric  car  of  United  States  manufacture, 
.propelled  by  power  generated  by  a  200  h.p.  gas  engine  carried 
above  the  front-  t ruck,  with  a  view  to  the  adoption  of  this 
type  of  car  on  tlieir  local  lines.  The  engine  is  started  by 
compressed  air,  and  drives  a  generator  wliich  provifles  electric 
power  for  two  motors  working  on  the  front  trucks.  The 
gasolene  tanks  have  a  capacity  of 】00  galls.,  which  is  sufficient 
for  a  run  of  about  200  miles.  The  oar  seats  about  75  pas- 
sengers, and  is  equipped  with  electric  light  and  a  plant  for 
compressing  air  for  the  starter  and  brakes  ；  it  is  about  60ft . 
long  and  about  the  same  weight  as  an  ordinary  railway  coach. 

Fatal  Explosion  of  a  Steaming  Vessel  at  a  Paper  Mill. ― We  have  on 

iiiany  occasions  directed  atlent iuii  tu  t \\v  'lisast rous  results 
which  can  attend  the  bursting  of  boiling  or  steaming  vessels 
even  wlien  worked  at  】o、v  j^ressure  and  the  (lesirabilitv  of 
insuring  them,  as  is  the  general  practioe  with  ordinary  st^am 
boilers.  Accounts  are  to  hand  of  another  oxplosioii  from  a 
vessel  of  this  (lescripticm,  which  occurred  at  1  lie  East  Lanca- 
shire Paper  Mill,  Badcliffe.  on  Tuesday.  April  30th,  and 
which  resulted  in  the  death  of  one  man  and  serious  injinv  to 
another,  in  addition  to  extensive  damage  to  property.  In 
this  case  there  were  two  revolving  vessels,  arranged  close 
together  on  trunnions,  each  measuring  9ft.  in  length  by  7ft  .  in 
diameter,  used  for  boiling  and  beating  purpose?  and  furnished 
with  steam  through  liu.  pipes  at  a  pressure  of  25!bs..  supplied 
through  reducing  valves  from  boilers  working  at  1301bs.  on 
tlie  inch.  It  appears  that  ouly  one  of  the  vessels  burst.  Tliis 
was  displaced  ami  the  end  blown  out,  wliioh  then  canio  into 
violent  lonlact  with  tlie  other  vessel,  dislorlging  it  and  forcing 
one  end  of  it.  through  a  wall  into  the  yard.  We  cannot  staf« 
(lefnut^ly  I  he  actual  cause  of  the  explosion,  but  we  understand 
it  was  due  to  overpressure. 
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MARINE  BOILER  FAILURES. 

At  a  recent  meeting  of  the  Liverpool  Engineering  Society  a 
paper,  entitled  "Further  Notes  on  Marine  Boiler  Failures," 
was  read  by  Mr.  J.  Reiiey  Sniitli.  He  said  that  in  a  paper 
read  before  the  society  in  1904  aji  endeavour  was  made  to 
show  that  the  great  source  of  boiler  troubles,  apart  from  the 
failures  due  to  neglect,  was  the  distortion  and  alteration  in 
form  of  the  various  parts  of  the  boiler  caused  by  unequal 
expansion  and  contrartioii.  The  result  of  longitudinal  ex- 
pansion was  that  as  the  front  and  back  plates  prevented  an 
increase  in  the  length,  the  furnace  was  compressed  and  the 
corrugations  were  closed,  the  effect-  being  greater  on  the  upp(、r 
than  on  tlie  lower  part  of  the  tube.  Simultaneously  there 
was  an  increase  in  the  vertical  direction  with  a  combined 
result  that  the  furnace  was  flattened,  the  flattening  being 
greatest  at  the  combustion  chamber  end  where  the  corruga- 
tions were  exposed  to  the  greatest  heat,  and  where,  in  fact, 
the  furnace  usually  failed.  The  effect  was  most  marked  in  a 
double-ended  boiler  with  a  coinhustion  chamber  common  to 
two  furnaces.  Here  the  furnaces  and  chamber  might  be  con- 
sidered as  a  beam  securely  held  at  each  furnace  mouth.  The 
effect  of  expansion  in  this  case  was  distortion  of  the  furnaces, 
together  with  a  sagging  effect  and  consequent  failure  of  the 
back  tube  plates  and  saddle  corners,  due  to  the  comparatively 
weak  forms  of  these  plates  below  the  lower  stay  tubes.  The' 
inevitable  bill  for  repairs  could  be  materially  cheapened  by 
adopting  a  method  of  attachment  for  the  furnace  backs  which 
would  permit  a  renewal  of  a  furnace  at  a  comparatively  low 
cost.  The  back  of  the  furnace  was  contracted  in  area,  the 
corrugation  tapering  off  in  a  bottle-neck  shape  and  being 
flanged  outwards  to  join  the  saddle  piece,  which  was  secured 
to  the  tube  plate  and  coinbustion  chamber. 

Many  serious  troubles  were  due  entirely  to  the  great  dif- 
ferences of  temperature  between  the  lower  third  of  a  boiler 
and  the  upper  two-thirds.  Tu  tlie  investigation  carried  out 
by  Mr.  C.  E.  Stromeyer  it  was  found  that  this  difference 
could  amount  to  as  m ucli  as  270°  Fal].，  which  meant  that  in 
a  double-ended  boiler  18ft.  long  the  variation  in  length 
would  aniount  to  nearly  A  in.  Worked  out  ,  this  gave  an 
equivalent  of  13  tons  per  square  inch  as  an  extra  stress  to 
which  the  lower  third  of  the  boiler  was  subjected.  The  large 
percentage  of  cracked  lower  seams  and  leaky  joints  in  this 
part  of  tlie  boiler  was  undoubtedly  due  to  this  cause,  and 
occurred  more  frequently  in  double-ended  boilers. 

When  cracks  were  discovered  in  a  comparatively  new 
boiler,  cutting  out  and  renewing  seemed  in  most  cases  to  be 
the  only  alteriiaii ve  to  patching,  which  was  a  most  unsatis- 
factory method  of  covering  a  crack,  especially  in  places  where 
uniformity  of  section  was  essential  for  the  proper  transmis- 
sion of  heat.  A  new  system  was  that  of  welding  the  cracks, 
or  rather  filling  the  cracks  with  new  met  al  brought  to  a  weld- 
ing heat'  by  tJie  oxy-hydrogen  or  oxy-Hcetylene  method.  But 
some  difficulties  were  experienced  in  using  this  system,  and 
consequently  electric  arc  welding  had  made  a,  rapid  advance 
ill  favour,  and  was  the  system  now  generally  adopted  for  this 
class  of  repair.  In  tlie  Beniados  system  an  ordinary  electric 
light  carbon  was  connected  to  tlie  positive  main  from  the 
generator,  the  metal  to  be  heated  being  joined  to  the  negative 
main .  In  manipulating  the  tool  the  carbon  was  touched 
against  the  metal  near  the  part  to  be  welded  and  drawn  a 
short  distance  away,  when  the  electric  arc  was  struck  and  the 
metal  quickly  heated.  The  arc  was  about  4in.  to  4^in.  in 
length.  In  about  12  seconds  the  required  temperature  was 
produced,  the  arc  was  removed,  and  the  weld  hammered  iii 
the  ordinary  way-  There  was  an  objection,  however,  to  the 
vise  of  carbon,  as  it  was  found  that  a  certain  proportion  com- 
bined with  the  welding  metal,  the  result  being  that  a  mate- 
rial was  produced  similar  to  cast  iron,  and  therefore  luisuit- 
able  for  boiler  work .  Pommee,  of  Hamburg,  recognising  the 
disadvantages  of  carbon,  experimented  with  the  system  deve- 
loped by  Messrs.  Albrecht  &  Dantz.  The  principal  feature 
ill  this  method  was  that  the  iron  welding  pencil  itself  formed 
one  pole,  whilst  the  part  of  the  boiler  where  the  work  was 
being  done  formed  the  other.  An  advantage  was  the  avoid- 
ance of  great  heat  in  confined  spaces,  as  the  enormous  tem- 
perature of  the  electric  arc  rapidly  brought  the  small  point 


on  the  surface  beiii<^  (leaR  with  to  a  welding  heat,  the  point 
of  the  iron  pencil  simultaneously  rising  to  the  same  tempera- 
ture, when  a  drop  was  deposited  upon  the  work  and  combined 
with  ihe  metal  heated  to  receive  it.  The  drops  followed  one 
another  in  quick  succession  until  the  fracture  was  filled  and 
the  work  completed.  The  objections  to  heating  the  plates  over 
a  large  area  were  thus  avoided,  for  although  the  temperature 
was  high  (about  3,500)  (，.)，  it  was  rapidly  produced  and  the 
work  was  finished  before  the  heat  was  transmitted  to  any 
extent  to  the  surrounding  metal.  The  method  of  dealing 
with  local  wasting  of  the  plates  was  simply  building  up  to 
original  thickness  the  plato  where  wasted.  It  was  necessary 
to  remove  the  oxide  or  dirt  by  first  chipping  to  bare  metal  and 
then  drop  by  drop  to  add  to  the  thickness  until  something 
over  the  original  scantling  was  reached. 


MARITIME  WIRELESS  TELEGRAPHY. 

A  MATTER  of  the  utmost  import aiice  lo  the  shipping  interests 
is  the  transfer  of  the  ship  ami  shore  stations  formerly  owned 
or  worked  by  tlie  United  Wireless  Company  to  Marconi's 
Wireless  Telegraph  Company,  of  America,  in  accordance  with 
the  judgment  of  the  United  States  Court.  It  is  well  within 
the  recollection  of  our  readers  thai  the  Marconi  Company  suc- 
ceeded in  their  action  against  the  United  Wireless  Company 
for  infringement  of  their  American  patent,  corresponding  to 
the  well-known  English  patent  No.  7,777  of  1900,  and  the 
defending  company  not  only  acknowledged  the  validity  and 
scope  of  the  patent  and  admitted  their  infringement,  but 
submitted  to  judgment  and  a  permanent  injunction  in  favour 
of  the  Marconi  Company.  The  result  of  this  is  that  500  ship 
stations  and  about  70  land  stations  which  had  been  erected 
and  worked  by  the  United  Wireless  Company  passed  into 
the  hands  of  the  Marconi  Company.  It  is  not  difficult  to 
conceive  the  great  advantage  of  this  arrangement,  whereby 
the  points  for  intei'-conimunication  between  ship  and  ship 
have  been  so  considerably  increased,  and  many  additional 
land  stations  thrown  open  for  traffic  with  vessels  off  the 
American  coasts.  To  give  anything  like  a  list  of  the  ships 
fitted  with  wireless  、vhi(、h  have  conie  into  the  hands  of  the 
Marconi  Company  would  occupy  too  much  space,  but  some 
indication  of  the  magnitude  and  importance  of  the  arrange- 
ment may  be  gauged  by  the  mere  mention  of  the  important 
lines  affected  by  the  arrangement. 

The  classes  of  vessels  which  are  now  added  to  the  Marconi 
organisation  comprise  passenger,  cargo,  collier,  barges,  and 
other  craft,  and  the  vessels  are  owned  by  such  well-known  and 
important  shipping  companies  as  the  Mallory  Line,  the  Quebec 
Steamship  Company,  tlie  Red  D  Line,  the  New  York  and 
Porto  Rico  Steamship  Company,  the  Savannah  Line,  the 
Panama  Railroad  Company,  the  Old  Dominion  Line,  the 
Standard  Oil  Company,  the  Merchants'  and  Miners"  Trans- 
portation Company,  the  Royal  Mail  Steam  Packet  Company, 
the  United  Fruit  Company,  the  Wilson  Line,  the  Nelson 
Line,  Lamport,  Holt,  &  Co. ,  the  Lloyd-Brazileiro  Steamship 
Company,  the  Clyde  Line,  the  Ward  Line,  the  Bank  Line 
(Messrs.  Andrew  Weir  &  C'o.，  Ltd.),  the  Pacific  Mail  Steam- 
ship Company,  the  Grand  Trunk  Pacific  Coast  Steamship 
Company,  the  Canadian  Pacific  Steamship  Company,  and  tlie 
Pacific  Coast  Steamship  Company.  From  the  names  of  the 
shipping  companies  which  we  have  extracted  from  the  list, 
it.  will  be  seen  that  the  vessels  are  owned  by  most  of  the  leading 
lilies  plying  between  New  York  and  Boston  and  other  ports 
on  the  Atlantic  and  Pacific  coasts  of  America.  A  good  many 
of  the  ships  are  employed  in  tlie  Great  Lake  service. 


The  British  Acetylene  Association. — This  association  have 
arranged  with  the  Northern  Polytechnic,  Holloway,  to  hold 
instruction  classes  in  oxy-acetylene  welding  at  that  institute. 
These  classes  are  intended  for  men  who  propose  taking  up 
oxy-acetylene  welding-  as  a  trade.  The  course  will  extend  over 
a  period  of  one  mouth.  Working  hours,  9  till  5  daily.  Work- 
men desirous  of  joining  these  classes  should  apply  to  Dr.  Clay, 
Northern  Polytechnic,  Holloway  Road,  N.，  or  to  tlie  Secre- 
tary of  tJie  Association,  103,  C'heapside,  E.C.  A  nominal  fee 
of  one  guinea  (£1.  Is.)  is  charged  for  the  month's  course. 
This  fee  is  reduced  to  ten  shillings  and  sixpence  (lOs..  6d.)  if 
the  workman  is  in  the  employ  of  a  member  of  the  association. 
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SOME  ASPECTS  OF  DIESEL  E%INE  DESIGN.* 

hY  D.   M.   hUJ  N  JON. 

{ContinUi  d  frcm  pag  ；  dii.) 

Valvc-gcar  Diagrams. ― The  noise  c.iused  by  some  cam  and 
rr)]ler  gears  is  due  principally  to  two  causes,  the  first  and 
greatest  being  the  speed  witli  which  the  cam  strikes  the 
roller,  and  the  second  the  valve  striking  the  seat.  If  the 
first  can  be  eliminated,  the  second  will  naturally  vanish,  or 
at  least  cause  no  inconvenience,  since  it  occurs  inside  the 


Fig.  13. 


Fig.  U. 
Cam  ani)  Ro  'lkii 


Fig.  15. 


cylinder,  and  is  consequently  of  a  muffled  nature.  For  noise- 
less running  the  flat  part  of  the  cam  profile  should  slide  under 
the  roller  at  a  tangent,  and  should  grip  the  roller  with  no 
velocity.  If  this  is  done  the  valve  can  then  be  pushed  open 
as  rapidly  as  desired.  The  same  remarks  apply  to  the  closing 
of  the  valve. 

The  general  method  of  making  cams  is  to  let  the  flat  part 
of  the  cam  profile  run  tangent  to  the  cam  circle  as  at  (r/), 
Fig.  13.  Owing  to  the  liigh  surface  speed  of  the  cam,  this 
gives  rise  to  a  violent  knock  when  the  flat  face  engages  the 
roller.  To  overcome  this  the  flat  part  of  the  cam  should  run 
tangent  to  the  clearance  circle  (6),  as  shown  by  Fig.  14，  and 
should  then  fillet  into  the  cam.  circle. 

Diagrams  and  actual  measurements  for  the  opening  sides 
of  a  cam  like  Fig.  13  are  shown  on  Fig.  16.  The  abrupt  start 
of  the  speed  and  acceleration  curves  is  very  marked,  and 
forms  a  contrast  ta  the  curves  given  by  Fig.  17，  which  also 
gives  the  curves  for  the  closing  side.  These  curves  are  for  a 
cam  of  a  form  similar  to  Fig.  14.  The  effect  on  the  accelera- 
tion curve  of  putting  a  piece  on  to  the  cam  profile  as  indicated 
by  the  dotted  line  is  shown  on  Fig.  19.  This  concave  curva- 
ture cannot  be  carried  out  on  high-speed  cams  because  the 
acceleration  is  so  great  as  to  practically  amount  to  a  blow. 
Since  force  =  mass  x  acceleration,  it  follows  that  the  accelera- 
tion curve  is  simply  a  force  curve  to  a  suitable  scale.  The 
equivalent  mass  of  the  valve  gear  parts  at  tlie  valve  centre 
must  be  calculated  and  the  curve  calibrated  to  suit.  Fig.  18 
shows  the  acceleration  curve  of  Fig.  19  converted  and  the 
spring-load  curve  plotte<i  above  it.  The  spring-load  curve 
should  always  be  considerably  in  excess  of  the  acceleration 
curve  so  as  to  make  certain  that  the  roller  will  not  fly  off  the 
cam  when  the  valve  is  opening  and  closing.  The  friction  at 
the  lever  pivots  and  valve  stem 
helps  the  spring  on  opening,  but 
retards  ifc  on  closing,  and  has  con- 
sequently to  be  allowed  for.  This 
amount  can  only  be  obtained  from 
practice,  since  it  is  largely  a 
question  of  lubrication  and  work- 
manship. On  examination  of  a 
large  number  of  cases  I  find  that 
the  strength  of  the  spring  should 
be  from  2  to  2*5  times  the  accelera- 
ting force  for  high-speed  engines. 

Similar  curves  may  be  drawn 
for  eccentric  gear  or  a  com- 
bination of  eccentric  and  cam 
gear,   and   an   example   of  this 

latter,  giving  a  variable  opening  to  tlie  valve,  is  shown  in 
Fig.  20.  It  is  not  necessary  to  rlraw  the  complete  acrelera- 
tion  curve,  b?caus?  when  the  speed  curve  has  beon  drawn  it 
will  be  seen  tliat  the  maximum  acceleration  occurs  at  the 
point  where  the  speed  curve  is  steepest,  and  this  ran  readilv 
be  calculated.  The  speed  of  the  valve  at  closure  is  also 
easily  determined  from  the  valve-lift  curve.      These  points 


are  indicated  on  1  ho  curves  wliicli  are  self-explanatory, 
although  tlie'y  are  rather  more  difficult  to  construct  than  those 
for  cam  and  roller  gear. 

Cams  like  Fig.  13  are  nearly  noiseless  in  operation  if  the 
roller  be  held  in  contact  with  the  cam  by  means  of  a  light 
spring  and  not  given  clearance  as  shown.  Unfortunately  the 
roller  is  then  running  under  load  all  tlie  time  and  the  wear 
on  the  pins  is  heavy.  Push  rods  should  be  avoided,  since 
thes3  introduce  more  joints  between  the  cam  and  its  work, 
and  there  is  always  noise  and  vibration  by  the  cam  taking  up 
the  slack  every  time  tlie  valve  is  opened. 

Offsetting  the  roller,  as  in  Fig.  15，  gives  a  slightly  quicker 
opening  of  the  valve,  and  allows  it  to  seat  a  little  quieter,  but 
these  effects  are  small.  This  practice,  however,  should  not  be 
followed  on  account  of  the  lateral  thrust  ami  heavy  weal- 
th rown  on  the  valve  gear.  Reducing  the  size  of  the  roller  in 
proportion  to  the  valve  lift  is  beneficial,  but  this  cannot  be 
carried  far,  as  the  pins  become  too  small.  Increasing  the 
diameter  of  the  cam  in  proportion  to  the  valve  lift  has  iiuu'h 
the  same  effect,  and  for  high-speed  work  the  cam  diameter 
should  be  from  6  to  7  times  the  valve  lift.  For  the  same  class 
of  work  the  diameter  of  the  roller  should  be  at  least  2'5  times 
the  valve  lift. 

As  a  rule  eccentric  gear  with  rolling  links  is  very  】midi 
quieter  in  working  than  cam  gear,  on  accovnit  of  tlie  low- 
speeds  of  the  contact  surfaces.  Although  theoretically  cam 
gear  should  be'  as  noi&eless  as  eccentric  gear  in  practice,  this 
has  not  been  found  to  be  tlie  case  for  reasons  which  are 
principally  constructiona],  and  as  time  goes  on  more  engines 
will  be  fitted  with  eccentric  gear  on  account  of  its  superior 
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running  qualities  and  the  quicker  and  variable  openings  it 
can  give  to  the  valves. 

In  calculating  the  strengths  of  push  rods  and  valve  levers, 
the  loads  are  best  arrived  at  by  graphical  construction. 
Fig.  21  shows  curves  for  an  exliausi  valve,  and  Fig.  22  those 
for  an  induction  valve.  Tn  the  former  tlie  principal  load  is, 
of  course,  that  due  to  the  gas  pressure  on  the  valve  at  the 
point  of  opening  and  this  amounts  to  about  401bs.  per  square 
im'li  of  valve  area.  The  resultant  will  have  to  be  increased 
by  an  amount  already  given  to  allow  for  frictional  resistances, 
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ami  tlio  push  rod  or  lever  designed  to  suit  this  total.  For  the 
induction  valve  tlie  gas  pressures  are  so  low  that  they  have 
been  negleoted  altogether. 

The  effect  of  varying  the  ram  profile  on  the  gas  speeds 
tliroujrh  the  valves  is  very  important,  sinre  this  greatly  affects 
the  ertkiem'v  and  power  of  the  motor.  Tlie  power  depends 
upon  the  volunietrio  efficiency  of  the  working  cylinder,  and 
I  low  best  to  increase  this  ran  be  studied  bv  diagrams  like 
Figs.  123  and  24.    It  is  also  desirable  to  get  rid  of  tlie  exhaust 
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Fig.  18.— Valve  Gear  Curves. 
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This  has  the  advantage  of  bringing  the  gas  speed  down  from 
630  feet  per  second  to  420  feet  per  second.  The  final  effect 
of  this  can  only  be  obtained  by  actual  trial,  but  without 
drawing  snrli  Hiag rains  any  attempts  at  varying  the  shapes 
of  the  cams  must  be  largely  a  matter  of  guesswork. 

Air  Compressors  and  Scavenging  Air. 
General  Formul/e. 

Let    X  =  number  of  stages  in  compressor. 
k  ―  number  of  any  particular  stage. 
Dk  =  diameter  of  cylinder  for  Z'  stage  in  inches. 
Dj  =  diameter  of  1st  stage  cylinder. 
S  =  stroke  of  piston  in  inches. 

P  =  atmospheric  pressure  =  14*71bs.  per  square  inch. 
Pj.  -  -  absolute  pressure  at  end  of  any  stage  k, 
a  ―  ratio  of  compression. 
― final  gauge  pressure  x  14'71bs. 
= '  14'71bs. 
t  =  absolute  temperature  of  air  at   the  beginning  of 
1st  stage  compression. 
= approximately  atmospheric  temperature  +  460^. 
二  absolute  temperature  at  end  of  any  stage. 
Cj  ―  clearance  in  1st  stage  cylinder  expressed  as  a  frac- 
tion of  the  piston  stroke. 
n  =  exponent  to  the  compression  curve  ―  135  for  high- 
speed Diesel  engines. 


Volumetric  efficiency  =  1  -hCj  (1  - ( 广") 
Work  done  per  stroke  of  compressor. 


•962  d;-'sL  、―' ：i    1  ^  r . 

(a)  -  1 卜 I  1  +  cAl  ~<i     I , 


Work  done  per  cubic  foot  uf  free  air  delivered. 
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LIFT  SCALE  INCHES  ― 
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V  =  volume  of  free  air  delivered  per  stroke  in  cubic 
inches. 


Then 


V 


S  I  1  +  Ci  (1  -  a)  ^} 


D.  =  D, 


( 

Assuming  that  the  air  is  always  cooled  back  to  atmospheric 
temperature  after  each  stage. 

These  rules  are  deduced  from  the  fact  that  for  the  most 
economical  compression  the  intermediate  pressures  are  in 
geometrical  progression,  and  in  the  form  given  they  are  suit- 
able for  a  compressor  having  any  number  of  stages.  For 
tandem  compressors  the  equivalent  diameters  must,  of  course, 
be  found,  and  in  all  cases  the  stroke  of  the  pistons  for  tiie 
several  stages  have  been  assumed  to  be  tlie  same.  If  these 
vary  in  any  way  allowance  must  be  made  when  finding  tlie 
various  diameters.  The  value  of  the  exponent  to  the  com- 
pression curve  varies  from  point  to  point  of  the  curve,  on 
account  of  the  variable  rate  of  heat  transmission  to  the  jacket 
water,  and  the  value  given  is  only  an  average  one  calculated 

from  a  number  of  actual  indicator 
cards.  In  order  to  get  rid  of  the 
suction  valves,  the  practice  of  al- 
lowing the  piston  to  overrun  the 
ports  is  sometimes  resox:ted  to.  This 
is  very  often  done  in  the  first  stage 
of  small  compressors,  and  the  in- 
duction pipe  is  tuned  up  to  such  a 
length  that,  when  the  piston  over- 
runs the  ports,  oscillations  are  set 
up,  and  it  has  been  found  possible 
to  start  compressing  with  a  pres- 
sure of  about  191bs.  pel' square  inch 
absolute,  instead  of  at  atmospheric 
pressure.  In  this  way  a  re- 
duction can  be  made  in  the 
cylinder  diameter.  The  effect  is 
the  same  as  if  the  compres- 
sor was  working  in  a  denser 
atmosphere,  and  P  in  the  fonmila  will  have  the  value  of 
147 十 super-pressure.  The  practice  is  not  defended  except 
for  the  express  purpose  of  simplifying  the  compressor  ；  for 
although  much  of  the  energy  lost  during  the  suction  stroke  is 
recovered  in  the  form  of  super-pressure,  a  good  deal  is  lost 
due  to  heating  up  the  air  as  it  rushes  through  the  inlet  ports. 

Table  III.  gives  a  complete  set  of  foniiulse  for  air  com- 
pressor design,  extended  to  include  compression  in  one,  two, 
three,  and  four  stages. 


gases  as  quickly  as  possible  by  providing  free  passages  and 
good  valve  openings.  Considering  the  exhaust  ('謹 shown  on 
Fig.  17,  the  effect-  of  putting  on  the  dotted  piece  isi  indicated 
on  Figs.  23  and  24，  the  former  showing  the  gas  speeds  for 
the  full  line  cam,  and  the  latter  tlios3  for  the  (lotted  line. 
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Table  III. ― Symbols. 

Dj,  D2,  D.J,  D4  —diameter  of  1st,  2iid,  3rd,  and  4th  stage 
cylinders. 

P],  P.,  P3  =  absolute  pressures  at  end  of  1st,  2nd,  and 
3rd  stages. 


Tablk  III. ― Air  Comj^ressor  Formulae 
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inch. 

learances  of  1st,  2n(l，  3r(l，  and  4tli  stage 
tylinders  expressed  as  fractions  of  the 
piston  stroke. 
《k  =  absolute  temperature  at  end  of  any  stage  k. 

t  =  absolute  atmospheric  temperature  =  460*^  + 

60。  =  520。  Fall. 

. .     0  •        f'au  »e  pressure  + 1 4  *71bs 

a  -  ratio  or  compression  ―  ^ -―-  "~ '  

^  14,71bs. 

n  ―  exponent  to  the  coiupressioii  curve. 

= 1*35  for  high-speed  Diesel  engines. 

s  ― stroke  of  compressor  in  inches. 

For  the  scavenging  air  the  compression  line 
is  straight,  because  of  the  low  compression  pres- 
sure required,  and  consequent  small  heat  losses 
to  the  cylinder  walls.  The  calculation  of  the 
power  required  by  scavenging  pumps  is,  there- 
fore, a  simple  matter,  and  requires  no  particular 
formuliv. 

General.  ―  The  following  notes  and  sugges- 
tions on  marine  requirements  may  not  be  without 
interest.  They  refer  principally  to  2-cycle  en- 
gines. The  use  of  the  stepped  piston  engine  is 
not  advisa^e  for  marine  work,  chielly  on  account  of 
the  amount  of  gear  that  has  to  be  dismantled  before  a  piston 
(-'an  be  examined.    In  all  designs  this  means  tlie  removal  of  a 


design  are  tliat  balancing  is  much  easier  and  better,  and  that 
if  the  scavenging  part  for  one  cylinder  breaks  down  it  only 
affects  the  working  of  that  cylinder.  Tlie  latter  reason  is 
quke  sound,  but  with  regard  io  balaiu-iiig,  any  addition  of 
weight  to  the  reciprocating  masses  is  bad,  and  aggravates  any 
unbalanced  forces  and  couples  there  may  be  in  the  engine. 

In  some  engines,  such  as  the  4- 
cylinder  type  with  cranks  at  90°, 
it  is  desirable  to  have  an  addi- 
tional crank,  since  this  can  l)e 
arranged  to  give  a  good  balance 
without  disturbing  tlie  equal  phase 
difference  of  the  working  cranks. 
It  also  makes  a  cheaper 
engine  to  have  a  separate 
scavenging  crank,  although  the 
cylinders  do  not  all  receive  the 
same  measured  quantity  of  air. 

Some  of  the  stepped  piston 
engines  have  only  one  fuel  oil 
pump  for  supplying  all  the  cylin- 
ders, and  if  it  breaks  down  or 
gets  choked  up,  which  is  by  no 
means  uncommon,  the  whole 
engine  stops  working.  The 
better  method  is  to  have  a 
separate  pump  for  each  cylinder, 
so  designed  that  it  can  be 
overhauled  without  stripping  the 
engine.  i  g  h  e  r  powers 

have  been  obtained  from  engines  so  arranged,  because  the 
supply  of  oil  to  tlie  cylinders  is  better  luuler  control.  This 
design  possesses  advantages  from  the  standpoint  of  govern- 
ing which  is  a  most  important  feature  in  marine  engines.  In 
a  6-cylinder  engine  with  one  oil  pump,  one  stroke  of  the 
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cylinder,  and  in  some,  the  cam  sliaft  and  gear  exteiuling  over 
two  cylinders,  in  addition.    The  advantages  olainied  for  the 


Fig.  21.— Loads  on  Valve  Lever  or  Push  Rod. 
•   Exhaust  Valve. 

pump  delivers  six  charges  of  oil.  Now,  supposing  that  the 
governor  was  required  to  act  iiiiinediately  after  tlip  pump  )ia<i 
made  a  delivery,  it  cannot  affect  tlie  six  oliarges 
wliicli  have  gone  beyond  its  control,  and  must 
go  through  the  cylinders,  even  although  the 
propeller  may  be  out  of  the  water.  With 
six  separate  oil  pumps  <leliverin«;  at  intervals 
to  suit  the  crank  arrangement,  it  would  have 
been  able  to  act  upon  five  of  the  charges,  and 
would,  coiisetjuentl}*,  he  niucli  more  sensitive  in 
its  net  ion.  The  oil  should  be  withheld  from  the 
Diesel  valve  until  it  is  just  about  to  open,  so 
that  the  governor  ha?*  a  chance  to  act  upun 
it  right  up  t"  the  point  at  wliicli  it  is  re- 
quired in  the  cyliuder.  With  oil  engines  there 
is  not  the  slightest  fear  of  racinir  taking  place 
on  account  of  the  prupeller  lifting  out  of 
the  water,  for  it  is  possible  to  throw  the 
"hole  load  instantly  off  the  engine,  and  there  is  no  perceptible 
variation  in  speed .      The  usual  method  of  sterling  up  these 
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engines  is  to  admit  air  to  all  the  working  cylinders,  and  when 
a  certain  speed  has  been  reached,  to  cut  the  air  off  from  half 
the  number,  and  turn  the  oil  on.  When  this  lialf  has  ('om- 
nieiiced  firing,  the  air  is  shut  off  from  the  other  cylinders  and 
oil  turned  on,  when  the  whole  engine  will  be  running  on  oil. 
Instead  of  this  method  all  the  pimips  may  be  dropped  into 
gear  at  the  same  instant  that  tlie  starting  air  is  turned  on, 
and  as  soon  as  firing  has  commenced  the  starting  air  should  be 
shut  off  all  the  cylinders.      By  this  method,  as  soon  as  the 
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engine  begins  to  move,  the  oil  pumps  begin  delivering,  which 
results  in  quicker  starting,  and  effects  a  saving  in  starting  air. 

If  the  ship  is  fitted  with  an  auxiliary  set  of  engines,  pro- 
vision should  be  made  for  sending  the  hot  water  discharged 
from  it  through  the  cylinders  of  the  main  engine.  This  pre- 
liminary warming  up  would  prevent  the  engine  being  sub- 
jected to  sudden  variations  in  temperature. 

In  twin-screw  vessels,  the  gear  on  each  cylinder  need  not 
be  handed,  because  each  cylinder  is  a  complete  unit,  and  there 
are  no  great  structural  changes  such  as  exist  in  steam  jobs. 
It  is  rather  a  coiiveiiienoe  for  a  man  to  turn  from  one  engine 
to  the  other  and  find  it  exactly  the  same.  It  also  means  less 
first  cost,  and  only  half  the  number  of  spare  parts  are 
necessary. 

In  order  to  increase  the  power  for  purposes  of  overload,  or 
in  cases  of  emergency,  it  is  only  necessary  to  create  a  denser 
atmosphere  in  the  engine-roonn,  by  the  usual  forced-draught 
appliances,  the  engines  having  first  been  designed  to  suit  the 
increased  compression  pressure.  With  4-cycle  engines  this 
is  all  that  is  required,  but  with  2 -cycle  engines  the  case  is 
different,  on  account  of  the  cylinders  being  open  to  the  outside 
atmosphere  during  charging".  The  back  pressure  in  the 
exhaust  would  require  to  be  increased,  which  can  be  done  by 
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means  of  a  water  seal,  an  arrangement  that  permits  any- 
desired  back  pressure  to  be  used.  If  scavenging  pumps  are 
separately  driven  it  is  not  necessary  to  increase  the 
atmospheric  pressure  in  the  engine-room.  The  speed  of  tlie 
pumps  would  be  increased  instead,  thereby  increasing  the 
scavenging  air  pressure,  and  at  the  same  time  the  back 
pressure  on  the  engine  would  be  artificially  increased. 


Wireless  Telegraphy. ― Sir  Oliver  Lodge  recently  delivered  at 
the  Birmingham  University  the  first  of  a  series  of  technical 
lectures  on  wireless  telegraphy.  His  first  subject  was  "  Tlie 
Emission  of  Waves."  He  said  the  whole  world  had  recently 
had  its  attention  called  to  the  subject  of  wireless  telegraphy  by 
one  of  those  catastrophes  which  occurred  from  time  to  time ― 
in  this  case  eclipsing  all  the  others.  Without  wireless  tele- 
graphy we  should  have  known  very  little,  perhaps  nothing, 
about  the  loss  of  the  Titanic."  It  would  have  been  one  of 
those  cases  where  a  ship  disappeared  on  the  high  seas,  was 
heard  of  no  more,  and  concerning  the  manner  of  whose  loss 
there  would  be  merely  speculation. 


WELDING  IIP  OF  BLOWHOLES  AND  CAVITIES  IN  STEEL 

INGOTS. 

HY  J.  E.  STEAO,  D.MET.,  F.R.S. 

In  ilie  previous  note, 十 experimental  data,  obtained  by  heating 
and  I'orgiiig  steel  bars  in  wliicli  cavities  1 1 a cl  been  made  by 
drilling,  showed  that  if  the  walls  of  tlie  cavities  were  clean 
and  bright  perfect  welding  was  easily  obtained.  No  actual 
trials  had  at  that  time  been  made  to  determine  whether  the 
real  blowholes  in  crucible  steel  ingots  could  be  as  perfectly 
welded  up.  Experiments  have  therefore  been  made  to  deter- 
mine this  question,  and  also  whether  cavities  with  oxidised 
walls  can  be  welded  up.  It  is  to  describe  these  further  trials 
t liat  this  second  iioi-e  has  been  written. 

Honeycombed  Crucible  Steel  Ingots.  —Experiments  with  a 
honeycombed  ingot  oi'  0*5  per  cent,  carbon  crucible  steel  were 
made  at  the  works  of  Messrs.  J.  H.  Andrew  &  Co.，  Ltd., 
with  the  assistance  of  the  manager,  Mr.  J.  L.  Potts,  and  his 
Tiielter,  Mr.  Duckenfield.  Two  steel  ingots  from  the  same 
mixture  were  melted  in  such  a  way  that  one  was  honey- 
combed and  the  other  sound.  The  sections  of  these  are  shown 
in  Figs.  1  and  2.  The  honeycombed  steel  rose  to  nearly 
10  per  cent,  of  its  length  after  teeming,  whilst  the  sound 
ingot  did  not  rise,  but  contracted  down  its  central  axis. 

We  may  assume  that  about  9  per  cent,  of  the  volume  of 
the  honeycombed  ingot  was  occupied  by  blowhole  cavities. 
The  ingots  were  forged  to  a  smaller  size  after  heating  to  a 


Fig.  1.— Section  of  Honetcombkd 
Crucible  Steel  Ingot. 


Fig. 


-Skction  of  Sound  Crucible 
Steel  Ingot. 


wash- welding  temperature,  estimated  at  not  less  than  about 
1,100°  C,  sufficient  to  melt  the  scale  on  the  surface,  and 
were  divided  into  two  parts.  Half  of  each  set  of  bars  were 
reheated  to  1,100''  C.  for  one  liour,  and  were  then  rolled  to 
bars  lin .  diam.  The  remaining  halves  were  heated  in  the 
usual  way  without  "  soaking,"  and  were  also  forged  to  lin. 
round  bars.  All  the  bars  were  "  reeled  "  after  forging. 
Portions  of  each  of  them  were  turned  down  to  prisms  of  Jin., 
gin.,  ■in.,  and  ^in.,  and  through  each  a  hole  was  drilled,  so 
as  to  make  a  series  of  cylinders  with  walls  ^iu.  in  thickness. 
A  similar  hole  was  drilled  through  portions  of  the  bars 
which  had  not  been  reduced  in  diameter  by  turning.  The 
cylinders  thus  prepared  were  cut  up  into  a  series  of  rings 
about  \\\\.  in  depth. 

The  object  of  making  these  rings  was  to  determine  the 
degree  to  which  they  could  be  expanded  before  breaking,  and 
to  see  if  at  their  outer  polished  surfaces  they  would  open 
out  into  seams  on  being  slightly  strained.  The  outer  parts 
of  the  rings  were  brightly  polished,  and  the  rings  were 
expanded  by  driving  into  them  a  hard  taper  steel  drift. 

The  results  need  not  be  given  in  detail.  It  is  sufficient 
to  state  that  in  no  single  ring  after  slight  expansion  was  any 
uuwelded  steel  detected,  and  in  every  case  when  fracture  was 
effected  the  steel  on  each  side  of  the  parting  showed  evidence 
of  contraction  or  plastic  flow.  We  may  conclude,  therefore, 
til  at  the  surfaces  of  the  rings  were  as  sound  in  the  steel  from 
the  bars  of  the  honeycombed  as  they  were  in  the  steel  from 
tlie  sound  ingot,  and  as  tliere  was  no  difference  between  the 
bars  with  and  without  soaking,  we  may  be  certain  that  soak- 
ing after  wash  welding,  in  this  case  at  least,  was  of  no  advan- 
tage, because  the  forging  in  tlie  first  instance  produced  as 
perfect  welding  as  was  possible,  and  no  soaking  afterwards 
could  improve  what  was  perfection.  Although  the  welding 
up  of  the  bloAvholes  was  apparently  good,  there  was,  however, 
a  great  difference  in  tlie  physical  properties  of  the  rings  from 
the  respective  ingots. 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May  9th.  191*2. 
t  See  "The  Mechanical  Engineer,"  May  12th,  1911,  p.  591.  Vol.  XXVII. 
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The  rings  from  tlie  sound  ingot  expanded  on  the  average 
about  50  per  cent,  more  before  breaking  than  those  from 
tlie  houeycombed  ingot,  a  peculiarity  suggesting  at  first  sight 
imperfect  welding  of  the  blowhole  walls.  A  careful  examina- 
tion of  the  fractures  revealed  the  presence  of  dull  lines  of 
microscopic  fineness  in  tlie  rings  from  the  honeycombed  ingot, 
while  nothing  of  the  kind  could  be  detected  in  the  steel  from 
the  sound  ingot. 

"Further,  on  bending  the  broken  rings  from  the  honey- 
combed ingot,  it  was  found  that  some  portions  of  tliem  could 
be  bent  to  a  greater  extent  without  breaking  than  others, 
whilst  there  was  not  such  variation  in  the  steel  from  the 
souihI  ingot.  In  tlie  cases  wliere  fracture  occurred  on  slight 
bending  these  dull  could  almost  always  be  detected  on 


， 


Fig.  3.  Kjg,  4.  Fig.  5.  Fig.  G. 

Fig.  3.— Section  through  closed-up  oxydised  cavity.  Black  part  repre- 
sents cinder ;  white  part  metal.  Fig.  4 —Same  as  Fi^.  3  after  heating  for  3 
liours  at  950°  C.  Dark  parts  are  actual  spaces  and  unreduced  slaM  inclusions. 
KiG.  5. ― Same  as  Fig.  4  after  heating  for  1  hour  at  】,10ugc.  Dark  parts  are 
actual  spaces  and  unreduc-ed  slag  inclusions.  Fig.  6.— Same  as  Fig.  5  after 
heating;  to  1,1(XP  C  and  forging  down  to  smaller  size.  Dark  parts  are  sla^ 
inclusions. 

the  broken  surfaces,  but  none  were  present  in  the  portions  of 
the  same  rings  wliicli  could  be  bent  to  a  much  greater  degree 
before  fracturing.  Obviously  these  dull  lines  and  reduced 
ability  of  the  steel  to  extend  were  co-related. 

As  the  steel  contained  only  0*02  and  0 •  03  per  cent,  of 
sulphur  respectively,  it  seemed  improbable  with  such  a  small 
amount  of  sulphur  that  there  could  be  any  material  segrega- 
tion of  manganese  sulphide  in  the  blowholes.  To  determine 
whether  there  was  or  not,  cross-sections  of  the  inch  bars 
from  tlie  sound  and  honeyconibecl  steels  were  cut  and 
polished,  and  auto-sulphur  prints  were  obtained  on  bromide 
paper.  The  results  showed  that  the  sulphur  was  distributed 
evenly  in  the  bar  from  the  sound  ingot,  but  was  segregated 
in  tlie  places  where  there  had  been  lioneycoinbs  in  the 
unsound  ingot.  Sulphur  prints  taken  from  a  cut  section  of 
the  honeycombed  ingot  itself  also  proved  that  the  cavities 
contained  sulphides.  We  may,  I  think,  be  satisfied  in  con- 
cluding that  the  dull  lines  are  co-related  in  some  way  with 
the  sulphide  segregation.  Finally,  sulphur  prints  of  the 
fractures  proved  that  the  dull  lines  were  rich  in  sulphides. 

That  clean  faces  of  cavities  in  crucible  steel  can  be  per- 
fectly welded  together  under  treatment  identical  to  that  to 
wliicli  tlie  lioneycoinbed  ingot  was  subjected  has  been  full v 
proved  ；  we  are  therefore  satisfied  that  the  inferior  ductility 
in  cross-sections  of  the  bars  made  from  the  lioneycombed 
ingot  was  due  to  the  presence  of  sulphide  of  manganese 
threads  which  prevented  tlie  metallic  faces  from  completely 
coming  into  contact. 

Blowholes  with  Oxidised  Walls.  -During;  the  latter  part  of  the 
year  1 9  I  I  ； i  series  of  t  rials  was  made,  wit  h  t  lie  assistance  of 
Mr.  Parkin,  to  determine  whether  or  not  artificially  formed 
cavities  with  oxidised  walls  could  be  welded  up.  It  was 
taken  for  granted  that  if  no  carbon  were  present  in  the 
steel,  oxidised  blowholes  could  not  be  perfectly  welded.  In 
the  first  experiment  wiili  a  2in.  square  steel  bar  about  8iii. 
in  length  containing  1  '2  per  cent,  carbon,  a  small  hole  was 
drilled  nearly  to  the  bottom,  along  the  central  axis.  The 
bar  was  then  heated  to  redness  and  oxygen  gas  w;is  blown 
(low"  the  hole,  so  as  to  oxidise  tlie  walls  of  the  cavity.  After 
lieating  to  about  900。  C.  it  was  haiiiniered,  so  as  to  bi'ing 
tlie  sides  of  the  cavity  into  juxtaposition.  Tlie  bar  was  tlien 
lienled  to  and  maintained  at  a  temperature  of  about  1，】00 乂'. 
foi'  one  liour,  and  was  at  once  forged  down  to  a  smaller  size. 
When  cold  it  was  nicked  at  intervals  and  broken  at  the 
nicks,  and  the  fractures  exaniined.  Tliev  indicated  imperfect 
"eldini^  near  to  wlial  was  originally  the  open  end  of  (lie  bar, 
but  below  this  for  two-thirds  of  the  length  tlie  welding 
appeared  to  be  perfect. 

On  microscopic  exarniiiat  ion  of  t  In-  pulislu、<l  cross-sections 
of  the  parts  whe^e  welding  appeared  to  be  "'mid  it  was  found 
tliat  the  seal",  orii^iiially  consist of  oxide  of  iron ,  had  been 
l)ractirally  reduced  to  the  metallic  state,  with  tlie  exception 

minute  globular  (Just-like  inclusions,  probahlv  of  iron  or 


manganese  silicate ― the  residue  of  the  oxidised  steel  which 
was  incapable  of  being  reduced  by  the  carbon.  But  for 
these  excessively  minute  inclusions  the  welding  was  perfect. 
On  bending  a  polished  and  etched  section  to  open  the  joint, 
the  rnetal  at  this  point-  being  lower  in  carbon  than  the  sur- 
rounding mass  extended  and  then  broke,  showing  a  perfectly 
crystalline  fracture,  a  proof  that  good  welding  had  been 
effected. 

In  a  second  exj^eriineiit  with  the  same  steel  a  bar  was  pre- 
pared as  above  described,  with  the  exception  that  after  tlie 
cavity  was  oxidised  and  closed  the  bar  was  heated  to  950。  C. 
for  111  re  8  hours.  It  was  then  cut  in  lialf  ；  one  half  was 
retained  for  examination,  the  other  was  reheated  at  1，】0{) 乂，. 
for  one  hour,  and  without  forging,  it  was  allowed  to  cool .  It 
was  again  cut  into  two  portions,  one  of  which  was  heated  to 
1,100°  C.  and  then  forged  down  to  a  smaller  size.  The  other 
part  was  reserved  for  examination.  Each  of  the  three  spe'-i- 
niens  was  sectioned,  polished,  and  examined  microscopically 
without  etching. 

Figs.  3  and  4，  representing  magnifications  of  330  dia- 
meters, show  that  by  heating  at  950°  C.  tlie  carbon  of  the 
steel  reduced  the  iron  scale  to  metallic  iron,  which  remained 
in  separate  grains,  surrounded  either  by  some  slight  amount 
of  unreduced  oxide,  or  gaseous  Spaces,  or  by  both.  On 
attempting  to  bend  the  specimens,  the  grains  at  once  sepa- 
rated ；  there  was  no  cohesion,  they  had  not  completely 
crystallised  together ― a  result  not  surprising,  for  the  volume 
of  metallic  iron  is  less  tlian  that  of  its  oxide. 

Fig.  5  represents  the  same  bar  as  the  last  after  heating  to 
1,100°  C.  for  one  hour.  The  drawing  shows  that  the  greater 
mass  of  the  reduced  iron  grains  had  crystallised  together  and 
pressed  to  one  side  the  intervening  gases,  and  compelled  them 
to  segregate  into  relatively  large  bubbles  at  a  considerable 
distance  from  each  other.  The  microstructure  of  the  joint  in 
the  third  portion,  which  had  been  reheated  to  and  forged 
from  1 ,100°  C.，  was  identical  with  that  in  the  bar  of  the  first 
experiment,  which  liacl  been  heated  to  1，10U:  C.  for  one  hour 
and  then  forged  to  a  smaller  size,  and  is  represented  in  Fig.  G. 
The  welding  was  perfect,  with  the  exception  of  the  minute 
globular  inclusioirs  previously  referred  to. 

In  a  third  experiment  the  steel  bar  was  treated  exactly  as 
in  the  first,  but  the  bar  itself  contained  only  O50  per  cent, 
carbon.  The  welding  was  found  to  be  complete,  but  the  joint 
previously  occupied  by  the  scale  now  consisted  of  carbonless 
ferrite,  and  the  adjacent  steel  contained  less  carbon  than  tlie 
mass  of  the  steel  itself.      These  results  show,  as  was  antici- 


KlO.  7.  — DlAGItAM MATIC  SKKTCH  SHoWIM;  SKi  TION  OF  A  HOKF.  IN  A 
STI:KL  AxI.K.  with  SUItUOUNDING  OF  RKOVCKD  SCALE. 

pated,  that  if  the  walls  of  the  cavities  are  not  too  tliu'klv 
scaled  and  a  suHitient  quantity  of  carbon  is  in  tlie  steel »  tlie 
scale  itself  can  be  reduced  practii'allv  entirely  to  the  metallic 
st;ite，  and  this  can  be  welded  up  to  the  sides  of  wliat  was 
originally  the  cavity. 

It  is  generally  assumed  tliat  blowholes,  which  terminate 
OM  one  side  tlirough  the  outer  skin  of  the  envelope  of  steel 
ingots,  having  access  to  oxidising  gases,  do  get  so  severely 
oxidised  on  their  walls  that  no  weldiiiir  of  the  cell  walls 
occurs,  and  tliat  in  rolling  out  they  are  simply  extended  aiul 
appear  at  the  surface  of  the  rolled  sections  as  rokes,  \vl»i<h 
penetrate  to  the  full  depth  of  the  extended  blowholes. 

yiie  presence  of  tlie  microscopic  dark  inclusions  observed 
i"  the  welded  joints  (Fi;^.  6)  led  to  the  ex.iiiiination  of  inanv 
sections  of  steel  wliicli  hail  evidently  been  rolled  from  lioney- 
rombeil  ingots.       It  was  believed  "tliat  if  anv  of  the  oxide 
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initially  filling  the  blowholes  had  been  reduced  to  the  metallic 
state  and  welded  to  the  surrounding;  steel,  similar  inclusions 
would  be  discovered.  The  results  of  these  examinations 
proved  beyond  doubt  that  in  a  very  large  luiniber  of  cases 
in  steel  containing  between  0*25  per  cent,  and  0'5  per  cent, 
carbon,  these  microscopic  inclusions  were  present,  and  were 
located  in  the  surrounding  layer  of  ferrite  immediately  below 
the  lower  pai*t  of  the  surface  rokes.  It  is  only  necessary 
to  describe  a  single  instance.  This  was  a  railway  axle,  on 
the  surface  of  which  there  was  ample  evidence  of  pre-existing 
cutaneous  blowholes  in  the  ingot,  for  at  intervals  there  were 
longitudinal  lines  or  fine  grooves  an  inch  or  more  in  length,  A 
cross-section  vertical  to  the  surface,  after  polishing,  was 
sufficient  to  reveal  the  position  and  depth  of  these  rokes.  The 
depth  varied  from  one-hundredth  to  one-fifth  of  an  inch.  The 
outer  envelope  was  completely  decarburised,  as  is  usual  in 
low  and  medium  carbon  steels  which  have  been  reheated  in 
an  oxidising  atmosphere  previous  to  forging  or  rolling. 

There  was  a  complete  absence  of  the  minute  inclusions  in 
this  envelope  ；  the  steel  contained  no  carbon,  but  the  ferrite 
immediately  in  contact  with  the  scale,  and  for  a  little  distance 
beyond,  contained  minute  globular  inclusions,  whilst  at  a 
greater  distance  the  crystals  of  iron  contained  none. 

The  crystals  of  one  zone  penetrated  into  the  other  and  were 

common  to  each ― in 
other  words,  one  part 
of  the  crystals  at  the 
border-line  contained 
inclusions,  whilst  the 
other  contained  none. 

The  diagranunatic 
sketch  (Fig.  7)  ex- 
plains better  than 
words  the  appearance 
under  the  microscope. 
The  photograph  (Fig. 
8),  taken  at  the  point 
corresponding  to  A 
in  the  sketch,  clearly 
shows  the  globular 
inclusions. 

There  can  be  little 
doubt  that  the  fer- 
rite containing  the  in- 
clusions surrounding 
the  remaining  unre- 
duced oxide  was  at 
one  time  oxide  or 
scale  in  a  blowhole, 
that  this  was  reduced 
practically  entirely  to  the  metallic  state  by  the  carbon  in  tlie 
adjacent  steel,  and  that  the  particles  of  reduced  iron  had 
crystallised  together  and  to  the  steel  itself,  producing  a  practi- 
cally perfect  weld -indeed,  on  straining,  so  as  to  bend  the 
steel,  there  was  no  opening  out  at  the  junction  of  the  two 
zoues.  The  minute  inclusions  are  the  residual  portion  of  the 
scale  which  could  not  be  reduced  by  carbon  or  carbon  mon- 
oxide at  the  temperature  at  which  the  steel  had  been  lieated 
and  rolled. 

In  conclusion,  it  seems  reasonable  to  believe  that  under 
the  ordinary  treatment  to  which  honeycombed  ingots  of  steel 
are  heated  and  rolled,  internal  small  cavities  or  blowholes  do 
become  perfectly  welded  up,  provided  there  is  an  absence  of 
sulphide  segregations,  and  that  even  when  these  segregations 
are  present,  as  they  are  not  in  continuous  lines  but  occur  only 
at  intervals,  the  clean  metallic  faces  between  them  come  into 
contact  and  weld  together. 

It  seems  also  justifiable  to  conoliKle  that  surface  blowholes 
which  become  oxidised  on  their  walls  during  the  heating  atul 
rolling  of  the  ingot,  do  become  more  or  less  completely 
welded.  The  conditions  favourable  to  this  welding  must  be  a 
sufficiently  high  temperature,  and  maintenance  of  the  steel  at 
that  temperature  for  a  long  enough  period  after  the  cavities 
have  been  closed,  to  admit  of  the  carbon  in  the  adjacent  steel 
being  afforded  the  opportunity  to  reduce  the  oxide  scale. 

It  must  be  pointed  out  that  much  more  work  is  still 
required  and  trials  made  with  other  classes  of  steel  and  similar 
steels  which  Have  had  treatment  varying  from  what  has  been 


Fig.  8.— Actual  Photograph  near  Region  A 
IN  Fig.  7. 


described  in  t  liis  note,  as  it  is  certain  under  some  conditions 
that  I)l()wlioles  may  uni  he  welded  up. 

The  met. hods  described  and  the  oliservaiion.s  iikuIc  will,  it 
is  hoped,  facilitate  the!  work  of  others  who  take  up  this  branch 
of  resoarcli .  Finally,  I  must  acknowlefl^e  t he  assistance  of 
the  gentJenieii  mentioned  in  tlie  text  of  ( liis  report. 

THE  COAL  RESOURCES  OF  GREAT  BRITAIN.* 

UY  DK.  (；.  T.  liKIIiJiY,  K.U.S. 

The  final  report  of  the  Royal  Commission  on  Coal  yupplies  was 
issued  so  recently  that  it  appears  to  the  present  writer  that 
lie  will  best  serve  the  ends  wliicli  tlie  Cojiiniittee  on  the  Con- 
servation of  Energy  has  in  view  if  this  report  is  devoted, 
first,  to  a  brief  summary  of  the  work  of  the  Royal  Com - 
mission,  second,  to  some  discussion  of  tlie  conclusion  of  the 
Comrnission,  and,  t liirfl ,  to  soino  sii^'^pstions  as  to  ways  in 
which  the  British  Science  Guild  niiglit  help  to  keep  this  im- 
portant subject  before  the  legislature  and  the  public. 

The  Work  of  the  Royal  Commission.  ―  The  Commission 
was  appointed  by  Royal  Warrant ,  dated  December  28tli, 
1901 .  Forty-seven  meetings  were  held  for  the  taking  of 
evidence  and  126  witnesses  were  examined.  The  scope  of  the 
enquiry  was  subdivided  for  the  purpose  of  the  final  report  as 
follows  :  (1)  The  resources  of  our  coal  fields.  (2)  Their 
probable  duration.  (3)  Possible  economies.  (4)  The  effect  of 
export  of  coal  on  the  British  consumer  and  the  Royal  Navy, 
(5)  Maintenance  under  the  existing  conditions  of  the  com- 
petitive power  of  our  coal  mining  industry  with  the  coalfields 
of  other  countries. 

That  portion  of  the  final  report  which  deals  with  the 
general  conclusions  under  these  heads  was  issued  on  January 
7th,  1905，  or  three  years  after  tlie  appointment  of  tlie  Com- 
mission. 

(1)  The  Resources  of  our  Coalfields. 一  'It  is  estimated  tliat 
the  available  quantity  of  coal  in  the  Proved  Coal  Fields  of 
the  United  Kingdom  is,  in  round  numbers,  100,000  million 
tons." 

(2)  Probable  Duration  of  our  Coal  Resources. ^ "This  ques- 
tion turns  chiefly  upon  the  maintenance  or  the  variation  of 
the  annual  output.  The  calculations  of  the  last  Coal  Com- 
mission as  to  the  future  exports  and  of  Mr.  JevoTis  as  to  the 
future  annual  consumption  make  us  hesitate  to  prophesy  how 
long  our  coal  resources  are  likely  to  last.  The  present  annual 
output  is  in  round  numbers  230  million  tons  ami  the  calcu- 
lated available  resources  in  the  proved  coalfields  are  in  round 
numbers  100,000  million  tons,  exclusive  of  the  40,000  million 
tons  in  tlie  unproved  coalfields,  which  we  have  thought  best 
to  regard  only  as  probable  or  speculative.  For  the  last  30 
years  the  average  increase  in  the  output  has  been  2i  per  cent, 
per  annum ― and  that  of  the  exports  (including  bunkers)  4h 
per  cent,  per  annum.  It  is  the  general  opinion  of  the  District 
Coniiuissioners  that  owing  to  physical  considerations  it  is 
highly  improbable  i hat  the  present  rate  of  increase  of  the 
output  of  coal  can  long  continue— indeed  they  think  tliat 
some  districts  have  already  attained  their  maxiijuuii  output  ； 
but  that  on  the  other  hand  the  developments  in  the  newer 
coalfields  will  possibly  increase  the  total  output  for  some 
years.  In  view  of  this  opinion  and  of  the  exhaustion  of  the 
shallower  collieries  we  look  forward  to  a  time,  not  far  dis- 
tant, when  the  rate  of  increase  of  output  will  he  slower,  to 
be  followed  by  a  period  of  stationary  output,  and  then  a 
gradual  decline." 

(3)  Possible  Economics. ― The  use  of  coal  cutting  nwichines, 
of  imj)roved  explosives,  and  of  electricity  and  compressed  ； > ir 
are  discussed.  More  careful  sorting,  sizing,  and  washing  of 
coal  are  recommended.  It  is  pointed  out  that  only  10  por 
cent,  of  our  total  output  of  coke  was  obtained  from  recovery 
ovens  in  190'J.  In  beehive  ovens  there  is  a 】oss  of  10  per  cent  - 
by  weight  of  the  coke  in  addition  to  t  he  complete  loss  of  the 
volatile  products,  gas,  tars,  and  ainnionia.  The  recovery  of 
the  waste  small  coal  of  the  mines,  by  wasliiii^.  coking,  or 
briquetting,  is  reconnnen<led.  Economies  in  transport  are 
briefly  referred  to,  also  the  transmission  of  power  instead  of 
coal  by  the  extension  of  central  power  stations. 

"68.  Very  few  statistics  are  obtainable  as  to  the  con- 
sumption of  coal  in  the  various  industries  of  the  count ry»  but 
we  have  collected  information  from  many  sources,  and  we 
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think  tliat  the  following  estimate  for  1903  may  be  reganlecl 

as  approximately  correct : ― 

Coal  Consunipiion.  Tons. 

Railways  (all  purposes)    13,000,000 

Coasting  steamers  (bunkers)    1^,UUU,UU0 

Factories    53,000,000 

Mines    18,000， (扇 

Iron  and  steel  industries    28,000,000 

Other  metals  and  minerals    1,000,000 

Brick  works,  potteries   ] 

Glass  works    [  5,000,000 

Chemical  works   J 

Gas   works    15,000,000 

Domestic    32,000,000 

Total    167,000,000 

('G9.  In  considering  these  figures  from  the  point  of  view 
of  possible  economies,  we  would  draw  attention  to  Mr. 
Beiiby's  interesting  calculation  that  out  of  an  annual  con- 
sunipiion of  from  143  to  168  million  tons  of  coal  in  this 
country  tliere  is  a  possible  saving  of  from  40  to  60  million 
tons.  Other  witnesses  have  confirmed  Mr.  Beilby  on  special 
points.  How  these  economies  may  be  effected,  and  the  difli- 
culties  standing  in  the  way  of  their  extensive  adoption,  may 
be  indicated  under  several  heads."  - 

Under  these  heads  there  is  a  useful  summary  of  the  evi- 
dence which  had  been  led  to  show  ilie  economies  in  power 
production  and  in  heat  prorlurtiou  wliicli  ini^lit  be  effected 
by  the  use  of  the  most  approved  methods  and  apparatus. 
Gas  production,  steam  boiler  improvements,  the  gas  engine 
and  the  steam  turbine,  were  all  very  fully  discussed  by 
experts.  The  use  of  waste  gases  from  blastfurnaces  and  coke 
ovens  was  also  dealt  with  at  considerable  length. 

The  effects  of  the  coal  tax  are  discussed  at  considerable 
length,  and  the  following  very  important  statement  on  the 
subject  is  made  :  "  In  view  of  the  extent  of  the  estimat  ed 
coal  resources  of  the  country,  and  if  our  antit'ipat/ion  is  correct, 
viz.,  that  the  present  rate  of  increase  in  the  output  will  soon 
be  checked  by  natural  causes,  there  seems  ne  present  necessity 
to  restrict  artifK-ially  the  export  of  coal  in  order  to  conserve 
it  fur  our  home  supply." 

Discussion  of  the  Conclusions  Arrived  at  by  the  Royal  Commis- 
sion in  the  Light  of  Recent  Experience,  —it  is  now  knuwn  with 
reasonable  certainty  that  the  nation  has  at  its  disposal  abouL 
100,000  million  ions  of  coal  wliicli,  it  is  believed,  can  be 
mined  and  bruuglii  to  the  surface  at  a  cost  not  greatly  exceed- 
ing that  of  the  coal  which  is  at  present  being  raised.  A  cer- 
tain proportion  of  this  gross  amount  must  of  necessity  be  used 
up  ill  iuuiiiig  ami  bringing  the  coal  to  the  surface  and  in  pre- 
paring it  for  the  market.  A  further  proportion  must  be  used 
in  carrying  it  to  the  consuming  centres.  There  are  good 
reasons  for  believing  that  under  each  of  these  heads  there  is 
room  for  economy,  in  1903  from  14  to  18  million  tons  was 
consumed  at  the  collieries.  It  was  stated  by  one  witness  that 
if  the  whole  of  the  collieries  in  the  kingdom  were  fitted  with 
modern  plant  of  the  best  description  ilie  consumption  of  coal 
would  be  one-half  of  what  it  is  to-day.  Taking  the  cousunip- 
tion  at  the  mines  at  the  average  figure  of  7  per  cent,  of  the 
gross  to^al,  or  7,000  million  tons,  the  reduction  to  even  4  per 
cent,  would  set  free  3,000  million  tons,  or  about  12  years' 
output  at  the  {)reserit  rate. 

Though  no  estimate  is  given  of  the  savings  to  be  effected 
by  the  use  of  more  perfect  methods  of  mining  and  preparing 
the  coal  for  the  market  by  washing,  sorting,  roking,  and 
briquetting  of  inferior  seams,  it  is  clear  that  relatively  larger 
savings  are  possible  in  these  directions. 

The  Commission  dealt  at  considerable  lengtli  with  iKe 
most  itiiportaiit  subject  of  ''Econoniies  in  Use/'  In  para- 
graphs 68  and  G9,  wliit'h  ha vc  been  (| noted  above,  referem*e  is 
made  to  ilie  writer's  calrulat ion  of  t  lio  possible  eroiiomics 
under  tins  head .  As  this  table  is  buru'd  in  tlie  large  volume 
of  "  Minutes  of  Evidence  "  it  may  be  |)orini.^sil)le  to  roprudiice 
it  here,  as  il  gives  in  a  roni));K'l  fonii  t he  writ oi''s  i-oiu'lusion 
seven  vea  rs  ago,  and  therefore  forms  u  convonitMit  start  in  <^ 
point  for  a  brief  review  of  recent  developments. 

The  table  shows  iliat  there  is  a  greater  proportion  of  ron\ 
usod  for  powor  prochulion  t haii  any  (Uher  item  of  consunip- 
tion.  Tn  round  numbers  70  million  tons  is  ronsunuMl  muler 
the  (irst  four  heads.  On  these  items  it  was  ostiinaled  that 
30  to  10  itiilliun  tons  might  be  saved  if  wasteful  aiul  iiielli- 


cieut  steam  engines  were  replaced  by  engines  of  proved  effi- 
ciency. It  was  pointed  out  in  evidem'e  that  under  the  con- 
ditions of  the  time  the  average  fousuniption  of  coal  per  liorse- 
j)ower-hour  was  not  less  than  51hs.，  while  by  tlie  most  efficient 
steam  engines  the  consuni])tioii  need  not  exceed  1  \\hs.  to 
21bs.，  and  by  gas  engines  only  lib.  to  Ijlbs.  Seven  to  eight 
years  have  elapsed  since  these  figures  were  laid  before  the 
Commission,  and  it  will  be  interesting,  therefore,  to  make  a 
brief  review  of  what  has  been  happening  during  this  period. 
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At  the  time  when  tlie  Commission  was  taking  evidence  the 
two  most  important  developments  in  modern  power  pi'odiK'- 
tion,  the  steam  turbine  and  the  large  gas  engine,  were  still 
to  some  extent  on  their  trial . 

For  various  reasons  the  large  gas  engine  had  been  more 
ill  evidence  than  the  steam  turbuie,  partly,  no  doubt,  because 
the  rapid  adoption  of  the  latter  for  marine  purposi^s  had  over- 
shadowed its  use  for  laud  purposes.  In  the  minutes  of  evi- 
dence niiu'h  more  was  said  and  thought  about  t  he  develop- 
ment of  power  gas  and  gas  engines  than  about  the  steam  tur- 
bine. The  hopes  and  expectations  of  the  writer  ajid  of  others 
who  gave  evidence  on  this  subject  were  not  quite  realised  in 
the  way  they  predicted.  In  spite  of  its  admitted  superiority 
as  a  means  for  the  development  of  energy  from  coal,  the  coni- 
biiiatioii  of  gas  producer  aiul  gas  engine  has  made  compara- 
tively slow  progress,  while  the  other  combination  of  steam 
boiler  and  steam  turbine  has  made  unexpectedly  rapid  pro- 
gress. The  more  mature  exjjerience  of  to-day  enables  us  to 
account  for  this  in  an  entirely  satisfactory  way.  Tliougli 
inferior  as  a  heat  engine,  the  steam  turbine  has  ii p  till  re- 
cently been  able  to  prove  itself  superior  as  a  jnarhiiie,  especi- 
ally when  it  can  be  used  in  large  units  of  5,000  li.j).  to  10.000 
li.p.  Tlie  gas  eiif^ine  is  not  only  a  superior  heat  engine,  but 
•t  is  also  an  excellent  machine  in  units  of  any  size  up  to  1 ,000 
li.p.  Tlie  most  recent  experience  shows  that  units  of  12,000 
li.p.，  or  even  4,000  li.p.  are  being  satisfactorily  made  and 
worked,  but  this  experience  mine  to  hand  too  late  in  the 
period  under  review  to  affect  the  actual  result.  The  large 
steam  turbine  lent  itself  so  admirably  to  the  purposes  of  the 
('(Mitral  Station  engineer  that  its  adoption  for  tlie  production 
of  electricity  in  bulk  has  almost  led  to  a  revolution  in  this 
branch  of  electrical  engineering.  The  large  power  station  of 
the  Ne\vcastle-on-Tvne  】<:lectri(、  Supply  Com]>anv  a(  Wallsond 
has  now  for  a  "umber  of  years  been  equipped  wit h  la r^e 
lurbo-^enerators  of  a  total  capacity  of  40, 000  engine  horse- 
power. But  this  is  only  one  of  tlie  Conijiany  s  stations,  for 
through  their  own  operations  and  throu<;h  those  of  their  asso- 
ciated coinpanies,  the  whole  of  t he  nort li-east  of  England  from 
tlie  Tees  to  the  Tyne  has  betMi  linked  up  into  one  ^reat  system 
f(»r  the  supply  of  electrical  power  in  bulk  to  the  railways,  in- 
dustries, and  Corporations  of  the  tliicklv  populal od  districts 
bet  weeii  M  i(l(llt、M)n、ugli  and  NV、vrast】e.  On  t  ho  Tviio  alone, 
J  JO  we  r  is  bciiiu  supplied  lo  sliipvanls,  eniiiiRUM'in^  works,  and 
railways  whirli  employ  on  the  a<^^re<ja(e  over  40,000  men. 
Oil  tliis  linko(l-up  s\;>tein  t here  are  not  only  great  central 
stations  similar  t(»  i  lu»  Wallsond  Station,  in  whirh  (lie  olet  ( ric 
rui'rent'  is  geiKM'atod  bv  I'oal-lirtHi  hoilors  and  t  urho-geiierators. 
bill-  tliere  are  also  n  innnber  of  smaller  stations  set-  down 
beside  coke  ovens  in  difTerent  parts  of  Dnrliain,  wliere  tlie 
waste  ijasos  from  t ho  ovens  a I'e  huriie<l  under  st-eaiii  boilers 
for  t  lie  i>r(xlu<tioti  of  runout  l>y  t  ui-l>'>-ir(、nt";"ors. 
These  "  heat  sUitions "  are  enablocl  to  work  contiiniously  on 
full  load,  and  therefore  with  the  niaxinuiin  erononiy,  for  they 
a  re  liiikcil  up  with  the  central  stations  in  wliicli  the  great 
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reserves  of  generating  power  can  be  used  to  maintain  a  per- 
fectly steady  supply  under  any  fluctuation  of  demand,  This 
important  development  in  the  north-east  of  England  thus 
supplies  a  useful  object-lesson  on  a  scale  so  large  tliat  it  cannot 
be  ignored.  It  amply  justifies  many  of  the  conclusions  of  the 
Royal  Commission  and  of  the  witnesses  who  appeared  before 
it,，  as  to  the  economy  of  fuel  which  would  result  from  the 
production  and  distribution  of  power  in  the  form  of  current. 
It  sliows  that  engineers  and  other  large  users  of  power  can  be 
made  to  realise  that  it  is  worth  their  while  to  replace  their 
less  perfect  methods  of  power  production  by  electric  motors 
driven  by  current  obtained  at  reasonable  prices  from  a  great 
central  system.  It  further  shows  that  fuel  economy  by  the 
use  of  waste  gases  from  coke  ovens  and  blastfurnaces  is  not 
only  practicable  but  profitable,  for  the  sub-company  which 
owns  and  works  these  stations  has  made  substantial  profits 
from  the  outset.  The  lessons  to  be  learned  from  this  develop- 
ment have  not  been  without  their  effect  in  other  quarters,  and 
it  is  to  be  hoped  that  ere  long  the  other  great  industrial 
centres  of  the  country  will  possess  an  equally  satisfactory 
organisation  for  the  supply  of  power  in  bulk. 

Though  there  have  been  disappointments  in  connection 
with  the  development  of  tlie  large  gas  engine,  working  either 
on  specially  prepared  power  gas,  or  on  blastfurnace  gas,  it 
also  has  been  making  real  and  satisfactory  progress,  and 
to-day  it  is  possible  to  lay  down  gas  engine  installations  on  a 
scale  of  thousands  of  horse-power  at  a  first  cost  which  is  very 
similar  to  that  of  a  modern  steam  installation  on  the  same 
scale,  and  with  machinery  of  a  thoroughly  trustworthy  de- 
scription which  can  be  reckoned  upon  to  produce  a  constant 
and  steady  output  at  a  cost  which  compares  favourably  with 
that  of  steam  installations  on  the  largest  scile. 

It  can  be  confidently  predicted  that  the  next  .seven  years 
will  see  the  gas  engine  taking  a  larger  and  more  important 
place  in  the  total  power  production.  It  appears  also  to  be 
equally  certain  that  the  steam  turbine  will  continue  to  be  a 
large  factor  in  the  economy  of  fuel  both  by  sea  and  land. 

The  use  of  engines  working  with  suction  gas  producers,  as 
well  as  of  oil  engines  of  the  Diesel  type,  is  rapidly  spreading 
and  will  lead  to  the  further  displacement  of  wasteful  and  in- 
efficient steam  engines. 

Closely  associated  with  this  reform  is  the  replacement  of 
small  engines  in  works  by  electric  motors  driven  by  current 
obtained  from  central  stations.  The  important  object-lesson 
in  this  kind  of  reform  in  the  north-east  of  England  has 
already  been  referred  to  ；  but  in  every  large  town  the  same 
reform  is  going  on，  if  on  a  smaller  scale.  The  convenience 
of  small  motors  is  leading  to  their  general  adoption  in  the 
industries  of  even  the  smaller  towns  and  cities,  while  in  all 
the  large  industrial  centres  the  organisers  of  electric  supply 
on  the  one  hand,  and  the  makers  of  electric  motors  on  the 
other,  are  united  in  their  efforts  to  extend  the  use  of  elec- 
trically distributed  power. 

Similarly,  the  replacement  of  steam  engines  of  small 
power  by  gas  engines  is  being  fostered  and  encouraged  by  the 
gas  corporations.  The  importance  of  swelling  the  day  load 
of  the  gas  works  in  this  way  is  being  realised  more  and  more, 
and  the  healthy  rivalry  between  the  electricity  and  gas  de- 
partments is  doing  much  to  popularise  the  more  scientific 
methods  of  power  production.  In  economies  in  the  use  of 
coal  for  the  productioii  of  heat  for  industrial  purposes  the  pro- 
gress during  the  past  seven  years  has  not  been  so  obvious, 
but  here  also  there  are  hopeful  signs.  In  the  coking  of  coal, 
beehive  ovens  are  being  gradually  replaced  by  recovery  ovens. 
The  increasing  annual  production  of  sulphate  of  ammonia 
from  coke  oven  woi'ks  is  a  fair  indication  of  the  rate  at  which 
the  replacement  is  proceeding.  These  figures,  extracted  from 
the  44th,  45th,  and  46th  reports  of  the  chief  inspector  under 
the  Alkali  Works  Regulation  Act,  are  as  follows : ― 

Tons  of  Sulphate  of  Ammonia. 

1903    17,438 

1904    20,848 

1905    30,7312 

190G    43,677 

1907    53,572 

1908    64,227 

1909    82,886 

If  tlie  yield  of  sulphate  of  ammonia  be  taken  at  151bs.  to 
161bs.  per  tun  of  coal,  or,  say,  0  7  per  cent.,  we  arrive  at  a 
figure  of  5,870,000  tons  as  the  amount   of  coal    which  was 


fokefl  (luring  the  year  1909  in  recovery  ovens.  Tf  the  present 
increasing  rate  of  conversion  is  coiaiiiued,  it  .seems  not  un- 
reasonable to  predict  that  within  the  next  few  years  this  im- 
portant reform  will  have  spread  to  tlie  whole  of  the  coking 
industry,  and  the  greater  part  of  the  16  to  18  million  Ions 
will  turned  into  coke  in  this  way,  and  the  saving  of  2  to 
3  million  tons  of  fuel  will  be  an  accomplished  fact.  The 
writer  has  not,  as  yet,  been  able  to  collect  any  recent  statistics 
of  tlie  replacement  of  raw  coal  l)y  gas  in  rnetallur^'irMl ， 
chemical,  ami  other  works,  but  there  is  sufficient  evidence  of 
a  general  nature  to  show  that  real  progress  is  being  made. 
One  indicatioii  of  iliis  is  found  in  the  sulphate  of  ammonia 
returns  already  referred  to.  In  1903  the  output  from  "'as 
producers  was  given  as  10,265  tons.  In  1909  it  was  24,705 
tons.  These  figures  only  apply  to  washed  gas  of  the  M (川 （1 
type,  and  therefore  to  installations  for  the  gasification  of  r.ut 
less  than  50  tons  of  coal  per  day.  But  it  is  probable  that 
many  more  installations,  both  large  and  small,  for  the  use 
of  unwashed  gas  have  been  erected. 

The  item  of  consumption  which  is  next  in  importance  to 
that  of  "  power  production  '-  is  that  of  "  domestic  fires."  This 
is  now  probably  not  less  than  40  million  tons  per  aiunun,  or 
practically  one  ton  per  head  of  the  whole  population  of  the 
British  Isles.  Tlie  most  hopeful  sign  of  a  coming  reform  in 
this  direction  is  found  in  the  general  awakening  of  the  civic 
conscience  on  the  subject  of  smoke  prevention.  It  is  earnestly 
to  be  desired  that  this  awakening  may  be  really  permanent, 
and  that  the  partially  successful,  or  even  the  entirely  tin  suc- 
cessful, efforts  in  the  direction  of  reform  may  not  be  inter- 
preted by  the  public  in,  any  hopeless  spirit.  The  reform  will 
not  be  effected  by  the  adoption  of  one  universal  panacea,  it 
must  come  from  many  sides  and  by  the  adoption  of  many 
methods  each  adapted  to  meet  a  particular  type  of  case. 
Central  heating,  improved  grates,  smokeless  solid  fuel,  cheap 
gas  fires,  cheap  electric  radiators,  all  these  must  take  their 
due  place  in  the  reform  if  it  is  to  be  permanent  and  far- 
reaching. 

Suggestions  as  to  Ways  in  which  the  British  Science  Guild 
might  Help  the  Work  of  Reform. ― Before  the  Royal  Commission 
came  to  the  end  of  its  labours  there  was  a  strong  feeling  in 
certain  quarters  that  something  ought  to  be  done  to  preserve 
the  continuity  of  the  enquiry  in  some  permanent  way.  During 
the  course  of  the  enquiry  new  sources  of  information  had 
been  opened  up,  and  the  interest  of  many  intelligent  workers 
had  been  aroused  in  the  question  from  a  national  as  well  as 
from  a  purely  industrial  point  of  view.  It  seemed  unbusiness- 
like as  well  as  unscientific  that  the  useful  organisation  which 
had  grown  up  in  this  way  should  be  disbanded  or  allowed  to  fall 
to  pieces  through  the  lack  of  some  permanent  head  whose 
duty  it  should  be  to  keep  certain  of  the  more  important 
statistics  up  to  date  and  to  report  from  time  to  time  on  progress 
in  economy  and  reform.  It  appears  to  the  writer  that  it  is  not 
yet  too  late  for  some  steps  to  be  taken  with  a  view  to  ilie 
realisation  of  this  idea.  It  also  appears  to  him  that  this  is  a 
work  which  might  wisely  be  undertaken  by  the  British 
Science  Guild  either  through  a  permanent  committee  of  its 
own,  supported  by  voluntary  contributions,  or  by  exerting  its 
influence  on  the  Government. 

It  appears  also  worth  considering  whether  the  guild  could 
co-operate  in  some  active  way  with  the  Smoke  Abatement 
Guild  in  it's  missionary  efforts  and  in  its  attempts  to  secure 
】nore  satisfactory  legislation  on  the  subject  of  smoke  preven- 
tion. 


Launch  of  the  Cruiser  '•  Dublin." ― This  vessel,  one  of  the  new 

Town  •'  class  of  light  ariuoured  cruisers,  was  launclied  from 
the  yard  of  Messrs.  Wni -  Beardniore  &  Co.，  Dalniuir,  on  the 
30th  ult.  She  measures  430ft.  in  length  and  has  a  tonnage 
of  5,400.  She  will  be  fitted  with  Parsons  turbines  of 
25,000  li.p.，  driving  four  screws,  and  her  designed  speed  is 
25!i  knots.  Steam  will  be  supplied  by  12  boilers  of  the 
Yarrow  type,  fitted  for  burning  liquid  fuel  as  well  as  coal. 
The  Dublin"  mounts  eight  6iii.  guus  and  eight  smaller 
weapons,  has  a  capacity  for  1 ,000  tons  of  coal,  and,  besides 
having  protective  deck,  has  armoured  protection  on  t lio  sides. 
Tlie  estimated  cost  of  the  vessel  is  £334,058.  The  keel  of  the 
"Dublin  '，  was  laid  on  April  6tli,  1911 .  The  average  time 
taken  for  the  construction  of  ships  of  this  class  is  about  20 
months,  so  that  the  "  Dublin  "  should  be  commissioned  about 
November. 
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BUCKTON'S  RADIAL  DRILLING  AND  BORING  MACHINE. 

The  accompanying  illustrations  sliow  a  design  of  radial  ； mii 
drilling  and  boring  machine,  ilie  invention  of  Joshua  liuck- 
ton  &  (Jo.，  Ltd.,  Well  House  Foundry,  Leeds,  and  C.  W. 
Jsmes.  Referring  to  the  illustrations,  the  radial  arm  A， 
wliicli  at  the  centre  of  the  niacliiiie  takes  the  form  of  a  verti- 
cal sliding  piece  O,  for  the  purpose  of  embracing  ilie  central 
column  B,  is  continued  beyond  the  central  portion  in  order 


iiKJvably,  in  a  truly  vertical  position.  Below  this  swivel  the 
coin m  11  is  continued  downwards  in  a  circular  form,  and  is 
made  to  fit  in  the  bored -out  portion  of  the  base.  Hollers  L 
are  introduced  to  take  side  thrusts  all  round,  and  a  set  screw 
M  arranged  for  locking  the  column  at  any  selected  position 
when  at  work. 

When  the  size  of  1  he  iiiacliine  makes  the  superimposed 
weight  considerable,  and  so  renders  the  swivelling  movements 
difficult  to  carry  out,  1  he  column  is  arranged  to  run  on  a  ball 

race  at  N，  which  is  mounted  on 
springs.  These  springs  support  a 
fixed  annular  ring  on  which  the 
balls  N  roll.  Again,  wlieu  the  size 
makes  it  desirable,  the  swivelling 
movements  of  the  column  B  and  the 
arm  A  (as  well  as  the  swivelling 
piece  at  E)  is  fitted  with  a  worm 
and  worm  wheel,  as  follows :  At  Q 
(see  Fig.  2)  is  the  fixed  horizontal 
worm  wheel,  and  at  T  is  the  worm, 
which  latter  is  mounted  in  a  "  lious- 
intr  '，  attached  to  and  thrown  out 
from  tlie  central  column  B.  Another 
worm  wheel  is  shown  at  U  (Fig.  1), 
by  which  the  radial  arm  may  be 
moved  round. 

The  vertical  sliding  piece  O  is 
formed  with  a  loose  side,  or  other 
adjustable  piece,  for  taking  up  wear, 
as  sliown  in  Fig.  4，  where  the  joint 
is  arranged  diagonally  along  the 
iiiie  XX.  ' 


liUCKTON  S  KaDIAL  DRILLING  AND  BoiUNG  MACHINE. 

that  it  "lay  form  a  bracket  for  supporting  a  fixedly-balanced 
motor  C.  The  main  driving  sliaft  D  from  this  motor  is 
arranged  to  penetrate,  as  a  unit,  the  central  colinnn 
through  a  narrow  slot 一 and  so  pass  along  the  axis 
of  the  radial  arm ― (see  P，  Fig.  3),  wliirli  shows  the 
centre  of  this  axis  and  the  centre  of  the  central  wheel 
gear.  The  hole  R  in  the  central  coliimn  is  a  Ji arrow  slot,  long 
enough  to  meet  and  satisfy  the  rising  and  falling  requirements 
of  the  radial  arm,  and  not  wider  than  necessary  to  pass  the 
driving  shaft  through  it,  the  slot  being  boxed  up  solid  with 
the  main  casting.  As  close  as  possible  to  the  face  of  the 
vertical  sliding  piece  O  is  mounted  a  vertically-arranged 
swivelling  connection  E，  for  allowing  the  radial  arm  to  swivel 
or  rotate  about  its  axis,  which  axis  in  this  case  is  the  centre 
of  the  shaft  D  through  the  whole  of  the  360。.  On  the  flat 
saddle  S  of  the  radial  arm  there  is  mounted  another  swivel- 
ling joint  F,  in  order  that  the  drill  head,  wliose  centre  lines 
are  shown,  may  be  slanted  to  any  desired  angle.  It  will 
bp  seen  that  there  is  no  revolving  sleeve  encircling  the  central 
coliunn,  or  any  substitute  therefor,  above  the  base  of  the 
machine. 

An  arrangement ~~ entirely  circular 一 which  allows  the  foot 
of  the  pierced  central  column  B  to  be  turned  round,  hori- 
zontally, to  any  position  in  tin*  wliole  360°，  is  shown  ； ir ranged 
ill  the  machine  base,  tluis  ；  At  a  convtMuent  position  below  the 
lowest  range  of  the  vertical  sliding  piece  is  ai'i'anged  a  trulv 
circular  horizontal  swivelling  roniieotion  H  (Fig.  2)  of  <is 
large  a  diameter  as  the  size  of  (he  machine  demands.  The 
outernu)st  portion  of  tins  Hantre,  of  tliis  riivular  swivelling 
piece  H，  forms  part  of  the  rentral  ('olu"m  B，  and  bv  mounting 
it  on  and  in  a  ciirular  bed  ,T，  formed  in  the  base  of  the 
n.aoliine  -the  fixed  worm  wliool  Q  assisting  in  liolding  the 
fl:mge  down ― the  central  column  ran  be  held  "p  tightly.  h\\{ 


INSTITUTION  OF  CIVIL  ENGINEERS. 

At  the  anmial  general  meeting  of 
the  Institution  of  Civil  Engineers, 
held    on    Tuesday    evening,  April 
30th,  the  result  of  the  ballot  for  the 
election  of  officers  was  declared  as 
follows :      President  ：    Mr.  Robert 
Elliott-Cooper  (London)  ；  vice-presi- 
dents :  Mr.  Anthony  George  Lyster, 
M.Eug-  (Liverpool),  Mr.  Benjatinn 
Hall     Blyth,     M.A.     (Edinburgh).     Mr.     John  Strain 
(Glasgow),  Mr.  George  Robert  Jebb    (Biniiingliani)  :  other 
nienibers   of   Council  ：    Mr.  John  A.  F.  Aspinall,  M.E"^ 
(Liverpool),  Mr.  John  A.  Brodie,  M.Eng.  (Liverpool),  Mr. 
Willi 議 B.  Bryan  (London),  Col.  R.  E.  B.  Cronipton,  C  B 
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Donaldson,  K  C  B.  (London).  Mr.  E.  B.  Ellington  (London) 
Mr.  W.  II.  Ellis  (Sheffield),  Mr.  \V.  FergusoiC  M.A.,  B.A.I. 
(Australasia),  Sir   Maurice   Fitzmaurire,  C.M.G.  (London), 
Sir  John  Purser  Griffith  (Ireland),  Mr.  C.  A.  Harrison.  D  S( 
(Newcastle-on-Tvne),   Mr.   Walter    Hunter    (London).  My, 
Harry  E.  Jones  (London).  Mr.  E.  H.  Keating  (Canada),  Sir 
Thomas    Matthews    (London),    Mr.    W.    H.    Ma、、'，    LL  D. 
(London),  Mr.  C.  L.  Morgan    (London),    Mr.    Baiil  Mott 
(London),  Hon.  Sir    diaries    Parsons.  K.C.K.  (Wvlani-on- 
Ty"e),  Mr.  F.  E.  Robertson,  CM.E.  (London),  Mr.  Alexaiider 
Ross  (London),  Hon.  Sir   Francis   J.  E,  Spring,    K  (，  I  E 
q"dia),  Mr.  A.  M.  Tippett  (S.  Africa^,  S"-   Philip  Wafts, 
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The  Counril  of  the  Institution  have  made  the  following 
a 、、； mis  for  papers  read  during  the  session  191 1-19112  ：  Telford 
Gold  Medals  to  Messrs.  Ernost  and  Walter  Mansergh  (Lon- 
don) :  a  George  Stephenson  Gold  Medal  to  Mr.  Koger  T. 
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A.  H.  M.-Doiiald  (Glasgow),  G.  Midgley  Taylor  (London). 
I).  V.  Leitrh  (London),  W.  C.  Easton  (Glasgow),  and  D.  H 
Aloi'to"  (Glasgow)  ；  and  the  Maiihv  Premium  to  Mr.  S.  H. 
Ellis  (Liverpool).  The  award  for  papers  published  in  the 
pro(eefling:s  without  discussion  and  for  students'  papers  will 
lie  announced  lat^r. 
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Fir'.  1.— The  Directograph  Pitometee,  with  Pitot 
Tube  and  Connections  to  Recobding  Device. 


THE  DIRECTOGRAPH  PITOMETER. 

A  DEVICE  wliicli  has  been  introduced  recently  for  measuring 
and  recording  the  flow  of  liquids  in  pipes,  and  which  has  the 
special  feature  of  showing  and  recording  its  results  on  a  direct- 
reading  chart,  is  known  as  the  directograpli  pitoineter.  It  is 
used  for  recording  the  rate  of  flow  as  measured  by  pitot  tubes, 
venturi  meters,  or  other  devices  in  which  the  desired  result 
is  obtained  by  the  measurement  of  the  diflference  between  two 
pressures.  As  described  in  this  article  and  shown  in  the 
accompany hig  cuts,  for  which  we  are  indebted  to  "  Engineer- 
ing News,"  it  is  de- 
signed for  use  in 
connection  with  a 
pitot  tube  for 
measuring  the  rate 
of  How  iu  water 
mains. 

The  instrument 
and  its  connections 
to  the  main  are 
shownin  Fig.l.  The 
pitot  tube  is  of  a 
standard  form,  hav- 
ing two  orifices  or 
pressure  openings, 
and  connected  with 
pressure  tubes  pass- 
ing through  a  metal 
casing  of  such  form 
and  length  as  will 
permit  its  insertion 
into  a  water  main 
through  a  lin.  open- 
ing, and  will  allow 
it  to  be  set  at  any 
point  across  the 
diameter  of  the  pipe.  These  two  pressure  tubes  are  connected 
by  means  of  rubber  tubes  or  pipes  to  a  glass  U-tube  con- 
taining a  liquid  slightly  heavier  than  water.  Thus  they  form 
a  good  serviceable  indicating  flow  meter  for  use  in  cases  where 
a  short  test  measurement  is  desired  on  any  pipe  line.  When 
it  is  desired  to  obtain  a  continuous  record  of  the  rate  of  flow, 
from  which  the  total  output  of  any  line  (as,  for  example,  a 
piunping-station  discharge)  can  be  computed,  the  recording 
device  is  connected  in  parallel  arrangement  with  the  U-tube, 

'  as  shown  in  Pig.  1. 

This  method  of  con- 
nection allows  the 
instrument  to  be 
used  either  for  indi- 
cating or  recording 
the  rate  of  flow,  and 
furnishes  means  for 
checking  the  adjust- 
ment of  the  recorder. 

The  recorder  is 
shown  by  the  sec- 
tional drawing,  Pig. 
2.  It  consists  of  a 
collapsible  metal 
box  or  bellows  A, 
built  up  of  flat  and 
corrugated  diaph- 
ragms. This  con- 
tains a  helical  spring 
B,  nmde  of  phosphor- 
bronze  wire,  and  is 
enclosed  in  a  cylindical  brass  case  C  in  such  a  maoner  as  to 
form  two  separate  pressure  chambers.  The  upper  chamber  or  in- 
terior of  the  collapsible  box  A  is  connected  to  the  upstream  or 
impact  orifice  of  the  pitot  tube  by  the  tube  D，  and  the  lower  or 
outer  chamber  is  coiinerted  to  the  down-stream  or  trailing 
orifice  by  the  tube  E. 

If  there  is  no  flow  in  the  main,  the  collapsible  box  will 
stand  at  a  normal  position  of  rest,  as  the  pressure  in  both 
chambers  will  be  equal.  But  if  the  water  in  the  main  is  in 
the  pressure  in  the  upper  cliamber  is  greater  than  in 


Fig.  2.— Sectiokai.  Elkvation  of  the  KKcoitDiNG 

Al'PAHAlUS  OF  THK  DlRECTOOlt APH  PlTOMETJCB. 


the  lower  chamber  and  the  bellows  is  extended  or  expanded 
a  distance  which  is  dependent  upon  the  ainoiuit  of  difference 
between  the  pressure  in  the  two  chambers  and  the  resistance 
of  the  helical  spring.  This  thrust  is  transformed  by  means 
of  rollers  and  cam  F  into  a  rotary  motion,  and  is  transmitted 
llirougli  a  i'rictionless  packing  gland  to  a  pen  arm  G.  This 
arm  carries  a  pen  H,  which  inarks  on  a  continuous  paper  chart, 
and  this  is  counterbalanced  by  the  weight  J. 

The  chart  (Fig.  3)  is  made  in  the  form  of  a  continuous 
sheet  or  ribbon,  and  has  parallel  lines  indicating  feet  and 
fractional  feet  of  velocity  per  second.  A  sample  of  a  cliart 
with  record  is  shown  in  Fig.  3,  and  it  will  be  noted  that  the 
transverse  lines  or  hour-divisions  are  curved  to  agree  with 
the  radial  movement  of  the  marking  pen.  The  niechanisin  is 
so  constructed  that  the  distance  travelled  by  the  pen  is  directly 
proportional  to  the  increase  in  velocity,  thus  permitting  the 
use  of  a  polar  planimeter  to  obtain  the  average  rate  of  flow 
for  any  period  of  time.  This  form  of  chart  is  especially 
desirable,  since  average  rates,  and  therefore  total  amounts, 
for  given  periods  can  be  obtained  from  it  with  a  minimum 
of  office  work.  In  fact,  where  the  flow  is  fairly  steady,  as  at 
many  pumping- station  outlets,  the  average  rate  can  bs 
obtained  by  inspection  without  the  use  of  the  planimeter. 

The  portability  and  convenience  of  installation  combined 
with  the  direct-reading  chart  are  claimed  to  make  this  meter 
specially  adapted  for  the  use  of  the  water-works  engineer,  as 
by  its  use  he  can  determine  (1 )  the  distribution  of  supply 
along  the  lines  of  the  various  feeder  mains  in    the  system, 

(2)  the  velocities  under  which  these  feeder  mains  are  working, 

(3)  the  amount  of  water  used  in  any  particular  section  of  tlio 
distribution  system,  and  (4)  the  actual  output  of  the  pumps 
and  consequently  the  efficiency  of  same. 

In  making  field  surveys,  the  ease  with  which  the  instru- 
ment is  installed  and  the  small  expense  involved  enable  the 
operator  to  proceed  nmcli  more  rapidly  and  to  carry  on  the 
investigation  to  include  much  smaller  limits  of  territory  than 
he  would  be  able  to  do  by  the  use  of  meters  which  require 
cutting  into  the  main  and  the  resultant  permanent  installa- 
tion of  the  meters  or  expensive  bypass  connections.  Further, 
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Fig,  3.— Section  of  Chart  made  by  the  Directogbaph  Pitometer. 

the  number  of  meters  required  to  carry  on  a  survey  is  limited 
to  the  number  of  points  at  which  siinultaueous  readings  are 
desired,  regardless  of  the  size  of  main,  since  the  same  instru- 
ment can  be  used  on  any  main,  from  a  4iii .  to  the  largest  size 
in  the  system. 

When  used  as  a  master  meter  to  determine  the  output 
from  a  pump  or  other  source  of  supply,  it  offers  the  same 
advantages  as  to  convenience  and  cheapness  of  installation. 
When  used  on  a  pump  it  can  be  equipped  with  a  special  scale 
attached  to  the  U-tube  so  calibrated  as  to  read  in  terms  of 
revolutions  per  minute,  thus  making  a  convenient  indicating 
instrunieiit  with  which  to  check  slip  of  the  pump  by  a  very 
simple  comparison  of  readings  on  the  scale  with  readings  of 
the  revolution  counter.  The  care  of  this  instrument  is  much 
tlie  same  as  that  required  by  any  recording  gauge,  and  there- 
fore it  can  be  operated  afc  a  station  by  the  engineer  or  his 
assistant  who  has  cliarge  of  the  other  various  gauges  about 
the  plant  without  additional  expense  of  expert  trained  service. 

This  device  was  designed  by  W.  R.  Brown,  of  Chicago,  ami 
was  tried  by  him  with  satisfactory  results  on  both  punipiiig- 
statiou  and  field-survey  tests  at  Milwaukee,  Wis.,  during  the 
past  summer.  Fig.  3  is  a  reproduction  of  one  of  the  charts 
obtained  during  these  tests.  Patents  on  this  invention  were 
obtained  by  the  Water  Works  Specialty  Company,  35,  South 
Dearborn  Street,  Chicago,  and  it  is  now  being  nianufacturecl 
bv  that  company. 
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AERIAL  FLIGHT.* 

n\  HENRY  REGIXALD  ARNITLPH  MALLOCK,  F.R.S. 

{Concluded  from  page  561,) 

Turning  again  to  Fig.  4，  which  shows  the  discontinuous  flow  of 
a  ])erfo('t  fluid  past  a  plane,  and  comparing  it  with  Fig.  9,  the 
actual  How  of  water  or  air  in  tlie  same  fircumstaiu'es,  we  see, 
at  any  rate,  some  of  the  reasons  for  the  difference  between  the 
forces  calculated  and  found.  On  the  up- stream  side  of  the 
plane  frii-tion  does  little  to  modify  the  conditions  except  in  the 
iieiglibourliood  of  t  lie  edges  ；  but  dowii-streani  we  find,  instead 
of  a  pond  of  still  fluid,  a  complex  wake  consisting  of  a  central 
current  moving  forwards  towards  the  plane,  bordered  by  a 
series  of  eddies  whose  origin  is  of  the  same  nature  as  those  just 


Fig.  p.  — Frictional  Flow:  Stream  notimal  to  plate. 

referred  to  in  the  expanding  channel,  namely,  to  degradation 
of  the  streams  passing  round  the  edges  of  the  plane  wliirh, 
having  insufficient  velocity  to  follow  the  stream-line  path  of 
Fig.  4,  are  deflected  inwards  and  become  involved  with  the 
reversed  central  stream,  about  half  tlie  fluid  in  each  eddy 
being  supplied  from  ^ip-stream  and  lialf  from  the  wake. 

The  eddies  are  formed  periodically,  growing  to  a  certain 
size,  and  then,  breaking  away  from  their  place  of  birth,  they 
form  part  of  the  train  which  borders  tlie  wake  current.  The 
wake  current  itself  is  due  to  the  constant  removal  of  fluid  in 
this  way  from  the  back  of  the  plane  ；  and  tlie  fact  that  tlie 
outflow  from  the  back  has  its  maximum  velocity  close  to  the 
edge,  where  the  ('omposit'e  eddy  is  being  formed,  shows  that 
the  pressure  on  the  back  of  the  plane  is  lower  at  tlie  edges  than 
in  the  centre.  Hence  it  could  be  stated  with  certainty,  even 
without  any  experiment,  that  the  total  resistance  of  a  plane 

77"  Sin  (x  • 

must  be  greater  than  p  v~  ，  which  assumes  that  the 

4  +  TT  Sin  a 

pressure  over  the  rear  surface  is  uniform,  and  equal  to  the 
general  pressure  at  a  distance. 

Experiment,  however,  is  required  to  determine  the  actual 
resistance,  and  when  the  plane  is  broadside  to  the  stream  this  is 
found  to  be  about  half  as  much  again  as  the  head  resistance 
alone,  or  about  20  or  25  per  cent,  greater  than  the  flynaiiiir 
head  x  the  area  of  tlie  plane. 

When  the  angle  a  is  small,  as  it  always  is  in  fliglit,  tlie 
character  of  the  wake  takes  the  form  shown  in  Fig.  10.  Here 
the  wake  stream  is  only  recognisable  as  a  reversed  current  quite 
close  to  the  plane,  and  tlie  small  eddies  as  fast  as  they  are 
formed  are  so  rapidly  degraded  that  after  travelling  a  sliort 
distance  they  are  merely  recognisable  as  slight  variations  in  the 
direction  of  the  general  current.  The  abstraction  of  wake 
water  by  e(kly-making  continues,  however,  even  for  very  small 
values  of  n，  and  lias  the  effect  of  deflecting  the  upper  boundary 


Fia.  10.— FiucTiONAL  Flow  :  Stream  oblique  to  plate. 

of  the  wake  as  shovvti .  The  deflection  may  bo  considered  from 
another  point  of  view  as  the  outfoine  of  the  (lefe<'tive  pressure 
oil  the  down-stream  surface  of  the  plane. 

This  short,  account  gives  a  general  explanation  of  the 
observed  difTerence  between  results  taKulat ed  for  t lie  (lisi'on- 
t inuous  flow  of  a  perfect  fluid  aii<i  those  actually  fouinl  hy 
experiments  in  air  and  wat«r,  and  if  the  nature  of  the  flow 
over  the  back  surface  were  ari'urately  known,  tlie  value  of  n 
for  tlie  maxiinui»i  of  L/R  could  be  predicted.      Even  in  the 

*  .lanu's  Fonvst  locLuro  delivered  lU  the  Insliliition  of  Civil  Engineers,  April 
19th.  1912. 


absence  of  this  knowledge,  the  assumption  tliat  surface  friction 
varies  as  v-,  and  acts  only  on  the  up-stream  side,  leads  to  a 
value  of  a  that  is  not  far  removed  from  truth. 

Let  A  B,  Fig.  11，  be  the  plane  making  a  small  angle  a  with 
the  stream,  and  let  L  and  II  be  the  lateral  force  and  resistance 
which  would  be  experienced  if  there  were  no  friction.  If  L' 
and  K/  are  the  same  quantities,  taking  friction  into  account, 
and  putting  F  v'  as  the  frictional  force  parallel  to  A  13，  we 
have  1/=^  L  —  F  a，  and  R'  =：^  R  +  F  and  since  L  =  R„  "， 
and  11  =  R,i      R^^  being  the  normal  resistance  A  /* - ： 

L'  =  L  -  F  a  -  av'  (A,.  ―  F),  and  R'  =  R  +  F  i^- = 呼 
(A  "-'  +  F) :  hence  L'/R'  =-  "  (A  —  F)〃a'-'  A  +  F)  and  this  is  a 
maximum  when  "  =  \/  F/l{. 

Lanchester's  experiments  make  F/R  =  0*0075, 
Zahn's         ，，  ，，         F/R  =  00037, 

which  ron'espoiHl  to  a  —  G  S"^  or  3.5。  respectively. 

The  actual  value  found  from  direct  experiments  on  L  ami  R 
lies  between  these  two,  and  although  6.5"^  is  nearer  the  truth 
than  3  5。，  this  does  not  imply  that  0  0075  is  the  more  nearly 
correct  value  of  F/R,  for  the  complete  theory  must  take  into 
consideration  the  action  of  tlie  streams  on  both  sides  of  the 
plane. 

I  may  add  that  the  work  done  in  eddy-making,  and  there- 
fore the  total  resistance,  varies  with  the  stage  of  growth  of  tlie 
eddy,  and  that  tlie  resistance  of  a  plane  in  a  real  fluid  is  not 
a  constant,  but  a  fluctuating  quantity,  the  j>erio(l  of  iluctiiation 
being  the  time  occupied  in  the  formation  of  each  eddy.  The 
whole  subject  of  eddy  production ― real  eddies,  it  must  be 
remembered,  are  very  different  from  tlie  closed-circuit  vortices 
of  mathematics ― presents  a  wide  field  for  useful  investigation, 
in  which  very  little  has  as  yet  been  done. 

The  curves  in  Figs.  5  and  6  refer  to  the  properties  of  plane 
surfaces.  In  flying  machines  the  wing  surfaces,  as  is  well 
known,  are  slightly  curved.  The  typical  reactions  of  sucli  a 
curved  surface  are  shown  in  Fig.  12.  In  this  particular 
diagram  the  surface  exposed  to  the  stream  is  one-eighth  of  the 
circumference  of  a  circular  cylinder.  Here,  if  the  inclination 
to  the  stream  (the  angle  a)  is  measured  from  the  chord,  "  is 
negative  wlien  the  lifting  force  vanishes,  and  the  resistance  is 


—it- 

Fig.  11. 

not  a  minimum  in  this  position.  The  curve  showing  the  ratio 
of  lateral  force  to  resistance  is  of  the  same  type  as  shown  in 
Fig.  G，  but  with  rather  a  flatter  top,  so  that  tlie  region  of 
best  efncieiu'v  is  not  confined  within  such  narrow  limits  as  it 
is  in  the  case  of  a  plane. 

Til  Fit^.  13  tlio  curves  relate  to  a  body  whose  bark  surface 
is  part  of  a  cyliiuler,  but  with  a  plane  front.  Here  again  the 
L/R  curve  shows  a  flattened  top  as  compared  with  a  plane, 
although  not  in  sucli  a  marked  way  as  when  the  front  is 
concave  :  but  by  making  the  set-tion  of  tlie  body  a  ineuiscus  as 
good  results  can  he  obtained  as  from  a  single  concave  surface. 
Many  more  or  less  fam-iful  benefits  have  been  clainied  for  sec- 
tions in  wliich  the  bounding  curves  are  not  parts  of  (irrles, 
but  apart  from  considerations  of  this  kind,  the  increase  in 
the  rant^e  of  efficiency  given  bv  any  reasonable  form  of  t  urve 
and  tlie  facilities  offered  bv  the  lueiiisfus  section  for  the  intro- 
duftion  of  stiffening  girders  in  the  substance  of  the  wings  are 
sufficient  reasons  for  the  adoption  of  the  forms  act  nail  v  in 
use. 

From  the  t-urves  just  given  it  may  be  ralciilatod  that  with 
siuli  a  fluid  as  air,  allowing  1/7  as  a  possible  gliding  angle, 
it  would  require  3  li.p.  and  a  speed  of  27  miles  per  hour  to 
support  a  weiglit  of  150 lbs,  on  150  s*j.  ft.  of  wing  surf.nv, 
so  that  even  if  the  wings  and  framework  of  a  flying  machine 
were  weightless,  it  would  require  somethi""'  like  30  times  the 
power  of  a  man  to  make  siu-li  a  machine  fly.  Tt  is  r】eftr, 
thorefore,  tl»at  lunuaii  boiiigs  will  never  be  able  to  fly  by  their 
own  muscular  exertion,  and  it  was  not  uiitil  the  int^nial- 
coinlmst ion  eiiginos  liad  heon  developed  in  comK^ction  vvitli 
motor-cars  that  sviflu  iont  proportion  of  power  to  weight  was 
available*  for  ascents  in  still  air.    1  f  ascending  currents  can 
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be  found  or  if  use  can  be  made  of  differences  of  speed  in  the 
wind  at  different  levels,  there  is  no  reason  wliy  eii^nneless 
flight  should  not  succeed,  but  the  opportunities  are  rather 
limited. 

The  heaviest  birds  wliicli  can  11  y  (great  bustards,  turkeys, 
and  some  of  the  vultures,  eagles,  and  pelicans)  weigh  between 
201  bs.  and  301bs.  Of  these,  bustards  and  turkeys  are  sliort- 
wiiigecl  and  tlie  load  is  over  21bs.  to  tlie  square  foot  of  wing. 
But  their  flights  are  short  and  their  wing  movements  rapid, 
and  the  power  expended  while  rising  from  the  ground  must 
b*^  very  great  in  proportion  to  their  size.  The  large  birds 
which  make  long  flights  have  wing  areas  giving  a  load  of  less 
than  21bs.  per  square  foot,  and  are  all  adepts  at  making  use 
of  ascending  air  currents,  so  that  for  the  most  part  of  their 
time  in  the  air  they  have  but  little  work  to  do. 


Pig.  12.— Values  fob  a  Surface  forming  4rjO  of  a  long 
Circular  Cylinder. 

Much  controversy  has  arisen  on  the  question  of  the  suffi- 
ciency of  upward  currents  or  upward  conipouents  of  currents 
of  air  to  account  for  such  flights,  but  the  more  the  circum- 
stances are  examined  the  more  clearly  it  appears  that  soaring 
is  in  most  cases  effected  in  this  way,  although  the  origins  of 
the  ascending  currents  are  very  various.  Sometimes  they  are 
caused  by  natural  obstructions  in  the  path  of  the  wind,  such 
as  cliffs,  hills,  tlie  sides  or  sails  of  a  ship,  or  the  slope  of 
waves,  but  on  a  larger  scale  they  are  chiefly  the  result  of  air 
ascending  after  having  been  warmed  by  contact,  direct  or 
indirect,  with  the  ground.  At  low  levels  such  vertical  move- 
ments are  very  small,  and  at  tlie  surface  of  the  ground  any 
motion  must,  of  course,  be  parallel  to  the  surface,  but  at 
considerable  height,  especially  in  sunny  countries  ；  the§e  con- 
vection currents  must  always  exist  even  when  the  weather  is 
calm,  except  in  the  rare  events  of  large  tracts  of  sea  or  coun- 
try having  the  same  temperature  as  the  air  in  contact  with 
them.  It  was  by  experiments  on  gliding  in  a  wind  blowing 
up  a  hillside  that  the  Brothers  Wright  got  sufficient  expe- 
rience to  contro!  the  wings  of  their  machine  and  maintain  its 
balance  in  the  air,  and,  this  accomplished,  true  flying  fol- 
lowed almost  as  a  matter  of  course  when  a  suitable  engine 
was  added. 

I  do  not  propose  to  devote  much  time  to  the  relative  merits 
ot  the  various  types  of  flying  machines  which  have  been  intro- 
duced since  the  first  success  of  the  Wrights.  Practically  the 
monoplaue  and  biplane  are  the  only  candidates  in  the  field 
at  present,  and  each  has  advantages  for  special  purposes  ；  but  , 
given  the  neressary  engine  power,  together  with  a  supporting 
surface  appropriate  to  the  intensity  of  the  load,  it  is  merely 
a  question  of  skill  on  the  part  of  the  pilot  to  be  able  to  fly 
whatever  the  disposition  of  the  surfaces  may  be  ；  the  degree  of 
skill,,  however,  required,  and  the  chances  of  accident,  are 
TP II eh  greater  with  some  forms  than  others. 

With  monoplanes  and  biplanes  now  in  use,  it  appears 
to  be  not  much  more  troublesome  to  learn  to  fly  in  still  air 
or  a  uniform  wind  than  to  manage  a  bicycle,  in  spite  of  the 
extra  degrees  of  freedom  introduced  by  the  absence  of  any 
fixed  support,  but  in  gusts  and  eddies  the  difficulties  of 
balancing  are  formidable  and  of  many  kinds.  To  anyone 
flying  at  a  height  the  sense  of  true  vertical  which  we  have, 
and  by  which  we  adjust  our  balance  when  standing  or  mov- 
ing on  the  ground,  is  replaced  by  the  direction  of  the  resul- 
tant force  of  gravitation  and  any  acceleration  which  the 
machine  may  be  subject  to.    In  still  air  or  in  a  uniform  wind 


(K'releration  can  only  be  the  result  of  an  alteration  of  level  or 
of  the  engine  speed,  and  the  ellects  due  to  the  latter  cause 
can  not,  be  very  large  or  rapid.  When,  however,  the  machine 
])asse3  quickly  from  a  regioii  of,  still  air  into  a  wiiul,  or  vice- 
versa,  which  is  what  happens  praci  ically  in  gusts,  the  sensa- 
tion of  vf'rticul  direction  is  lost,  and  although  the  speed  and 
d  irect  ion  of  t  ravel  of  the  iiiacliiiui  only  chaiii^c  gradually,  the 
n'sultaiit  ol"  tlie  ior<;es  acting  on  it  does  so  iiislaiit aiieously, 
not  only  in  direction^  but  in  magnitude. 

The  three  diagrams  in  Fig.  14  sliow  the  direction  in  which 
a  short  peuduliun  at  the  centre  of  gravity  of  t lie  inacliine 
would  point  (a)  when  the  Higlit  is  in  uniformly  moving  air, 
(A)  when  in  an  overtaking  gust,  (r)  in  an  opposing  ^ust.  The 
(•oiiiiectioii  between  the  angle  (0)  wliidi  the  pendulum  makes 
wit li  the  true  vertical  being 

tan    _  Propulsive  force  ―  Kesistance 
Lifting  force  * 

It  is  hardly  to  be  wondered  at  that  such  changes  in  the 
apparent  vertical  should  be  confusing  to  the  pilot,  and  that 
accidents  which  are  often  fatal  should  happen  while  experience 
is  being  acquired.  Side  gusts  may  produce  still  more  embar- 
rassing effects,  the  character  of  which  depend  on  the  class  of 
machine  and  the  disposition  of  the  wings  to  a  greater  degree 
than  is  the  case  with  gusts  in  or  against  the  direction  of 
motion.  Nevertheless,  when  there  is  sufficient  distance 
between  the  machine  and  the  ground,  and  T>rovidecl  the  air- 
man can  keep  his  head  and  his  seat,  it  ous^ht  to  be  possible  to 
correct  any  upset  due  to  these  causes  if  the  various  parts  will 
stand  the  stress  of  the  necessary  manoeuvres. 

These  stresses  may  be  very  large  compared  to  the  ordinary 
flying  stresses,  as,  for  instance,  when  a  machine  plunges  and 
has  to  be  brought  rapidly  into  a  horizontal  path  in  order  to 
avoid  striking  the  ground.  At  the  present  time  the  wings  and 
framework  of  all  machines  are  made  as  rigid  as  possible  by 
wire  stays,  &(:•.，  with  the  result  that  the  breakage  of  any  one 
part  is  likely  to  wreck  the  whole  :  and  it  is  probable  that  as 
time  goes  on  more  attention  will  be  paid  to  increasing  their 
pliability,  so  as  to  allow  a  reasonable  amount  of  distortion 
without  crippling  the  structure.  The  problem  of  determining 
the  greatest  possible  flexibility  which  can  be  given  to  a  struc- 
ture of  a  definite  shape,  size,  and  weight,  which  is  also  to  have 
a  definite  initial  stiffness,  is  theoretically  capable  of  solution 
in  terms  of  the  strength,  density,  and  dynamic  worth  of  the 
materials  ( by  dynamic  worth  is  meant  the  worth  which  can 
be  stored  elastk-ally  in  the  unit  volume),  and  although  I 
am  not  aware  that  any  case  has  been  worked  out,  the  subject 
is  worthy  of  investigation. 

The  most  important  questions  which  can  be  raised  about 
tiying  machines  relate  to  their  stability  in  flight  and  the 
ease  or  difficulty  of  starting  or  stopping  them,  and  on  each 
of  these  questions  I  will  say  a  few  words.  First,  as  to  the 
theories  of  stability  which  have  been  given  from  time  to  time. 
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Fig.  13. 

Some  of  these  I  believe  to  be  correct  as  far  as  they  go，  bxit 
none  of  tIi(Mii  are  anytliiiig  like  complete,  since  they  are  all 
based  on  the  pressures  and  variations  of  pressure  acting  on  the 
up-stream  surfaces  of  wings,  and  omit  the  variations  due  to 
the  eddy  fonnatioii  which  goes  on  on  the  down-stream  side. 

Before  proceeding  further  it  will  bo  as  well  to  deline  what 
T  mean  by  stability  in  connection  witli  flight.  A  flying  body 
is  stable  if,  when  acted  on  by  a  propulsive  force  and  the 
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reactions  of  the  air  (but  not  steered),  any. small  angular  velo- 
city imposed  about  a  horizontal  axis  tends  to  die  out,  and  any 
small  displacement  about  a  vertical  axis  to  reach  a  constant, 
value.  Or,  in  other  words,  any  accidental  motion  of  the 
nature  of  pitching  or  rolling  must'  tend  to  disappear,  while  an 
arbitrary  twist  to  the  right  or  left  must  put  the  machine  on  a 
new  but  straight  course. 

Technically,  stability  is  compatible  with  the  presence  of 
forces  which  produce  increasing  oscillations  as  the  result  of 
disturbance,  but  for  the  present  purpose  not  only  must  the 
average  force  so  called  into  play  be  a  restituent  force,  but  the 
disturbing  motions  must  also  tend  to  die  out.  The  oscillations, 
ia  fact,  must  be  damped,  and  not  maintained.  The  variation 
ot  pressure  caused  by  the  periodic  formation  of  eddies,  how- 
ever, is  frequently  of  a  kind  which  will  maintain  or  increase 
a  disturbed  motion  until  some  other  cause  puts  a  limit  to  its 
magnitude. 

An  example  of  this  may  be  seen  in  the  spinning-plates 
which  are  sometimes  used  for  advertisements.  Here  a  long 
rectangular  plate  is  mounted  on  an  axis  parallel  to  the  long 
side  and  passing  through  its  centre  of  gravity,  and  is  there- 
fore in  neutral  equilibrium  if  gravity  is  the  only  force  which 
acts  on  it.  In  a  wind,  however,  the  plate  spins,  and  spins 
in  either  direction  indifferently,  and  if  started  gently  accele- 
rates until  the  linear  speed  of  the  edge  bears  a  certain  propor- 
tion to  the  speed  of  the  wind. 

This  would  not  happen  if  the  only  forces  in  action  were 
those  on  the  windward  surface,  and  the  rotation  is  produced 
by  the  distribution  eddies  at  the  back,  which  change  in  a 
remarkable  way  in  the  course  of  each  revolution.    This  can  be 
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well  observed  if  a  stream  of  smoke  is  allowed  to  flow  past  the 
revolving  plate,  ami  is  intermittently  illuininated  at  a  rale 
slightly  different  from  the  lialf-period  of  revolution. 

From  observations  of  this  kind,  which  I  made  about 
20  years  ago,  Fig.  15  has  been  prepared,  showing  the  eddies 
during  the  various  stages  of  their  growth.  Many  other  cases 
might  be  adduced  where,  for  similar  reasons,  a  perfectly  svm- 
metrical  body  symmetrically  supported  will  spiii  in  either 
direction  in  a  current,  but  the  exani])le  given  above  is  suffi- 
cient to  show  the  importance  of  the  back  pressure  in  the  theory 
of  stability. 

None  of  the  living  nuu-hiiies  at  present  in  use  are  stable 
in  the  sense  in  which  the  word  is  here  used,  but  in  the  ordi- 
nary conditions  of  flight  the  eddies  formed  hehind  the  wings 
are  small  and  their  period  of  format  ion  ？ o  rapid  tliat  the 
change  in  the  attitude  of  the  wings  (that  is.  in  the  angle 
which  t hey  can  produce  in  one  period  is  iiu'oiisidorable,  and 
the  stability  or  instability  depends  rhieiiv  on  tlie  (list ril)ut ion 
of  pressure  on  t  ho  u])-streain  surfaces  ；  Init  t  ho  rase  is  very 


different  wlien  the  machine  is  passing  through  variable  cur- 
rents, and  the  angle  at  which  the  air  meets  the  wings  is  liable 
t J  large  and  rapid  changes.  The  alterations  in  the  arrange- 
ment of  the  pressures  on  the  back  surfaces  are  then  much 
greater  and  take  longer  to  go  through  their  phases ― long 
enough,  in  fact,  to  iiiake  the  process  of  correction  exceedingly 
baffling. 

That  flying  machines  should  be  unstable  in  ordinary  cir- 
cumstances is  really  of  very  little  consequeiu'e.  The  same 
objection  applies  to  walking.  No  conscious  effort,  however, 
is  required  to  keep  upright  on  terra-firma,  but  on  the  deck 
o*"  a  small  vessel  in  a  seaway  we  all  known  that  sea  legs  are 
only  got  by  practice,  often  involving  many  falls.  The  flying 
】uachine，  in  gusty  weather,  is  much  in  the  same  condition,  but 
the  falls  have  inore  serious  consequences. 

I  think  it  very  unlikely  that  any  type  of  flying  machine 
will  be  evolved  which,  without  guidance,  will  be  safe  in  bad 
weather  ；  but  it  is  quite  possible  that  tlie  necessary  correctioiis 
should  be  applied  by  an  automatic  device,  and  if  flight  is  to 
hi  anything  but  a  fair-weather  pastime  something  of  the  kind 
will  probably  be  found  necessary.  What  is  required  is  an 
apparatus  which  will  so  trim  the  wings  as  to  keep  the  machine 
related  in  a  definite  manner,  firstly,  to  the  true  vertical,  and, 
secondly,  to  the  direction  ot  the  resultant  force  at  the  time. 
The  various  ways  in  which  this  could  be  done  might  furnish 
subjects  for  several  lectures,  and  I  will  only  sav  here  that  the 
many  proposals  which  have  been  made  to  use  pendulums  or 
gyroscopes  to  act  directly  on  the  correcting  niechanisni  are 
certainly  bound  to  fail. 

It  is  essential  to  the  success  of  any  automatic  control  that 
the  forces  called  into  play  to  make  the  corrections  of  trim 
should  not  react  on  the  director  of  those  forces,  whether  this 
is  a  pendulum  or  gyroscope,  or  any  other  equivalent  device. 
The  only  instance  in  which  this  condition  has  been  fulfilled 
is  the  "  steady  platform  ，，  of  the  late  Mr.  Beaiichainp  Tower. 
In  this  Mr.  Tower  caused  a  gyroscope  (which  in  effect  was  a 
pendulum  with  a  very  long  period)  to  direct  an  axial  jet  of 
water  on  a  group  of  openings  connected  by  pipes  to  a  series  of 
rams,  in  such  a  way  that  if  the  openings  did  not  iac-e  the  jet 
symmetrically,  water  flowed  into  one  or  other  of  the  pipes, 
and  so  altered  the  position  of  the  openings  until  symmetry 
was  restored,  the  restituent  force  Jiaving  no  tendency  to  alter 
the  direction  of  the  axial  jet.  There  may  be  other  】nethods 
of  attaining  the  same  object  in  the  case  of  wing-triinining  or 
control  for  flying  machines,  but  any  device  in  which  the  cor- 
recting force  tends  to  alter  the  position  of  the  corrector  is 
more  likely  to  do  harm  than  good. 

The  question  of  stability  also  becomes  ini}x>rtant  when 
ilie  flying  machine  is  coming  to  the  ground.  In  alighting, 
the  machine  either  has  to  touch  the  ground  al  full  speed 
and  trust  to  retardation  supplied  chiefly  by  the  ground  for 
coming  to  rest ,  or  it  must  alter  the  wing  attitude  with  refe- 
rence to  the  patli  so  as  to  experience  a  greater  resistance  for 
a  given  litt.  Tliis  latter  method  is  adopted  by  birds  when 
pitching  on  the  grmiiid,  and  in  their  case  at  the  last  moment 
is  generally  su j)j)lenientecl  hv  Happing  tlie  wings,  when  the 
velocity  is  so  niueli  reduced  that  the  greatest  lift  the  wing  area 
is  good  for  will  not  sustain  tlit'ir  weight.  Birds,  wlien  pitch- 
ing on  any  elevated  pt'rrh,  such  as  a  bough  of  a  tree  or  a 
rock,  nearly  always  finish  their  Hight  in  an  upward  direction, 
but 】 either  tliis  nor  win^-tiapping  is  at  present  open  to 
flying  machines  on  acrmuit  of  the  mechanical  difficulties  of 


Alteralioii  ot  the  trim  ol'  the  wiuirs.  however,  presents 
no  great  constructional  diffirultv,  but  wlien  the  angle  between 
tli(i  wings  and  the  path  is  large  the  elTert  of  accidental  varia- 
tions of  pressure  due  to  vddv  formation  is  more  serious,  and 
the  instability  is  greater  tlian  when  the  angle  in  question  is 
the  gliding  an£:le  :  and  liere,  therefore,  automatic  correction 
wouid  be  very  important.  If  this  could  be  used  successfully, 
a  machine  whose  flying  speed  was  40  miles  an  hour,  and  whirl) 
liad  a  glidini::  angle  of  1  7,  could,  as  mav  be  found  from  the 
resist aiu-e  diagrams,  reduce  its  velocity  bv  alteration  of  the 
trim  of  the  wings  to  25  miles  per  hour  before  the  weitjht  ceased 
t )  be  air-borne^  Further,  since  for  the  whole  time  the  resis- 
tance would  average  about  one-fourth  of  the  whole  weight, 
tlio  time  taken  in  effecting  tlie  reduction  of  speed  would  be 
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four  times  that  required  for  gravity  to  generate  the  difl'e- 
repce  between  40  and  25,  being  15  miles  per  hour.  During 
this  time ― 2*7  seconds ― the  average  speed  would  be  3'2 
miles  ner  hour,  and  the  machine  would  covef  about  120ft. 
These  rough  figures  can  be  easily  corrected  from  the  (.'iirvcs 
giving  lift  and  resistance  for  any  particular  machine,  \mt 
there  can  be  no  doubt  that  it  would  be  a  substantial  gain  if 
the  high  speeds,  which  are  becoming  more  and  more  coninioii, 
could  be  quickly  and  safely  reduced  before  reaching  the 
ground.  No  corresponding  aid  to  starting,  however,  can  be 
given  except  by  some  source  of  power  external  to  the  machine, 
and  this  will  always  limit  the  uses  of  the  present  types  of 
flying  machines  in  mm 七 -enclosed  and  rough  country. 

It  is  quite  possible  to  imagine  a  flying  machine  made  with 
lifting  screws  which  would  rise  vertically  from  the  ground 
and  remain  poised  and  stationary  in  the  air,  but  no  success 
lias  hitherto  attended  any  attempts  in  this  direction,  partly 
because  the  inventors  have  not  realised  the  very  large  blade 
area  necesary  for  reasonable  economy  of  power.  One  way  of 
realising  the  stationary  condition  would  be  to  connect  two 
flying  machines  travelling  at  the  same  speed  in  oppof-ice  direc- 
tions with  a  length  of  rope,  and  letting  them  circle  round 
one  another.  No  "  banking  would  take  place,  as  the  cen- 
trifugal force  of  each  would  be  taken  by  the  pull  of  the  rope. 
If  the  latter  were  shortened  as  far  as  Dossible,  the  nair  would, 
ill  effect,  form  a  single  inac-hine  with  a  lifting  screw.  The 
experiment  would  be  dangerous,  and  is  not  recommended  for 
trial,  but  is  mentioned  rather  as  indicating  the  size  of  the 
screw  blades  which  the  hovering  type  of  machine  would 
require. 

Something  may  be  said  about  the  trials  now  being  made 
both  here  and  abroad  to  rise  from  and  pitch  on  water.  The 
floats  attached  to  the  machine  for  this  purpose  should  be  of 
the  type  with  which  Sir  J.  Thorny('roft，s  skimming  boats  have 
made  us  familiar,  but  with  well-shaped  floats  the  difficulties 
are  chiefly  concerned  with  the  fact  that  the  centre  of  gravity 
and  line  of  applied  force  are  at  a  considerable  height  above 
the  plane  of  resistance  of  the  floats,  so  that  both  in  starting 
and  stopping  there  is  a  couple  tending  to  make  the  machine 
dive,  which,  especially  as  regards  coming  down  on  the  water, 
may  cause  accidents.  A  monoplane  in  which  the  lines  of 
propulsive  effort  and  water  resistance  are  not  far  separated 
seems  most  likely  to  be  successful,  but  in  any  case  calm  water 
is  a  necessity.  Waves  of  the  length  of  the  fore  and  aft  spacing 
of  the  floats  (such  waves  would  have  periods  lying  between 
Ih  and  2  seconds,  and  speeds  5  to  7  miles  per  hour)  if  at  all 
steep  would  make  rising  from  the  water  or  coming  down  a 
difficult  operation,  though  a  long,  smooth  swell  might  be  an 
assistance. 

In  taking  a  general  view  of  the  present  condition  of  the 
art  of  flying  it  must  be  admitted  that  much  remains  to  be 
done  before  it  ceases  to  be  a  fine-weather  sport,  and  I  think 
the  right  course  to  pursue  would  be  to  try  to  evolve  a  type 
of  machine  which  is  fairly  safe  even  in  turbulent  winds,  and 
which  can  arise  and  alight  on  the  smallest  possible  area.  When 
the  essential  features  of  the  design  which  secures  these  results 
are  recognised,  the  machines  may  be  specialised  for  war  or 
other  purposes,  and  additional  improvements  may  be  intro- 
duced for  convenience,  comfort,  or  speed. 

The  opinion  seems  to  be  gaining  ground  that  flying 
machines  are  more  likely  to  be  usefully  developed  than  diri- 
gible balloons,  and  in  this  opinion  I  fully  concur,  more 
especially  as  regards  the  larger  dirigibles,  which  I  have  always 
considered  too  frail  and  too  liable  to  accident  to  be  of  much 
real  service.  All  air  craft,  whether  heavier  or  lighter  than 
air,  will  for  some  time  to  come  be  designed  for  the  purposes 
o{  sport  or  war  rather  than  for  commerce,  and  although  for 
war  machines  cost  takes  a  second  place,  it  must  be  remembered 
that  a  dirigible  costs  rather  more  than  a  torpedo  boat,  whilst 
a  flying  machine  costs  rather  less  than  a  torpedo.  Further 
than  this,  there  are  very  few  services  to  be  performed  by  a 
dirigible  which  could  not  be  carried  out  as  well,  or  better,  by 
a  flying  machine :  the  only,  and  rather  dearly-])uivhased, 
advantages  attaching  to  the  balloon  being  its  power  of  rising 
quickly,  and  of  leaving  the  ground  without  the  necessity  of 
taking  a  run,  and  I  think  the  best  policy  for  us  would  be, 


while  recognising  the  occasional  iiscfuliioss  of  dirigibles  of 
moderate  size  (aiul  building  a  suflicieiit  lumilH'r  for  experi- 
iiieiit),  to  devote  our  attention  cliiclly  to  the  elaboration  of 
the  most  efficient  means  of  destroying  them. 

From  the  purely  scientific  point  of  view  it  cannot  he  said 
that  the  ascents  of  any  large  balloon  have  added  much  to  our 
knowledge.  The  small  balloons,  however,  recently  used  for 
carrying  self-recording  iiistrunieiits  have  ascended  to  heights 
{60,00()ft.  or  more)  at  which  TM*rsonal  observation  is  inijK)S- 
sible,  and  liave  bronglit  Ijack  valuable  inforniatioii  vvlii<li 
could  hardly  liave  been  attained  in  any  other  way  ；  ami 
altliough  the  records  as  a  rule  only  deal  witli  pressure  and 
temperature,  there  is  no  reason  why  sola r  radiation  should 
not  also  be  measured  by  suitable  apparatus.  Such  measures 
would  give  a  better  knowledge  of  the  temperaturo  of  the  sun 
than  could  be  got  by  direct  observation,  even  on  tlie  highest 


In  conclusion,  and  speaking  generally,  T  may  say  that  it 
seems  desirable  to  encourage  experiment  on  the  widest  scale, 
even  if  much  of  the  work  is  not  on  strictly  scientific  lines  ； 
bearing  in  inirid  that  great  imnroveinents  may  result  from 
the  working  out  of  ideas  which  as  originally  conceived  were 
unsound  or  even  absurd  ；  and  that  this  is  the  more  likely  to  be 
the  case  in  such  a  subject  as  flight,  for  which ,  as  I  have  endea- 


FiG.  15  — Eddies  formed  at  the  rkar  of 
Current  of  Aiu. 


, Plate  spinning  in  a 


voured  to  point  out,  a  considerable  part  is  not  yet  subject  to 
accurate  theoretical  treatment. 

Appendix  I. 

The  relative  densities  of  different  gases  at  the  same  alti- 
tude may  be  conveniently  expressed  in  terms  of  heights  of 
homogeneous  atmosphere  of  each.  The  height  of  the  homo- 
geneous atmosphere  for  a  gas  is  defined  as  the  height  of  a 
column  of  the  gas  of  uniform  density  (equal  to  that  which  it 
has  at  sea  level)  whose  weight  produces  the  atiiios])heric  pres- 
sure at  its  base.  Thus  the  height  of  tlie  homogeneous  atmo- 
sphere for  air  is  in  feet  the  number  of  cubic  feet  which 
weigh  2，1001bs.  nearly,  and  since  1  cub.  ft.  of  air  weighs 
0  0801b.,   H,=26,000ft.  nearly.  ' 

For  hydrogen  H.^  =  H,,  x  the  ratio  of  the  densities  of  the 
two  gases  (viz.,  16)，  so  that       =4ir>,000ft.  nearly. 

If  the  distribution  of  temperature  in  the  atmosphere  is 
isothermal,  the  actual  height  h  above  sea  level  at  wliicli  tlio 

pressure  is p  is  h  =  H  log  J^,     Thus  wlien  //  =  H  the  pressure  is 

pJCy  and  the  pressure  does  not  vanish  until  an  infinite  height 
is  reached. 

If,  on  the  other  hand,  the  temperature  decreases  according 
to  the  adiabatir  law ― that  is,  if  the  temperature  of  the  air 
at  height  //  and  pressure  p  is  what  it  would  be  it*  with  surface 
temperature  to  start  with  it  was  lifted  without  loss  or  gain  of 
heat  to  the  given  height — 

;.=  H^(l-  (>,.  H 厂 （1- (P)、). 
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In  this  case,  therefore,  there  is  a  definite  upper  limit  to 
the  atmosphere,  for  when  !,  =  "，  //  =H  ？ #  ^  (rather  over  17 

miles  for  air,  and  275  miles  for  hydrogen). 

What  the  actual  upper  limit  of  the  atmosphere  may  be  is 
not  known,  but  experiment  shows  that  for  the  lower  strata 
at  aiiyrate  the  adiabatic  distribution  of  temperature  is  not 
very  far  from  the  truth. 

If  we  have  two  short  columns,  one  of  hydrogen  and  one  of 
air,  of  the  same  length,  and  both  at  height  //，  then  (putting 

H  =       for  air,  K,j  hydrogen,  and  N  for  the  ratio  of 


一  1 


the  densities,  p.^'p,,  at  sea  level)  the  density  of  the  air  at  Jt  is 

f)、  (K.^  -  hy  ,  and  of  the  hydrogen  p„  (K„-  //)■  • 

If  the  balloon  carries  no  weight,  it  will  ascend  until  the 
densities  are  equal,  which  occurs  when 

or,  since  N  ^  16  for  air  and  hydrogen,  and  //—  1*41,  N^'~^  =  3.1， 

N、  =  51，  and  Ka  =  17  m  les, 

16  X  17x21        ，i  .  .1 

， or  1 1*5  railed, 


h 


50 


and  no  hydrogen-filled  balloon  could  ascend  higher  than  tliis 
if  tlie  temperature  was  the  acliabatic  temperature. 

The  ascents  of  the  balloons  with  recording  instruments, 
however,  lead  to  the  belief  that  at  heights  exceeding  6  or  7 
miles  the  temperature  is  (.'onstant,  or  nearly  so,  so  that  tlie 
prat'tit'able  heights  of  ascent  may  very  considerably  exceed 
the  11*5  miles  just  ineiitioned. 

Appendix  II. 

The  fact  that,  if  a  bird  can  enter  at  will  winds  of  different 
velocity,  it  is  theoretically  possible  tor  it  to  extract  work  from 
the  air,  has  been  pointed  out  by  Lord  Rayleigh,  W.  Fronde, 
and  others  ;  but  I  do  not  know  that  any  calculation  has  been 
made  in  order  to  see  whether  in  such  circumstances  as  are 
likely  to  occur,  the  work  so  obtained  is  sufficient  to  enable  a 
bird  actually  to  soar  or  maiiitaiii  its  level. 

It  has  usually  been  supposed  that  the  variation  of  wind 
velocity  occurs  at  different  levels,  the  wind  being  slower  nearer 
the  ground  ；  but  in  one  way  this  complicates  the  question,  and 
it  is  simpler  to  suppose  that  the  field  of  flight  is  divided  into 
two  regions  by  an  imaginery  vertical  boundary,  on  one  side 
of  which  there  is  a  uniform  velocity  of  +  r,  and  on  the  other 
of  ―  V  at  all  levels. 

On  this  supposition  1  have  computed  an  example  for  a 
bird  whose  wings  bear  a  load  of  lib.  per  square  foot,  with  a 
gliding  speed  of  60ft.  per  second,  and  gliding  angle  of  1/7. 
The  wind  in  the  two  parts  is  supposed  to  have  velocities  of  士 
10ft.  per  second,  and  the  bird  to  have  a  speed  of  60ft.  per 
second  over  the  ground. 

On  entering  the  first  region  against  the  10-niile  wind,  the 
relative  velocity  of  the  wind  and  bird  is  70ft.  per  second,  and 
under  these  conditions  it  experiences  a  lifting  force  greater 
than  its  own  weight,  and  therefore  begins  to  rise.  As  it 
requires  upward  velocity,  it  alters  its  trim  so  as  to  always 
meet  the  resultant  wind  at  the  gliding  angle. -  At  the  same 
time  it  meets  with  greater  resistaiu-e,  and  therefore  loses  velo- 
city in  the  path  of  flight. 

This  toss 編 V  increase  to  lUft .  per  second,  at  whirli  time 
the  path  will  be  level  and  the  weight  just  air-borne. 

If  at  this  point  the  bird  ('an  turn  instantaneously  tlu'ou;'li 
1800  and  inunediately  enter  tl"'  other  region  where  the  velo- 
city is  —  10ft.  per  second,  it  will  again  liave  a  velocity  ot  70ft. 
per  second  relatively  to  the  air,  and  the  whole  process  of  eleva- 
tion can  be  repeated. 

If  the  bird  cannot  "mi  instantaneously,  or  if  the  two 
regions  are  senarated  bv  an  intervaK  level  is  lost  at  the  gliding 
angle  while  passing  from  one  to  the  other  in  (les"'n(li，i"'  at 
the  gliding  angle.  Thus,  if  a  (onstant  average  level  is  to  be 
maintained,  the  length  of  the  path  traversed  during  the  turns 
must  tint  exceed  1  o  tiines  I  lie  height  "'aiii，、(l  l)t't\veiMi  the 
turns. 

In  the  computed  example  the  force  normal  to  the  path 
l)et\veou  the  turns  is  taken  to  be  A  n  tho  air-resistance  in 
the  ]iath  ,'■-'、  and  0  the  inclination  of  tlie  j>ath  to  tlie  luui- 
zpntal. 


Tlien  the  acceleration  normal  to  the  path  is 

g  (a.  a  V-  }  "丄 

J  V  cos  (a +  6^)/ 

and  the  retardation  along  the  path  ,/  (A  r'-).  A  is  assumed 
to  be  5  ij^llj.  per  square  foot. 

Integration  for  velocity  and  position  leads  to  long  and 
cumbrous  expressions,  but  by  compulation  and  plotting  it  is 
lound  that  the  gain  in  level,  while  the  relative  velocity  of 
the  bird  and  air  is  reduced  to  60ft.  per  second,  is  about  】Oft.， 
(111(1  that  this  reduction  takes  places  in  rather  more  than 
] loft.,  and  occupies  about  2  seconds. 

Thus,  if  the  two  regions  are  sharply  divided,  and  on  one 
side  to  the  other  of  an  imaginary  vertical  plane  the  wind 
velocity  varies  froiii 丄 10  to  -  10ft. ，  a  bird,  if  it  could  turn 
instantaneously,  might,  without  expending  any  work  on  its 
own  part,  rise  300ft.  per  minute. 

Tf，  on  the  other  hand,  tlie  effective  distance  between  the 
two  regions  is  70ft.,  the  bird  would  drop  as  much  in  passing 
from  one  to  the  other  as  it  gained  in  each,  and  could  just 
maintain  its  average  level. 

It  may  be  noted  that  the  difference  in  the  relative  energy 
of  a  bird  which  is  just  air-borne  at  6(M*t .  per  second,  and 
enters  a  region  where  the  relative  velocity  is  70ft.  per  second, 

or  a  little  over  20ft. -lbs.  per  pound  of  bird.  If 


IS 


、 


there  were  no  resistance,  therefore,  tlie  bird  could  rise  20ft. 
in  each  region,  while  its  speed  was  being  reduced  10ft.  per 
second  by  the  action  of  gravity,  the  dillerence  between  the 
a(  tiial  gain ― 10ft. ― and  this  being  due  to  tlie  air-resistance. 

The  figures  obtained  in  tlie  example  rather  favour  the  idea 
tliat  differences  of  wind  velocity  may  occasionally  be  of  prac- 
tical use  to  birds. 


ELECTRIC  FATALITY  AT  A  COLLIERY, 

An  inquest  was  held  on  Saturday  last  on  a  hewer  who  was 
electrocuted  at  Cliopwell  Colliery  on  the  previous  da  v. 
George  Wallace,  a  coal  liewer,  said  that  on  the  morn- 
ing of  the  accident  deceased  came  from  the  face  and 
went  to  the  switchbox,  which  had  gone  wrong.  Deceased, 
who  knew  there  was  a  finger  broken,  and  said  he  thought 
he  could  put  it  right,  lifted  the  cover  up  ami  put  it 
down  again,  and  then  shouted  to  the  boy,  who  was  standing 
against  the  main  switch ,  to  switch  the  current  on.  The 
deceased  then  became  fast  to  the  lever  on  the  switchbox. 
Witness  immediately  shouted  to  the  boy  to  switch  the  current 
off.  Deoeased  fell  as  soon  as  the  current  was  shut  off.  Arti- 
ficial respiration  was  tried  without  success.  In  reply  to  Mr. 
Atkinson,  H.M.  Inspector  of  Mines,  witness  said  the  work- 
men were  not  authorised  to  attend  to  the  motor,  but  they 
were  never  told  not  to  do  so.  The  deceased  had  often  done 
t  liat  work.  James  Wills,  a  deputy-overman ,  said  it  was  no 
part  of  the  deceased's  duties  to  interfere  with  the  motor.  If 
there  was  ； m  vt  hiiig  wrong  with  t  lie  motor  switch  box,  the 
electrician  ought  to  have  been  sent  for.  John  Morlami,  an 
electrician,  answering  Mr.  Atkinson,  said  tlie  switchbox  was 
not  earthed.  The  rabies  were  put  down  tlie  pit  before  the 
rules  read  bv  Mi*.  Atkinson  came  into  force,  therefore  they 
were  exempt.  If  the  thing  had  been  earthed  the  dereaseil 
would  not  have  been  killed.  The  jury  found  that  tlie  deceased 
had  been  accidentally  electrocuted. 


Royal  School  of  Mines. ― The  governing  body  of  the  Imperial 
College  of  Scieiire  ami  Teclinoloiry  have  appointed  Mr. 
William  Frecheville  to  be  Professor  of  Mining  in  tlie  K oval 
School  of  Mines,  in  place  of  Prof.  S.  Herbert  Cox,  who  is 
about  to  retire.  Prof.  Freoheville  is  an  alumnus  of  the 
Royal  School  of  Mines,  and  lias  had  a  long  and  distiiiiruished 
ca reel"  as  a  minini{  engineer. 

Aluminium  Alloy. —- An  aluniiiiiuin  alloy  has  recently  been 
pateiitt'il  hv  (；; istoii  Jacquier,  of  Belgravia,  near  Johaiines- 
hm  j^r,  Transvaal.  It  is  romposetl  of  t lie  following  intzredieiits  : 
Aluiiiiniuni  9 'J  per  rent copper  *)  por  rent.'  bismuth  'J  per 
cent.,  silicon  I  per  cent.  This  alloy,  it  is  claimed,  is  much 
more  non-oorrosive  tlian  tlie  ordinary  alloys  of  ahuniiiium 
and  will  stand  tlie  corrosive  act  ion  of  sulpliurio  acid,  cyanide 
solution,  tVr.  It  is  proposed  to  use  it  for  castings  used  a r omul 
\\  mine  aiul  wliirh  roiiie  in  t  outact  with  corrosive  water?. 


May  10，  1912] 


亇 HE    MECHANICAL  ENGINE^ER. 


687 


THE  MECHANISM  OF  CORROSION.* 

Br  J.  NEWTON  FKIKND,  J.  LLOYD  BENTLEY,  AND  W  ALTER  WEST. 

One  of  the  main  causes  of  the  fascination  attaching  to  the 
study  of  corrosion  is  that  new  phenomena  are  constantly 
appearing  which  cannot  be  reconciled  with  our  old  stereotyped 
theories,  and  necessitate,  therefore,  a  constant  readjustment 
of  our  ideas.  In  a  recent  communication  to  this  journal 十 a  list 
was  drawn  up  of  the  more  important  factors  influencing  the 
rate  of  corrosion  of  relatively  pure  iron  at  ordinary  tempe- 
ratures ；  and  attention  was  drawn  to  tlie  extreme  care 
required  in  order  to  carry  out  two  exactly  similar  experiments 
from  which  reliable  conclusions  may  be  safely  drawn.  During 
the  past  year  the  authors  have  studied  a  few  of  the  factors 
requiring  consideration  in  greater  detail.  The  results 
obtained  and  embodied  in  this  memoir  serve  both  to  corro- 
borate and  to  extend  our  earlier  work. 


K  K' 


Fig.  1. 

(1.)  The  Corrosion  Zone. ― When  a  plate  of  iron  is  suspended 
in  stationary  water,  the  surface  of  which  has  free  access  to  the 
air,  the  layers  of  water  in  contact  with  the  metal  yield  up  their 
dissolved  oxygen  and  thereby  induce  corrosion.  Fresh  sup- 
plies of  oxygen  from  the  surrounding  layers  of  water  now 
diffuse  towards  the  metal,  and  in  the  course  of  a  few  hours  an 
equilibrium  is  set  up,  the  amount  of  oxygen  diffusing  towards 
the  metal  being  exactly  equal  to  that  absorbed  in  producing 
rust.  This  condition  is  shown  in  Fig.  1，  where  AB  is  the 
metal  plate,  and  ACDE  represents  what  may  be  termed  the 
corrosion  zone,  the  amount  of  dissolved  oxygen  in  the  water 
gradually  decreasing  as  we  pass  from  any  point  on  the  circum- 
ference of  the  zone,  say  E  to  the  metal  itself  at  B.  At  all 
points  outside  the  zone,  such  as  F,  G，  &c.，  the  amount  of  dis- 
solved oxygen  remains  constant.  The  actual  size  of  this  zone 
must  depend  upon  a  large  variety  of  factors,  all  of  which  may 
be  grouped  under  two  headings,  namely  :  (1)  The  rate  at 
which  oxygen  can  diffuse  towards  the  metal,  and  (2)  the  rate 
at  which  the  metal  can  absorb  the  oxygen. 

The  former  of  these  factors  is  influenced  by  the  pressure 
and  composition  of  the  air  in  contact  with  the  surf  ace  of  the 
water,  and  also  by  the  solubility  of  oxygen  in  the  water —— a 
function  of  the  temperature  and  purity  of  the  latter. 

As  regards  the  rate  of  absorption  of  oxygen  by  the  metal 
itself,  we  have  to  consider  the  influence  of  temperature  and 
light,  the  composition  of  the  metal,  its  physical  condition,  and 
the  effect  upon  it  of  any  impurities  in  the  water.  Clearly  the 
more  corrodible  the  metal,  the  larger  is  the  corrosion  zone, 
other  things  being  equal.  When,  on  the  other  hand,  the 
metal  is  protected  by  paint,  zinc,  or  tin,  the  corrosion  zone 
may  be  negligibly  small. 

Now  it  follows  that  unless  due  allowance  is  made  for  this, 
a  serious  source  of  error  is  liable  to  creep  into  experiments 
designed  to  throw  light  upon  the  relative  corrodibilities  of 
different  pieces  of  metal.  If  we  suspend  AB  in  a  tank,  the  side 
K  of  the  latter  must  not  be  so  near  as  to  come  within  the  corro- 
sion zone  as  at  K'  or  the  metal  will  not  corrode  at  it's  maximum 
rate.  Once  beyond  this  zone,  however,  it  is  immaterial  how 
far  off  the  side  is，  the  rate  of  corrosion  of  tlie  plate  being  the 
same  whether  the  side  is  at  K  or  K".  Suppose,  now,  we  have 
two  plates,  one  say  of  nickel  steel  and  one  of  ordinary  carbon 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May  9t:h,  191-2. 
t  Friend,  Carnegie  Scholarship  Memoirs,  1911. 


steel,  and  wish  to  determine  their  relative  rates  of  corrosion. 
We  will  assume  that  the  nickel  steel  corrodes  only  half  as 
rapidly  as  the  carbon  steel.  If  the  corrosion  of  the  latter  is 
taken  as  100,  iiiat  of  the  former  will  be  50,  aiul  the  corrosion 
zone  of  the  carbon  steel  may  be  represented  by  the  curve 
ACDE,  and  that  of  the  nickel  steel  by  he  broken  curve  AIIK. 
Suppose  these  plates  are  suspended  in  a  tank  at  a  flistance  〃' 
from  the  side  (K').  They  are  then  under  what  appear  to  he 
precisely  similar  conditions.  In  reality  siu-li  is  not  the  case, 
however,  for  whilst  the  nickel  steel  can  corrode  at  its  niaxiniuiii 
rate  because  K'  lies  without  its  corrosion  zone,  the  carbon  steel 
cannot  corrode  more  than  about  70  per  cent,  of  its  maximum 
amount  since  K'  lies  so  far  within  its  corrosion  zone.  Ilem— (； 
the  relative  corrosions  as  determined  in  1  Itis  way  would  be  : — 

Corrosion  of  carbon  steel  —  70  _  100 
Corrosion  of  nickel  steel    50  71 

If,  now,  we  repeat  the  experiment,  suspeTidiiiy  t lie  two 
plates  at  a  distance  d  from  the  side  K  the  nickel  st^el  corrodes 
at  the  same  rate  as  before,  but  the  carbon  steel  is  now  able  to 
corrode  at  its  maximum  rate .  Tlie  observed  rates  of  corro- 
sion are  in  consequence,  100  to  50.  Tliere  can  be  no  doubt 
that  many  of  the  curious  variations  obtained  by  different 
investigators  when  conducting  experiments  of  this  kind  are 
traceable  to  some  such  cause  as  this. 

In  order  to  gain  some  idea  as  to  the  magnitude  of  the 
corrosion  zone,  some  pieces  of  Kalilbaum's  pure  iron  foil  were 
cleaned  with  emery-paper,  weighed,  and  suspended  by  means 
of  glass  hooks  in  earthenware  troughs  of  water  at  varying  dis- 
tances from  tlie  sides.  The  plates  measured  3in.  in  length  ami 
2'5in.  in  breadth,  and  were  attached  to  tlie  hooks  by  paraffin 
wax  (see  Fig.  2),  so  that  the  disturbing  corrosive  action  of  the 
silica  of  the  glass  was  removed.  After  nine  days  the  plates 
were  cleaned  and  weighed,  the  loss  in  weight  being  taken  as  a 
measure  of  the  corrosion.    The  results  were  as  follows  :—— 


Distance  of 
Plate  from  Side, 
Inches. 

Initial  Weight  of 
Plate. 
Grammes. 

Loss  in  Weight. 
Grammes. 

Corrosion  Factor. 

5 

8-42J4 

0-154f) 

WO 

3 

8 -0286 

0-1574 

102 

2 

8-(i2fi4 

0- 1340 

87 

1 

8-38()G 

0  12"" 

82 

0-5 

8-1574 

0-1418 

92 

0-25 

8- 1250 

0- 1(540 

】0(i 

From  the  above  table  we  gather  that  ：  (1)  The  maximum 
corrosion  is  reached  when  the  plate  is  not  less  than  Sin.  from 
the  side  of  tlie  trough,  that  observed  at  5in.  distance  being  the 
same  (within  experimental  error).  (2)  When  the  iron  is  very 
close  to  the  side  the  rate  of  corrosion  begins  to  increase  abnor- 
mally.   This  came  as  a  great  surprise,  but  the  next  series  of 

experiments  showed  that  the 
anomaly  was  due  either  to 
the  silica  of  the  glaze  or  some 
other  corroding  material  dis- 
solving out  of  the  pores  of  the 
earthenware.  In  the  chemical 
activity  of  the  apparently 
neutral  walls  of  a  containing 
vessel,  therefore,  a  serious 
source  of  error  may  lie. 
In  order  to  avoid  this  disturbance,  a  similar  series  of  iron 
plates  were  suspended,  this  time  in  the  centre  of  the  troughs 
and  sheets  of  paraffin  wax  fixed  at  varying  distances  from 
them,  as  shown  in  Fig.  2.  After  10  days  of  exposure  the 
following  results  were  obtained  : ― 


E  1 

IRON 

PLATE, 

Fig,  -2. 


Distance  of 
Plate  from  Side. 
Inches 

Initial  Weighfc  of 
iPlate. 
Grammes. 

1 

Loss  in  W  eight. 
Graui  mes. 

Corrosion  Factoi". 

10 

8 -(5041 

100 

5 

8'00(>7 

99 

2-0 

7- 87  IT) 

<».  i:m 

84 

1-2 

8  •  .5880 

0'  1：}<»2 

82 

0-6 

8- 491：) 

0-124- 

79 

Evidently,  therefore,  tlie  closer  tlie  metal  is  suspended  in 
still  water  to  the  side  of  the  containing^  vessel,  the  less  is  it  able 
to  corrode. 

These  experiments  were  now  repeated,  iisiiior  two  plates  of 
paraffin  wax  in  each  case,  the  plate  of  iron  beiug  suspended 
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midway  between  them.  After  1 9  days  the  plates  were  cleaned 
and  weighed,  with  tlie  following  results  : ― 

(Area  of  plate  =6x6  centimetres.) 

(Length  of  plate  =  Z=  6  centimetres.) 


Distance  of  Plate  from 
Sides. 


In  Centimetres. 


12 
12 

6 

3 

].5 
0-75 


In  Terms  of 
Length  of 
Plate. 


% 
21 
I 

112 
〃4 
11% 


Initial  Weight 
of  Plate. 
Graimiics. 


()-0700 
(i-lOlO 
5- 9530 

5-  9530 

6-  4219 
G'2782 


Loss  in 
Weight. 
Grammes. 


0-1940) 
0*1970/ 
0-1990 
0  1780 
0  1437 
0-0770 


Corrosion 
Factor . 


100 

101 
91 
73 
40 


From  tin's  it  is  evident  that  the  plates  under  the  particular 
conditions  of  tlie  experiments  should  not  be  suspended  nearer 
than  a  distance  measured  by  their  length  /，  if  the  maximum 
corrosion  is  to  be  obtained.  Tliis,  of  course,  assumes  that  the 
sides  of  the  vessel  are  chemically  inert. 

If,  now,  the  inert  paraffin  sheet  is  replaced  by  a  seroiul 
metal  plate  of  similar  corrosive  properties,  it  will  be  evident 
that  twice  the  above  distance  must  be  left  between  the  two  if 
maximum  con'osions  are  to  be  obtained  in  either  case.  This 
was  confirmed  in  part  by  suspending  two  plates  of  iron  in  each 
trough  at  varying  distances  from  one  another,  and  determin- 
ing their  loss  in  weight  after  seven  days.  The  plates  were 
2'5in.  square,  and  were  suspended  in  a  similar  manner  to  the 
preceding.    The  results  were  as  follows  : ― 


Distance  of, 
Plates  from 
each  other. 
Inches. 

Initial  Weight 
of  Plates. 
Grammes. 

Loss  in  Weijiht. 
Grammes. 

Mean  Loss. 
Grammes. 

Corrosion 
Factor. 

Single  Plate* 

7-0I36 

0-0741 ] 

0*0752 

100 

Single  Plate* 

7-0370 

U-07<i2  , 

t  WW 

oc  oc 

0-07()0  1 
0-07 15] 

()-()7()8 

94 

2 

((i-4704 

o  o 

OOfiU 

81 

1 

寸 00 

寸 w 

0-0(i()0! 
()'0(；20  j" 

0-0(UO 

81 

h 

\  (>  •  8088 
\ 6-8744 

o-(m>:jo  I 

0'0(；59  J 

()-0(i45 

85 

*  These  wore  single  plates  in  soparato  troughs.  Unfortunately  we  did  not 
possess  iisufl'icicnt  nuiul)er  of  lartior  troughs  which  woulrl  t'lmhh' us  to  place  two 
plates  in  any  one  trough  at  a  greater  distance  than  liti.  without  incuniny  risk  ot 
iiitorferenci;  fruiu  the  sides  of  the  vessel. 

From  this  table  it  is  clear  that  where  the  plates  were  sus- 

p ended  at  a  distance  of  — ^  — 1'6  times  their  length  apart,  the 

maximum  corrosion  is  not  attained.  Evidently,  therefore,  in 
order  to  obtain  trustworthy  results  for  the  relative  cor- 
rosions of  various  irons  and  steels  by  immersion  in  still 
liquids  in  troughs,  the  plates  must  be  suspended  considerably 
further  apart  than  has  hitherto  been  custoinary.  With 
painted,  galvanised,  and  tinned  plates,  of  course  the  case  is 
quite  different,  for,  owing  to  the  slow  rate  of  corrosion,  the 
corrosion  zone  is  correspondingly  reduced  and  the  plates  may 
be  much  nearer  together.  In  moving  water,  likewise,  the 
plates  may  be  nearer,  but  in  both  of  t liese  cases  it  is  better  not 
to  have  tlieiii  too  close  together,  or  films  of  dust  luay  spread 
from  plate  to  plate  and  thus  galvanically  connect  them  and 
iiidm'e  serious  corrosion.  Tliis  was  probably  the  rase  with  ( lie 
last  two  plat es,  at  half  an  im'h  flistaiice,  as  gi\'(Mi  in  1  he  above 
table,  and  wliich  show  a  in  ark  o<l  ； i  mi  uiumi  ual  increase  in  t  heir 


corrosion. 

Ill  the  above  experiments  I  ho  troughs  wove  kopt  in  t  lie  dark 
(Im'ing  t he  periods  of  exposing  t he  plat os,  in  order  to  prevent 
the  disturbing  inll ueiices  of  mK、（iu;il  illuiniiial  ion .  】n  act  ual 
practice  the  iiilluence  exerted  by  suspencling  two  plates  close 
tof^othcr  would  he  evtMi  i^' real  or  1  liau  that  in(li(al<Hl  in  the 
above  oxperiiiients,  since  one  plato  would  cast  a  sliadow  on  tlio 
ot  lier  and  i  hus  、vitl"li'a、v  from  it  1  he  stimulating  action  of 
light.  The  isolated  plates,  on  i\w  ot  lu  r  liaiid.  would  suffer  no 
rclanlatioii  in  this  way. 

(2)  The  Mechanism  of  Corrosion.  -  Wlion  laytMs  of  rust  aro 
analysoil,  I  lioy  mc  i  rtMpuMitlv  found  to  fontain  at  Icist  t racos 
of  irou  rust.    This  is  (juite  in  hanuouy  witli  the  acid  theory 


of  corrosion,  according  to  which  tlie  first  stage  in  the  corrosion 
of  iron  consists  in  the  formation  of  a  ferrous  salt,  which  later 
undergoes  oxidation  to  the  ferric  condition,  yielding  hydrated 
ferric  oxide  or  rust. 

The  iiiunorous  analyses  of  rust  usually  teach  us  but  little 
beyond  this,  however,  inasmuch  as  tlie  exact  conditions  under 
which  the  various  samples  of  metal  rusted  were  unknown. 
It  occurred  to  us  that,  if  we  allowed  pure  iron  to  rust  under 
a  series  of  well-defined  conditions,  and  then  analysed  the  rust 
produced,  fresh  light  might  be  thrown  upon  some  of  the 
hitherto  obscure  problems.  To  this  end  Kahlbaum  s  pure  iron 
foil  was  always  employed,  as  its  romposition  has  been  proved 
by  repeated  trials  to  be  most  uniform,  and  lieiice  to  be  particu- 
larly suitable  for  the  purpose  in  hand. 

The  Influence  of  Light. ― Attention  has  already  been  drawn  in 
previous  papers  to  the  fact  that  light  greatly  accelerates  the 
rate  of  corrosion  of  iron.  An  engineer  criticised  this  state- 
ment shortly  after  publication,  stating  it  to  be  contrary  to 
experience,  instancing  an  iron  bridge,  the  under  and  shaded 
portions  of  wliicli  were  more  corroded  than  the  upper  ones. 
This  illustrates  tlie  difficulty  experienced  by  practical  men  of 
realising  how  essential  it  is  that  conditions  shall  be  exactly 
comparable  before  trustworthy  conclusions  may  be  drawn. 
By  shutting  out  the  light  in  the  above  case,  the  free  access  of 
fresh,  warm,  and  dry  air  was  also  cut  off,  so  that  tlie  under 
portion  of  the  bridge  was  always  moist,  whereas  the  upper  and 
exposed  places  were  usually  dry.  Clearly  the  eflfect  of  con- 
stant moisture  must  far  outweigh  the  purely  stimulating  action 
of  light,  since  a  dry  surface  cannot  rust. 

The  question  which  now  arises  is:  How  does  t he  light 
accelerate  corrosion  ？  This  it  may  do  in  one  or  both  of  two 
ways : —— 

(1)  By  accelerating  the  initial  stage  of  corrosion,  namely, 
the  oxidation  of  tlie  metal  to  the  ferrous  ronditioii 

.     .     ,     .    lleaction  1. 

(2)  By  accelerating  the  second  stage  of  corrosion,  namely, 
the  oxidation  of  the  ferrous  iron  to  ferric  (rust) 

 】U"i(,tion  '」. 

Solutions  of  ferrous  sulphate,  slightly  acidified  with  dilute 
sulphuric  acid,  were  placed  in  similarly  shaped  glass  bottles, 
some  of  \vhi(*h  were  transparent,  others  being  rendered  opaque 
by  a  thick  coating  of  paint  on  the  outside.  These  were  kept 
at  a  uniform  temperature  in  a  glass  water-bath  and  exposed  to 
diffused  sunlight.  After  varying  intervals  of  time,  portions  of 
the  solutions  were  removed  and  tlie  relative  proportions  of 
ferrous  and  ferric  iron  deteniiiiied  by  titration  with  bic-liro- 
iiiate.  At  the  beginning  of  the  tests  there  was  no  ferric  iron 
present,  hence  the  figures  in  the  third  column  of  the  table  give 
the  relative  rates  of  oxidation  of  the  ferrous  sulpliate  in  the 
light  ami  dark  respectively  : ― 


No. 

Condition. 

liCngtli  of 

Exposure 
(Days). 

Ferric  Iron  as 
For  Cent,  of 
Totnl  Iron. 

1 

( Light 
^  Dark 

15 
15 

14-  I 

2 

f  Light 
(Dark 

44 
44 

厶 cc 

3 

f  Light 
i  Dark 

53 

53 

4 

f  Li^rht 
i  Dark 

71 
71 

39  ：1 
348 

5 

1  Light 
( Dark 

71 

20-8 

Clearly  (lie  light  stimulates  the  oxidation  of  ferrous  iron 
to  the  ferric  condition ― but  only  relatively  slitrhtly.  Whilst . 
therefore,  during  ordinary  corrosion  of  iron  tlie  liizlit 
imdoubtedlv  stimulates  Reaction  2  (above),  it  would  seem  that 
t his  acceleration  is  too  small  to  wholly  account  for  the 
increased  corrosion  actually  observed.  Probably,  therefore, 
light  also  accelerates  Reaction  1,  namely,  the  oxidation  of  the 
metal  to  the  ferrous  coiulition.  Tn  order  to  t^st  this,  plates  of 
iron  measuring  -1  hv  6  tent  iinot  res  in  a  rca  were  ox  postal  in 
hoaUers  of  water  in  suoh  a  iiianner  t hat  t heir  four  i-orners 
recited  in  contact  with  the  sides  and  bottom  of  the  beakers. 
Kacli  beaker  held  one  plate  and  100  <  uhir  rent  imet  res  of  dis- 
tilled \vat<?r.  Four  of  these,  Nos.  1  to  4,  were  placed  in  tlic 
ligl",  and  an  equal  munber  (Nos.  5  to  8)  in  a  dark  cuphoanl. 
Earh  week  one  beaker  was  taken  from  the  light  aiui  dark 
respoctivelv.  t he  loss  in  woii^Iit  of  iron  and  t lie  amotints  of 
ferrous  and  ferric  oxiile  prodiKcd  being  tiuautitalivcly  deter- 
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mined.  The  results  are  given  in  the  following  table,  tlio 
weights  of  iron  being  expressed  as  grammes  : —— 


No. 

Condition. 

Time. 
Days. 

Initial  Weight 
of  I'liitc. 

Weij-ht  of 
Ferrous  Iron. 

Total  Loss 
in  Weif^ht. 

Percc!iitat4t.' 
of  Kiirrous 
！  inn. 

1 

Light 

8 

3--i!»94 

nil 

0-032() 

nil 

Dark 

8 

4-1144 

nil 

0-027G 

nil 

2 

Light 

15 

3  • 

0*0011 

()MI04I 

1  -8 

6 

Dark 

15 

3-8102 

trace 

0-(jr>21 

I  race 

3 

I^lit 

2：5 

4-2014 

OMUOl 

()-l029 

9-8 

Dark 

23 

3-9014 

OMIOll 

0-0700 

1-5 

i 

Light 

20 

4-1522 

0-0178 

()■  1278 

1：{-!1 

8 

Dark 

21) 

3-8118 

nil 

U-U800 

nil 

From  the  above  we  gather  ：  (1)  That  the  plates  exposerl  to 
the  light  rusted  more  rapidly  than  those  in  the  dark — - con- 
finning  earlier  work.  (2)  An  appreciable  amount  of  ferrous 
oxide  is  produced  on  prolonged  exposure  to  dayliglit. 
(3)  No  appreciable  quantities  of  ferrous  oxide  are  produced  in 
the  dark —— under  the  particular  conditions  of  the  experiment. 

Evidently,  therefore,  light  not  only  accelerates  the  oxida- 
tion of  ferrous  iron  to  ferric,  as  we  have  seen,  but  it  has  a  more 
pronouiu'ed  accelerating  influence  on  the  initial  oxidation  of 
metallic  iron  (Reaction  2，  above),  so  that  the  formation  of 
ferrous  oxide  outstrips  that  of  ferric.  In  the  dark,  however, 
the., two  reactions  apparently  proceed  at  practically  tlie  same 
rate,  so  that  the  ferrous  oxide  is  oxidised  to  rust  as  rapidly  as 
it  is  formed. 

As  time  goes  on  the  accuniulatiou  of  rust  and  ferrous  oxide 
becomes  so  thick  that  light  cannot  easily  penetrate,  and  the 
corrosion  proceeds  as  if  the  meta]  were  in  the  dark.  Hence 
the  reaction  slows  up,  and  the  percentage  of  ferrous  iron  in  the 
rust  begins  to  fall.  This  account"  for  the  relatively  small 
quantities  of  ferrous  iron  found  in  thick  rust  deposits,  even 
when  metallic  iron  still  remains.  When  all  the  iron  has  been 
oxidised,  of  course,  the  ferrous  oxide  slowly  follows  suit,  until 
even  the  last  traces  ni ay  be  oxidised. 

There  can  be  little  doubt  that  numerous  other  factors,  such 
as  galvanic  action,  temperature,  nature  of  the  corrodint^ 
medium,  &c.，  will  affect  the  relative  proportions  of  ferrous  and 
ferric  oxide  produced  during  the  corrosion  of  iron.  Experi- 
ments are  now  in  progress  with  a  view  to  determining  the 
respective  values  of  each  of  these  factors,  and  we  hope  to  com- 
municate the  results  in  a  later  memoir. 


VALVES  FOR  MULTI  CYLINDER  STEAM  ENGINES. 

A  METHOD  of  distributing  the  steam  in  a  muRi- cylinder 
engine,  having  two  cylinders  arranged  one  above  tlie  other 
or  side  by  side,  consists  in  the  use  of  an  intermediate  ported 
cylindrical  valve  common  to  the  cylinders  and  provided  with 
steam  passages,  tlie  steam  laps  being  reversely  arranged  in  its 
opposite  sides.  The  main  objection  to  this  system  is  that  the 
eccentricity,  the  diameter  and  the  stroke  of  the  slide  valve, 
having  to  be  proportioned  for  the  larger  cylinder,  are  un- 
t  necessarily  large  for  the  smaller  cylinder.  In  cylinders 
arranged  side  by  side  this  causes  the  passages  in  the  bearing 
surface  of  the  slide  valve,  which  is  common  to  both  cylinders, 
to  be  far  from  each  other,  so  that  apart  from  the  great  length 
of  the  cylinders  the  clearance  of  the  S-shaped  connecting 
ducts  from  and  to  the  cylinders  is  much  too  great. 

In  the  arrangement  under  notice,  the  invention  of  R. 
Wolf,  Mascliinenfabrik,  Magcleburg-Buckau,  Germany,  the 
ported  cyliiulriral  valve,  which  is  hollowed  to  form  an  inner 
chamber  to  serve  as  a  steam  receiver,  lias  all  its  ports  extend- 
ing around  its  peripheral  wall.  These  port's  are  of  small 
breadth,  measured  longitudinally  of  the  valve,  as  compared 
with  the  breadth  of  the  ports  in  the  case  of  the  ported 
cylindrical  valve  above  referred  to.  In  this  new  valve  the 
tlieoretioal  requirement  that  the  cross  section  of  the  steam 
passage  must  be  made  to  correspond  with  the  volume  of  the 
piston  stroke,  taking  account  of  the  smallest  permissible 
eccentricity  and  total  lengtli  of  the  valve  for  the  smaller 
cylinder,  is  so  fulfilled  that  for  the  admission  of  the  larger 
cylinder  the  iiiuuber  of  the  ports  in  tlie  wall  of  the  valve  is 
made,  in  correspondence  with  the  greater  volume  of  the  stroke 
of  this  cylinder,  larger  than  the  number  for  the  exhaust  of 
the  smaller  cylinder,  so  that  the  diameter  of  the  ported 
cylindrical  valve,  the  eccentricity,  the  space  traversed  by  the 
valve,  the  distance  between  the  passages  for  the  exhaust  of 


the  smaller  cylinder  and  for  the  admission  of  the  larger 
cylinder,  the  capacity  of  these  passages  and  consequently  the 
clearance  can  be  made  essentially  .smaller  and  more  advan- 
tageous for  the  attainment  of  the  greatest  economy. 

In  11 10  a('('otiij)Hiiyiii^  illustrations  two  coiistruclioiis  are 
shown  ill  l(>ii<^iiu(Unal  section  tliroiigli  the  slide  valve.  In 
tin*  fonii  shown  ill  Fig.  1，  A  shows  the  width  of  the  port  and 
1]  the  lap  for  the  smaller  cylinder  C  ；  D  the  width  oi,  ilic  purt 
ami  E  the  lap  for  the  larger  cylinder  Z.  A  +  B  is  equal  or 
approximately  equal  to  tlie  eccentricity  R  =  D  +  E.  Having 
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regard  to  the  ratio  of  the  cylinders  to  each  other,  the  number 
of  the  ports  of  the  larger  cylinder  is  made  three  times  as 
large  as  for  the  smaller  cylinder.  The  clearance  X  and  the 
volume  V  traversed  by  tlie  slide  valve  are  considerably  smaller 
than  ill  the  case  where  the  ported  cylindrical  valve  of  known 
type  is  employed. 

In  multiple  expansion  engines  the  exhaust  of  the  last 
stage  to  the  condenser  can,  with  this  construction,  be  distri- 
buted by  the  same  valve  which  distributes  the  exhaust  of  the 
penultimate  stage  and  the  admission  of  the  last  stage,  if  the 
exhaust  passages  to  the  condenser  are  situated  within  the 
space  traversed  by  the  slide.  In  this  manner  the  theoretical 
requirement  that  in  the  last  stage  the  cross  section  of  the 
exhaust  must  be  made,  correspondingly  with  the  far  larger 
volume   of   the  piston    stroke,   much   greater   than   in  the 
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penultimate  stage,  is  so  fulfilled  1  hat  t  he  number  of  the  ports 
in  the  piston  valve  for  the  exhaust  of  the  last  stage  is  made 
larger  than  the  number  of  the  ports  for  the  exhaust  of  llie 
penultimate  stage.  By  arranging  the  exhaust  passages  at 
any  desired  part  of  the  ])ath  of  tlie  working  piston  it  is 
attained  that  the  passage  is  as  short  as  possible  and  therefore 
the  clearance  of  the  corresponding  passage  can  be  made  as 
small  as  possible  and  thus  an v  desired  multiple  opening  corre- 
sj)oiKling  with  tlie  theoretical  re(iuirenients  can  be  used  both 
for  the  admission  ami  for  1  lie  oxiiaust.  An  example  of  tliis 
is  shown  in  Fig.  2.  A  ported  ryliudrical  valve  K  is  sub- 
divided by  partitions  F,  G  into  three  clianibers  H，  J,  L.  lu 
the  last  stage,  the  munher  of  ports  in  tho  ported  cylindrical 
valve  for  the  exhaust  is  made  double  the  number  for  the 
p.Mtultiniate  stage.  The  exhaust  passage  is  in  this  case  common 
for  botli  cylinder  ends  and  is  arranged  in  the  middle  of  the 
piston  stroke. 
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should  produce  about  twice  as  hukIi  work  per  pound  of  steam 
used  as  an  eiijjine  with  no  vacinun  at  all,  or,  conversely,  the 
former  should  use  just  half  as  mucii  steam  as  the  latter  for 
t  lie  sa in e  work.  A  reduction  in  steam  consumption  brings 
a  bout  a  correspomling  reduction  in  the  amount  of  c  oal 
burned,  and  hence  a  decrease  in  the  cost  of  power. 

All  water  used  for  commercial  purposes  contains  a  small 
amount  of  air  in  solution,  usually  taken  as  5  per  cent.  When 
this  water  is  pu niped  into  a  boiler  it  carries  some  air  with  it 
in  solution.  After  it  has  been  evaporat-ed  into  steam,  t lie 
niixt are  of  air  and  vapour  passes  over  to  the  engine  ami  out 
t he  exhaust.  If  the  expansion  of  steam  is  carried  below 
atniosplieric  pressure  to  a  vacuum  at  exhaust,  there  will  be  a 
tendency  for  the  atniosplieric  pressure  to  force  air  in  through 
stufling-boxes,  packing,  or  anv  ol iier  possible  opening.  When 
air  leaks  into  a  vacuum  in  such  a  manner  its  volume  is 
increased  many  times. 

The  exhaust  from  an  engine  is  then  a  mixture  of  air  and 
steam  vapour,  and,  in  order  to  maintain  the  vacuum  desired, 
this  imisl  l)e  at  om、e  removed.  The  steam  may  be  converted 
into  water  a^ain  by  removing  its  latent  licat  by  means  of 
some  cooling  medium,  usually  cold  water  from  another  source 
of  su])])ly.  Ifeiire  we  have  arrangements  in  coiuleusers 
wluM'eby  cold  water  is  either  brou^it  into  rontai-t  with  the 
exhaust  steam  itself  or  is  cin  ulated  on  the  inside  of  metal 
t uhes,  wliioh  are  siirrouiiHed  on  tlie  outside  bv  the  strain. 
These  are  tlie  t wo  fuiHlainoiital  t vpes  of  <'<>ndensers.  Tlio 
former  is  known  as  the  jet  condenser,  while  tlie  later  is  rallerl 
t lie  surface  condenser.  In  jet  condensers,  the  water  is  often 
forced  into  tlie  vacuum  of  the  ooiulensing  chamber  bv  the 


Fig.  1.— Temperature  Kntbopy  Diagram  Showing  Adiauatic  Expaksion 
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objectionable,  but  in  certain  phases  of  engineering,  especially 
w lie II  steam  is  used,  this  pressure  is  detrimental  and  steps 
luive  to  be  taken  to  reduce  it.  It  is  usually  desired  to  make 
tliis  reduction  of  pressure  in  a  closed  chamber,  such  as  an 
engine  or  turbine  cylinder.  Such  a  reduction  of  pressure, 
in  ordinary  engineering  terms,  is  known  as  "  producing  a 
vacuum."  Hence  we  can  define  a  vacuum  as  a  reduction  of 
the  pressure  in  a  cli amber  below  that  of  the  surrounding 
atmosphere.  The  equipment  to  produce  a  vacuum  in  steam 
engines  is  known  as  the  condensing  outfit  ami  consists  of  the 
condenser  and  its  atx-ompaiiying  pumps. 

The  pressure  of  the  atmosphere  is  usually  measured  on  a 
barometer,  which  indicates  this  air  pressure  by  the  height  in 
inches  of  a  column  of  mercury.  Hence  14'71bs.  per  square 
inch  absolute  corresponds  to  a  barometer  of  2997iii.  of 
mercury,  whicli  is  usually  spoken  of  as  a  30iii.  barometer. 
Now,  if  the  air  pressure  in  a  closed  cliamber  is  reduced  below 
that  of  the  surrounding  atmosphere,  and  if  iliis  chamber  is 
connected  to  one  end  of  a  glass  tube,  the  lower  end  of  which 


Hii  engineer  remark  that  he  carries  28in.  of  vacuum  on  liis 
turbine  exhaust. 

One  of  the  advantages  to  be  gained  by  producing  a 
vacuum  in  an  engine  exhaust  is  the  increased  energy  made 
available  by  the  expansion  of  the  steam ,  and,  consequently, 
the  more  useful  work  each  pound  of  steam  will  produce  in  the 
engine.  This  can  be  shown  very  clearly  in  Fig.  1，  wliicli 
shows  on  a  temperature  entropy  diagram  the  ideal  (r 
adiabatic  expansion  of  lib.  of  dry  steam  from  loOlbs. 
pressure  above  atmosphere  to  a  pressure  of  1  lb.  per  square 
incli.  Without  entering  into  a  discussion  of  the  construction 
or  meaning  of  this  diagram,  it  will  be  sufficient  to  say  that 
the  area  ABCD  is  proportional  to  the  energy  available  for 
work  when  steam  pxj)hik1s  without  external  losses  from 
1  oOlbs.  per  square  im'h  ； i l)ove  the  atmosphere  to  atmospheric 
pressure.  The  area  ADFE  is  proportional  to  the  energy 
available  for  work  when  the  expansion  is  carried  further  from 
atmospheric  pressure  to  a  pressure  ('orrespomliiig  to  a  26iii. 
vacuum,  as  is  usual  with  a  steam  engine,  while  the  area 
ADGH  represents  the  corresponding  energy  with  a  28in. 
vacuum,  as  used  on  steam  turbines.  A  glance  will  show  that 
tlie  energy  available  for  work  by  expanding  the  steam  from 
atmospheric  pressure  into  a  28in.  vacuum  is  almost  equal  to 
the  energy  available  by  expanding  the  steam  from  1501bs, 
])er  square  inch  to  atmospheric  pressure.  It  is,  therefore, 
obvious  that  a  suitable  engine  operating  with  28in.  of  vacmnii 
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Fig.  2.— Wateu-uatk  Cuuve  of  Standard  1,000  kw.  Turbini:.  with  Vakiation 
OF  VAf  uuM.    Steam  riu;ssuiiK  ITfiLUs.  Gatge  Sutkuukat  100^'  Fau. 

is  placed  in  a  bath  of  mercury,  t hon  the  atmosphere  will  force 
the  inercm  V  up  t  he  tube  unl  il  t  lio  I um 1 1 1  of  the  inercurv 
rolwinn  equals  t  lio  (HfTerence  in  pressure  weeii  t  lie  inside 
of  the  chamber  and  t lie  atmosphere.  Thus  we  have  t lie 
common  means  of  measuring  vacuum  by  the  height  of  a  column 
of  mercury  in  inches  equal  to  tlie  Hiffereiices  of  pressure  on 
tlie  inside  and  outside  of  an  engine  exhaust .    】Iem、e  ono  hoars 

*  Paper  read  before  the  University  of  Toronto  Engineering  Society 


STEAM-CONDENSING  EQUIPMENTS.^ 

A.   G.  CHKISTIE. 

IT  IS  a  matter  of  general  kiiowled^^e  that  the  atmosphere 
surrounding  the  earth  consists  of  a  mixture  of  gases,  princi- 
pally of  oxygen  and  nitrogen,  and  that  this  atmosphere 
extends  to  a  sufficient  height  above  the  earth's  surface  to 
produce  a  pressure  at  sea  level  of  14'71bs.  per  square  incli 
absolute.    For  ordinary  purposes  of  life  this  pressure  is  not 
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pressure  of  tlie  atmosphere.  But  for  all  other  purposes  a 
means  must  be  provided  to  circulate  the  required  amount  of 
cooling  water,  and  what  is  known  as  a  circulating  pump  is 
usually  used  for  this  purpose. 

The  air  which  has  been  carried  along  with  the  steam 
must  also  be  removed  if  a  vacuum  is  to  be  maintained  in  the 
condenser.  It  cannot  be  condensed,  and  hence  must  be 
pumped  out  by  some  means  as  fast  as  it  enters.  The  form  of 
air  compressor  used  for  this  work  is  known  as  an  air  purn p. 
Hence  we  have  as  our  essentials  to  maintain  a  vacuum  a  con- 
denser, its  circulating  puinp,  and  its  air  pump. 

Referring  again  to  Fig'.  1，  it  would  seem  that  the  higher 
the  vacuum  the  greater  would  be  the  energy  available  and 


Fig.  4.— Jet  Condenser. 


the  more  efficient  the  engine  would  become  in  its  use  of 
steam.  The  limitations  of  the  cylinder  sizes  and  other  factors 
in  reciprocating  engines  are  such  that  usually  no  further  ex- 
pansion is  profitable  beyond  2 Gin.  of  vacuum.  But  there  is 
no  limit  in  steam  turbines  to  the  vacuum  which  may  be 
carried  if  the  blading  is  suitably  designed.  Fig.  2  shows  the 
decrease  in  steam  consumption  of  a  steam  turbine  as  the 
vacuum  increases,  as  found  by  actual  test. 

The  cooling  water  leaving  the  condenser  cannot  be  hotter 
than  the  steam  temperature  corresponding  to  the  degree  of 
vacuum,  and,  in  many  condensers,  is  usually  10°  Fah.  below 
this  temperature.  The  temperature  of  steam  with  26in. 
vacuum  is  125°  Fah.,  with  28in.  vacuum  lOP  Fall.,  while  with 
29in.  of  vacuum  it  is  only  80°  Fah.  The  corresponding  outlet 
water  temperatures  allowing  10。  Fah.  drop  as  above  would 
be  115。  Fah"  91。  Fah.  and  70。  Fall,  respectively.  If  the 
average  temperature  of  the  water  supply  is  55""  Fah.,  tlieu 
each  pound  of  cooling'  water  will  carry  away  60  B.T.U., 
36  B.T.U.,  and  15  B.T.U.  in  the  three  cases.  The  heat  to  be 
removed  from  the  steam  to  condense  it  for  approximation 
can  be  said  to  remain  constant  in  all  three  cases,  so  that  the 
quantity  of  cooling  water  to  condense  the  same  weight  of 
steam  in  the  three  cases  will  be  about  as  1  : 1.66: 4.  As  it 
takes  power  to  pump  this  water,  it  can  be  seen  at  once  why 
it  costs  more  to  maintain  the  higher  vacuums. 

Fig.  3  shows  the  actual  amount  of  circulating  water  re- 
quired in  practice  for  different  vacua.  For  high  vacuum 
there  must  be  a  much  greater  supply  of  cold  water  than  for  a 
low  vacuum. 

Now  the  volume  of  the  air  increases  rapidly  with  the 
higher  vacua  and  hence  the  volume  of  the  pump  cylinder  must 
be  increased  to  provide  for  it.  More  power  will  be  required 
to  compress  this  air  to  atmospheric  pressure.  Consequently 
an  increase  in  vacuum  means  a  corresponding  increase  in 
operation  costs  on  the  air  pump. 

The  condensation  problem  then  resolves  itself  into  an 
equation  of  costs.  If  the  water  supply  is  limited,  then  the 
vacuum  that  may  be  carried  will  be  fixed  by  this  considera- 
tion. But  if  there  is  ample  cold  water,  then  one  must  deter- 
mine when  the  saving  in  fuel  costs,  due  to  decreased  steam 
consumption  on  the  main  engine,  equals  the  increased  operat- 
ing costs  of  pumping,  cooling  water,  and  removing  air, 
together  with  the  upkeep,  interest,  and  depreciation  of  tliis 


larger  and  more  expensive  apparatus.  Usually  tlie  limiting 
factor  is  the  amount  of  air  leakage  into  t he  engine  cylinder, 
1  he  exhaust  line,  and  the  condenser,  fuul  every  step  should 
he  taken  to  reduce  this  to  a  Tninirmuri.  A  treatment  of  the 
econoMiics  of  sm，li  an  engineering  problem,  wliile  of  very 
great  practical  iiit erost,  is  beyond  the  limits  of  this  discussion, 
and  the  remainder  of  the  article  will  deal  witli  present  day 
commercial  forms  of  condensing  equipment. 

Some  engineers  hold  that  it  is  not  possible  to  maintain  as 
relatively  high  a  vacuuni  at  a  high  altitude  as  near  sea  level. 
Now,  the  absolute  pressure  in  a  condenser  is  equal  to  the 
difference  between  the  vacuum  and  tlie  barometric  pressure, 
and  tliis  can  be  iiiaintaitied  constantly  irrespective  of  altitude 
with  any  given  equipment.  Moreover,  it  can  be  shown  that 
not  only  is  it  possible  to  hold  as  good  an  absolute  vacuum  at 
the  high  level,  but  tlie  power  to  drive  auxiliaries  is  decreased 
to  a  considerable  extent  at  the  same  time.  Hence  the  cost  of 
producing,  the  same  relative  vacuum  remains  constant  or  de- 
creases slightly  as  the  altitude  increases. 

The  essential  requirements  of  a  condensing  plant  may  be 
stated  as  follows  :  Sufficient  cooling  water  must  be  supplied 
to  provide  the  necessary  vacuum  ；  there  must  be  a  rapid 
transfer  of  lieat  from  the  steam  to  the  cooling  water  in  order 
to  produce  quick  condensation  ；  and  the  accompanying  air 
must  be  removed  with  the  least  expenditure  of  power.  In 
commercial  practice  tliere  are  three  simple  types  of  condenser 
used  to  provide  vacua  up  to  26in,,  sucli  as  are  required  in 
steam  engine  work. 

The  simplest  of  these  is  the  ordinary  jet  condenser  shown 
in  Fig.  4.  This  consists  of  a  vacuum  chamber,  in  which  the 
cooling  water  and  steam  are  brought  into  intimate  contact, 
and  after  condensation  all  water  and  the  accompanying  air 
are  removed  by  a  piston  pump  attaclied  to  the  bottom  of  the 
condenser.  In  the  usual  designs  of  this  type  there  is  seldom 
an  intimate  mixture  of  water  and  steam,  and  hence  more 
water  is  required  than  should  be  necessary.  But  even  under 
these  conditions  the  amount  of  cooling  water  is  often  much 
less  than  that  required  by  ordinary  surface  condensers.  The 
equipment  is  cheap  in  first  cost  and  occupies  very  little  space. 
As  the  cooling  water  carries  air  in  solution,  air  pumps  of 
large  capacity  are  required  with  consequent  large  power  ex- 
penditure. There  is  also  the  disadvantage  that  the  condenser 
discharge  cannot  be  used  to  feed  boilers  unless  the  cooling 
water  is  unusually  pure  and  free  from  acids  or  alkalis.  Unless 
care  is  taken  in  operation  there  is  also  the  possibility  of  water 
being  drawn  over  into  the  low-pressure  cylinder  of  the  engine 
should  the  load  go  off  suddenly.    Such  an  occurrence  usually 


Fig.  5. -SiTRFACE  Condenser. 

wrecks  the  engine.  Improvements,  whicli  will  be  referred  to 
later,  have  recently  been  made  on  this  type  to  adapt  it  to  the 
requirements  of  high  vacuum  work ,  so  that  it  is  still  one  of 
the  most  important  types  of  condensers, 

Tlie  barometric  coiuieuser  is  a  modification  of  the  simple 
jet.  The  cooling  water  and  steam  are  led  in  separate  pipes 
to  an  elevated  condenser  head,  at  least  34 ft.  above  the  level 
of  the  hot  well,  where  the  two  are  mixed.  The  resulting 
mass  of  water  all  passes  out  through  a  tail  pipe,  which  is  sub- 
merged in  the  hot  well.  The  air  present  in  the  condenser  is 
entrained  by  variou?  methods  as  the  water  leaves  the  head, 
and  is  thus  carried  away  at  the  same  time.  This  condenser 
arrangement  costs  more  than  the  simple  jet  to  iiistal,  but  is 
very  cheap  to  operate.  If  near  the  cooling  water  supply  the 
head  to  be  lifted  against  by  the  circulating  pump  is  ec|ii'il 
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only  to  tlie  differejice  between  the  height  from  supply  level 
to  condenser  head  and  the  equivalent  head  of  vacuum.  A 
vacuum  of  2 (Jin.  can  be  easily  maintained  in  most  condensers 
without  ail  air  ])unip.  There  is  no  possibility  of  flooding 
engine  cylinders  with  this  arrangenienl  of  piping.  The  con- 
denser head  can  be  so  arranged  that  the  mixing  of  water  and 
steam  is  very  intimate,  and  thus  the  least  amount  of  water 
can  be  used  to  niaititaiii  a  given  vacuum.  This  type  of  con- 
denser is  especially  adapted  for  using  very  foul  water,  ami  if 


Fig.  G.— Parsons  Augmenter  Condenser. 

tlie  pump  and  ('omienser  are  lead  lined,  it  can  be  even  used 
with  aci(l  mine  water. 

A  typical  surface  condenser  for  steam  engine  work  is 
shown  in  Fig.  5.  It  consists  of  a  closed  vessel,  usually  of 
cast  iron,  of  either  cii'cular  or  rectangular  section,  into  which 
the  exliaust  steam  is  led.  This  chamber  is  traversed  by  a  large 
number  of  thin  brass  tubes,  through  wliicli  water  is  cii'cu- 
lated.  The  steam  strikes  these  cold  tubes,  condenses,  and 
falls  to  the  bottom  of  the  sliell.  The  air  being  heavier  than 
tlie  steam,  also  collects  in  tlie  bottom ,  and  these  together  are 
removed  by  the  wet  air  pump.  This  pump  is  driven  by  a 
small  steam  cylinder.  The  pump  for  circulating  the  cooliiii^ 
water  is  placed  on  the  other  end  of  the  couniion  piston  rod . 
The  cooling  water  and  condensed  steam  do  not  mix,  ami 
lience  the  latter  is  pure  distilled  water,  which  can  therefore 
be  fed  directly  into  the  boilers,  provided  it  is  not  rendered 

useless  by  the  presence 
of  too  much  cylinder  oil. 
Water  absolutely  unfit  for 
boiler  feed  may  be  used 
for  cooling,  and  thus  we 
find  that  in  marine  work 
the  surface  condenser  is 
used  almost  exclusively. 
As  there  must  necessarily 
be  a  difference  in  tempera- 
ture between  the  cooling 
water  and  the  steam  in 
order  that  heat  may  flow 
through  the  metal  tube,  a 
greater  amount  of  cooling 
water  will  be  required 
with  this  type  of  conden- 
ser than  with  either  of  the 
preceding  types.  The 
first  cost  of  this  equip- 
ment is  high  and  its  repair 
charges  are  also  high. 
Since  the  amount  of  air  to 
be  removed  is  relatively 
small  as  compared  with 
the  jet  or  barometric 
condenser,  its  air  pump 
is  also  small,  and  hence  its  operating  rosts  are  low.  In  sur- 
face coiulensers  llie  pooling  water  is  usually  arranged  to  enter 
the  lower  tubes  and  leave  from  the  upper  tubes,  so  tliat  each 
tube  is  filled  with  water  irrespect ive  of  tlie  amount  ciirulatod. 

The  condensers  dealt  with  so  far  have  been  t hose  intended 
for  use  with  reciprocal "ig  engines.  At  1  lie  present  time,  how- 
ever, steam  t  vuhines  a  re  invariably  installed  for  most  purposes 
where  the  power  exceeds  400  li  p.  in  one  unit.    I ii  steam  tur- 
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bines,  as  already  pointed  out,  the  maintenance  of  high  vacuum 
results  in  improved  operating  economy.  Therefore  the  con- 
densing equipment  rhoseii  for  use  witli  steam  turbines  should 
aim  to  provide  the  highest  vacuum  possible  under  the  con- 
ditions of  operation. 

A  number  of  considerations  should  enter  into  the  selection 
of  the  type  of  condenser  for  high  vacuum.  Tlie  amount  and 
average  temperature  of  the  cooling  water  may  place  limita- 
tions on  the  vacuum  to  be  obtained.  Its  quality  and  its 
suitability  for  boiler  feed  purposes  are  factors  wliicli  influence 
largely  the  selection  of  the  type  of  condenser.  It  has  been 
the  experience  of  the  writer  that  power  plant  designers  very 
frequently  overlook  the  adaptability  of  the  water  supply  to 
boiler  feed  purposes.  Barometric  couflenRers  have  been  in- 
stalled where  tlie  water  supply,  on  account  of  the  scale-form- 
ing substances  held  in  solution,  was  absolutely  unfit  for  feed- 
ing into  boilers.  At  other  times  surface  condensers  have  been 
installed  where  the  water  was  quite  soft  and  where  a  cheaper 
equipment  could  have  been  easily  justified.  This  is  a  very 
important  consideration, 
and  should  receive  most 
careful  attention  if  the 
operating  costs  are  not  to 
be  excessive. 

To  obtain  high  vacuum 
there  must  be  sufficient 
cooling  water  for  the  type 
of  condenser  selected. 

This  condenser  must  be 
of  such  construction  as  to 
provide  a  rapid  transmis- 
sion of  beat  from  the 
steam  t  o  the  cooling 
water.  Air  pumps  are 
always  used  for  high 
vacuum,  and  these  must 
be  of  ample  capacity  to 
remove  the  mixture  of  air 
and  water  vapour  which 
is  always  present  under 
these  conditions.  In  order 
to  make  the  capacity  of 
this  air  pump  as  small  as 
possible  the  air  should  be 
removed  from  the  con- 
denser at  a  point  where 
it  will  be  coldest,  and 
hence  occupies  the  least 
volume. 

In  the  modern  high 
vacuum  surface  conden- 
ser the  cooling  water  is 
forced  through  the  tubes 
at  a  high  velocity,  usually 

by  a  fpiitrifui^al  pump,  either  motor  or  enj^iiie  driven 


Fig.  S  — KoEUTiNr.  Kjectoh  Condenser. 


The 


tubes  are  of  brass,  and  as  thin  as  permissible  for  the  service. 
These  must  frequently  be  cleaned  of  foreign  material,  、vl"、li 
is  carried  in  by  the  fooling  water.  The  size  of  shell  and  tlie 
arraiii^ement  of  tubes  and  ballling  is  such  that  the  steam  is 
directed  against  the  tubes  at  a  liij^li  velocity,  thus  ensuring 
a  very  rapid  traiisniissioii  of  heat  and  quick  condensation.  It 
has  been  noted  that  when  the  londensed  steam  from  one  tube 
is  allowed  to  drip  over  all  those  below  it,  this  film  of  water 
impairs  the  cooling  qualities  of  each  tube  it  passes  over. 
Hence  baffles  are  provided  at  intervals  to  carry  the  condensed 
steam  to  the  sides  of  the  shell.  The  circulating  water,  which 
makes  tliree  or  more  passes  tlu'migli  the  condenser,  enters  the 
Ijottoin  tubes  ti rst .  Since  the  water  in  this  portion  is  coldest, 
a  c-ertaiii  number  of  tubes  in  t  he  bottom  a  re  protected  by  a 
bailie  from  direct  contait  with  the  entering  steam.  The  air 
is  led  tlnougli  these  tubes  and  rooled  on  its  way  to  tlie  pump 
suet  ion. 

Hon.  C.  A.  Parsons  introduced  an  additional  feature  shown 
in  Fig.  6  to  improve  t lie  eflicieiu  v  of  his  surface  ooiuleiisers. 
It  is  known  as  a  vacuum  nugnienter,  and  consists  of  a  small 
steam  jet  i、la，'p(l  in  t lu*  throat  of  an  ejector  nozzle,  which  pro- 
duces ail  additional  vacuum  to  that  of  the  pump  and  thus 
draws  out  the  air  from  the  main  condenser  and  slightly  coni- 
jMesses  it.  This  mixed  air  and  steam  is  passed  through  an 
auxiliary  cooler,  where  the  steam  condenses.    The  air  is  next 
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removed  by  the  wet  air  pump,  winch  has  rnucli  less  volumetric 
capacity  than  would  otherwise  be  required.  The  hot  well 
pipe  is  provided  with  a  water  leg,  as  shown,  to  prevent  the 
air  leaking  back  into  the  condenser.  It  is  said  that  this  jet 
does  not  take  more  than  1  A  per  cent,  of  the  steam  of  the  niaiii 
turbine  and  increases  the  vacuum  about  1  in. 

Ill  a  condenser  complete  with  its  air  and  circulating  water 
pumps  the  ends  of  botli  suction  and  discharge  piping  for  the 
cooling  water  are  usually  submerged.  Hence  the  circulating 
pump  has  only  to  overcome  the  friction  head  of  the  piping 
after  water  lias  started  to  flow  through  the  condenser,  pro- 
vided the  equipment  is  not  placed  too  high  above  the  source 
of  supply.  The  surface  condenser  thus  provides  a  high 
vacuum  at  a  low  operating  cost.  The  condensed  steam  from 
the  turbines  can  pass  directly  back  into  the  boilers.  The 
condenser  is  fairly  reliable  in  operation.  Its  first  cost  is 
higli,  and  it  occupies  considerable  space.  It  requires  a  large 
quantity  of  cooling  water  and  must  be  frequently  cleaned. 

Fig.  7  shows  an  Alberger  barometric  condenser  for  steam 
turbine  work .  The  water  is  sprayed  over  the  chamber  by  a 
distributing  cone,  which  is  regulated  automatically  by  the 
amount,  of  water  supplied,  which  acts  against  a  light  spring. 
A  small  pipe  carrier!  a  portion  of  the  cooling  water 
into  a  chamber  at  the  top  in  order  to  thoroughly 
cool  the  air  which  passes  up  through  the  hollow 
stem  of  the  spray  nozzle.  The  air  pump  suction  is 
thus  taken  off  from  the  coldest  point.  The  water 
is  thoroughly  mixed  with  the  steam  before  passing  down  into 
the  tail-pipe.  A  certain  amount  of  air  is  carried  down 
the  tail-pipe  with  the  water,  so  that  in  case  the  air  pump  is 
shut  down  it  is  still  possible  to  operate  with  a  small  vacuum. 
The  circulating  pumps  can  be  installed  in  duplicate,  thus  en- 
suring against  breakdown. 

The  cooling  water  is  usually  supplied  by  a  centrifugal 
pump  driven  by  a  motor,  a  steam  turbine,  or  a  single  engine, 
as  conditions  may  require.  Some  manufacturers  provide  a 
so-called  entrainer  on  the  exhaust  pipe.  This  pocket  partially 
fills  with  water  until  the  velocity  of  the  steam  is  such  that 
any  further  supply  of  water  is  carried  along  by  the  steam  into 
the  condenser.  In  order  to  obtain  this  high  steam  velocity 
there  must  be  a  marked  difference  of  pressure  between  the 
turbine  exhaust  and  the  condenser  head,  which  is  most  un- 
desirable. If  it  is  necessary  to  remove  condensation  from  an 
exhaust  pipe,  it  is  best  to  provide  a  drip  pocket  in  the  pipe 
just  before  it  rises  to  the  condenser,  and  connect  this  pocket 
to  a  receiver  and  float  controlled  duplex  pump  or 
a  motor-driven  centrifugal  pump.  Such  a  pump  will  readily 
remove  all  condensation.  This  arrangement  causes  no 
obstruction  in  the  path  of  the  exhaust'  steam. 

There  is  practically  nothing  that  can  go  wrong  with  a 
barometric  condenser,  and  as  it  is  impossible  to  flood  the  tur- 
bine with  cooling  water,  it  is  the  most  reliable  of  all  types. 
Since  the  water  and  steam  mix  very  intimately,  it  will  pro- 
vide the  highest  degree  of  vacuum  with  the  least  amount  of 
water,  and  is  hence  especially  adaptable  to  places  where  the 
water  supply  is  small  or  at  a  high  temperature.  It  occupies 
little  floor  space,  and  its  upkeep  is  small.  Tlie  air  pump, 
however,  must  deal  with  greater  quantities  of  air  and  vapour 
than  ill  the  case  of  the  surface  condenser,  and  hence  must  be 
larger  and  more  expensive.  The  circulating  pump  for  the 
cooling  water  has  to  lift  a  smaller  quantity  of  cooling  water 
against  a  greater  head,  and  lieiice  may  be  slightly  more  ex- 
pensive to  operate  than  in  the  case  of  the  surface  condenser. 
The  first  cost  of  the  equipment,  however,  is  about  two-thirds 
of  that  of  a  surface  condenser,  piping  included.  The  con- 
denser discharge  is  not  always  suitable  for  boiler  feed  pur- 
poses. 

Another  similar  type  of  condenser  is  the  Koerting 
ejector  condenser,  shown  in  Fig.  8.  Water  is  supplied  by  a 
circulating  pump  at  a  head  equivalent  to  20ft.  of  height. 
This  water  discharges  through  specially  arranged  nozzles  into 
Pii  ejector  throat  which  forms  the  condensing  chamber.  The 
resulting  condensed  steam  and  any  air  present  are  carried 
along  by  the  velocity  of  the  water  and  discharged  through 
the  tail  pipe  below.  These  condensers  are  cheap  in  first  cost 
as  no  air  pump  is  required,  and  with  sufficient  cool  water 
will  be  guaranteed  to  maintain  28in.  vaciuuii.  Operating 
costs,  when  the  load  is  variable,  are  higher  than  with  a 
barometric  condenser,  as  the  same  quantity  of  water  must  be 
pumped  at  all  times,  and  as  this  water  is  under  pressure  there 


is  also  the.  danger  of  it  entering  tlie  engine.  The  ooiulenser 
will  not  work  well  witli  wa rrn  cooling  water.  Tl")  iitjzzles  are 
easily  stopped  up  by  foreign  substances  if  the  water  is  dirty, 
and  this  would  tend  to  destroy  the  vacuum. 

The  advent  of  the  steam  turbine  has  probably  brought 
about  greater  improvements  in  jet  condensers  than  in  any 
other  type.  These  condensers  are  frequently  used  on  afcount 
of  low  first  cost,  of  small  floor  space,  and  of  small  amount  of 
cooling  water  necessary.  But  the  condenser  discharge  is  not 
always  suitable  for  boiler  feed  purposes.  Reciprocating  air 
pumps  have  to  be  large  to  maintain  high  vacuum,  but  simple 
rotary  pumps  will  be  described  later,  which  have  proved  very 


Fig.  9 —Connorsville  Jet  Condenser. 

satisfactory  and  economical .  There  is  also  the  possibility  of 
flooding  the  turbine  with  water  with  these  condensers,  aud 
each  type  is  provided  with  some  automatic  vacuum  breaker 
to  prevent  this.  A  few  of  these  new  condensers  will  be  de- 
scribed. 

Albei'ger's  jet  concleiiser  is  almost  identical  with  their 
barometric  coinienser.  except  that  it  is  placed  at  a  low  level, 
and  the  water  is  forced  iu  by  atmospheric  pressure.  Its  tail 
pipe  has  been  replaced  by  a  oeiitrifugal  pump  which  dis- 
charges both  the  cooling  water  and  the  condensed  steam  -  The 
air  is  removed  by  a  standard  dry  air  pump. 

Fig.  9  shows  a  condenser  luaiuifactum;!  by  the  Connors- 
ville  Blower  Company.  The  pressure  of  the  atmosphere 
forces  the  water  into  a  reservoir  iu  the  condenser  shell,  from 
which  it  flows  ia  a  thin  sheet  down  the  funnel-shaped  con- 
(leiisiiig  t'luunber.  Tiie  steam  enters  this  chamber  from  above 
； it  high  velocity.  The  velocity  of  the  ('oiulensing  steam  is  trans- 
ferred to  the  water,  whirh  rushes  tlirough  the  throat  of  the  fun- 
nel carrying  the  air  along  with  it.  and  completing  the  roiidensa- 
tioii.  The  air  rises  in  the  cliainber  around  the  throat  piece, 
and  is  cooled  by  the  large  body  of  cold  water  above  it.  The 
cooling  water  and  condensed  steam  pass  to  the  air  pump. 
This  pump  is  also  connected  to  the  air  chamber  by  pipes,  and 
ports  are  provivled  in  the  air  pump  casing,  so  that  this  air 
enters  directly  above  the  water  and  passes  into  the  space 
between  impellers  just  before  the  water  is  picked  up.  The 
pump  itself  is  of  the  rotary  cycloidal  impeller  type  and  works 
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on  the  displacement  principle.  The  clearances  between  the 
tips  of  tlie  impellers  and  the  casings  and  between  the  im- 
pellers themselves  are  s'mill  and  practically  no  leakage  result s, 
as  these  are  wate^- -sealed  as  are  also  the  stufliiig-boxes.  The 
two  impellers  are  gear'?(i  to<^etlier  at  one  end  of  the  shaft  and 
may  be  either  engine  or  motor  driven.  Two  small  cocks  f're 
placed  oil  the  casing  above  the  impellers,  to  break  the  vacuum 


Fig.  10.— Leblan'c  Condenser. 

before  opaiiiii^^  to  discharge.  This  makes  the  pump  very 
smooth  running.  This  is  a  cheap  and  very  good  equipment 
for  water  which  will  not  corrode  iron.  It  is  also  quite  econ- 
omical ill  the  power  required  to  operate  it,  and  has  givon 
good  satisfaction  in  a  large  munber  of  turbine  plant's  where 
it  has  been  installed. 

The  shell  of  the  AUis-Clialiners  Type  C  jet  condenser  is 
circuliif  in  shape,  ami  is  erected  in  a  horizontal  j)Ositioii.  The 
niciiii  idea  of  the  designers  was  to  produce  a  "rain-storm" 
effect  in  the  condenser,  so  that  each  particle  of  cooling  water, 
by  being  brought  into  intimate  contact  with  tlie  steam,  would 
absorb  the  imiximuni  amount  of  lieat  possible.  Hence  very 
little  more  water  need  be  supplied  than  that  theoretically 
necessary  to  condense  the  steam.  The  water  enters  at  one 
end  and  passes  into  cast-iron  troughs,  from  which  it  over- 
flows througli  saw-tooth  openings.  The  steam  enters  at  higl» 
velocity  from  the  top  of  llie  other  end  aiul  starts  to  condense 
on  meeting  the  cooling  water.  The  water  then  strikes  the 
spray  plates  below,  from  wliicli  it  splashes  in  all  directions, 
and  condensation  is  conu)lete(L  The  entrained  air  rises 
through  the  water  in  tlie  left-hand  portion  of  the  condensiM-, 
and  tiuis  is  cooled  on  its  way  to  the  air  ejectors.  The  water 
overflows  at  the  bottom  of  the  condenser  to  a  tentrifugal 
))un»[),  which  forces  it  out  into  the  waste  rhamiel.  A  second 
small  centrifugal  pmnp,  which  takes  water  f roni  the  cold  well, 
is  mounted  on  the  same  shaft  as  the  cooling  water  discharge 
piunp.  This  cold  water  is  forced  under  pressure  into  an  air 
ejei'tor  nozzle,  which  forms  the  air  puiiip  for  inaintaininiij  tlie 
vacuum .  The  cMul  of  t his  air  ejector  pipe  is  not  submerged, 
so  tliat  in  t-ase  of  tlie  pump  sio])])ing,  air  rushes  in  ami  breaks 
the  viii  uuni  before  Hooding  of  the  turbine  can  occur. .  Tlieae 
pumps  inav  be  motor  driven,  or  mav  be  turbine  driven ,  wltii  li 
is  t he  more  usual  anaiigeineiit.       This   condenser  is  very 


efficient  in  its  use  of  water,  but  the  riietliod  of  pumping  air 
i-eq aires  considerable  po、vei'.  A  similar  method  of  removing 
air  is  used  by  Brown -Boveri  and  others  in  Europe. 

The  Leblanc  condenser,  iiiaiiufacl ured  by  the  Westinghouse 
Machine  Company,  is  one  of  the  simplest  and  most  compact 
units  at  present  built.  As  usually  constructed,  the  water 
discharge  pump  and  air  pump  casings  are  made  part  of  the 
same  castin*^  as  the  condenser  body  itself.  Fig.  10  shows  the 
general  arraiigeiiieiit  of  parts.  Steam  enters  on  the 
left-hand  side  of  the  condenser  head,  while  cooling 
water  rushes  in  from  the  right-hand  side.  The  water 
is  sprayed  by  a  dislribiition  head  in  such  a  way  that 
it  mixes  thoroughly  with  the  steam.  The  discharge 
centrifugal  pump  in  the  base  removes  this  water  and  con- 
densed steam  from  the  chamber.  The  air  rises  into  the 
annular  space  around  the  condensing  cone  and  is  carried  to 
the  Leblanc  air  pump  through  the  pipe  shown.  This  pump 
is  on  a  new  principle.  Water  enters  at  the  centre  of  the 
wheel  and  passes  out  through  the  chamber  to  the  rotor.  The 
rotor  is  provided  with  a  large  number  of  small  crescent-shaped 
bronze  blades,  somewhat  resembling  a  Sirocco  blower.  It 
revolves  at  liigh  speed  and  acts  like  a  centrifugal  pump, 
apparently  discharging  the  water  delivered  from  the  central 
chamber  in  thin  solid  sheets  like  so  many  panes  of  glass  one 
behind  the  other  with  the  air  trapped  between  these  sheets. 
In  practice  this  ideal  is  scarcely  realised  in  full,  as  the  lower 
sheets  of  water  are  disturbed  by  the  splashing  of  the  upper 
ones  on  the  sides  of  the  air  pipe.  Whatever  the  action  is 
inside  the  pump,  the  air  is  very  effectually  removed,  and  a 
high  vacuum  can  be  maintained  with  a  total  expenditure  of 
power  for  condenser  purposes  of  about  3  per  cent,  of  that  of 
the  main  turbine.  The  pumps  may  be  either  turbine  or  motor 
driven. 

Dry  air  pumps  play  a  very  important  part  in  the  main- 
tenance of  high  vacua.  Fig.  11  shows  a  section  of  an  Alberger 
dry  vacuum  pump,  which  will  illustrate  the  general  principles 
of  reciprocating  puni p  construction.  The  cylinder  is  water- 
jacketed  throughout  to  prevent  undue  heating  in  compression 
and  to  provide  a  large  volumetric  efficiency.  The  air  valve  is 
of  the  rotary  type  with  ordinary  pot  discharge  valves.  The 
air  and  vapour  enter  one  side  of  the  piston  on  one  stroke,  and 
are  compressed  and  discharged  on  the  return  stroke.  Tlie 
valve  gear  is  so  arranged  that  wheu  the  piston  is  at  dead 
centre  and  about  to  return,  a  small  port  connects 
the  two  ends  of  the  cylinder.  Since  the  admission  has  just 
been  cut  off  from  one  end,  this  port  allows  the  highly  com- 
pressed air  in  the  clearance  of  the  other  end  to  rush  over  and 
to  partially  compress  the  air  which  has  just  entered.  In  this 
way  the  volumetric  efEciency  of  the  uuni u  is  greatlv  increased. 


IG.  U.— Albergeu  UllY  Vaci'im  riuF. 

Two  t  vpos  ot  air  pumps  wliioli  are  verv  widely  used  deserve 
especial  attention.  One  of  t liese,  the  M ullan  Suot ion  Valve- 
less  Air  P inn  13,  is  manufartured  by  the  Wheeler  Condenser  ami 
Eiigineariiig  Company.  The  cylinder  is  lont;  and  the  piston  111  Is 
almost  half  the  cylinder  volume.  The  air  and  vapour  to  be 
removed  rush  in  when  the  piston  um-overs  the  port  in  tlie 
middle  aiid  are  compressed  and  (Hsoliarged  tlnough  the  valves 
in  I  lie  head  on  the  return  stroke.  This  pump  is  not  provided 
willi  the  bv-pass  port  tlescribed  with  the  Alberger  pump. 

The  other  t vj>e  is  known  as  the  "Edwards."  wliich  is  a  ver- 
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tical  wet  air  pump,  and  is  particularly  adapted  for  working 
at  high  speeds.  The  piston,  which  is  solid  and  has  a  rone- 
sliaped  bottom,  desceiuls  to  the  bottom  of  the  cylinder,  which 
is  of  similar  cone  shape.  The  casing  is  so  designetl  iliat,  the 
air  and  condensed  steam  are  driven  through  ports  into  the 
space  above  the  piston.  On  the  return  stroke  water  and  air 
are  forced  out  through  the  discharge  valves  in  the  deck  at  the 
head  of  the  cylinder.  As  the  water  lies  directly  above  the 
piston,  it  fills  all  clearance  spaces  before  being  forced  through 
the  valves  and  acts  as  a  water  seal  of  three  to  four  inches  deep 
on  the  valve  above,  very  high  vacua  can  be  maintained  by 
this  type  of  pump.  These  piunps  are  almost  invariably  used 
with  surface  condensers.  They  are  usually  built  with  three 
cylinders  worked  from  a  three-throw  crank  shaft  and  motor- 
driven  through  gearing.  An  Edwards  pump  must  be  placed 
at  a  lower  level  than  the  main  condenser. 

Ill  Germany  and  other  parts  of  the  Continent  rotary  air 
pumps  are  being  introduced  very  largely.  There  are  many 
excellent  types  of  these  pumps,  but  only  one  will  be  described. 
This  pump  is  manufartured  by  Thyssen.  It  is  essentially  a 
centrifugal  puinp  with  full  discharge  all  around  the  periphery. 
The  discharge  from  the  pump  impeller  enters  a  stationary 
diffuser  nozzle,  which,  in  turn,  discharges  into  an  air  ejector 
chamber.  This  pump  has  proved  very  satisfactory  and  quite 
economiral.  The  A,  E.  G.  air  pump  is  also  used  extensively. 
It  is  quite  probable  that  many  of  these  rotary  air  pumps  will 
soon  be  introduced  into  America,  largely  on  account  of  their 
simplicity,  freedom  from  breakdown,  low  first  cost,  small  size 
and  ease  iu  operation. 

In  Europe  motor-driven  condenser  auxiliaries  are  gener- 
ally installed,  while  in  America  these  are  steam-driven.  If 
steam  is  needed  to  heat  the  feed  water,  or  if  absolute  relia- 
bility is  required,  steam-driven  pumps  should  be  used.  But 
in  other  situations,  motor-driven  auxiliaries  may  be  used.  It 
must  be  remembered,  however,  that,  should  the  main  switches 
open  from  a  short  circuit  on  the  electrical  system,  the  con- 
densing plant  will  shut  down,  and  all  these  motors  must  be 
started  individually  before  the  load  can  be  put  on  the  main 
engine  again.  Motors  will  give  trouble  if  installed  in  the  wet 
or  damp  basements  provided  with  poor  ventilation,  and  in 
which  condensers  are  often  located. 

In  conclusion,  then,  the  selection  of  a  condenser  should  be 
governed  by  :  (1)  Tlie  degree  of  vacuum  required  ；  (2)  the 
quantity,  quality,  and  temperature  of  the  cooling  water  ；  (3) 
the  requirements  of  boiler  feed  ；  (4)  and,  most  important  of 
all,  the  first  cost  and  total  operating  costs  of  the  equipment. 


IMPROVEMENTS  IN  ELECTRIC  FURNACES  AND  THEIi^  APPLI- 
CATION IN  THE  MANUFACTURE  OF  STEEL* 

BY  HANS  NATHUSIUS,  DK.ING. 

The  various  systems  of  electric  furnace  are  so  well  known 
that  it  is  unnecessary  to  describe  these  apparatus  in  detail. 
The  author  will  therefore  confine  himself  to  a  few  general 
remarks  with  respect  to  the  two  most  important  systems ― 
the  induction  furnace  and  the  arc  furnace ― and  to  a  detailed 
description  of  some  recent  improvements  in  the  latter  type, 
witli  special  reference  to  the  combined  arc-resistance  furnace. 
The  subject  is  one  which  cannot  fail  to  be  of  special  interest 
to  metallurgists,  since  it  appears  in  the  light  of  recent  experi- 
ence that  so  far  as  the  manufacture  of  steel  by  electric  means 
is  concerned  the  arc  furnace  is  the  furnace  of  the  future. 

The  Induction  Furnace.  ―  The  hearth  of  a  simple  induc- 
tion furnace  consists  of  an  amuilar  trough  in  which  tlie  ring 
of  metal  constitutes  the  secondary  winding  of  an  alternating 
current  transformer.  The  source  of  heat  is  the  electric 
current,  which  is  induced  in  tlie  metal  by  the  alternating 
current  in  the  primary  circuit  of  the  transformer. 

The  idea  of  generating  the  requisite  heat  in  the  very 
material  which  is  to  be  melted  aiul  of  iiit roduriiip  lieat  by 
induction  of  an  electric  current,  tluis  avoiding  the  use  of 
electrodes,  seems  liighly  promising,  at  least  in  theory.  Un- 
fortunately, however,  this  system  of  furnace  has  shown  oi-iny 
serious  defects  in  practical  working. 

The  above-mentioned  advantages  of  the  induction  furnace 
can  only  be  realised  to  the  full  when  the  furnace  is  used  as  a 
crucible,  that  is  when  small  charges  (1  to  2  tons  in  weight) 
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are  to  undergo  a  pure  ami  siiii]>lo  smcliing.  process.  As  a 
refining  furnace  the  induction  iuriKice  is,  for  the  following 
reasons,  quite  unsuitable. 

Tlie  rest  ricted  space  witliin  t  he  I'ing  of  molten 匿。， 1  is 
inconvenient  for  any  metallurgical  work  sucli  as  rahbliiij^'  t  lie 
slag,  the  regular  distribution  of  addit  ions,  sampling  mfl 
controlling  the  process  of  charging.  The  molteii  metal  is 
also  exposed  to  a  considerable  cooling  action,  due  to  extensive 
cooling  surfaces,  ami  the  slag  is  apt  to  solidify  in  conse- 
quence. 

The  electrically  induced  heat  can,  of  course,  only  be 
generated  in  t  he  metal  bath  and  not  in  t  lie  slag,  wliioli  must 
therefore  be  heated  indirectly  by  the  underlying  metal.  Now 
it  must  be  evident  that  it  is  against  all  principles  of  economy 
to  heat  tlie  slag  by  means  of  the  molten  steel,  tlie  melting 
point  of  which  is  considerably  lower  than  that  of  the  slag. 
Consequently  a  much  higher  temperature  lias  to  be  imparted 
to  the  bath  than  is  necessary  for  the  desired  reactions. 

The  entire  design  of  the  induction  furnace ― which  rather 
resembles  an  electrical  apparatus  t'lian  a  metallurgical  f  urn  are 
― makes  it  impossible  to  work  with  large  fluid  masses  of  slag 
capable  of  producing  reactions.  The  magnetic  field  of  the 
transformer  sets  up  lines  of  forces  in  the  liquid  steel  ami 
causes  it  to  rotate  at  such  a  speed  that  the  slag  is  thrown 
against  the  sides  of  the  channel,  causing  it  to  cool  to  a 
temperature  below  that  at  which  it  can  react  on  the  charge. 
Further,  the  speed  of  rotation  causes  the  surface  of  the  bath 
of  metal  to  slope  at  an  angle,  so  that  only  a  small  portion  of 
the  metal  in  the  ring  is  covered  with  slag,  and  the  reactions 
are  thus  prevented.  The  lining  of  the  furnace  is  also 
injuriously  affected  by  the  whirling  of  the  particles  against 
the  sides  of  the  furnace,  due  to  the  centrifugal  force,  an 
action  which  results  in  their  being  both  mechanically  and 
chemically  attacked.  Further,  it  is  impossible  to  treat 
entirely  cold  charges  in  an  induction  furnace,  for  unless  a 
portion  of  tlie  preceding  charge  is  allowed  ta  remain  in  the 
furnace  the  charge  does  not  form  a  sufficiently  perfect  con- 
ductor for  the  secondary  current.  This  is  a  particular  dis- 
advantage in  cases  where  it  is  desired  to  produce  steels  of 
very  different  qualities. 

A  further  disadvantage  noticeable  in  some  types  of  iiiduc- 
tion  furnace,  for  instance  in  the  Rochliiig-Rodenliauser  fur- 
nace, consists  in  having  two  heating  channels  which  form  the 
secondary  coil  of  the  furnace  transformer,  the  latter  being 
built  into  the  f  urn  are  in  such  a  manner  that  one  leg  of*  the 
transformer  passes  through  a  corresponding  opening  in  the 
hearth. 

From  a  j)urely  metallurgical  point  of  view  it  is  desirabl? 
that  delicate  apparatus  such  as  a  transformer  should  not 
attached  to  the  furnace,  which,  when  hard  pushed,  may 
become  red  hot,  nor  should  a  transformer  be  exposed  to  risk 
from  splashes  of  molten  metal,  dust,  and  rough  liandling. 
The  conditions  are  not  greatly  improved  even  when  it  is  most 
carefully  protected  and  cooled  by  an  air  current  supplied  by 
a  somewhat  expensive  compressor  plant.  The  air-cooling  on 
the  transformer  side  necessarily  increases  the  heat  losses.  To 
this  must  be  added  the  unpractical  shape  of  the  heart li  dup 
to  the  presence  of  the  transformer,  which  increases  tlie  length 
of  time  between  heats  due  to  the  increased  difficulty  of 
making  repairs.  Lastly  may  be  mentioned  a  most  vital  dis- 
advantage of  the  induction  furnace  as  compared  with  the  arc 
furnace,  namely,  the  cost  of  installation.  Not  only  is  the 
induction  furnace  more  costly  on  account  of  its  complicated 
ronstruc 七 ion  and  its  character  as  an  electric  ratlier  than  a 
metallurgical  apparatus,  but  also  because  the  current  supply 
is  considerably  more  expensive  with  this  class  of  furnares 
than  with  arc  furnaces.  All  large  induction  furnaces  with 
a  capacity  of  more  than  3  tons  require  motor  generators  or 
separate  generators  when  tlie  frequency  of  the  t^eneratiiig 
plant  is  higher  than  25  cycles  per  second.  It  is  evident  that 
the  instalment  of  motor  generators  must  add  to  the  cost  of 
the  electric  equipment  and  of  the  necessary  foundations  and 
buildings. 

The  electric  generator  for  a  a  iiidufl  iuii  lunuice  must .  even 
with  installations  of  medium  size,  be  designed  for  a  frequency 
of  20  or  less  and  for  a  power  factor  of  between  0*6  to  0*7 . 
The  machine  must  therefore  be  in  tlie  ratio  of  巧 ， 万 or  to,  or 
1*54  times  larger  than,  an  equaliser  for  a  3-phase  arc  fur- 
nace.   On  account  of  the  lower  frequency  the  alternator  will 
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hardly  be  possible  to  equip  an  induction  furnace  at  the  same 
cost  as  an  arc  furnace,  and  certainly  not  at  a  less  cost. 

Ill  addition  to  the  greater  cost  of  an  inductiou  furnace 
there  is  tliat  of  the  plant  for  compressing  the  air  for  cooling. 
There  also  has  besides  to  be  added  to  the  working  expenses 
of  an  inductiou  furnace  the  wages  of  two  skiJle-J  attendants 
(for  day  and  nights  shifts)  for  the  special  machines ― be  it  a 
separate  generator  or  a  motor  generator ― and  to  carry  out 
necessary  repairs.  In  this  respect  the  working  expenses  of  an 
induction  furnace  are  considerably  iiiglier  than  those  of  an 
arc  furnace,  which  ran  be  equipped  with  static  oil  trans- 
formers. 

Further,  rotary  inacliiiies  are  likely  to  run  hot,  and  tlie 
insulation  of  the  moving  coils  is  also  more  liable  to  puncture 
than  that  of  the  windings  of  a  static  transformer,  built  lor 
the  same  voltage.  An  oil-transformer  when  once  installed 
requires  no  attention  beyond  overhauling  once  a  year.  Gener- 
ally speaking,  tlie  chance  of  a  breakdown  with  a  rotary  fur- 
nace transformer  is  double  that  with  a  machine  in  the  gener- 
ating station.  When  the  current  is  delivered  direct  from  tlie 
generatiug  plant ― with  or  without  a  transformer ― a  break- 
down is  of  less  consequence,  as  the  whole  plant  is  kept  in 
reserve,  and,  if  necessary,  another  generator  may  be  switched 
on  to  the  furnace  circuit.  Tlie  time  required  to  remedy  any 
fault  is  therefore  considerably  shorter. 

Fiually,  the  working  expenses  witli  induction  furnaces  are 
much  increased  by  the  low  efficiency  which,  including  trans- 
former losses,  amounts  to  72  to  82  per  cent.,  \vhereas  the 
efficiency  of  a  corresponding  arc  furnace  plant  is  95  to  99  per 
cent. 

That  the  above-mentioned  defects  of  the  induction  furnace 
are  admitted  by  those  who  have  developed  this  system  of 
electric  furnace  is  clearly  proved  by  the  uumerous  new 
remedying  devices  which  are  always  being  patented.  Roden- 
hauser  has，  for  instance,  introduced  dams  or  lips  in  the 
channel-bottom  in  such  a  way  as  to  allow  only  the  layer  of 
slag  to  rise  above  the  upper  edge  of  the  lip.  But  the  electric 
current  is  tlien  obliged,  at  these  points,  to  pass  through  the 
1  liiii  and  comparatively  bad  conducting  layer  of  slag.  Another 
inventor  has  placed  bridges  below  the  surface  of  the  molten 
metal  at  tlie  entrances  of  the  narrow  lateral  channels  of  the 
hearth,  with  the  object  of  retaining  the  slag,  so  as  to  prevent 
it  altogether  from  entering  them.  In  another  modification  of 
this  device  the  lower  edges  of  these  bridges  are  placed  at  the 
level  of  the  surface  of  the  bath,  or  just  below  it.  By  this 
contrivance  the  slag  is  prevented  from  entering  the  channels, 
and  any  which  may  have  penetrated  into  them  can  easily  be 
removed ,  In  order  to  facilitate  repairs  spare  interchangeable 
chamiels  of  compressed  material  witli  special  coatings  of 
alumina  or  silicates  are  kept  in  readiness  for  use.  How  far 
these  and  other  improvements  will  really  prove  successful  in 
practice  remains  to  be  seen.  It  is  nevertheless  interesting  to 
observe  that  the  induction  furnaces  have  lately  been  so  much 
modified  as  to  have  lost  their  ori^nal  character  by  Tiiaking 
tlioni  approximate  inoVe  and  more  to  the  arc  furnace  type. 

Arc  Furnaces. —  The  const  rud  ion  aiul  mot  hod  of  operation 
of  arc  furnaces  are  now  well  known.  ；) iid  a  considerable 
number  of  them  have  witlij^tood  several  years'  practical  test 
in  every  respect  in  numerous  metallurgical  works.  The 
principal  advantage  of  the  arc  furnace  consists  in  the  ease 
with  wliicli  tlie  heating  of  the  oliarge  can  be  regulated  to 
any  desired  temperature  from  above  by  electric  arcs  directed 
upon  the  sla^:  which  covers  the  metal  hatli.  Tins  method  r.f 
healing,  combined  with  other  advantages  of  t he  electric 
furnace ― such  as  a  neutral  atmosphere  in  the  melting: 
chaniber  and  absolute  purity  of  the  heating  a^reiit  -have 
enabled  tlie  production  of  reactions  between  the  sla^  and  the 
metal  with  respect  both  to  oxidation  and  red  not  ion  wliirh  it 
was  impossible  to  obtain  with  the  I'psom'res  previously  avail- 
able, and  after  a  long  experience  in  the  working  of  electric 
furiiacos  the  autlior  has  trained  (ho  romirtion  that  ahsolntely 
new  processes  will  in  time  lip  rlovolopod  In  supi»lomriit  or 
perfect  the  present  ones. 

The  readiness  with  which  iho  art'  l、mia''t、  lias  hem  adopted 
is  not  oiilv  due  to  the  above-mentioned  advantages,  hut  also 
to  the  fiu't  that  the  electric  roiulitions  permit  its  const nirtioji 
"、 resonihle  rlosely  that  of  the  familiar  converters  and  open- 
hoart  li  furnares.  Tlie  usual  lype  of  arr  furnace,  such  as  tlie 
Uoroult.  Girofl,  Keller.  SUssano,  anrl  others,  resemble  tlie 


be  considerably  inore  expensive.  The  cost  of  an  equaliser  for 
a  3-pIiase  arc  furuace  with  an  output  of  750  k.v.a.  at  750 
revs,  and  50  cycles  is  only  43  per  cent,  of  that  of  a  generator 
for  an  induction  furnace  of  the  same  capacity.  The  lower 
speed  which  is  required  to  produce  the  low  frequency  of  the 
generator  for  an  induction  furnace  influences  the  price  of  the 
machine  the  more  unfavourably  the  greater  the  output  of  the 
macliirie. 

"When  the  current  is  not  supplied  by  a  separate  alternator 
at  the  generating  station  but  by  a  motor-generator,  the  price 
is  scarcely  affected  on  account  of  having  to  instal  a  motor 
for  the  furnace  transformer.  In  fact,  if  anything,  it  may  be 
increased,  as  such  a  motor  is  more  expensive  if  desired  to  run 
at  lower  speeds,  and  it  must  in  any  case  be  adjusted  to  tlie 
maximum  permissible  speed  of  the  generator. 

The  first  cost  of  an  induction  furnace  installation  may,  of 
course,  be  reduced  by  making  an  extension  to  the  central 


Fig.  ].— Elevation  and  1'lan  or  I -2- ton  Nathusius  Furnace. 


power  station  instead  of  t ransforniiii^  existing  electric  cur- 
rent. In  that  case,  and  if  the  prime  movers  are  hlast-furnace 
gas  driven  engines,  the  eloclric  generators  for  air  furnares 
must  also  be  designed  for  slow  speed.  Tlie  differeiiro  bet  ween 
the  rost.  of  an  induction  furnace  and  that  of  an  arc  funiaoc 
installation  will  then  disappear,  but  only  under  tlie  above- 
mentioned  conditions.  The  induction  funiare  i  raiisfonner 
always  requires  a  separate  set  of  coiuliu'tors  for  low 
frequency,  and  also  a  regulating  transformer  or  tension 
regulator  unless  a  flecciii  ralisat  ion  is  (o  he  vi\ rriod  owi ,  whicli 
i.s  not  always  possilile  aiul  ^emM*ally  iutrodnros  (、rm""""'al 
disaclvautages.    Bui  even  in  i\\v  latter  favourable  case  il  will 
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gas  fired  furnaces  in  that  the  heat  is  applied  to  the  charge  at 
the  surface,  the  gas  flame  being  replaced  by  an  electric  arc. 

The  author  has  for  many  years  made  a  special  study  of  arc 
furnaces  and  their  working  conditions,  and  lio  \vas、  soon 
obliged  to  ackiiowled^^e  the  great  advantage  of  electric  arc 
heating.  At  the  same  time  the  idea  occurred  to  him  that  it 
might  be  possible  to  combine  the  advantage  of  the  arc  fur- 
11  are  (good  heating  of  the  slag)  with  the  advantage  of  Iho  in- 
duction furnace  (lieating  in  the  charge  itself),  and  thus  to 
avoid  the  disadvantages  of  both  systems.  It  became  evi(l(>ni 
to  him  at  once  that  the  electric  current  offered  tlie  possibility 
of  applying  heat  not  only  at  the  surface  of  the  charge,  hui 
also  at  any  part  wheie  an  intense  heat  is  required,  such  as  in 
the  charge  itself  or  especially  at  the  bottom  of  tlie  furnace. 

The  transformation  of  the  electric  energy  into  lieat  in  tlie 
substance  of  the  material  wliicli  is  to  be  heated  is  neither  a 
contact  nor  a  transniissiou  pheiioineiiou,  but  a  therm o- 
dynamical  frictionless  heating,  with  100  per  cent,  efficiency 
even  at  the  highest  temperatures.  The  only  losses  arc  those 
due  to  radiation  and  conduction.  Hence  in  this  process  of 
heating  the  question  is  not  how  much  heat  is  imparted  to 
the  charge,  but  how  much  of  the  heat  generated  within  the 
charge  itself  can  be  retained  therein. 

In  tlie  autlior's  opinion  it  would  be  a  mistake  not  to 
take  this  advantage  into  consideration.  Besides,  the  natural 
method  of  heating  consists  in  applying  the  heat  not  from 
above  but  from  below.  If  this  could  be  effected  by  some 
simple  means  then  a  most  substantial  advantage  over  other 
arc  furnaces  would  be  gained,  as  the  following  thermo- 
teclniical  considerations  will  show. 

From  the  practical  point  of  view  the  best  method  of 
heating  is  undoubtedly  that  which  can  be  applied  with  the 
least  possible  loss,  with  the  greatest  possible  regularity,  and 
is  so  adjustable  that  tlie  temperature  of  the  furnace  can 
be  regulated  at  will  between  the  required  inaxinmni  and 
niiiiiniuni. 

These  conditions  are  badly  fulfilled  in  the  simple  arc 
furnace.  The  losses  through  radiation  and  coiuliirt ion  are 
considerable,  being  greater  than  those  in  a  gas  fired  furnace, 
oil  account  of  the  iiiiich  higher  temperature.  The  over- 
heating of  the  surface  is  also  greater  for  the  same  reason. 
On  the  other  hand,  the  lieat  losses  due  to  the  lieating  of 
quantities  of  air  passing  through  the  furnace  are  avoided  in 
an  electric  furnace. 

All  these  disadvantages  are  more  or  less  eliminated  in  the 
induction  furnace,  which  certainly  best  fulfils  the  required 
conditions,  and  the  question  then  arises  as  to  why  the  arc 
furnace  lias  made  more  rapid  headway  than  its  rival.  The 
answer  is  simple  ！  The  problem  of  electric  furnaces  iti 
technical  metallurgy  is  less  concerned  with  the  thormo- 
teehnical  side  than  with  tlie  metallurgical  side,  and  the 
metallurgical  requirements  must  always  determine  the  choice 
of  the  system  of  furnace. 

The  processes  which  the  steel  metallurgist  has  io  carry 
out  in  his  furnace  may  be  divided  into  three  groups:  (1 )  The 
melting  process.  (2.)  The  refining  process  (oxidation  by 
means  of  atmospheric  air,  or  by  iron  ore).  (3.)  Deoxidation 
or  finishing  process  (alloying),  degasifying,  quietening. 

The  induction  furnace  is  only  to  be  recommended  when 
it  is  a  question  of  a  melting  process,  and  when  its  otherwirie 
serious  defects  are  not  preventive.  Notwithstanding  its 
higher  thermal  efficiency,  the  working  of  an  electric  furnace 
is  too  costly  to  enable  it  to  be  used  ordinarily  for  a  melting 
down  process.  For  purely  economical  reasons  the  less  perfect 
but  cheaper  gas  fired  furnace  is  preferable  for  this  purpose. 
On  the  other  hand,  for  a  process  of  refining  metal  already 
melted,  the  arc  furnace  is  particularly  well  adapted.  To 
produce  reactions  which  depend  on  the  reciprocal  action  of 
the  slag  and  the  metal,  it  is  requisite  to  have  a  very  liot 
slag,  and  to  be  able  to  work  with  fluid  masses  of  slag  in 
large  quantity.  This  cannot  be  done  in  the  induction  furnace, 
and  the  arc  furnace  alone  lends  itself  to  such  operations,  in 
finishing  the  charge,  however,  the  steel  has  to  be  alloyed 
with  other  metals,  and  must  remain  quiescent  for  a  period. 
For  this  purpose  heating  by  an  ordinary  electric  arc  is  less 
favourable..  The  reactions  take  place  only  within  the  bath  ； 
the  slag  has  ceased  to  react,  has  become  neutral,  and  serves 
now  only  as  a  prot-erting  cover.  It  is,  however,  impossible 
to  make  use  of  an  arc  furnace  for  one  part  of  the  process  and 


an  induction  furnace  for  another.  The  difficulty  can  only  be 
met  by  ino;ins  of  a,  fombinecl  arc  and  resistanre  furnace. 

The  Nathusius  Furnace. ― In  the  author  s  furnace  the 
chai-^e  is  heated  on  the  surface  by  several  electric  arcs,  so 
(lisiribuied  tliat  the  lieating  is  effected  as  equally  as  possiblo. 
lieating  by  means  of  a  single  arc  is  absolutely  irn practicable, 
because  the  arc,  tliougli  a  very  intensive,  is  a  liiglily  local iH:»d 
yource  of  heat. 

It  has  been  said,  with  some  iruili,  that  the  arc  in  tlie 
electric  furnace  is  a  necessary  evil.  Jt  is  necessary  for  lieating 
the  slagj  but  its  disadvantage  is  tluit  its  temperature  must  at 
least  be  ill  at  required  to  volatilise  carbon  (3，0(K)。  C),  since 
this  is  tlie  essential  ('onditi (川 of  it^  exi.sience. 

Since  the  maximum  desired  temperature  of  the  furnace 
is  between  1,900。  and  2，000°  C,  it  has  been  the  author's 
endeavour  to  weaken  the  intensity  of  the  arc  as  much  as 
possible,  and  to  reduce  the  unavoidable  over-heating  Cfi 
tlie  surface  of  the  charge  to  a  niinimuni.  In  order  to 
effect  this  he  transferred  as  much  as  possible  of  the  energy 
required  for  a  particular  furnace  to  the  bath,  or  ratlier  to  the 
bottom  of  the  bath,  aud  the  method  of  heating  tlius  approxi- 
mates to  that  of  an  induction  furnace.  By  the  aid  of  special 
means  for  the  distribution  of  the  current,  it  is  possible  to 
transfer  a  larger  amount  of  energy  to  the  arcs  at  the  surface, 
or  to  the  bottom  electrodes  as  desired. 

From  the  illustration  Fig.  1  it  will  be  seen  that  llie 
furnace  is  circular  in  form.  The  radiation  and  conduction 
losses  are  thus  reduced  to  a  minim  urn,  ami  the  doors  allow 
of  a  coiivenieut  access  to  the  hearth  for  the  performance  of 
the  required  metallurgical  operations,  such  as  drawing  off  the 
slag,  sampling,  or  repairs  to  the  bottom.  The  furnace  can 
be  tilted  by  electric  or  hydraulic  means.  Small  furnaces  up 
to  6  tons  capacity  are  tilted  on  truuuions  resting  ou  vertical 
supports  (in  the  same  manner  as  converters),  aud  larger  sized 
furnaces  have  rockers  resting  ou  rollers  (like  tilting  open- 
hearth  furnaces  and  mixers). 

The  characteristic  of  the  furnace,  as  illustrated,  is  tliat  it 
has  three  carbon  electrodes  above  the  surface  of  the  charge 
which  project  through  the  roof  into  the  furnace,  and  three  or 
a  multiple  of  three  (3,  6，  9)  bottom  electrodes  of  mild  steel 
rammed  in  the  hearth.  The  upper  as  well  as  the  bottom 
electrodes  are  arranged  in  a  regular  triangle.  No  regulating 
devices  or  other  electrical  apparatus,  such  as  transformers  or 
motors,  are  attached  to  the  furnace  itself,  but  these  are  in- 
stalled ill  a  separate  well-closed  room  behind  the  furnace  as 
shown  in  Fig,  1. 

The  furnace  is  purely  a  metallurgical  apparatus,  and  all 
operations  may  be  performed  without  risk  of  burning  a  motor 
or  transformer,  or  exposing  a  regulator  to  dust.  The  carbon 
electrodes,  which  require  continuous  adjustment,  are  sus- 
pended by  cables  from  overhead  runways,  ami  are  either 
adjusted  electrically  or  by  means  of  liaiulwheels  from  the 
switchboard.  From  the  room  where  these  are  installed  a 
good  view  of  the  furnace  is  possible.  The  independent  sus- 
pension of  the  carbon  electrodes  comprises  a  number  of 
advantages  ；  first,  it  allows  of  tilting  I  lie  furnace  without 
having  to  tilt  the  electrodes.  The  breaking  up  of  the  elec- 
trodes is  thus  considerably  reduced,  as  this  generally  takes 
place  when  the  furnace  is  being  tipped.  When  tilting  the 
author's  furnace  the  electrodes  are  simply  drawn  up  ； 
secondly,  by  suspending  the  electrodes  from  runways  they 
can  be  readily  drawn  away  to  one  side  by  means  of  a  chain 
and  quickly  changed. 

(To  he  continued.) 


Machine  •  made  Cores.  ― At  a  meeting  of  the-Sheffield  branch 
of  the  British  Founclrymen's  Associaiion,  Mr.  H.  S.  Green, 
of  London,  read  a  paper  on  "  Mechanical  Core-making.'"  The 
first  attempt  was  made  to  construct  a  machine  for  core-making 
in  1893.  This  was  for  loam  cores  for  pipes.  Three  years 
later  a  machine  was  made  for  turning  out  sewing  machiue 
arm  cores.  From  that  time  great  progress  had  been  made, 
and  the  machines  now  in  use  had  as  their  prominent  features 
the  making  of  more  accurate  cores,  an  increased  rate  of  pro- 
duction, superior  rores  in  tliat  thev  veiitofl  better  owing  to 
greater  uniformity  in  raniniing,  and  there  was  less  likelihood 
of  swelling  taking  place.  Where  repetition  was  needed  there 
was  undoubtedly  great  advantage  in  the  niacliiiie  core  maker, 
but  he  did  not  claim  superiority  of  machine  work  over  hand 
work  where  only  small  numbers  were  required. 
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BRAYSHAW'S  TOOL-HARDENING  FURNACE. 

The  accompanying  illustrations  show  a  design  twin  furnace 
for  heating  tools  or  other  articles  for  hardening  or  similar 
purposes,  the  joint  invention  of  S.  N.  Brayshaw  and  E.  R. 
Brayshaw,  Mulberry  Street,  Hu】nie，  Manchester.  The  prin- 
cipal feature  of  the  design  is  the  arrangement  for  operating 
the  doors,  the  furnace  being  constructed  in  the  usual  way 
with  two  chambers,  doors  suspended  from  a  bar,  a  flue  leading 
from  one  chamber  into  the  other,  and  a  gas  or  oil  burner  C 
to  heat  the  furnace.  The  doors  D  E  of  both  chambers  are 
hung  or  suspended  from  a  bar  B  placed  above  the  furnace 


Brayshaw's  Tool-haudening  Furnace. 


mouth.  Tlie  bar  B  is  fitted  loosely  in  brackets,  and  is  free 
to  move  longitudinally  therein.  The  door  D  is  mounted  loosely 
on  the  bar  B  so  as  to  be  capable  of  being  moved  or  slid 
laterally  thereon,  but  the  door  E  is  fixed  to  the  bar  B  and 
moves  along  with  it.  An  operating  lever  A  is  pivoted  on  a 
fulcrum  G  to  a  fixed  part  of  the  furnace  structure,  and  to 
the  lever  A  a  link  is  connected  above  the  fulcrum  G  and  a 
link  below  it.  The  upper  link  at  its  other  end  is  connected 
to  a  bracket  affixed  to  the  bar  B,  and  the  lower  link  at  its 
other  end  is  connected  to  the  door  D.  By  rocking  or  moving 
the  operating  lever  A  about  its  fulcrum  pivot  G  the  bar  B 
and  with  it  the  door  E  are  moved  in  one  direction,  while  the 
door  D  sliding  on  the  bar  is  moved  in  the  opposite  direction. 
The  operating  lever  A  for  the  upper  chamber  is  cranked  to 
allow  it  to  swing  clear  of  the  operating  lever  for  tlie  lower 
doors. 


INDUSTRIAL  AND  TRADE  NOTES. 

More  Oil  Steamers  Ordered. — The  Palmer  Sliiplniildiii^  C(Hiii)any, 
Jarrow  ,  lia\  t\  we  iuhIitsImihI,  rect、h?(l  orders  lor  two  additional 
oil  can yiii^  vcssols  ot  lar;j;o  dinuMisioiis.  Tt  is  stated  that  one  of 
tlio  、- (、ss('ls  will  he  fitted  with  Di(»s('l  oil  t'ligim's. 

Wireless   Telegraphy   on  the  British  Gold  Coast.  —  M  :i rcoii i's  A\' i n> 
less  'J\'lo;iiM|)ii  (Nuiipaiiy,  Ltd.,    Iiavc  coutnu-tod  to  siip|)Iy  ； md 
etect  a  ra(liot(、i< 、； ^niph  station  at  Accra,  a  port  on  the  (； iilf  ol" 
G"i'i'、"，  alumt  80  mih's  oast  of  Capo  Coast.    Thv  station  will  )><> 
employed  mainly  tor  coniniunicatioii  with  sliips. 

World's  Petroleum  Production. —— The  world's  output  ol  criule 
pet ，(山 'mil  ill  l"IO  was  :V27,472.2o6  barrels  ol'  42  uallons  each, 
:i?^:iinst  2i)8,32<).()73  barrels  iu  1909.  Of  this  nmcnint  tlie  Unitoil 
States  a  In  no  produced  209  million  barrels,  Russia  70  millions, 
(；; nicia 〗3  nullions,  Dutch  Kast  Indies  11  millions,  l{oiiniaiiia  10 
millions,  aiul  India  (i  luillioii  gallons. 

Extension  of  Light  Railways. ― According:  to  :，  Whito  Papor  just 
issued,  coinprisiii^  a  ri'j"'rt  ot  tho  Hon rd  of  TijkIo's  i»r(»('tH，(lings 
up  to  Dpcpiiibor  31st,  1911,  ;ind  tiioso  of  the  Li;:lit  I^ailuay  Coin- 
missioiKM  s  np  to  tho  s;um、  date,  the  Hon  i  d  confirnipfl 
snitniittcd  (except  two  still  uiulo r  considiMation)  aiitlunisin;;  tlio 
const  met  ion  of  4.、  miles  ot  lino  at  :ui  ost  inintod  cost  of  €490,521. 

Scottish  Blastfurnacemen's  Wag".— As  a  result  of  tho  roport  by 
、lr.  .John  .\I .  .M;i(  I>tM.(l.  (，..、.，  Glasgow,  to  .M«>ssrs.  James  (，.  Hisliop 
and  Jainos  (；; n  iii.  joint  stn  ret;n  iovS  the  B""'  d  ut  C'onciliat ic»n 
betweon  the  owners  of  hlastl  urnaces  in  Scot  land  ami  tlw  blast- 


[•omon  as  to  the  price  of  Scotch  pi^x  ii'oii  warrants  in  the 
(； lasf^ou-  niarkot  for  tho  months  of  Fobniai y,  M;u'ch,  and  April, 
Jl)】2,  there  is  a  rise  of  o  per  cent,  in  the  workmen's  wages. 

Light  Railways.-  The  Hoard  of  Trado  li;，v(>  rtnently  ronfirnicrl 
the  uiulcrnicnt ioiH'd  Order  made  by  the  Lijijit  Kailway  Coniinis- 
sioiiers  ：  Soiithenrl-on-Sea  Light  1{  ail  ways  (Extensions)  Order, 
1912,  authorising  the  constriictioa  of  a  light  railway  in  the  borough 
of  Southcnd-oii-Seii  in  the  County  of  Essex,  in  extension  of  the 
light  railways  authorised  hy  tlie  SoutheiuI-on-Se:i  and  District 
Liy:ht  Kailw  ays  Orders,  1899  to  1909,  and  "m*>ii<iinj;  those  Orders, 
and  for  other  purposes. 

Museum  of  Safety  Appliances  ~ AVith  ivtVreiic*'  to  tho  article  on 
this  siihject  in  our  last  issiit\  w  o  note  that  M  r.  Wardie  recently 
asked  in  I'arliamen t  、vh('tl"'r  a ny  aiTan^inneiits  liad 
yet  been  made  for  a  museum  of  safety  appliances  in 
this  country.  》【r.  McKenna  said  the  Govern  incut 
liad  decided  to  establish  such  a  nmsouni,  and  tho 
； 1  rrangements  were  in  liaiul.  The  selection  of  the 
site  had  taken  a  little  tinio,  but  tlie  offer  of  a  stiit- 
nble  site  in  ;i  central  position  in  Westminst(M-  hiid 
now  been  accepted,  and  provision  had  been  made 
in  the  Estimates  for  commencing  the  erection  of 
the  building  in  the  course  of  the  present  year. 

The  Shipyard  Agreement, ― The  17  trades  signatory 
to  the  National  Shipbuilding  Agreeinerit  have  con- 
cluded their  respective  voting  on  the  (jnestion  of 
ending  or  amending  the  agreement  whicJi  has  been 
in  existence  a  little  over  three  years.  The  Boiler- 
makers' Society's  vote,  we  understand,  resulted 
in  a  majority  for  no  agreement  at  all,  and  notice 
to  terminate  was  accordingly  given  to  the  em- 
ployers. The  other  10  trades  favour  amend- 
ments to  the  agreement  to  facilitate  its 
operation,  and  among  all  the  societies  there 
vory  .strong  feeling  in  favour  of  :ui  indopciKlcnt  chair- 
man being  addofl  to  the  constitution.  The  unions  inltM'csted  have, 
in  their  collective  rapacity,  it  is  stated.  intini;ito(l  to  tlio  Sliip 
liuiidin^  Kniployers'  Federation  a  desire  for  ati  oai ]y  mooting  to 
discuss  the  whole  question. 

Tripfe. Screw  Tunnel  Motor.— The  Ailsa  Shiphiiilfliii^ 
Troon,  Umiuhed,  ； i  icw  d ； i ys  a^o.  tlu*  triplt>- s('r(»、、 
vessel  "  St.  George/'  which  they  have  luiilt  to  t}w  order  of  the 
卜， oi'eign  Office  for  use  on  the  river  Congo.  The  vessel,  uhicli  has  a 
lent^th  of  110ft.  on  the  water  lino  and  a  hroaclth  of  '20ft.,  has  a 
dni  tight  in  loaded  condition  of  3ft.  The  propollin^  niiKhinoi  y 
fonsists  of  three  sets  of  Kroinhoiit  paraffin  motors,  driviim  screws 
in  tluee  separate  tunnels,  and  designed  to  ； iivo  ;\  spred  of  10  knots 
u  It  oil  the  vessel  is  loaded.  Ail  the  auxiliary  onjiinos  a  re  oil-driven 
； nid  use  paraffin.  The  vessel  has  been  built  in  soctions  for  conviMii- 
oi\ce  in  shipnient.  and  after  the  trials  she  \vi!l  be  disninntled  and 
.shippod  to  Matadi,  and  transported  hy  rail  to  I.eopoldvillc.  w  here 
she  \\  ill  be  re-ere<'ted  and  handed  over.  It  is  niulcrsto* xl  tliat  the 
"St.  George''  is  tlio  first  triple-scrow  tiinnol  vossol  Ituilt . 

New  Dredger  for  Cardiff. 一 Messrs.  Wm.  Simons  &  Co.,  INmiI  ?(m\  . 
liiuiu-lu'd  on  tlic  ,*^r(l  iust.  tlio  l>a rj^c  loadint;  Ituckot  (Irodpi^r  "IJoUort 
、 assail,''  \\  hic  h  tlioy  ha 、- c  ('obstructed  to  tlie  ordor  ot  the  T:，ff  Va"' 
Hail  way  Company.  The  vessel  was  launched  nmipleto.  witli  steam 
up  and  lendy  for  work.  Tho  liuckot  lacldor,  wln'rh  is  ciHistriK'tofl 
in  accordance  with  the  hiiilders'  latest  practice,  is  Hesi^iunl  for 
(Ircd^inji  to  :i  dopth  ot"  40i"t.  lu'low  w  at<*r  level.  Tho  nominal 
Imckct  (ir<、（iji'ing  capju-ity  is  700  t<ms  [trr  liour.  Tlic  vessel  is  pr(>- 
jx^llod  hy  one  set  of  ooninoniid  siirfact^-coiHlonsin^  «、i»;;""、s  siippliod 
with  steam  by  t\\  o  marine  iiuiltitulMila r  lioilers  construct^'d  for  a 
working  pressure  of  12011>s.  Tli"  propollinjx  engines  are  a rr:i nfio«l 
for  also  driving  the  dre(l*j:in;i  r.  and  cha nge  pear  is  jirovidefl. 
so  that  a  coiwtant  speed  of  eiigino  can  l、。  m.-niitaiiiod  \^  hethor  tlir 
dred^or  is  working;  on  soft  or  hard  matori;il.  Im 山， i""'(loi，t 
niaiiaMiv  viu*x  、、  im'hes  a  re  supplied  at  tlio  l)ow  and  the  st<*rn  for 
rejiulatinp;  tiie  rut  of  the  dredger,  :、ml  independent  hoist  gear  is 
fitted  for  coiitrolliiifx  tho  l""'k<、t  IjuUlor. 

Submersible  Electric  Motors.  —  A 山、 m，>"str;"i(,"  u as  ；; ivcn  :i  few 
(lays  a^(i  in  the  Th:uiH»s  :U  H;iinniorsniith  of  :i  new  siil»niersil»l<^ 
«、l，、（'tric  "mtur  puni]>iii^  s(、t.  const ni(tt'《l  l»y  tlir*  Snhniersililo  ； i ml 
J .  L.  Motdi's.  Ltd..  SoiitliMll.  Th,»  inot(»r  is  cnnpltMl  t<»  :i  (； wvmio 
pump.  Mild  is  'm'、m'l<»s*Ml  ox(  <»pt  lor  :i  lijjit  r<t\  orin*;  intciulocl  to 
kocp  rtttatinj;  deltris  from  tlio  working  parts.  It  is  claimed  that  it 
is  o<|UMlly  efficient  whether  sunk  in  M)H.  of  water  or  ruiuunu 
dry  land.  At  the  (1eni<>nstr:iti<iii  the  app:i ratns  was  set  to  pump 
iiiit  :、  1  (XI  toil  l>a r^e  、vl，iH»  h;i<l  previously  Keen  snKnier^ed .  mid 
p，、，  t'、rm，、"  the  tost  v»»rv  satist":irt<»i  ily.    An  1 1  set  is  <  :i|>alile 

of  (lisclia I  ^in^  .'V\fKH»  gallons  i\u  hour  to  a  height  of  3<tft  ..  and 
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the  ovciall  t'fficiency  of  motor  and  i)ump  is  said  to  bo  53  per  cent. 
Motors  of  the  type  occupy  vory  little  sim('(、，  ：iii(l,  coiipiod  to  any- 
sized  centrifugal  pump,  may  be  placed  in  tiic  main  、vat('rtiji;ht 
compartment  of  inorfhmit  steamers  or  war-ships.  Tlioy  he 
started  at  once  although  under  water  providod  the  vossol's 
dyiuvinos  ； m、  iivailahlo.  The  Admiralty  has,  we  imdoisband, 
ordered  a  nnniher  of  pumpiiif;  sets.  The  motors  are  snitaI)lo  lor 
mining  work  and  other  en^ineoring  luulortakinjjis,  sucli  as  dock 
works  where  the  i)r(、sem'e  of  water  is  a  difficulty. 

Industrial  Position  of  Japan. ― Accordinj^  to  the  ； mmial  statistics 
oil  the  aiiimmt  of  capital  invested  in  l)usiness  just  pul)li'sli(、（l  l)y  the 
Bank  of  Japan,  the  total  of  nvw  capital  invested  in  1911  was 
£3(3,113,900  as  against  £*o8, 700,000  in  the  ！ mx'ediiig  year.  Of 
this  amount  no  less  than  £8,500,000  went  into  electrical  iui(l(、r - 
tiikiii^s.  Looking  back  on  previous  years,  th(、  report  recalls  that 
tlie  record  \v;is  touched  in  1907,  when  the  amount  of  new  capital 
invested  was  £07,000,000.  This  boom,  lio、v('v«'r，  soon  rollapsed  and 
a  reaction  followed.  In  the  lean  yrars  ol  1 !)( IS  and  11)09  iiie  invest- 
ments were  respectively  £13,00U,()0()  and  £  12，8()0,()UO.  Atteiitioji 
is  drawn  to  the  oxpaiision  of  the  ^as  industry,  which  ahsoi'hod 
£3/JOO,00(3,  but  it  is  pointed  out  that  the  development  oi'  niinmfjic- 
turiiig  industries  was  unimportant  and  the  amount  oi  capital 
invested  quite  insignificant.  It  is  notewortliy  that  light  railways 
.show  a  steady  development,  and  it  is  a  matter  of  comment  in  some 
quarters  that  tbe  Governniont  should  so  freely  give  concessions 
tor  lines,  which  in  many  cases  compete  severely  with  the  State 
lines,  wh it'll  wvrc  iiJitionalised  only  a  few  ycai's  ago. 

Foreign  Trade  of  Italy  in  I9IO  ― The  recently  issued  report  on  the 
t'ort'igii  trade  of  Italy  for  the  year  1910  states  that  the  output 
of  the  Italian  iron  niiiics.  cliieHy  situated  in  the  Island  of  El])a, 
iuiioimted  in  1910  to  1  二) tons,  beiiij^  an  increase  oi"  4(i,0(J4  tons 
over  the  figmvs  for  the  preceding  year.  Tlie  production  of  pig 
iron  amounted  to  353/239  tons,  as  against  207,800  tons  in  1901),  all 
being  cousumed  in  the  country,  in  addition  to  21)5,975  tons  im- 
ported from  the  United  Kingdom  and  Hungary.  The  low  price 
of  steel  in  Italy  has  fostered  the  manufacture  of  rails,  of  which  up 
to  1907  Italy  had  to  import  large  c()nsi^j;nmeuts.  Local  production 
luis  now  almost  doubled,  and  imports  have  decreased  in  pi'opor- 
tion,  Belgium,  Germany,  the  United  States,  and  Great  Britain 
being  the  chief  supplying  countries  in  the  order  named.  In  motor- 
cars there  was  a  slight  decrease,  both  in  exports  and  imports. 
Italy's  best  customer  is  the  United  Kingdom,  which,  dni'in^  IDIO. 
purchased  no  loss  than  813  cars  out  of  a  total  of  2,V2i}  exported. 
Cbinpariii^'  the  values  of  the  trade  with  different  countries,  it  is 
notewortliy  that  Germany  still  maintains  the  first  place,  both  on 
the  lists  of  imports  and  exports.  As  to  exports  the  United  King- 
d(»m  has  made  great  progress,  and  now  ranks  fifth  among  Italy's 
customers.  In  regard  to  imports  the  United  Kingdom  is  second 
in  rank,  but  the  values  sliow  a  decrease  as  compared  with  19( )9, 
owins  to  the  fall  in  price  of  coal.  In  rubber  goods  the  Ignited 
Kingdom  has  made  notable  profi;ross  from  £98,4o()  to  1'  111),!)(；；3. 
England  has  also  more  tluiu  doiil^led  her  exports  of  copper,  brass, 
and  bronze  wares  to  Italy,  and  is  competing  keenly  with  Germany 
in  the  supply  of  tools  for  working  wood  and  metals. 

Steam  Engine  Makers'  Society  and  Strikes. 一 The  annual  report 
of  the  Steam  En^i))e  Makers'  Society  for  the  year  1911  just  issued 
states  that  the  year  1910,  like  its  predecessor,  has  heeii  one  of 
tuinioil  and  unrest,  but  happily,  on  the  whole,  the  engineering 
trade  has  not  been  to  any  large  extent  affected  directly  by  the 
prevalent  epidemic  of  the  strike.  Their  troubles  and  difficulties  in 
the  main  have  been  effectually  settled  across  the  conference  table, 
and  with  results  far  better,  on  tho  whole,  than  oonki  possihly  h:'ve 
been  achieved  by  any  other  】iK、tho(l,  and  Avhat  is  more,  neither  the 
members  nor  the  Society  are  impoverished  in  the  process.  Indus- 
trial warfare  has  beyond  a  doiil)t  been  a  veritable  curse  during 
the  past  twelve  months  under  revie、、'，  and  any  advantages,  if  any, 
have  been  gained  at  a  cost  far  indeed  out  of  proportion  to  the 
benefits  received.  The  engineering  trade  has  })eeii  exceptionally 
good  during  1911，  and  in  all  hranchos  of  the  industry.  This  being 
the  favourable  position,  advances  iii  wages  hav^  been  general 
throu liout  the  country,  and  thanks  to  the  often  much  abused 
terms  of"  agreement  this  substantial  and  regular  progress  has  been 
attained  without  the  assistance  of  the  much  belaiulod  strike,  and 
what  is  more,  without  the  perstmal  sacrififc  that  any  such  policy 
entails.  Employment  has  boon  excoi)tiona]ly  ,li;("k1  anion ^2;  nieinhers 
of  tlie  Society,  sh()、ving  the  xovy  lo、、  porcontajre  of  I'l  un- 
omployed  upon  tlie  ;u'oraj^t、  nienib('rslii[)  of  the  ,yeitr,  compaiod 
with  1M4  in  1910,  and  o'5  in  1009.  The  figures  for  the  opening 
of  the  present  year  are  extremely  p romisini^;.  and  if  only  strife 
iiiid  discord  could  be  obviated  and  avoided,  ami,  what  is  of  more 
vital  importance,  the  spirit  of  discipline  ami  order  prevail  in 
the  raiikti  of  trade  unionism,  the  outlook  for  1912  is  briy;lit  indeed. 


Marine  Engineers'  Wages.  —  Tn  October  oi"  last  yoar  化  rppro 
soiitativos  of  the  Maiiiic  Kiij^i  ncoi's'  Socioty  approucluH]  tho 
Shipping  Federation  with  a  vi('、、  to  :m  iiiiprovcincnt  in  the  rato 
of  wa^es  paid  to  soa-jj;oiiif^  engineers,  und  the  (； oiulitions  undor 
u  hich  they  worked  on  hoard  ship.  It  was  urged  tliat  the  wages 
of  the  marine  eii^iiii ，（乂 "'s  had  not  iiicroased  in  pr-ojxM*  ratio  to  the 
iiicrensod  cost  of  living,  or  to  the  increaso  of  wa^cs  in  other  triul(\s. 
Tlie  ropresoiitativos  of  the  o\\  nors  aiul  ('iigim'(、r.s  met  on  March 
V2t]\,  aiul  after  coiisidoring  'suggested  scalers  oi'  \va|j;os  it  was  agm'd 
tlijit  tlio  Hc;i les  i)i-o posed  should  apply  to  the  ordinary  type  of 
ciir^o  .stoaincr.s  only,  and  not  to  】im"'s，  oil- tank  steamers,  or  u c(?kly 
boats  under  ]  ,000  tons  (l(';i(hv(、iglit  r;ipa (； ity.  No  final  a^iocnient 
Mas  arrived  ； it  on  this  occasion,  but  several  iii(、（>tii，&s  li;ive  since 
been  held,  and  after  exhaustive  (liscu.ssioii  tl"，  jipjxMKlod  sc'iiie  was 
draw"  up  and  acfepted  by  thv  representatives  of  tli(，  owners  aiul 
engineers.  The  owners'  representatives  reconimended  that  in  any 
cases  where  owners  paid  their  on^ineors  in  excess  of  the  scale  for 
personal  or  special  services  th<\y  should  not  niiike  tho  scalo  a 
grouml  tor  any  reduction  in  the  \v;»{j;os  paid  by  tliom  at  present. 
The  annexed  scale,  which  comes  into  force  at  once,  provides  for  ;i 
national  rate  of  wa^es  to  be  paid  l>y  all  shipowners,  and  the  old 
mothod  of  bavin tj;  different  scales  for  the  various  tru des  lias  been 
abolisliocl.  The  only  variation  in  tho  scale  w  ill  be  according  to  the 
size  of  the  vessel,  and  it  is  based  011  the  doaclw  oif^ht  ('aimcit.v  at 
tlie  siumner  load  line.  The  national  scale  ；、 乂 r<>("l  upon  is  as 
follows  :  Vessels  over  8,000  tons  dead woight— suiiiuhm-  K.  H. ― Chief 
engineer,  £18  per  month  ；  second,  £13  ；  third.  ；  fourth,  £7. 
Vessels  5,000  to  8,000  t()"s.— Chief,  £17  ；  second,  £12.  10s.  ；  third, 
£8.  10s.  ；  fourth,  £7.  Vessels  3,500  to  o,0()0  tons.— Chief,  £16. 
lOs.  ；  second,  £12.  ；  third,  £8;  fourth,  £G.  lOs.  Vessels  2,000  to 
3,000  tons.— Cliief,  £]6;  second,  £11.  10s.  ；  third,  £7.  lOs.  Vessels 
under  2,()()0  t(ms.— C'hi(、f :  £lo.  10s.  ；  second,  £11  ；  third  £7. 
Coa..sting  and  home  trade. ― Chief,  £3.  15s.  weekly  ；  second,  £2. 
12s.  6d.  ；  third,  £2.  2s.  The  above  rates  (with  the  exception  of 
those  for  the  home  and  coasting  trade)  are  in  addition  to  food  or 
an  allowance  of  Is.  6d.  per  day  in  lieu  of  food . 

The  **  Lamrig  ' '  Spring  Lock  Washer. ― The  loosening  of  mits  and 
screws  due  to  vihratioii  is  a  frequent  source  of  accident  in  con- 
nection with  iiiacliiiiery.  To  prevent  siicli  occurrences  a  neat 
and  compact  design  of  spring  lock  washer  known  as 
the  "  Lamrig  ''  bus  hoen  introduced  by  The  Harvey  Spring 
Lock  A\'aslier  Company,  Ltd.,  of  Norfolk  House,  Laurence 
Poniitiiev  Hill,  London,  E.G.  This  is  shown  in  the  accompanying 
cut,  from  which  it  will  ho  seen  that  the  design  is  110 vol  and  the 
ci>nstnK'tioii  such  as  to  make  it  impossible  tor  nuts  and  screws 


The  "  liAMRiG  '■  Washer. 


to  work  loose.  Tlie  side  strain  011  bolts,  another  familiar  tmiible 
to  the  engineer,  is  also  eliminated,  owing  to  the  symmetrical  form 
in  which  the  washer  is  made.  The  fixing  of  the  wnshor  is  an  easy 
operation,  no  special  method  being  requirod.  It  is  productnl  in  a 
variety  of  sizes  ranging  from  fin.  up  to  the  largest  di;iim、t<、r  of 
bolts  in  use.  Each  washer  is，  it  should  bo  mentioned,  siihjcctecl 
to  severe  tests  before  leaving  the  works,  so  that  it  can  be 
thoroughly  relied  upon.  Tlio  initial  cost  is  only  slight  taking  into 
consideration  its  niimeron.s  advantages.  Further,  the  washer  can 
be  used  many  times  、vith("it  sufforino;  dotoi-ioratiou  of  any  kind. 
We  understand  that  the  nuuiufacturers  are  exceedingly  busy  with 
orders  for  both  Iionie  and  abroad. 


British  Foundrymcn's  Association. ―  The  sixth  meeting  of  the 
Scottish  branch  of  the  British  Fouiidrymeu's  Association 
was  recently  held  at  Glasgow.  Three  "  foundry  problems  '* 
were  subniitted  for  discussion  after  the  business  meeting.  Tlie 
new  president,  Mr.  W.  Mayer,  was  elected,  ami  four  new 
council  members.  Chief  interest  centred  round  the  discussion 
on  the  relative  merits  of  the  positive  blower  and  the  fan 
for  producing  cupola  blast,  and  opinion  was  equally  divided 
as  to  which  was  the  better.  The  second  problem  dealt  with 
a  difficulty  experienced  in  making  small  castings  witli  a 
plate  mould,  and  various  suggestions  were  submitted  to  over- 
come the  fault.  The  brittle  skin  on  malleabalised  white  iron 
by  annealing  in  iron  ore  was  described  and  accounted  for  by 
too  large  a  reduction  of  tlie  carbou. 
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NEW  PATENTS. 

ISpecifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" M echanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  191 1. 

Solidification  ot  hv(— h'oc'ai'lj (川 oils.    Armstrong  iSz  Morclan.    BGH  and 

869.  " 
Pneumatic  rotary-drilling  niac-Iiines.    Craven.  392G. 
Milking  (-astings  in  stccI,  brass,  phosphor  bronze,  &c.  Vaughan- 

Sherrin.  4387. 

Eecipi  ocating  engines  of  the  steam,  internal-combustion,  or  other 

type.    Austin.    9083.  ' 
Toothed  gearing.    Westin^liouse.  9131. 
Draught  and  pressure  meters.    Hommel.  91,57. 
Carburetters    or    vaporisers    for    intornal-conilnistion  engines. 

Barrett  &  Wilson.  92-52. 
Slide  valves  for  steam  engines.    Dug^an.  9299. 
Power-operated  portable  hammers.    Faraday.  9329. 
Revolving  cylinder  internal-combustion  engines.    Butler.  9339. 
Heat  economising  in  power  generation.    Kitchen  <t  Von  Bernuth. 

9377. 

Motor  road  vehicles.    Cleaver.  9444. 
Rotary  pumps.    Luttrell.  9449. 

Autonuitically-controllcd  valves  for  calorifiers  and  radiators.  Jen- 
nings. 9(U2. 

Purification  of  gases  produced  by  the  carbonisation  of  coal.  Hibv. 

9682.  ,  ■ 

Apparatus  for  transmitting  temperatures.    Lucas-Girardviile  jiml 

M(M-cadier.  9817. 
Automatically  <_'cmtrolliiig  power-driven  air  compressors.    Bell  and 

Graham.  9934. 

Device  for  automatically  coupling  and  uncoupling  vehicles.  Butcher. 
10009. 

Moiallurgical  treatment  of  oxidised  ores  of  copper.    Dewar.  10143. 
Cooling  gases  by  direct   thermodynamic    process.  Chamberlain. 
10468. 

Apparatus  for  use  in  coal  mines  for  removing  dust  from  rough  sur- 
faces.   Mavor  &  Coulson,  Ltd.,  &  Mavor.  10796. 
Tor  si  o  meters.    Denny  <fc  Edgecombe.  11174. 
Fluid-pressure  apparatus.    Walker.  11562. 

Carburetting  devices  for  internal-combustion  engines.  Bullock. 
12018 

Operating  levers  applicable  to  gear  changing  devices,  electrical  eon- 
tacts,  etc.    Accles.  12127. 
jVIanufacturc  of  fuel  briquettes.    Board.    12154.  * 
Manufacture  of  compressed  fuel.    Thomas.  12196. 
Method  of  treating  copper-bearing  .substances.    Bradley.  12304. 
Construction  of  ships'  bulls.    Von  Koppen,  12478. 
Coniprcssed-air  engines.    Sutclift'e.  ll^SlO. 

Apparatus  for  automatically  recording  the  percentage  of  carbon 

monoxide  iu  gaseous  mixtures.    Levy.  12841. 
Clutches.    Price.  13555. 

Metallic  packings  for  piston  rods.    Simpson  &  Russell.  13()60. 

Pipe  couplings.  Gammeii thaler  and  British  Mannesmanu  Tube 
Company.  15187. 

Hydrocarbon  vaporisers  for  internal-combustion  engines.  Mow- 
bray. 16018. 

Compressed-air  brakes.    Miillcr.  1(5598. 

Lathes.    SchcUenbacli  and  Lodge  and  Shipley  Machine  Tool  Com- 
pany. 17477. 
Internal-combustion  engines.    Benier.  185S9. 
Boring  and  grinding.    Crossley.  18612. 

App;iratu.s  for  measuring  applied  stress  for  use  in  connoctioii  w  itli 

testing  machines.    W'azavi.  19308. 
Locking  nuts  on  bolts.     Pouborthy.  19G23. 
Bearings,    Westley.  19G35. 
('luu'giiig  blast  furnaces.    Aumund.  20375. 
Mcial  packing  rings.    Was  son.  21425. 

Means  i'or  operating  and  locking  railway  points  or  switches.  Wootl. 

Apparatus  for  loading  and  imloading  ships.    Grossmann  c'c  Neu- 
mann. 23894. 
Work  melius  time  I'Gcorders.   Kiely.  24490. 

Fiiol-i'ood  regulation  and  control  tor  intonKiI-cdmlmst ion  i'iigim、、 
Janiiotte-Waloii.    25830.  、 

Coiifi*oto  railway  shvpors.    Kergusoii  A:  liucl.  -.V^TU. 

1*11 1 U\v  blocks,  (i roa t  Contral  Co-oporativo  Kngineoriiig  aiul  Siiip 
Ropairin^i  Compjuiy,  and  EfVord.  1?(U*2(). 

Injoftors.    Gob.  Koi'tin'g  Akt.-Gos. 

Hollor  Inniriugs.    Carpenter.  2(3438. 

Sloans  for  sofuriiig  the  cylinders  to  tlio  crank  casings  ot  intrrral- 

rombustion  olivines.    Salmson,  Cani»>n,  iV:  r"m'、.        1 17. 
A|>i>ar:itiis  for  sin rtinn;  up  explosion  motors,    ^lairosso.  I27tti>3. 
drilling  macliinos.    AMjiiith  iV-  Asquitli.  283o7. 


Wrouglit-iron  annealing  pots.    Ti.mimine.  28406. 
Apparatus  tor  mixing  and  compressing  fluids.    Harlc  et  Cie.  29381. 
Fluid-pressure  brakes  lor  locomotives.    Westinghouse  Brake  Com- 
pany. 29397. 

1912. 

Valve-seating  machines.    Olson.  4B2. 

Lubrication  of  internal-combustion  engines.    Butterfield.  658. 
Koad  locomotives.    Fowler,  Lalonde,  &  Tiior.  72t). 
Worm  gears.    Shillito  &  、Vall、vork.  1037. 

Lifting  gear  for  mines.     Maiislehrsche  Kupferschiefer  Bauende 

Gewerkschaft.  1160. 
Automatic  couplings  for  railway  vehicles.    Zacharia.  1(579. 
Rotary  engines.    Hilvestri.  2477. 
Pipe  couplings,    Marr.  2601. 

Driving  of  depth  indicators  tor  winding  systems.    Siemens  Schuc 

kertwerke  Ges.  3480. 
llailroad  rail.    Moore.  4581. 
Water-tube  steam  boilers.    Todd.  50o9. 

ELECTRICAL,  1910. 

Electricity  meters.    Joluiwm  tVr  Jiillington.  19075. 

1911. 

Telephone  exchange  systems.    Jensen,  9142. 

Devices  for  starting  and  protecting  olectric  motors.  Wolseley 
Sheep  Shearing  Machine  Company,  and  Bi  ewertoii.  9176. 

Electrical  measuring  instruments.    North.  1)811). 

Electrical  reversing  apparatus  for  remote  control.  Smith,  Major, 
and  Stevens,  Ltd.,  Major,  &  Kennard.  12828. 

Electrically-operated  signals  for  railways  Automatic  Electric  Block 
Sigiialliiig  Company,  and  Brousson.  14148. 

Arc  lamps.    Wetter.  17778. 

Electric  sparking  apparatus  tor  internal-combustion  engines.  Unter- 

berg  &  Helmle.  21785. 
Means  for  cooling  the  rotors  of  turbo-generators.    Kbruer.  2G756. 

1912. 

Wireless  telegraphy  installations.    Thompson.  2769. 
Telephone  exchange  systems.    Jensen.    4 983. 

Couplings  or  joints  for  electrical  cables.  Beaver  dc  Claremont. 
5071. 

Telephone  exchange  systems.    Jensen.  5876. 


METAL  QUOTATIONS. 

TUESDAY,  MAY  7th. 

Aluminium  ingot   67/ -  per  cut. 

,，         wire,  according  to  sizes,  &c  from  1 02/-  ，, 

，，         sheets        "            "                      "  1 20/-  " 

Antimony                                           £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    S.Ui.  per  lb. 

，，     tubes  (brazed)    lO^d. ，， 

"       ，，      (solid  drawn)   '*d.  ,， 

,，       "     wire   S| 丄  " 

Copper,  Standard   £()8/I7/6  per  ton. 

Iron,  Cleveland   33 /ti  ，， 

，， Scotch    50/0  ，， 

Lead,  English    £l('>/17/,i  ，， 

，， Foreign  (soft)    £10/11/3  ，， 

Mica  (in  original  cases),  small                               .  6d.  to  2/-  per  lb. 

"           ，，           "       medium   2/0  to  4/-  ，, 

，，           ，，           ，，       large   4/0  to  8/(5  ，， 

Quicksilver   £8/5/-  per  bottle. 

Silver   ^Tjcl.  per  oz. 

Spelter    £23/10/-  per  ton. 

Tin,  block   £208/-/-  ，， 

Tin  plates    14/7i  ,， 

Zinc  sheets  (Silesian)   £21>/-/-  ,， 

，，          (Stettin  ；  Viei]Ie  Montague)   £2；»/7/0  ，， 


Aluminium  Alloys. ―  A  lecture  on  "  Aluminiuin  Alloys  " 
was  recent  Iv  Welivered  bv  Dr.  Kosenhain  at  a  meeting  of  t  lie 
Birmingham  Metallurgical  Society.  The  lecturer  pointed 
out  the  importance  of  weight  in  materials  of  ent:ineering 
construction.  In  bridges  beyojid  a  certain  size  the  principal 
load  was  the  wei^lit  of  t  he  structure  it  self,  and  del  erniiiied 
t he  limits  of  size  to  wliioli  single-span  bridges  could  be  pushed . 
Similar  considerations  applied  to  roofs.  Iji  the  moving 
parts  of  niat'hiiierv  weiglit  was  an  obstacle  to  hifjh  speeds, 
while  the  (lisa(hantat:e  in  trucks,  motor-cars,  and  aeroplanes 
was  obvious.  The  use  of  liglit  alloys  raised  some  diftirulties. 
In  tlie  early  Jays  undue  expectations  of  the  power  of 
aluminium  ijaincd  currency.  With  tlie  purer  metals 
now  available  the  corrosion  of  these  alloys  was  uot  more  ihau 
that  of  steel. 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Qas,  S:c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  :  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.G. 


The  "PERFECT"  VISE 


e.  Dept.       J,  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ：：       ：：  " 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；   Member  of  the  Institution  of  Mechanical  Engineers 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Pcvwei.  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Kigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Engines.  Fuel  Testing.  The  Analysis  of  Flue 
Gases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery,  The  Testing  of 
I  Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 


Telegrams:  **5cientific,"  Manchester. 
Telephone  No.  8628  Central. 


SUBSCRIPTION  RATES. 


United  Kingdom :  12/6  per  annum,  post  free. 
Anywhere  Abroad : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*          ，，  ，，  Thick  ，， 

^Foreign  Remittances  by  International  Money  Order  only. 
Note. 一 Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

. Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Shipfoundering  Fallacies. 

Although  several  weeks  have  elapsed  since  the  tragic  disaster 
of  the  "  Titanic,"  it  still  looms  big  in  the  public  mind,  and 
the  incidents  associated  with  it  have  provided  many  subjects 
for  discussion.  In  view  of  the  enquiry  that  is  being  held,  it 
would,  of  course,  be  out  of  place  to  discuss  any  matter  affect- 
ing the  .  personal  responsibility  of  those  in  any  way  responsible 
for  the  disaster,  but  a  number  of  general  questioi 緣 
relating  to  the  foundering  of  steamships  have  been  so 
prominently  brought  under  notice,  and  are  of  such  interest 
from  an  engineering  point  of  view,  that  the  present  seems  a 
convenient  opportunity  for  referring  to  them,  especially  as 
they  bear  on  certain  fallacies  which  it  is  desirable  though  diffi- 
cult to  eradicate  from  the  public  mind.  The  belief  that  boilers 
oil  board  ship  explode  when  they  become  submerged  is  some- 
what common,  even  among  marine  engineers,  and  one  to  which 
we  have  on  previous  occasions  drawn  attention.  It  is  opposed 
to  all  facts  as  well  as  to  scientific  reasoning.  Numerous  steam 
vessels  which  have  foundered  in  comparatively  shallow  water 
have  been  salved,  but  we  have  never  yet  heard  of  a  case  in 
which  the  steam  boilers  were  found  ruptured  as  a  consequeuce 
of  sudden  immersion,  and  anyone  who  will  take  the  trouble  tu 
think  about  the  matter  will  realise  its  improbability.  The 
belief  appears  to  rest  on  tlie  fact  that  when  ships  have 
foundered,  explosions  have  been  heard,  ami  as  these 
have  been  usually  accompanied  with  the  escape  of 
considerable  volumes  of  steam  from  the  surface  of 
the  water,  it  has  been '  assumed  that  the  boilers  have  given 
way.  This  idea  probably  also  receives  some  support  from  a 
mistaken  impression  iu  the  minds  of  many  engineers  who 
ought  to  know  better  that  the  sudden  iiiimersioii  produces 
intense  contractile  strains  which  the  plates  of  the  boiler  could 
not  rosisi ,  1  hat  the  partial  vacuum  created  by  rapid  con- 
densation would  cause  steam  to  be  generated  with  explosive 
violence.    These  contradictory  concept  ion:>      steam  generation 
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appear  to  be  relics  of  old  fallacies  about  boiler  ex])losioiis  and 
the  danger  of  injecting    water   oji    to   over-heated  furnace 
crowns,     and     which     were     clung     to    very  tenaciously 
iiiit  il    pi'art  iral    (lem (川 strati (川    showed    their  baselessness. 
The     rusli     of     steam ,     which     is     a     common  incident 
of    ship    foundering,    is    easily    accounted    for    by  llie 
quenching  of  the  fires  as  the  water  gets  to  tlieiti,  coupled  wiili 
tlie  inevitable  rupture  of  all  kinds  of  steam  coiiiiertioiis  wlieii 
a  vessel  gets  a  serious  list,  and  the  boilers  and  machinery 
break  away  from  their  fastenings.    But,  it  】nay  be  asked,  if 
the   boilers  do  not  burst,  to  what,   then,  are  the  sounds 
wliicli  are  heard,  and  of  which  there  was  distinct  evidence  in 
connection  with  the  "Titanic,"  due  ？    It  is  easy  to  under- 
stand, however,  that  such  sounds  may  have  readily  been  pro- 
duced by  the  failure  of  bulkheads  of  water-tight  compart- 
iiieiits,  which  became  subject,  owing  to  depth  of  immersion, 
to  a  pressure  so  much  in  excess  oi  the  atmosphere  which  they 
would  contain  when  the  water-tight  doors  were  closed  that 
they  ruptured,  or,  in  other  words,  the  compartments  col- 
lapsed much  ill  the  same  way  as  the  copper  cylinder  of  a 
kitchen  range  is  crumpled  by  external  pressure  when  a  partial 
vacuum  is  created  in  it  during  frosty  weather,  and  this  brings 
us  to  consider  what  probably  takes  place  when  steam  boilers 
are  immersed  in  deep  water,  and  subjected  to  great  external 
pressure.      We  have  stated  that  no  boiler  shell  that  has 
been  salved  has,  so  far  as  we  know,  been  found  ruptured, 
nor  have  we  ever  heard  of  a  shell  being  fouud  collapsed,  but 
iu  the  case  of  all  salved  ships  the  depth  is  insufficient  io  pro- 
duce a  collapsing  pressure  greater  than  almost  any  boiler 
would  be  able  to  resist.    If  we  come  to  consider,  however, 
that  a  pressure  of  lOOlbs.  per  square  inch  occurs  at  a  depth  of 
200ft.,  and  would  increase  proportionately  at  greater  depths, 
it  is  easy  to   understand    what    does  hapj>en  wlien  boilers 
become    deeply    submerged.      The  diminution   of  internal 
pressure  as  a  result  of  condensation  fro 川 cooling  would  be 
accompanied  with  steady  increase  of  collapsing  pressure  wliicli 
would,  if  the  shell  did  not  rupture  and  t here  were  no  open- 
ings to  admit  water,  lead  to  it's  beinf^  crushed  into  ； i  shape- 
less mass.     The  extent'  to  which  this  event ualit-y  would  be 
readied  would,  ol  course,  depot ul  mi  ciiciinisiaiices,  such  as 
t  lie  rapidity  of  sinking  and  1  lie  area'  of  the  openings  created 
ill  the  course  of  1  he  events  we  liave  pictured.     A  somewhat 
similar  action,  it  will  be  seen,  would  be  exerted  upon  the 
various  compartments  that  were  water-tight  when  the  vessel 
began  to   sink,  and  result   in  tlieir  distortion    until  they 
eventually  ruptured,  an  effect  which,  owing  to  their  size  and 
large  flat  surfaces,  would  soon  be  brought  about.     In  some  of 
the  popular  sensational  accounts  of  the  "  Titanic  "  disaster 
it  has  been  asserted  that,  owing  to  the  enormous  pressure  in 
the  sea  depths  where  slie-  sank,  the  water  would  be  so  dense 
that  the  ship  would  never  reach  tlie  bottom.     It  is  scarcely 
necessary  to  discuss  this  with  anyone  possessing  the  slightest 
knowledge  of  the  physical  properties  of  water,  but,  as  it  lias 
been  put  forward  in  all  seriousness  ;md  a  large  section  of  the 
unscientific  public  believe  it',  it  is  desirable  to  point,  out  its 
litter  absurdity.     Water,  it.  is  true,  is  compressible,  but-  only 
to  so  slight  au  exleut  that  t  here  would  bt、  hardly  any  dif- 
ference between  the  specific  gravity  of  water  at  the  surface  of 
the    Atlantic    and     at     I  lie    i  、、'(）- i，iil<'s'    dcpt  li    wIum  c    1 1"' 
' Tit  anic  ' '  lies,   wlulc,  I  iirt  her,  when  water  once  oht  ainrd 
fiee  access  to  the  interior  romj)a rtinciils  of  the  sliip,  which  it 
would  rapidly  do  in  the  inaiiner  we  have  indicated,  no  further 
distortion    as    a    result    of    external    pressure    could  take 


]>lace,  because  internal  and  ext('ni;il  pressure  would 
then  bahiiice  each  other.  The  iiiost  potent  fon-e 
which  would  detennine  the  final  shape  of  tlie  Ti- 
tanic ，' on  the  Atlantic  floor  would  be  that  derived 
fro'"  the  falling  of  her  own 川 ass  under  tlie  action  of  gravity 
through  t  wo  miles  of  sea,  and  wliirli  would  probably  impart 
ill  i  his  instance  a  velocity  double  tlial  of  the  fastest  express 
train.  The  effect  of  the  impact  between  the  vessel's  structure 
and  the  sea  floor  at  this  speed  can  be  more  easily  conceived 
tbaii  described.  In  an  instant  the  most  iinposing^  marine 
structure  that  :man  lias  yet  conceived  would  be  converted  into 
a  shapeless  heap  of  scrap.  In  discussions  of  the  "  Titanic, ，， 
as  well  as  of  other  previous  slii])])ing  disasters,  reference  is 
often  made  to  the  suction  exerted  by  the  vessel  as  she  sinks 
beiieatli  the  surface.  The  popular  idea  is  tliat  a  sort  of 
maelstroin  is  created,  and  that  anyone  in  the  ncighl)ourhood 
runs  serious  risk  of  being  irretrievably  sucked  down.  This 
(■oii('e])t'ion  again  is  quite  wrong,  nud  not  in  accordance  willi 
observed  facts.  To  begin  with,  the  velocity  of  sinking  in  anv 
case  is  very  low,  and  only  begins  when  the  specific  gravity  of 
the  ship  as  a  whole  equals  that  of  water.  Once  this  point  is 
reached,  gravity  coiiies  into  ])lay,  and,  given  depth  enough, 
it  may  become  very  great,  as  we  have  indicated,  but  at  the 
beginning  the  surface  effect  is  hardly  appreciable.  This,  wo 
believe,  has  been  testified  by  several  of  the  ((  Titanic  ，，  sur- 
vivors, apart  from  whirl)  it  has  been  supported  by  direct 
ovidenre  on  other  occasions. 


SURFACE  COMBUSTION  AND  FLAMELESS  HEAT. 

A  LECTURE  on  this  subject  was  delivered  by  Pml.  Wjlliaiii  A. 
Bone  before  the  Leeds  University  Cavendish  'Society  in  wliicli  lie 
described,  with  an  exporiinoiital  d oiiionstratimi.  a  now  svstem  of 
intensive  Ha nielcss  coiiihustioii  (»volv(>(l  by  hini.self  and  co- workers 
as  tln'  practical  (nitcoiiic  of  many  years  of  scientific  research  upon 
tlK'  acceltM-atinti  influence  of  hot  solids  upon  gaseous  coiii))u.stioi! . 
This  jji'ocess  wliicli  he  had  m'cntly  .succt^cdcd  in  woikiii*^  out  in 
coiijiuiction  with  Mr.  C.  I).  McCourt  at  t  lie  works  of  .Mfssr.s. 
Wilson  &  M;ithi(>so"，s,  of  Leeds,  was  applicable  to  all  kind.s  of 
gaseous  or  vapoj  iscd  fu(»ls.  It  was  chiiracteiist'd  Ijy  the  fact  that 
a  homogeneous  explosive  mixture  of  gas  and  air,  in  the  pwprv 
proportions  for  coniplof  coinbustioii  (or  witli  air  in  slight  excess 
lluM-cof)  was  causiHl  to  burn  without  flame  in  contact  with 
u  granular  incandescent  solid,  wliereby  a  large  proportion  of  tlu' 
potential  energy  of  tlie  gas  was  immediately  converted  into 
radiant  form.  The  advantages  claimed  for  the  svstem  were  : 
(I)  The  combiistion  was  greatly  accelerated  by  th(、  iiuaiKlesceiit 
surface,  and,  if  so  desired,  might  be  conceutiated  just  wliere  the 
heat  was  required  ；  (2)  the  combustion  was  perfect  with  a 
mhiimum  excess  of  air  ；  (3)  the  attainment  of  very  high  tenipora- 
tures  was  possible  without  the  aid  of  elaborate  "  regeiu'iativc  ，， 
devices  ；  and  (4)  owing  to  tlio  large  amount  of  radiant  cjiergy 
dovolopod,  transmission  of  heat  from  the  soat  of  coinhusf  ion  t<i  1  jic 
(山 j,>rt  to  1k>  heated  was  vvvy  rapid.  Tlio  rcsultanl  licatiiig  r fleet 
was,  for  many  mipm't;mt  purposes,  not  only  pre-euiinontly 
c'conoiuical,  but  also  oasv  of  control. 

The  process  had,  lie  ^dxd,  hooii  industrially  applied  in  t wo 
principal  forms,  lii  tlu、  first  form ~ cliaplinigm  method ― a  lioinu- 
<4oiuM)Us  inixturo  of  i^as  and  air  in  ('(>ml""inir  proportions  was 
passed  umlcr  sYv^lw  picssun:  t  lirouuK  a  ponms  (liaj)liiaj>:m  of  ivfrac- 
tory  lualorial  and  causod  to  burn  witliout  Hanie  at  the  surface  of 
tlio  exit  thrroof,  wliicli  was  tlicrohv  juaiiitainod  in  a  stafr  of  nnl- 
liot  iiicaiule.scoiK'o.  In  this  form  tlu、  actual  combustion  was 
('oiiliiiod  within  a  very  thin  layer  below  the  surface,  and  no  hoat 
was  dcvolopod  ill  any  otlior  part  of  llio  apparatus.  TUv  comlms- 
Uou  was  ;»l»s()Iutoly  perfect  and  iml''i"、ml，、'"  （》f  the  naturr  of  i\\v 
external  al  inosphrro.  This  motluMl  was  sjxM  ially  i"lapt("l  to  surji 
opoiatioMs  as  grilling  ami  roa.stiug,  and  also  to  tlio  evaporation  aiul 
coiuentration  of  liquids  by  means  of  radiant  heal  emitted  from 
(liapliragms  lixeil  in  a  horizontal  piano  above  the  surface  of  the 
liquid. 
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In  tlie  second  or  incandescoiit  granular  bed  motliod  a  liomoge- 
ncous  mixture  of  gas  (or  vaporised  oil)  and  air  in  their  coiubinin*^ 
])rop()i'tions  was  injected,  at  a  speed  greater  tliau  tlio  velocity  of 
back  fir i no;,  through  a  suitable  orifice  into  a  \ml  of  iucaiulosceiit 
giaiuilar  refractory  material  which  was  disposed  around  or  in 
proximity  to  the  body  to  be  heated.  This  method  liad  hvvu 
successfully  applied  to  all  kinds  of  ind ustrial  operations 一  as,  for 
(\\ample,  the  heating  of  retorts,  muffles,  crucibles,  aniiiniling 
fiiniaces,  and  tlie  like,  as  well  as  to  steam  raising  in  (>"as-tirod 
boilers  and  the  melting  of  metals  and  alloys. 

Experience  had  proved  that  not  only  were  tlie  m".i'im，{m 
temperatures  obtainable  by  the  new  method  (for  instance, 
temperatures  exceeding  2,000°  C.  or  3,600。  Fah.  liad  been  obtained 
with  coal  gas)  very  mucli  liiglier  than  were  given  by  any  existing 
method,  but  also  that  the  gas  consumption  requisite  to  maintain 
a'  given  temperature  on  the  new  system  was  only  about  half  that 
required  in  similar  furnaces  fired,  in  the  ordinary  way  by  flame 
contact.  This  had  been  provcl  in  exhaustive  independent 
trials  of  the  system  in  coiupetition  Avith  existing  】netliod's. 

In  multi-tubular  boilers  fired  by  gas  according  to  tlio  new 
system,  as  much  as  94  per  cent,  of  the  net  calorific  power  of  tlu' 
gas  could  be  transmitted  to  the  water,  tlie  rate  of  evaporation 
being  about  twice  that  of  a  locomotive  boiler.  A  large  boiler 
capable  of  evaporating  5,5001bs.  of  water  an  hour  according  to 
the  new  system,  which  had  been  erected  at  tlie  Skiiiningrove 
Ironworks,  Cleveland,  Yorkshire,  was  fired  with  coke-oven  gas 
from  a  new  installation  of  Otto-Hilgenstock  by-product  ovens 
adjacent  to  the  blastfurnaces.  Tlie  boiler,  which  、vas  made  by 
Messrs.  llichardson,  Westgartli,  &  Co.，  consisted  of  a  cylindrical 
drum  10ft.  diameter,  and  only  4ft.  from  front  to  -  back  ；  it 
was  traversed  by  110  tubes  of  Sin.  internal  diameter  which  were 
packed  with  fragments  of  fire-brick.  It  was  worked  under  the 
suction  of  a  fan,  capable  of  producing  a  "  suction  ，，  of  20in.  water 
gauge.  To  the  front  of  the  boiler  was  attached  a  device  whereby 
gas  at  2iu.  water-gauge  pressure  from  a  suitable  feeding  cliamber, 
together  with  a  proper  proportion  of  air  from  the  outside  atmo- 
sphere, was  drawn  (under  the  suction  of  the  fan)  through  a 
short  "  mixing  tube  "  into  each  of  the  110  tubes  where  it  was 
burnt  without  flame  iu  contact  with  the  incandescent  granular 
material.  The  products  of  combustion,  having  traversed  tlie 
4ft.  length  of  packed  tube,  passed  outwards  into  a  senii-circulav 
chaiubei'  at  the  back  of  the  boiler,  and  thence  tluough  a  duct  to  a 
tubular  feed-water  heater.  The  fan  attached  to  this  feed-water 
lieater  sucked  out  the  cooled  products  and  discharged  them 
through  a  short  duct  into  the  atmosphere  outside  the  boiler  lioiiso. 

The  boiler  was  started  up  on  November  Ttli,  191 1,  for  a 
montli's  trial  run ~~ day  and  night  continuously —— after  wliich  it 
was  opened  up  for  an  official  inspection  by  tJie  representative 
of  a  boiler  insurance  company.  The  plant  worked  without  a 
hitch  throughout  the  trial,  and  was  then  taken  over  by  the 
Skinniugrove  Iron  Company.  The  official  inspection  showed  the 
boiler  tubes  to  be  in  good  condition  and  free  from  scale  ；  indeed, 
owing  to  the  very  rapid  rate  of  evaporation,  the  scaling  troubles 
experienced  with  other  types  of  multi-tubular  boilers  were 
completely  obviated,  the  scale  being  automatically  shed  in  thin 
films  (about  one-thirtietli  inch  thick)  from  the  tubes  as  fast  as  it 
foi'ined.  During  the  trial  the  average  temperature  of  the  waste 
gases  leaving  the  feed-water  lieater  was  about  75°  C. ― a  sufficient 
proof  of  the  thermal  efficiency  of  tlie  plant.  After  the  inspection 
the  plant  was  re-started,  and  had  since  been  in  continuous  opera- 
tion. Despite  tlie  high  rate  of  evaporation  maintained,  there 
was  a  complete  absence  of  "priming." 

By  a  modification  of  the  principle  employed  for  steam  raising, 
leafl  and  similar  metals  could  be  molted  in  bulk  witli  a  tliermo- 
dyiiamic  efficiency  of  80  per  cent. 


Fatal  Gas-cylinder  Explosion. ― As  a  result  of  an  explosion  at  a 
sliop  iu  Govau  on  the  9tli  inst.,  two  men  were  seriously  injured, 
one  of  whom  subsequently  died.  The  men  were  engaged  iu 
bottling  anated  waters.  In  the  process  a  small  tank  or  cylinder 
into  wluclx  gas  is  injected  was  being  used.  Tlie  men  liad  just 
finished  pumping  gas  into  this  tank  when  the  explosion  occurred, 
and  the  bottom  of  the  tank  was  blown  out,  evidently  with  ijreat 
force.  One  of  the  meu  liad  his  left  leg  nearly  severed  at  the  knee, 
wlucli  proved  fatal,  and  the  other  sustained  a  compound  fracture 
of  the  left  leg  below  the  knee.  Both  meu  also  received  other 
injuries. 


WESTINGHOUSE  SPEED-REDUCTION  GEARING. 

When  reduction  gearing  in  employed  for  IraiisiniU iu^'  rela- 
tively high  powers  from  a  high-speed  machine  to  apparatus 
adapted  to  be  driven  at  lower  speeds,  it  is  necessary  to  provide 
'iieaiis  whereby  the  pressure  at  the  surfaces  of  contact  between 
t  lie  teeth  of  the  internieshiiig  gear  wheels  may  be  equalised  and 
(listributefl  not,  only  in  order  to  avoid  luulue  wear  upon  1  he 
teeth  ami  consequent  losses  in  efficiency,  but  to  avoid  the  noise 
and  vibration  accompanying  such  wear.  It  has  therefore  been 
proposed  to  mount  one  of  tlie  iiitermeshing  wheels  or  one  set  of 
such  wheels,  wlien  more  than  two  wheels  are  employed,  in  a 
floating  frame  wliicli  is  so  supported  as  to  permit  relativa 
angular  motion  between  the  axes  of  the  iiitermeshing  wheels  in 
both  a  horizontal  and  a  vertical  plane,  means  being  provided  in 
some  cases  for  limiting  tlie  angular  movement  in  a  horizontal 
plane  during  operation,  struts  or  other  devices  being  provided 
for  this  purpose.  Apparatus  of  this  description,  although  not 
limited  in  this  respect,  is  primarily  intemled  for  iiso  in  sysleins 
of  marine  propulsion  in  wliich  turbines  arc  employed,  since 
these  macliines  are  most  efficient  when  run  at  liigli  speed, 
whereas  ships'  propellers  as  at  present  constructed  are  more 
efficient  when  driven  at  relatively  low  speeds. 


s  us  s 


Wt-STlXGHOrSE  Sl»Ki:i>-RI':DrCTION  GEARING. 


Fluid  actuated  devices  for  supporting  rotating  shafts  in 
such  a  manner  that  displacement  or  tilting  of  the  shaft  auto- 
matically regulates  tlie  balance  of  fluid  pressure,  whereby  the 
shaft  is  restored  to  its  normal  position,  are  already  known,  and 
the  arrangement  illustrated  herewith  lias  recently  been 
flesigned  and  patented  by  Mr.  George  Westiiigliouse,  Westing- 
house  Building,  Pittsburg,  Pa. ,  U.S.A.,  with  the  object  of 
providing  an  improved  construction  of  fluid  actuat^'d  support- 
ing iiieclianisiii  for  equalising  and  distributing  the  pressure 
between  the  iiitermeshing  teeth  of  gear  wheels.  In  t his 
arrangement  one  of  the  intermeslnng  wheels  or  one  set  of  siu  li 
wheels  where  more  than  two  wheels  are  employed  is  supported 
in  a  floating  frame  by  means  of  fluid  under  pressure  in  such  h 
manner  as  to  permit  certain  relative  angular  】iiotioii  between 
the  gears  during  operation  and  also  resilient  engagement  of 
the  internieshing  teetli.  Other  features  of  the  arrangement 
comprise  means  for  ascertaining  the  amount  of  power  trans- 
mitted by  the  gears  during  operation. 

Referring  to  the  illustrations,  tlie  apparatus  consists  of  a 
base  frame  in  wliich  is  journalled  large  gear  wheels  A  which 
mesh  witli  corresponding  pinions  carried  in  a  floating  frame. 
The  base  frame  is  provided  with  a  plurality  of  cylinders  B, 
which  are  adapted  to  be  supplied  with  oil  through  a  passage  C 
and  a  channel  D  in  tl»e  base  frame  which  communicates  with 
the    cylinders    through    the    ports    sbowu.     The  passage 
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C  is  of  relatively  small  area  so  as  to  restrict  the 
rate  of  flow  of  fluid  supplied  to  the  chauuel  D. 
Located  in  tlie  cylinders  B  are  pistons  E  adapted 
to  support  a  floating  frame  F  comprising  two  sections 
G  and  H  secured  together  and  having  projecting  portions  J 
and  K  which  are  held  in  bearings  in  the  base  frame.  The 
floating  frame  F  rests  upon  the  pistons  E  and  is  provided  with 
projecting  flanges  L  which  serve  to  control  the  passage  of  fluid 
through  a  port  M  leading  from  the  intermediate  cylinder  B  to 
an  outlet  passage  within  the  base  frame.  A  shaft  N  is  pro- 
vided supported  in  bearings  in  the  floating  frame  on  which 
pinions  O  are  mounted  which  mesli  with  the  gear  wheels  A.  A 
number  of  struts  are  provided  extending  through  the  wall  of 
the  base  frame,  comprising  a  hollow  threaded  member  P  in 
wliicli  is  located  a  bar  or  pin  Q，  the  inner  extremities  of  which 
engage  with  a  bearing  R  in  the  floating  frame  F.  The  member 
P  is  threaded  exteriorally  to  engage  interior  threads  in  the 
wall  of  the  base  frame  so  that  an  adjustment  may  be  made  ami 
the  floating  frame  may  be  so  adjusted  with  respect  to  the  gear 
that  a  proper  engagement  of  the  teetli  of  the  pinions  and  gear 
wheels  will  be  maintained  and  at  the  same  time  vertical 
angular  movement  of  the  pinions  with  respect  to  the  remaining 
parts  will  be  permitted. 

The  operation  of  this  form  of  apparatus  is  as  follows : 
Fluid  being  pumped  into  the  cylinders  B,  through  the  channel 
D，  the  pistons  E  are  raised  within  their  cylinders  sufficiently 
to  support  the  floating  frame.  If  the  pinions  are  being  driven 
counter-clockwise  so  as  to  drive  the  wheels  A  clockwise  the 
pressure  on  the  teeth  of  the  intermeshing  wheels  will  have  a 
tendency  to  seat  the  valve  flange  L  so  as  to  close  the  port  M. 
The  pressure  in  the  cylinders  B  will  therefore  increase  until 
this  pressure  is  in  excess  of  the  pressure  between  the  teeth  of 
the  intermeshing  wheels,  whereupon  the  pistons  E  will  be 
raised  slightly  and  tlie  port  M  uncovered  so  that  the  oil  will 
pass  through  this  port  into  the  overflow,  from  whence  it  】nay 
be  carried  back  to  a  receptacle  provided  for  the  purpose.  It 
will  he  seen  that  the  intermediate  cylinder  B  and  its  piston  E 
are  of  greater  diameter  than  the  end  cylinders  and  pistons.  The 
intermediate  piston  is  shown  as  being  approximately  twice  the 
area  of  the  end  pistons,  as  the  preponderance  of  pressure  will 
be  distributed  at  this  central  point.  The  struts  P  prevent 
horizontal  angular  iiiovemeiit  of  the  floating  frame  and  still 
permit  sufficient  vertical  angular  movement  thereof. 

The  apparatus  above  described  is  suitable  for  speed- 
reducing  mechanism  in  wliicli  the  direction  of  rotation  of  the 
driving  and  driven  wheels  is  constant.  Under  some  condi- 
tions, as  in  systems  of  marine  propulsion,  however,  where  it  is 
necessary  to  reverse  the  propeller  and  consequently  the  turbine, 
means  must  be  provided  for  permitting  reversal  of  the  direc- 
tion of  rotation  of  the  intermeshing  wheels  and  the  shafts  on 
wliicli  they  are  mounted.  In  order  to  provide  for  cushioning 
or  distributing  the  stresses  set  up  under  these  conditions,  a 
series  of  pistons  S  located  in  cylinders  T  are  provided,  and 
operating  in  precisely  the  same  way  as  the  pistons  E，  but 
through  a  different  set  of  connections  U.  It  will  be  apparent 
that  when  the  pistons  and  cylinders  are  duplicated  in  this 
manner,  the  floating  frame  will  be  held  between  the  upper  and 
lower  sets  of  pistons  and  will  be  supported  upon  a  body  of 
fluid  in  such  a  manner  that  the  st rains  or  stresses  transmitted 
through  the  gearing  will  be  taken  up  by  the  fluid  in  the  respec- 
tive cylinders  and  the  pressures  will  be  properly  distributed 
between  the  different  bodies  of  fluid  in  accordance  with  the 
direction  of  rotation  of  the  shafts.  In  order  to  measure  the 
amount  of  power  transmitted  by  the  gearing  a  pressure  gauge 
W  is  provided  connected  to  the  channel  D  by  a  pipe  V  so  as  to 
measure  the  pressure  of  the  fluid  on  which  the  floating  frame  F 
is  supported,  thus  indicating  the  power  transmitted  by  the 
gears  during  operation.  It  will  thus  be  seen  that  the  pinion 
shaft  is  held  in  place  without  any  connection  with  any  bear- 
ings, and  any  vibration  due  to  the  operaticm  of  the  device  will 
be  absorbed  by  the  fluid  upon  wliich  tlie  floating  frame  rests. 

Steel  Trolley  Wire. ― Steel  trolley  wire  has  been  adopted  on  a 
few  American  electric  railways,  but  it  has  not  been  in  use  for 
a  sufficient  time  to  determine  its  relative  life  and  behaviour  in 
service  as  compared  with  copper  wire.  The  steel  wire  is  lia rd- 
drawn  from  billets  in  a  way  like  that  employed  for  copper 
wire.  No  difficulty  lias  been  experienced  with  steel  wire  in 
making  splices  or  welds  not.  exceeding  iin.  in  length  and 
having  a  tensilo  strength  of  80  per  cent,  of  the  wire  ou  either 
side  of  tlie  splice.  The  relative  conductivity  of  steel  and 
copper  wire  is  approximately  1  to  7. 


EXPERIMENTS  ON  BELTING. 

In  ail  article  devoted  to  belting  for  power  transmission  pur- 
poses by  H.  Karamerer,  in  a  recent  issue  of  Zeitsclir. 
Vereines  Deutsch.  Ing，"  the  author  states  tliat  when  a  leather 
belt  is  overstrained  it  must  be  frequently  tightened,  because 
the  yield  is  large  and  rapid.  A  belt  not  overstrained  requires 
tightening  only  to  a  certain  degree,  when  it  acquires  a  steady 
elastic  state.  This  slate  is  often  acquired  only  after  liours  of 
work  ；  thus  belt  experiments  must  consider  the  influence  of 
time.  With  leather  belting  elastic  extension  is  large  ami  tlie 
permanent  extension  small.  The  ratio  of  tensions  is  more 
thau  twice  as  great  as  the  frictional  theory  would  give.  This 
the  author  explains  by  adhesion  of  belt  to  pulley.  The  effec- 
tive tension  per  inch  width  is  781bs.  at  belt  velocities  between 
33ft.  and  98ft.  per  second,  and  72'51bs.  at  131ft.  per  second. 
The  maximum  power  per  inch  width  of  belt  is  transmitted  at 
164ft.  per  second.  Double  leather  belts  are  used,  the  layers 
being  in  three  cases  fastened  together  throughout  I  lie  entire 
length  of  the  belt  by  bronze  wire  dips,  leather  lacing,  and  glue. 
Each  of  these  three  modes  allows  a  high  effective  tension  ；  with 
bronze  wire  clips  up  to  4751bs.  per  inch  width  is  realised,  witli 
the  others  3 63 lbs.  per  inch.  In  double  belts  tlie  effect  of  adhe- 
sion appears  greater  than  that  of  friction,  the  ratio  of  tensions 
reaching  5  0.  Leather  link  belting  is  better  than  ordinary 
leather  belting  for  speeds  under  65ft.  per  second.  At  higher 
speeds  it  is  worse,  on  account  of  greater  weight.  Eatio  of  stresses 
ill  link  belting  varies  according  to  a  linear  law  from  2  to  3, 
being  2*0  at  98ft.  per  second,  and  2'6  at  49'Oft.  per  second  for 
a  pulley  of  49iii.  diam.  and  ISCT  arc  of  contact  .  When  leather 
belts  are  run  with  the  flesh  side  against  the  pulley,  the  tension 
ratio  exceeds  3  0  ；  with  the  hair  side  against  the  pulley  this 
ratio  does  not  exceed  2  0.  The  effective  tension  is  lG'751bs.  per 
inch  greater  with  flesh  side  than  with  hair  side  against  pulley, 
and  the  maxiniuni  speeds  allowable  iu  1  he  two  cases  are  164ft. 
per  second  and  98ft.  per  second  respectively.  The  author  sug- 
gests that  the  durability  also  is  greater  with  flesh  side  working 
because  the  curvature  of  the  leather  is  in  the  same  direction  as 
when  oil  the  back  of  the  animal.  ！ Experiments  on  cotton, 
balata,  and  camel-hair  belting  show  that  the  material  is  not  so 
important  as  the  kind  of  weaving  employed.  A  smooth  dense 
surface  against  the  pulley  face  is  to  be  reconuneiided  as  more 
adhesive.  Camel-hair  belting  allows  30  per  cent,  less  effective 
tension  when  wet  tliau  when  dry.  A  belt-fastener  should  be 
spread  over  as  large  an  area  as  possible.  The  results  of  the 
experiments  cannot  be  explained  by  the  ordinary  friction 
theory  ；  adhesion  occurs  between  belt  and  pulley,  which  varies 
directly  as  the  belt  speed  up  to  164ft.  per  second,  and  increases 
when  the  pulley  surfaces  are  】nore  smooth  or  the  belt  】nore 
flexible. — ('  Science  Abstracts." 


International  Association  for  Testing  Materials. ― A  meeting  of  Coin- 

】uittee  lA  of  this  Association  was  hekl  on  t he  8th  inst"  at  the 
offices  of  tlie  Iron  and  Steel  Institute.  Its  object  was  to  con 
sider  proposals  for  the  introduction  of  international  specifica- 
tions for  structural  steel,  steel  for  shipbuilding,  and  rails,  for 
export,  with  a  view  to  making  recommendations  to  the  sixth 
International  Congress  to  be  held  in  New  York  from  Septem- 
ber 3rd  to  7tli  next.  It  was  decided  that  the  time  was  not 
ripe  for  the  Sixth  American  Congress  to  entertain  the  matter 
of  the  international  specifications  in  question,  the  Committee 
I A  being  maintained  ami  coiitiniiiiig  its  work  in  the  mean- 
time. 

Carnegie  Gold  Medal  and  Scholarship  Awards. ― At  tlio  RMoiit 
annual  lumuig  ol  tlie  Iron  and  >^\vvl  lii>tilutt'.  I  lie  Pr(\sid"nt  (Mr. 
Arthur  Cooper)  announced  tliat  tlie  Andrew  Carnegie  «;oI(l  medal 
for  the  year  had  been  awarded  to  Dr.  Paul  (ioerens.  of  Aix-la- 
Chapelle.  He  received  a  Carnegie  scholarship  grant  uf  £100  in 
1910  to  enable  him  to  pursue  his  investigations  on  the  influence 
of  cold  working  on  the  properties  of  iron  and  stcol.  and  it  is  for  tlie 
results  obtained  in  connect  ion  with  tins  rosoaivli  tliat  tho  gold 
】m、(lal  has  beeu  awarded  to  liini.  Andrew  Carnegie  sc  holarships 
awards  of  £100  eacli  liavo  been  made  to  Mr.  Arthur  KessiuM',  coii- 
striu'tional  engineer  at  the  】iigh  school  ami  Kvturer  in  inorhanical 
teoliiiolo^y  at  the  "  Urania,"  Berlin,  Mr.  Kii^ono  Nusliannior,  of 
L(>niou-lez-Liege»  Belgium,  and  Mr.  J.  Allen  l)"'k;u'<l.  A  further 
grant  of  £50  has  beeu  made  to  Mr.  Joliu  Charlos  Willis  Huuifrey,  of 
the  National  Physical  Laboratory.  Tcddington,  who  was  the 
rceipiciit  of  a  grant  of  £100  in  I'JlU. 
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THE  PRESENT  STATE  OF  DEVELOPMENT  OF  LARGE  STEAM 

TURBINES.- 

BY  A.  G.  CHRISTIE. 

Present  Field  of  Large  Steam  Turbines. 一 Steam  turbines  are 
now  being  used  for  driving  alft^rnating-ciirrent  generators,  turbo- 
compressors,  turbo-blowers,  pumps  ami  marine  propellers,  and,  by 
means  of  gearing,  to  furnish  power  to  direct-current  generators, 
rolling  mills,  and  tlie  propeller  sliafts  of  steamships.  Eeciprocat- 
ino-  engines  were  formerly  used  for  sucli  purposes,  but  recently  this 
class  of  engine  has  seldom  been  installed  except  for  rolling-mill 
work,  noii-condeusing  service  as  on  heating'  systems,  rope  and  belt 
drives,  】ioists，  and  in  certain  combinations  with  low-pressure 
turbines  in  marine  work.  The  liigh  economy  of  tlie  piston- 
pumping  engines  and  also  of  some  types  of  air  compressors,  lias 


FiG<  1.— Section  of  Zoellt  Turbine. 

continued  their  popularity  in  spite  of  the  increasing  competition 
of  steam  turbine  units.  The  steam  turbine  has  found  favour 
principally  on  account  of  its  low  first  cost  of  installation,  its  small 
floor  space  requirements,  its  continued  good  steam  economy  over  a 
period  of  years,  and  its  small  operating  and  repair  charges.  The 
increased  use  of  steam  turbines  in  sizes  up  to  1,000  】i.p.  seems  to 
liave  received  at  least  a  temporary  check  in  Europe  by  the 
introduction  of  the  new  Stinnpf  direct-flow  engine. 

Types  of  Steam  Turbines. — For  tlie  purpose  of  this  paper, 
large  commercial  steam  tui'l)ines  will  be  divided  into  two  classes  : 
(a)  fundamental  types,  and  (&)  modified  or  combined  types.  The 
fundamental  types  of  turbines  are  as  follows  : ― 

The  Parsons  type,  wlucli  works  on  the  so-called  "  reaction  " 
principle.  In  this  type  the  heat  energy  of  the  steam  is  changed 
into  kinetic  energy,  both  in  tlie  stationary  guide  blades  and  in  the 
moving  blades.  In  other  words,  both  sets  of  blades  act  as  orifices 
expanding  the  steam  through  a  small  pressure  drop.  As  nozzles 
and  orifices  usually  have  very  high  efficiencies,  this  turbine  should, 
tlieoretically,  prove  the  most  economical  of  all  types.  The  con- 
struction of  the  Parsons  turbine  is  familiar  to  all  engineers.  It 
consists  of  a  drum,  or  a  number  of  drums,  carrying  the  blade  rows 
which  alternate  with  rows  in  the  casing.  The  drums  carry 
balance  pistons  to  equalise  the  end  thrust. 

The  Curtis  type,  which  works  on  the  impulse  principle  with 
high-steam  velocities  and  few  stages.  Each  stage,  however,  is 
provided  with  two  or  more  rows  of  revolving  blades  known  as 
" velocity  rows,"  with  intermediate  rows  of  guide  blades.  The 
steam  velocity  at  the  beginning  of  each  stage  is  high.  The  revolv- 
ing blades  are  carried  on  discs  separated  by  diaphragms,  which 
extend  to  the  shaft  and  which  carry  the  orifices  between  stages. 
Curtis  turbines  are  now  usually  built  with  horizontal  sliafts.  In 
American  practice  some  sizes  over  7,000  kw.  still  have  vertical 
sliafts. 

The  Rateau  turbine,  which  consists  of  a  number  of  simple 
impulse  wlieels  in  series  on  the  same  shaft  and  separated  from  one 
another  by  diaphragms  carrying  nozzles.  It  operates  with  lower 
steam  velocities  than  the  Curtis  and  consequently  has  many  more 
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stagos.    Each  revolving  element  carries  only  one  row  of  blades. 

Tlie  type  of  turbine  known  as  the  Zoelly  beloiij^s  to  the  same 
classification  as  tJic  Eateau,  from  wliicli  it  diri'ers  only  in  tlie  use 
of  higher  steam  velocities,  in  tlie  number  of  stages,  and  in  certain 
constructional  details.    Fig.  1  shows  a  section  of  a  Zoelly  turbine. 

Eacli  of  these  fundamental  types  is  based  on  sound  theoretical 
principles.  In  tlie  process  of  manufacture  and  in  operation, 
certain  features  have  not  proved  entirely  satisfactory,  lience  far- 
reaching  modifications  have  been  made  in  the  design  of  some  types 
of  turbiiios.  Homo  manufacturers  have  combined  tIi.o  characteris- 
tics of  two  or  more  types  to  overcome  the  inherent  limitations  of 
each  fundamental  type.  A  discussion  of  the  unsatisfactory 
operating  rondifioiis  of  ouch,  type  will  sliow  the  reasons  which  led 
up  to  tlt.0  clianges  in  recent  turbines,  and  will  also  aid  in  distin- 
guishing the  novel  features  of  new  designs. 

The  first  rows  of  spindlt'  blades  in  a  staiulard  Par-son's  turbine 
are  placed  on  a  drum  of  small  diameter  in  order  to  make  the 
blades  as  long  as  possible  and  to  minimise  the  proportional 
leakage  losses  past  tlie  ends  of  the  blades.  A  large  mimlK-r  of  rows 
are  provided  in  order  to  keep  the  steam  velocities  low,  as  the  blade 
velocities  must  be  low  with  the  small  drum.  The  drop  in  pressure 
at  each  row  is  small,  and  hence  tlie  leakage  is  correspondingly 
reduced.  This  construction  results  in  a  turbine  witli  a  long 
•spindle  and  with  great  distance  between  bearings.  High-pressure 
steam,  frequently  at  high  temperature,  is  admitted  to  the  casing. 
Distortion  of  casing  and  spindle  are  thus  easily  conceivable  in  such 
consfruction,  and  to  allow  for  tltis  contingency  the  clearance  on 
the  ends  of  all  blades  is  usually  increased.  This  distortion  may 
be  due  either  to  unequal  heating  or  to  the  growth  of  tlie  cast-iron 
casings.  The  fluid  friction  losses  are  large  in  this  high-pressure 
section,  for  a  large  number  of  rows  of  blades  must  be  revolved  in 
steam  of  high  density.  The  leakage  losses  and  fluid  friction 
losses  in  the  high-pi'essiu'e  section,  together  witli  tJie  troubles  due 
to  distortion  in  the  long  shaft,  have  forced  designers  to  introduce 
modifications  in  this  portion  of  the  turbine,  either  by  new  blading 
arrangements,  by  dividing  tlie  total  expansion  in  large  sizes 
between  two  cylinders,  or  by  the  introduction  of  impulse  blading. 

The  low-pressure  sections  of  Parsons  turbines  have  always 
shown  high  efficiencies.  As  low  steam  velocities  are  characteristic 
of  this  type,  there  is  no  cutting  away  of  blade  material,  even  with 
very  wet  steam,  provided  no  injurious  properties  are  present  in  the 
feed  water.  This  low-pressure  section  lias  therefore  been  altered 
only  in  details. 

The  presence  of  a  large  low-pressure  balance  piston  in  close 
proximity  to  tlie  steam  inlet  lias  frequently  been  the  cause  of 
serious  distortions.  Many  builders  now  place  this  balance  piston 
in  the  exhaust  end,  a  construction  due  to  Fullager. 


Fig.  2.— Section  of  Brown,  Boveri's  Curtis-Parsons  Turbine. 


The  Curtis  turbine  utilises  high  steam  velocities  in  all  stages. 
As  steam  becomes  wet  through  expansion  in  tlie  low-pressure 
stages,  there  is  frequently  considerable  cutting  of  the  blade 
material  by  the  steam,  although,  contrary  to  first  expectations, 
there  is  seldom  cutting  in  the  liigh-pressure  blades  due  to  the 
high  initial  velocities.  The  first  row  of  velocity  blades  in  a 
stage  usually  does  the  greater  portion  of  the  work,  and  hence 
the  second  row  does  not  work  at  maximum  efficiency.  As  the 
steam  of  the  first  stage  is  expanded  very  fully  in  the  nozzles, 
there  is  no  high  pressure  or  superheat  in  the  turbine  casing  or  at 
the  glands.  The  vertical  type  of  unit  is  sometimes  subject  to 
electrical  unbalancing  and  to  other  troubles  peculiar  to  this 
construction.    It  is  not  as  accessible  in  operation  as  the  horizontal 
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machines.  Recent  designs  have  provided  for  horizontal  units 
and  for  the  replacojnonf  of  tlio  l"\v- pressure  section  by  sections 
of  other  types. 

The  Rateau  turbine  lias  high  pressures  on  tlie  gland  at  one 
end.  There  are  a  large  number  of  discs  revolving  in  dense  steam 
at  the  lugh-pressure  end.  It  lias  lower  steam  velocities  througli- 
out  than  the  Curtis,  and  consequently  has  no  blade-cutting 
ett'ects  in  the  low-pressure  section.  The  clearances  ai'ouml  tlie 
blade  are  large,  but  tlie  shaft  clearances  of  tlie  diaplnagms  must 
Ik^  kept  small.    Som(>  Imildcrs  of  this  and  tlio  Curtis  type  liave 


Fig.  3.— Hoiii/.oNTAL  Curtis  Stkam  Turbine,  7,000  k、v.'  1 ,800  r.p.m.,  Six-stage. 


brought  out  new  designs  which  employ  the  liigli-pressure  section 
of  the  Curtis  with  the  low-pressure  section  of  the  Rateau.  These 
represent  a  compromise  between  efficiency  and  manufacturing 
costs. 

Under  the  classification  of  modified  or  combined  types, 
there  are  turbines  with  modified  Parsons,  Curtis,  and  Rateau 
construction,  and  turbines  with  combinations  of  Curtis-Parsons, 
Rateau-Parsons,  Curtis-Rateau,  and  Curtis-Zoelly  construction, 
with  a  few  special  combinations.  Some  typical  turbines  of  these 
classes  are  described  in  the  following  paragraphs. 

The  AUis-Chalmers  Company  manufacture  a  turbine  of  tlie 
modified  Parsons  type.  High  peripheral  speeds  are  employed 
with  a  decreased  number  of  rows.  A  portion  of  the  theoretical 
efficiency  in  the  high-pressure  end  has  been  sacrified  by  the  use 
of  fewer  blade  rows.  Also  a  smaller  proportion  of  work'  is  done 
in  tlds  section  than  is  usual  in  Parsons  turbines.    Tho  ))l;i(les 


Vui.  I.    Sr.cTioN  or  Bkugmann  Ccutis-Ratkau  TritiuNK. 


arc  all  provided  with  a  channel-shaped  shroud.  European 
<*xpeiiinonters  luivo  pointod  out  tliiit  hrtt(M*  etticioncies  are 
ohtaiiunl  with  slu'oml('(l  than  with  plain  hhulcs.  as  the  so-called 
■spilliug-over  at  the  ends  is  prevented.  Wiiiir  blades  are  fitted 
in  the  last  pressure  rows  to  tako  care  of  tlu»  larjio  volumes 
of  low-pressure  steam.  Tlie  spindlo  is  iiuicli  .shorter  ami  stiiTer 
t  !ian  the  staiulanl  Parsons,  and  Iumu-o  smaller  cloarances  ran  1"' 
pmvi'l(Hl.  The  Fullaifor  l(m'-im、ssuiv  halaiu  c  piston  is  also  ustnl. 
'|，1"'  outstutuling  f<»atures  of  this  design  uio ― reaction  principle 


with  drum  construction,  few  rows  of  blades  witli  higli  steam 
velocities,  short  spindle  construction,  and  ojnployment  of  wing 
blades  for  high  vacuum.  The  steam  consumptions  obtained  on 
1  his  type  sliow  improved  efficiency  over  standard  construction. 

A  number  of  Parsons  turbines  have  been  built  in  wliicli  tlie 
total  expansion  is  divided  between  two  cylinders.  One  of  tho 
best-known  units  of  this  type  is  installed  at  J^unstan  Power 
Station,  England.  This  was  built  by  Eicliardsons,  Westgartli, 
and  Co.,  on  Brown-Boveri  designs.  This  unit,  liowever,  employs 
a  modified  double-floAv  Parsons  construction  in  the  low-pressure 
cylinder. 

C.  A.  Parsons  &  Co.  have  used  cast-steel  cylinders  for  the  liijili- 
pressure  portion  of  their  turbines  so  as  to  overcome  the  troubles 
due  to  deformation  and  growth  of  motal  under  high  pressures  and 
superlieat  experienced  with  cast-iron  casings. 

The  Wostinghouse  Machine  Company  liavc  developed  a  doiibk- 
flow  macliiiie  which  employs  a  (*urtis  liigh-pressure  statue  with 
Parsons  intermediate  and  (l("ihl('-flf)\v  low-pressure  sections. 
There  is  only  ow  balance  piston  in  this  machine  next  to  the 
Curtis  ring.  These  turbines  run  at  liigli  speeds,  have  short 
shafts  and  small  clearances.  The  steam  is  expanded  in  tlie  nozzles 
and  hence  there  are  no  high  pressures  or  temperatures  in  the 
casing.  By  providing  two  low-pressure  sections,  liigh  vacuuiii 
can  be  economically  utilised. 

European  builders  of  Parsons  turbines,  among  wlioin  are 
Brown,  Boveri,  &  Co.，  C.  A.  Parsons  &  Co.，  Franco  Tosi，  Sulzors. 
Willans  &  Robinson,  and  Ersto  Brunnor,  have  replaced  tlio 
high-press  '  、  sections  of  their  Parsons  turbines  by  a  (— 'm'm 
wheel  with  two  or  more  velocity  rows,  but  have  retained  the 
single-flow  Parsons  dm  in  coiistructioii  for  tlie  remaining  portions. 


Fig.  5.— Section  op  Curtis  Drum-impulse  Parsons  Ti  riune. 

One  of  these  units  is  shown  in  Fig.  2.  The  temperatures  ami 
pressures  in  the  casing  are  low  as  the  steam  is  expanded  in  tlio 
nozzles.  The  distance  between  bearings  is  decreased,  tlie  shaft 
is  stiUer  and  clearances  are  smaller  than  in  the  standard  Parsons 
turbine.  The  Fullager  ba lance  piston  is  used  in  the  turbines  of 
several  of  these  biiiiders.  Turbines  built  in  tliis  mamu'r  havo 
shown  some  exceptionally  good  efficiencies. 

Compared  with  the  Westingliouse  machine,  tlio  lt'aka*re  at 
the  end  of  the  low-pressure  blading  is  less  than  in  the  double- 
flow  section.  On  the  other  hand,  the  Westingliouse  machine 
has  smallor  balance  piston  losses  and  can  also  utilise  tI\o  highest 
vacuum  at  better  etticiencv. 

Melius  iuul  Pfonniger  employ  a  drum  impulse  section  of  about 
five  stages  instead  of  a  Curtis  ring  on  some  of  their  large  turhini's. 
They  claim  improved  efficiency  from  this  constriKtion.  tliougli 
higli-pressure  and  high-temperature  steam  are  introduced  into  tho 
casing. 

The  General  Electric  Company  now  inamifactuie  a  horizontal 
type  Curtis  turbine  in  all  sizes  up  to  7,000  kw..  a  section  of  which 
is  shown  in  Fig.  3.  This  embodies  all  the  essential  features  of  the 
Curtis  design.  Coinparotl  with  tlio  vertical  type,  this  design  pro- 
vides easier  access  to  all  working  parts  sucli  as  governor.  l)ea rings, 
valves,  &c.,  and  allows  a  better  survey  of  the  unit.  The  maoliinc 
(an  also  ho  dismantled  aiul  its  internal  parts  examined  with  less 
troublo.  Tho  oiliiiiT  prohloin  is  very  simple  compared  with  the 
vortical  units,  as  tluMv  is  no  step  boariiiir  to  provide  for.  It  is 
possible  that  only  horizontal  units  of  all  sizes  will  be  built  in  tho 
ntwr  futuro.  Tlio  A. K  G.  also  builds  similar  turbines  up  t<> 
1 .000  U\v.  capiuity. 

Many  manufacturers  in  Europe  are  now  building  a  turbine  of 
tho  typo  shown  in  Fit:.  A.  This  consists  of  a  Curtis  lii^rli-prossuro 
>vitli  Rateau  or  Zoolly  low  -prossiin*  sections',  tho  minilior  of  sfairt-s 
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dojDcmling  on  the  size  of  tho  machine,  tlio  speed ,  iiiul  the  stcaiu 
coiicUtious.  The  pressure  and  temperature  iu  tlio  casing  are  low, 
as  a  consequence  of  the  expansion  of  the  steam  in  the  nozzles. 
The  steam  velocity  is  moderate  in  tlie  low-pressure  section.  This 
machine  is  longer  than  the  simple  Curtis  but  shorter  than  the 
Rateau.  Its  builders  claim  improved  efficiencies  over  oitlier  of 
the  fundamental  types. 

Belliss  &  Moi'com,  of  Birmingham,  liavo  introduced  a  turbine 
consisting  of  a  high-pressure  Curtis  stage  with  a  low-pressuro  drain 
construction  like  Parsons,  but  fitted  with  impulse  blading  on  the 
spindle  and  blades  forming  expansion  parallel  wall  nozzles  in  the 
casing.  All  other  impulse  turbines  employ  diapliratiiiis  extondino- 
to  the  shaft.  There  are  a  greater  number  of  rows  in  a  Belliss 
turbine  than  in  a  corresponding  Rateau  turbine,  and  lience  a 
lesser  pressure  drop  tlirou^li  each  set  of  guide  blades.  The  net 
leakaj^e  loss  may  thus  l)e  lower  tliaii  the  Rateau,  even  tlioii^li  tlio 
leakage  area  is  greater.  Tliis  turbine  is  essentially  a  Curtis- 
Parsons  construction,  with  few  rows  of  blades  and  witli  the 
expansion  taking  place  iu  the  stationary  1) lades  only. 

A  turbine  shown  in  Fig.  5  has  recently  been  patented  in 
England,  which  has  some  features  of  unusual  interest.  The  high- 
pressure  steam  is  Curtis,  the  intermediate  section  is  of  a  drum 
impulse  type  with  tliree  stages,  while  tlie  low-pressure  portion 
Parsons,  wliicli  may  be  also  double-flow.  This  combines  features 
of  all  tliree  fumlamental  types,  and  it  will  be  interesting  to  see  what 
results  are  obtained  in  practice  by  such  an  arrangement. 

(To  he  coniimied.) 


DENNY  &  EDGECOMBE'S  TORSIOMETER. 

Electrical  torsiometers,  while  they  have  the  advantage  that 
tlie  indicating  instrument  employed  with  tliem  may  be  placed 
ill  any  convenient  position,  as  its  coiniectiou  with  the  shaft  in 


measurenieid  al  any  convonipiit  point  (list  ani ,  it  may  be, 
from  the  mechanical  device.  The  appairitus  may  further  com- 
prise a  plurality  of  electrical  devices  of  difTerent  (-alibre,  so  that 
torque  may  be  read  either  upon  a  wide  scale  for  small 
measures,  or  a  close  scale  for  greater  measures.  The  niochaiii- 
torque  measuring  device  is  of  the  type  in  which  means  are 
provided  for  multiplying  the  relative  motion  of  tlie  two  parts, 
a"(l  tlie  electrical  indicating  device  consists  of  a  rheostat, 
tlie  ！] loving  contact  of  wliicli  is  operated  by  one  of  those  parts 
in  that  mechanical  device  to  wliicli  is  transmitted  a  niultiplica- 
tion  of  the  torque  movement. 

In  the  mechanical  torsioineter  referred  to  there  is  a  drum 
rotated  by  multiplying  gearhi"'  ami  magnifying  the  torque 
movements  of  the  shaft  being  tested.  In  the  arrangement 
shown  in  Fig.  1  there  is  substituted  for  tliis  drum  a  balanced 
arm  A  driven  by  tlie  usual  train  of  wheels  B  from  the  arc  of 
teeth  on  tlie  member  C  moving  under  torque  relatively  to  tlio 
member  D  upon  a  bracket  E  on  which  wheel  train  and  arm  A 
are  carried.  The  arm  A  is  adjustable  for  zero  setting  and 
carries  a  contact  piece  F  making  contact  with  an  arc  of  resis- 
tance G  which  is  built  up,  as  shown  in  Fig.  2，  of  closely 
adjacent  zig-zags  of  metallic  ribbon  H  between  the  folds  of 
which  are  inserted  strips  J  of  insulating  material.  Tliis  arc 
of  resistance  is  held  in  a  channel  in  a  disc  K  secured  to  the 
bracket  L  carrying  the  ni ultiplying  gear.  Tlius  it  does  not 
rotate  upon  its  own  axis,  but  only  bodily  witli  the  bracket  I. 
which  iu  turn  is  carried  by  the  bracket  E.  Within  a  central 
drum  oil  this  disc  K  is  arranged  a  coil  spring  M  connected  at 
one  end  to  the  drum  and  at  the  other  end  to  the  multiplying 
gear  spindle  upon  wliicli  is  carried  the  contact-bearing  arm  A. 
This  spring  serves  in  the  first  place  to  take  up  "  backlash  ，'  in 
the  gear,  and  in  the  second  place  to  electrically  earth,  through 
the  apparatus  to  the  metallic  structure  of  the  ship,  the  contact 
piece  F.  、 

As  shown  in  Figs.  1  and  3,  current  from  an  accumulator  or 
other  source  is  led  by  wires  N  O  (iiulicated  diagrammatically) 


Fig. 


Denny  &  Edgecombe's  Torsiometer. 


Fig.  3. 


which  torque  is  being  measured  is  electrical,  have  the  dis- 
advantage of  great  delicacy  in  their  parts,  particularly  if  they 
be  adapted  for  wide  readings  of  small  amounts.  Mechanical 
torsiometers,  while  they  avoid  tlie  disabilities  of  delicate  con- 
struction, suffer  from  tlie  fact  that  their  indicating  or  record- 
ing mechanism  is  in  mechanical  connection  and  must  of 
necessity  be  close  to  that  part  of  the  shaft  where  torque  is 
measured —  that  is  to  say,  in  the  shaft  tunnel  or  beneath  the 
floor  plates  of  a  ship ― and  very  often  difficult  of  access.  With 
a  view  to  obtain  the  advantages  of  both  systems  and  avoid  their 
disadvantages,  Mr.  Archibald  Denny,  of  William  Denny  and 
Brothers,  Leven  Shipyard,  Diunbarton,  and  F.  T.  Edgecombe 
liave  designed  ami  patented  the  arrangement  of  torsiometer 
shown  in  the  accompanying  illustrations,  and  which  comprises 
essentially  a  mechanical  torque  measuring  device  and  an  elec- 
trical  device  operated  tl»ore])y  and  indicating  or  recording  that 


and  brushes  to  slip  rings  P  Q  and  thence  to  each  end  of  the  arc 
of  resistance  G.  The  contact  arm  A  being  earthed,  there  is 
thus  provided  a  separate  circuit  through  each  slip  ring ― one 
circuit  for  "ahead"  running,  the  other  for  "astern."  In  each  of 
these  circuits  is  a  balancing  resistance  R  S  for  testing  purposes 
and  which  can  be  cut  out  or  in  by  the  operation  of  switches 
T  U，  while  in  the  earth  connection  is  also  a  switch  V，  so  that 
circuit  may  be  broken  when  no  reading  is  desired.  In  the 
eartli  connection  is  also  a  rheostat  and  travelling  contact  W  by 
which  the  instrument  used  for  indicating  (or  recording)  may  be 
adjusted,  the  two  circuits  N  O  and  the  earth  connection  finally 
terminating  in  the  three  terminals  Y  Z  X,  of  diflFerentially 
wound  duplex  ammeter  or  other  equivalent  instrument  having 
a  scale  calibrated  in  torque  units.  The  ammeter  or  other 
instrument  used  may  be  provided  witli  devices  recording  upon 
a  cliart  in  the  usual  maimer. 
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IMPROVEMENTS  IN  ELECTRIC  FURNACES  AND  THEIR  APPLI- 
CATION IN  THE  MANUFACTURE  OF  STEEL* 

BY  HANS  NATHUSIUS,  DU.ING. 

(Concluded  from  page  597). 
The  lining  of  the  Natlnisiiis  furnace  may  be  either  basic  or  acid, 
and  the  roof  is  built  of  silica  bricks.    In  a  basic  furnace  the 
bottom  and  the  side  walls  are  lined  witli  dolomite  and  tar  rammed 


Switch  in  O*])osiiion  -  zero  point  in  the  bath. 

,,        T.       "       ^ zero  point  in  transformer  with  low  tension  in 

liearth  electrodes. 
,,       II.       "       =  zero  point  in  transformer  with  high  tension  in 
hearth  electrodes. 
Z  =  Meter,  U  =  Switch,  A  =  Ampeveiueter.  V  =  Voltmeter,  W= Wattmeter, 
Th  ^  Main  Transforuier,    Tr.  S.  =  Separating  Switch,   O.S.  =  Oil  Switch, 
Ms.  Tr.    pleasuring  Transformei',  H.  Tr.    Booster  transformer. 

Fig.  2. ― Wiring  Diagram  for  Nathusius  Furnace,  arranged  fok 

WORKING  WITH  HlGH-TENSION  ALTERNATING  CURRENT,  AND  TEANSFORMEU 
WITHOUT  MeUTRAL. 

in  the  usual  way.  It  is  a  good  practice  to  lay  a  few  courses  of 
miignesitc  bricks  where  the  roof  and  side  walls  meet.  The 
required  repairs  to  the  side  walls  when  renewing  the  roof  can 
then  bo  done  very  quickly.  In  the  furnace  under  consideration, 
owing  to  the  good  distribution  of  the  arcs,  and  their  reduced 
intensity,  the  local  overheating  of  the  surface  is  not  so  great. 
Wlicn  it  is  required  to  renew  the  arch  the  side  walls  must  also 
in  "lost  fjisos  bo  repaired,  as  tlio  roof  and  the  sides  bind  togotlier. 
Approximately,  100  lieats  may  bo  obtaiufd  under  cue  roof  when 
only  cold  metal  is  charged,  and  nearly  double  that  number 
wlicu  liot  metal  is  oliJirgod.  The  fact  of  the  cnri'ont  fiowing 
tlirouuh  tlio  bottom  increases  its  durahility  considerably,  for  it 
is  woll  known  tliat.  a  thomugli  Imrning  ； it  high  temperature  is 
tlio.  best  security  for  a  liiuli  dognu^  of  refractoriness.  As  tlio 
bottom  itself  is  lioated  to  u  liigh  tempo rnture  it  becomes  burnt 
automatically.  For  the  same  reason  repairs  can  easily  be  made, 
bocauso  the  dry  dolomite  mass  when  throAvn  on  tlio  bottom  is 
immediately  burnt  on.  Any  holes  rotaiiiiiig  piuldlos  of  liquid 
mot  ill.  wliif])  might  prevent  the  burning  of  dolomite,  arc  emptied 
to  the  last  drop  by  tipping  tlio  furnace  to  a  sufficiently  steep 
a  agio.  Slight  repairs  to  the  furnace  can  couveniontly  be  done 
during  the  interval  betw(、n  1  wo  cluxrges.  Heavy  repairs  to  the 
bottom  arc  ncvei  required. 

Coining  now  to  the  electric  installatitm  of  the  furnace,  the 
current  oinployod  is  ii  3-])liaso  altmmtin'u  ciUTent  of  any  cou- 
vouiout  froquencv.  This  kind  of  run-ont  is  the  most  convenient 
for  metallurgical  work,  and  in  its  application  economical  as 
well  as  electrical  ami  tlionno-technical  jidvant:i^i:os  are  involved. 
A  3-pluiso  current  of  any  froqiioncy  may  be  used.  Even  in  the 
case  of  molting  down  cold  charges  it  is  not  required  to  put  down  a 
motor  uonorator  or  a  s(、pi"'at(>  gonorator.  The  furnace  can  be 
(o 脑、 （  ted  direct  to  a  stop-doAvn  oil  transformer,  whiih  reduces 
the  voltage  of  tlio  mains  to  that  of  the  furnace  (110  volts).  The 
saving  in  first  cost,  as  、v(、ll  as  in  、、- orking  oxpoiisos.  has  already 
boon  conimeutcd  on.  DilYoront  systems  of  connect  ion  uro 
oin])lovod  accordiuji;  to  the  jiarticular  requirements  of  the  furnace. 
The  simplest  and  most  useful  connection  when  workiug  with 
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fluid  charges  is  shown  in  Fig.  2.    It  will  be  seen  that  there  are 

three  surface  (arhon  olectrodes  which  aro  fonnec tod  to  tho  outer 
terminals  of  the  secondary  windings  of  the  furnace  ti'iiusfonner, 
and  three  bottom  electrodes  connected  to  the  three  inner  terminals 
of  tlio  secondary  coil.  The  tliroo  inru"'  terminals  of  the  trans- 
former are  obtained  by  sepamtin*^  the  windings  at  the  neutral 
point  where  the  three  secondary  windings  of  an  ordinary  3-phaso 
transfoi'mer  aro  oonnected.  liy  this  means  the  noutral  zone ― 
if  it  is  permissible  for  the  sake  of  a  clearer  undtMstauding  thus 
to  represent  the  electric  conditions 一 is  transferred  to  the  bath 
itself,  and  the  current  must  gravitate  from  all  points  of  supply 
towards  this  neutral  zone.  In  other  words,  the  curront,  thou 力丄 
supplied  from  a  single  source  only,  is  forced  to  flow  not  only 
between  the  iippor  and  bottom  olectrodes,  but  also  between  any 
upper  electrode  and  any  bottom  electrode.  It  is  thus  possible 
with  a  single  source  of  cnrront,  to  heat  tlio  charge  in  all  parts, 
provided  that  its  resistance  is  sufficiently  high,  or  that  the  cui'rent 
is  strong  enough  to  produce  sufficient  heat  in  the  charge  、vh(»n 
the  resistance  is  low. 

Experts  have  expressed  doubt  as  to  whether  any  current 
flows  through  the  bottom  electrodes  or  even  between  the 
bottom  electrodes  of  this  furnace.  In  Fig.  4，  in  Avliifh 
(in  two  phases)  tlio  course  of  the  current,  fiowing  from  tlie 
outer  terminal  ( 1 )  of  the  secondary  winding  of  phase  I.,  is 
indicated  by  an'ows  and  luimWrs,  it  may  clearly  bo  seen  that  it 
is  impossible  for  the  current  to  return  to  the  starting  point  if  it 
passes  only  between  the  surface  electrodes.  Hence,  with  this 
connection,  no  closed  circuit  can  be  established  through  tho 
surface  electrodes  only.  Sinco  the  neut  rul  point  is  discon- 
nected and  transferred  to  the  bath,  a  circuit  can  only  be  estab- 
lished when  an  equalising  furiont  flows  thronsrh  the  bottom 
electrodes  as  wel  1  as  through  tlie  upper  decti'odcs  towards  tlie 
neutral  zone  in  the  bath.  According  to  the  first  law  of  Kirchhoff, 
the  sum  of  the  currents  entering  the  surface  electrodes  must  In* 
exactly  equal  to  the  sum  of  the  currents  leav—  the  bottom 
electrodes.  This  proves,  without  doubt,  that  there  must  be  a 
passage  of  cui'rent  betwoeu  the  bottom  olectrodes  wlieu  current 
passes  between  the  surface  electrodes.  Otherwise,  the  sum  of  the 
currents  in  the  conductors  of  the  surface  electrodes  could  not  be 
equal  to  that  in  the  conductors  of  the  bottom  electrodes.  It 


®     ®  ® 


A  =  Ampevemetei'.  V  =  Voltinctev,  、V- Wftltnieter,  Z  =  Meter.  TH  =  Main 
transformer  with  fixed  neutral,  P.R.  =  Potential  regulator.  T*  -  Booster 
traiisfoi  nier.  Tr.  S.  -  Soraiatiiig  Switch,  O.S.  -  Oil  Transformer,  Ms.  Tr.= 
Mon.snriiii;  Irnnsfornier. 

Fig.  3.— Wiuing  Diagram  for  Nathush  s  Ki-rnace.  with  Tknsion 
Alteunating  CrimKNT.  Main  TuANSFOBMKn  with  KixF.n  Nkutral  and 

POTKNTIAL  RKCiULATttR  FOIi  VaUIABLE  HKAKTH  HF.ATING. 

might  bo  said  that  the  cuiTciits  are  only  flowing  between  tho 
surface  eloitrodos  and  tho  bottom  oltHtrodos.  witlioiit  also 
flowiuo:  botween  tho  individual  surface  eloitrodos  and  tho  indi- 
vidual bottom  electrodes.  This  is,  liowever.  impossible,  as  tho 
runviit  must  How  botwocn  two  points  l、i、t、v，、*'n  wliicli  there  is 
potential  «:radiout  and  a  coiuliKtive  conuection.  Since  there  is  a 
fall  of  potential  between  any  two  electrodes,  and  since  the 
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electrodes  are  all  mutually  in  conductive  connection  through 
the  metal  bath,  there  must  be  a  flow  of  electricity  between  the 
upper  electrodes  and  also  between  the  bottom  electrodes.  To 
obtain  a  clear  conception  of  the  electric  conditions,  it  will  bo 
well  to  consider  the  various  resiatances  and  tensions  in  the 
furnace.  In  a  5-ton  Natliusius  furnace  the  tensions  are,  under 
normal  conditions,  us  follows  : ― 

Between  the  upper  electrodes    IIU  volts. 

Between  the  lower  electrodes   10  " 

Between  the  upper  and  lower  electrodes  . .    61  " 

The  resistances  are  : — 


Fig. 


A 


Between  the  upper  electrodes  : ― 

(1)  Resistances  of  two  air  spaces. 

(2)  Resistance  of  two  layers  of  slag. 

(3)  Resistance  of  the  bath  or  charge. 

(4)  Contact  resistance  between  slag  and  metal  bath, 
B,  Resistance  between  the  bottom  electrodes  ：一 

I.  Covered  bottom  electrodes  : ― 

(1)  Kesistauce  between  two  layers  of  hearth  material. 

(2)  Resistance  of  the  bath  or  charge. 

(3)  Contac;t  I'esistiinc'e  between  bottom  electrode  and 
hearth  material. 

(4)  Contact  resistance  between  hearth  material  and 

bath. 

II.  Exposed  bottom  electrodes  : ― 

(1)  Resistance  of  the  metal  bath  or  charge. 

(2)  Contact  resistance  between  bottom  electrode  and 

metal  bath. 

1. ― Arc  Electrode  Circuit. 


Heat  No.  ]067.      August  19，  1911. 


Charge   

Yield  

Length  of  lit  at  

Total  energy  eonbuiued  (including  transformer  losses) 


Fig.  5.— Load  Cuiives  of  a  5-6-ton  Nathusiits  Fuknace.    (Exposed  hearth  electrodes.   Curvts  taken  on  secondary  circuit.) 

C.  Kesistance  between  it  surface  elect  rude  imd  a  bottom 
electrode  :  ~ 
I.  With  covered  electrodes 

(1)  Resistance  of  one  air  space. 

(2)  Resistance  of  one  hyev  of  slag. 

(3)  Resistance  of  the  metal  bath. 

(4)  Resistance  of  the  hearth  material. 

(5)  Contact  resistance  between  slag  and  metal  bath. 
(())  Contact  resistance  between  metal  bath,  or  charge, 

and  hearth. 

(7)  Contact  resistance  between  hearth  material  and 
bottom  electrode. 


II.  Exposed  bottom  electrodes  : ― 

(1)  liosistuncc  of  one  air  space. 

(2)  Resistance  of  metal  bath. 

(3)  Contiict  rcfsistaacc  between  slag  and  metul  bath. 

(4)  Contact  resistance  between  metal  bath  and  bottom 

electrode. 

The  tension  between  the  upper  electrodes  and  between  the 
upper  and  the  bottom  electrodes  is  constant,  whereas  the  tension 
between  the  bottom  electrodes  depends  on  the  resistance  between 
the  bottom  electrodes.  It  is  now  theoretically  possible  that  in 
the  case  of  covered  bottom  electrodes,  and  with  a  cold  Iiearth 
at  the  beginning  of  a  run,  the  tension  at  the  bottom  may  also 
reach  110  volts,  under  which  condition  no  current  could  flow 
between  the  electrodes.  Such  a  condition,  however,  does  not 
occur  in  practice,  because,  as  with  an  open-hearth  furnace  or  a 
converter,  a  relined  electric  furnace  must  be  heated  before  it  can 
be  started.  The  bottom  will  therefore  soon  become  a  good 
conductor  ；  its  resistance  will  diminish  gradually  as  the  furnace 
becomes  warmer,  and  the  tension  will  fall  to  10  to  15  volts. 

It  is  evident  that  the  distribution  of  the  current  will,  be  con- 
siderably influenced  by  any  alteration  of  the  air  spaces,  and  of  the 
resistance  of  the  layer  of  slag  or  of  the  bottom  material.  If  the 
charge  consists  of  ore  or  of  scrap  iron  with  large  air^  spaces,  then 
the  electric  resistance  of  the  charge  is  quite  liigli  enough  to 
generate  a  sufficient  heat  in  the  charge,  with  the  usual  current  of 
3,000  to  4,000  amperes. 

A  better  contact  with  the  charge  is  obtained  with  exposed 
electrodes.  These  are  made  of  mild  steel,  and,  to  prevent  their 
melting  it  is  necessary  to  cool  the  portions  outside  the  furnace 
with  water.  If  the  charge  consists  of  fluid  metal,  such  as  mild 
steel,  then  the  heat  in  the  bath  may  be  increased  by  employing 
bottom  electrodes  covered  with  a  layer  of  the  hearth  material,  as 
shown  in  Fig.  1.  This  material  will  then  act  as  a  heating  resis- 
tance, and  the  comparatively  low  resistance  of  the  bath  can  be 
increased  by  taking  advantage  of  contact  resistance,  hysteresis, 
eddies,  or  sldu  effect. 

If  this  iiicrea.se  of  resistance  does  not  suffice  to  produce  the 
necessary  heat  effect  in  the  charge,  then  the  current  flowing 
between  the  bottom  electrodes  may  be  strengthened  by  inserting 
a  booster  transformer  in  the  circuit  of  the  electrodes,  as  shown  in 
Fig.  3.  By  this  means  the  heat  produced  by  the  bottom  elec- 
trodes may  be  regulated  from  zero  to  any  desired  maximum,  just 
as  the  arc  heat  may  be  regulated  by  lifting  or  lowering  the  carbon 
electrodes.  By  using  the  booster  transformer  in  connection  with 
a  tension  regulator  (see  diagram  of  connections,  Fig.  3),  the  energy 

delivered  at  the  upper  as  well 
as  at  the  lower  electrodes 
can  be  regulated  to  any 
desired  degree.  The  regula- 
tion is  based  on  changing 
the  voltage,  is  independent 
of  the  actual  resistance  of 
the  current  J  and  is  effected 
by  the  use  of  a  double  push- 
button without  disturbing 
the  working  of  the  furnace 
and  without  switching  the 
transformer  out  ；  it  is  also 
independent  of  the  main  trans- 
former. The  tension  regulator 
is  worked  by  a  small  auxiliary 
motor,  supplied  with  energy  by  a  small  low-tension  3-phase 
transformer.  The  circuit  of  the  auxiliary  motor  is  closed  hy 
manipulating  one  or  the  other  push-button,  and  by  means  of  a 
worm  gear  the  motor  turns  the  tension  regulator  in  either  direc- 
tion, whereby  the  tension  of  the  transformers  is  either  augmented 
or  decreased.  On  the  release  of  the  push-button  the  motor  and 
the  tension  regulator  stop  in  the  desired  position.  By  means  of  a 
contact  relay  the  regulation  of  tlic  tension  may  be  done  auto- 
matically. The  same  operation  may,  of  course,  be  carried  out 
without  the  booster  transformer.  The  main  transformer  must 
then  have  an  adjustable  neutral,  wlicso  position  may  be  adjusted 
so  as  to  increase  the  supply  of  energy  to  the  arc-cucuit  or  to  the 


5620  kg.  liquid  basic  steel. 
5950  kg.  material  higher  in  silicon. 
2  hours  35  minutes. 
1300  kilowatt-hoLirs. 
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bottom  circuit  as  required.  A  connection  of  this  type  is  shown  in 
Fig.  4. 

The  electric  ('unviit  can  thus  he  compelled  to  How  through 
the  bottom  lining  ami  the  bat  h  or  charge,  as  well  as  tlmniuli 
the  slag,  and  a  compai-atively  large  resistance  is  brought  into  the 
electric  circuit.  The  resistance  acts  as  an  electric  buffer  by 
(liniiiiishiiig  the  unavoidable  juiii|)s  in  tlio  air  curnMit,  aiul  thus 
enables  the  furnace  to  bo  woi'1v(hI  cither  direct  from  the  supply 
】naius  (if  1 10  volts  is  availa  ble),  or  on  the  circuit  of  an  ordinary  static 
transformer.  The  installation  of  an  expensive  motor-generator 
and  c(miplicate〔l  choking  coils  is  saved.  The  furnaces  wliich 
have  been  in  continuous  work  for  】iuuiy  years  at  Fiiedenshutte 


Time. 


f5  5- 


-1^  5 


一  J~f， 


15  5. 


.3  5, 


-Its 


The  weekly  average  of  21  successive  working  weeks  with  this  furnace  was  as  follows  ： 

Ferro-nianganeye  treated   '29.150  kg. 

Energy  consaniption  (including  tranwfonner  and  conductor  losses)        ..       '2i.7()0  k\v.  hours. 
Energy  consumption  ijer  ton  of  ferro  matif^anese  melted     ..       ..       ..       841  kw.  hours. 

Fi«.  6.— Load  Curves  of  a  Nathusius  Furnace,  Specially  Ariiangkh  foii  M klting  Feiiuo-manganese 
WITH  Moderate  Bottom  Heating.     (lianiiut.'d  hearth  electrodes.) 

bear  out  these  statements.  Both  the  5-6-tou  furnace  and  the 
2-3-ton  furnace  are  connected  direct  to  the  supply  mains,  and 
have  never  caused  trouble  at  the  generating  station. 

The  accompanying  load-curves  also  show  that  tlie  favourable 
methods  of  connection  adopted  by  the  autlior  eliminate  the  vio- 
lent fluctuations  in  the  arc  current.  The  curves  have  been 
determined  by  means  of  a  registering  wattmeter  with  unequally 
loaded  phases,  whereby  the  effects  of  the  self-induction  in  both 
circuits  (arc  and  bottom)  are  eliminated. 

As  may  be  seen  from  Fig.  5  in  recording  the  measurements 
taken  on  the  5-6- ton  furnace,  the  total  working  period  of  each  heat 
is  divided  into  two  or  three  stages,  each  marked  by  adding  new 
slag  either  once  or  twice.  Small  discrepancies  in  the  curves  are 
not  caused  by  unsteadiness  of  the  au* -current,  but  are  due  to 
fluctuations  of  the  primary  tension  or  to  manipulations  of  the 
furnace. 

It  will  be  plainly  observed  that  the  state  of  the  bath  influences 
to  a  certain  extent  the  fluctuations  which  occur  shortly  before 
slagging  off,  that  is,  whon  the  bath  is  particularly  hot  and  boils 
while  giving  ofi  gusos  ；  the  fluctuations  are  also  considerable  alter 
adding  slag,  because  then  the  strongest  reaction  takes  place. 

The  curves  show  that,  at  an  average  load  of  350  lew.  at  the  arc 
electrodes,  an  average  load  of  60  to  65  kw.  is  available  at  the 
bottom  electrodes  (Fig.  9).  When  the  electrodes  are  bare  the 
power  in  the  bottom  electrode  circuit  is  reduced  to  42  kw.  (Figs.  5 
ami  10).  The  ciu  vo  in  Fig.  6  is  the  secondary  loatl  curve  of  the 
arc  circuit  of  tin'  2-toii  feiro-nianganese  furnace  when  melting 
down  cold  chargos. 

Fig.  7  shows  a  load  curve  Imiu  th,'  primary  .sith'  ot  the  trans- 
former  for  the  5-6-tou  electric  steel  furnace  with  fluid  charge. 
The  curve  shows  the  fliK'tuations  in  tlio  load,  which  is  of  import- 
ance to  the  generating  station,  and  indicates  that  the  furnace 
causes  considerably  less  fluctuation  of  the  current  than  a  simple 
an:  furnace,  although  it  is  only  on  the  circuit  of  a  simple  trans- 
former. 

The  curve  in  Fig.  8  clearly  sho\v.s  tlie  dift'eiem'e  in  the  fluctua- 
tions in  the  case  of  a  simple  arc  furnace  and  those  of  a  combined 
iuv-resistance  funiaco.  The  Natliusius  comit'ction  is  applied  in 
Diagram  I.,  and  that  of  a  simple  arc  furnace  in  Diagram  II. 

Tlio  cause  of  those  dilTorouccs  w  ill  h(、  uiKltMstood  on  coiisulrr- 
the  I  elision  (liu«iram.  Wlioii  tlio  neutial  point  of  the  main 
transformer  in  the  Niitliusius  connection  is  removed  to  the  batli, 
the  toiision  l、，、t、v,、t"i  tlii、  hod oni  electrodes  is  a  fuiK-tioii  of  tlio 
rum'ut  ilowiiig  in  I  lie  ； uv  circuit,  i.e..  cortain  (onsioii  lliutuations 
、、 ill  he  inoasurahlo  at  the  bottom  electrodes  、vlu、n  <j;reat  oscillations 
oct  ur  in  tlu、  an*  circuit.  Siiuo  tlio  stM'ondarv  phase  tonsion  is  at 
constant  primal y  lonsioii,  the  toiision  at  tlio  an-  cloctnulos  must 
ilrop  wluMi  tlio  olectrodos  avo  short  circuited.  Thus  tlio  oscilla- 
tions duo  to  short  circuilinii  of  the  a  res  arc  (lainpotl.  ami  this  has  a 


greater  effect  tliaii  the  increase  of  the  enerjjjy  -supplied  tlirougli  the 
bottom  electrodes. 

The  j)uf  tiiiji  ill  of  a  booster  traii.sfoniKM'  does  not  alter  t liese 
conditions,  and  it  is  therefore  to  be  ohscrvcd  on  the  curves, 
Figs.  8  and  9,  that  cacli  load  peak  in  tlie  arc  circuit  correspoiuls  to 
a  load  peak  in  the  circuit  of  the  Ijottoin  electrodes. 

The  lines  of  force  traversing  the  molten  stoel  hatli  produce 
ji  rotary  niagnelic  field  which  causes  a  rotation  of  the  material. 
In  the  author's  furnace  a  moderate  rotation  of  the  bath  is  attained 
l>y  leading  tluM-unvnt  tlirou^h  the  lar;">  cross-section  of  tin*  1ml h 
iind  ill  dillVjviit  dim-tious.  It  is  ahso  obvious  that  by  distiibuliiig 
tlie  current  in  Iho  depf  li  of  tlie  bath  as  well  as  on  the  surface  the 
lotai y  magnetic  field  is  produced  tlmnigliout  the 
entire  hath,  lii  this  way  not  only  a  very 
uiiifonn  heating  of  the  hath  is  ol)tained,  but 
also  ;ui  cxti'oinoly  liomo)^("i''(ms  product.  This 
advantat^e  i.s  especially  iiiijxjilaiit  in  producing 
alloyed  steels. 

The  <|U('stion  is  now,  How  can  an  air- 
resLstaiice  iuiJiace  be  economically  apj)li(Ml  in 
metallurgy  ？  To  give  a  general  answer  is  of 
course  impossible,  as  it  depends  entirely  on 
individual  or  local  conditions  as  to  liow  the 
electric  furnace  can  he  applied  to  tlie  best 
advantage. 

Taking  tlie  case  of  large  blast  furnaces  and  steehvurk.s  w  lie  re 
there  is  available  blastfurnace  gas,  and  therofore  also  compara- 
tively cheap  cunviit  ajid  li(|ui<l  steel  eitli<M'  from  a  converter  or  an 
open-licartli  furnace,  and  where  the  required  grades  of  steel  are 
not  tool  steel,  but  ordinary  steel  such  as  liard  material  for  rails, 
.structural  steel,  projectiles,  or  soft  material  for  tubes,  plates, 
hydrogen  flasks,  &c.,  in  large  quantities,  an  electric  furnaco  of 
the  same  capacity  as  the  converters  or  the  open-hcarth  furnaces 
is  tlie  most  -suitable,  as  undivided  and  partially  lefinod  chaises 
can  then  be  usetl.  Whether  this  is  possible  (lepciuls  upon  wiiether 
there  is  a  sufficiently  good  market  for  the  grade  of  steel  to  be 
produced  in  the  electric  furnace.  At  Friodoiishiitto,  however,  a 
5— 6-t(m  furnace  had  to  sufhce,  and  this  was  in  continuous  work  for 
more  than  two  years  in  combination  with  basic  steel  works.  The 
converters  there  liave  a  capacity  of  12  to  15  tons,  of  which  5  to  6 
tons  are  chargod  into  the  electric  furnace,  and  the  remainder  is 
cast  into  ingots. 

One  question  ； irises,  、vh(、tli(、r  it  would  not  be  possihlo  iindor 
certain  circumstances  to  work  tlio  electric  {iirnace  eronoinically 
in  direct  connection  with  tl"、  hlastfurnacc  or  mixer  and  thus 


Heal  No.  980.    (Uamined  hcai  lh  elcctiodt-s.  J 

Cliarge  5H>"  kilogr;""mcs  liquid  Uisic  sieel. 

Yield  6230  kilograniim's  "，； "cnM  high  in  silicon- 

Energy  ronsiimod  (including  Iosm's^ 

ill  transformer  and  secondary  |  1100  kilow.Ul-hours. 
conductors     .       •       •       .  j 

KiG.  7.— Load  Cuavt  ok  a  .V6-ton  Nathosu  s  Fi  bnai  k. 
(Priuiavy  circuit  with  combined  surface  autl  Ijotloiu  lien  ling  ) 

(lisponso  with  tlu、  con  vert  or  or  tho  o|)on-he;irtli  funiarc  altouether. 
In  tlio  im、s，、nt  state  uf  tho  olortrit*  furiuicc  tlu、  ； iut hor  is  of 
t)|)ini(>n  tluit  sui  li  \\  stop  would  ho  prematiire. 

In  livru*'  inotalluruical  works  clionp  pnxlucor  coal  is  mMionilly 
available.  In  siu  li  casos  «;;is  liiinu  is  ； il、v;ivs  ； i  cIiohikm*  hoatin*; 
agent  than  the  elect rir  c  urroiit,  even  、、- lu、ii  tho  hitter  is  generated 
l»y  hiastfuriuirc  merinos.  Thm、  is  no  "1 小、 <  t  in  porformiu^i 
opiMutioiis  in  un  olortrir  {iinuiro  whirli  can  Ih'  douo  sulii(  i，'nlly 
wcll  in  a  (  luvipt"'  gas-tirod  furnace 

But  even  if  coal  is  oxponsivo  and  ，、l"  t'i，'  "》、、',、，*  v<»rv  (  lioap, 
sav  at  0*07  (»f  a  p，、nnv  per  kilow at ( -hour,  tlu'  <|nosti<»n  must 
still  bo  a  ns  wo  rod  in  th'、  in\^;itivt\  In  \vt)rkin.u  uj>  direct  metal 
in  all  oltH'trir  furnat o  l»y  a  juoioss  similar  to  llio  or，、  jiroccss  in 


May  17，  1912] 


THE   MECHANICAL  ENGINEER. 


611 


30 


。0 


.Diagram  I. 


the  opon-hourth  fiirnaco,  tlic  refinin<j,  would  take  too  Ion*;  ;i  time, 
on  jUTOuut  of  tlio  hiriic  quantities  of  ore  and  slag  wliich  would 
1)0  required  in  the  neutral  atmosphere.  The  control  of  the 
liirgo  quantity  of  slag  by  lioutinu-  from  above  with  arcs  would 
no  doubt  be  a  most  difficult  problem,  and  the  refining  would  bo 
indcfinitoly  prolonged.  Evon  with  the  cheapest  possible  powor 
supply  the  cost  of  tninsfoinia- 
tion  would  unquestionably  be 
higher  than  that  of  heatinu 
an  ordinary  tilting  open-hoarth 
furnace. 

The  author  is  of  opinion  that 
the  convorsion  c/  pig  iron  by 
electric  means  may  economi- 
cally be  performed  in  ； i  hoated 
mixer  or  tilting  opcn-hcarth 
furnace.  When  an  open-hoarth 
furnace  is  charged  with  hot  iron 
either  direct  from  the  blast- 
furnace or  from  a  hot  mixer  it  is 
a  well-known  disadvantage  that 
the  whole  bath  must  be  kept 
unnecessarily  hot  for  a  long  time 
after  adding  the  cold  slag  addi- 
tions before  an  energetic  reaction 
can  take  place  between  the 
metal  and  the  still  unfused  slag. 

The  slag  additions  might,  how- 
ever, with  advantage  be  melted 
in  a  separate  furnace,  and  for 
this  purpose  the   electric  fur- 
nace,    and     】;mi'ticuki'ly  the 
arc  -  resistance  fur- 
is  better  suited  than  any  other  because   of  the  high 
tenipemturo  attainable  and  the  higli  resistance  of  the  charge. 
The  fluid  slag  of  the  proper  composition  can  then  be  charged 
direct  on  to  the  metal  bath.    A  violent  reaction  and  disturbance 
will  then  take  place  in  the  bath,  and  the  refining  will  be  completed 
in  a  very  short  time.    In  large  steelworks,  with  a  row  of  open- 
tearth  furnaces  at  wwk  and  where  the  demand  for  fluid  slag  is 
continuous,  the  electric  furnace  may  be  arranged  as  a  kind  of 
slji<i  mixer,  which  can  always  deliver  slag  capable  of  reaction. 
This  method  might  perhaps  be  usefully  applied  in  the  Talbot, 
Bei'txafld-Thiel,  or  Hoesch  processes. 

In  any  case,  the  time  of  the  refining  process  would  be  con- 
siderably shortened,  while  it  is  evident  that  the  two  molten 
masses  can  react  more  rapidly  on  each  other.  The  reaction  is 
also  certain  to  bo  moro  complete  th",n  when  the  slag  is  charged 
cold.  Under  these  conditions  it  may  become  possible  to  convert 
dim't  metal  into  mild  steel  in  an  electric  furnace,  assuming  the 
electric  energy  is  generated  by  means  of  blastfurnace  gns. 


li  mi  nary  refining'  in  tho  two  furnnfos  (J  ;iml  H.  For  tin*  rcniovnl 
of  tlic  remainder  of  the  irupurities  tho  hearth  is  ('lmr;'('<I  \\\\\\  a 
hii^'hly  oxidic  slag'  (I).  Furnace  B  contains  pi<<  iron  (medium 
nietal  II.),  which  has  ； iln^ady  boon  partijilly  r('fim>(l  in  a  mixer 
(furnace  C).  Tl"'  furtlicr  lefinino-  is  oftV'cted  l)y  slag  2,  now  lower 
in  oxygen,  from  furnace  A. 


Connections  according  to  Diagi'avi  /. 


Connections  according  to  Diagram  II. 

Z 


^jo  pto 


Diagram  II. 


Heat  No.  1025.    July  21.  1911. 
C|iai.ge    ....    5800  kilogrammes  liquid  basic  steel. 
Yield       -  6000  kilogrammes  low  silicon  material. 

Energy  consumed  (indud-) 

ing   losses    in    trans-  (  ，  ,aa  ,  ■，      .  .  \ 
formers  and  secondary  >  1^00  kilowatt-hours. 
conductors        .       . ) 
Bare  hearth  electrodes. 


Heal  No.  1056.    Augua  15.  1911. 


Charge  .... 
Yield      .       .  .J 

Ener^  consumed  (includ- 〕 
ing  losses  in  trans-  I 
former  and  secondary  | 
conductors)       ,  "J 

Exposed  half  electrodes. 


5:j70  kiioRrammes  liquid  basic  steel. 
' 5890  kilo^rramnics  materia^ higher  in 
silicon. 


1300  kilowau-hour?. 


Fig. 


nace 


the  metal  (11.) 
is  charged  into 


I.  Arc  PAecfrotU  Cirruit, 


II.  He'irth  Electrode  Circuit, 

Heat  No.  1 進    October  31,  1911. 

Charge    4860  ky.  U(iui(l  basic  steel. 

Yield    5150  kg.  material  liigher  in  silicon 

Length  of  heat   '1  hours  51  minutes. 

Total  energy  consumed,  including  transformer  losses  1100  kilowatt-houvs. 

Fig.  9  — Load  Curves  of  a  5-6-ton  Nathusius  FoB\Acii 


(Rauiined  hearth  electrodes 

The  same  method  may  also  bo  used  with  advantage  in 
combination  with  a  heated  mixer  and  a  tilting  open-heHi'th 
furnace.  A  third  furnace ― an  arc-resistance  furnace 一 may  be 
added  with  adv;intat>e.  Such  a  combination  of  furnaces  is 
shown  in  Fig.  11.  It  will  be  seen  that  there  are  three  furnaces. 
Furnace  C  represents  the  hot  mixer,  B  the  tipping  opon-ht^'arth 
funiaco,  and  A  the  arc-rosistauco  furnace.  The  throe  furnacos  are 
intended  to  work  together  in  such  a  manner  that  furnace  A 
contains  steel  (refined,  metal  III.)  which  has  undergone  a  pi'e- 


8.— Load  Curves  of  a  5-6-ton  Nathusius  Furnace. 
(Arc  electrode  circuit-secondary. ) 

When  the  reaction  is  finished  in  fiuTiace  B 
the  refinement  of  which  is  now  fairly  advanced, 
furnace  A,  while  the  pig  iron  bath  I.  is  treated  in  furniice  C  with 
slag  3,  now  comparatively  low  in  oxygen.  The  sla»>-  in  furnHce 
C  is  then  poiued  off,  and  is  ； i  most  valuable  one  if  the  pi<r  iron 
used  is  phosphoric.  At  the  finish  the  slag  consists  chiefly  of 
lime,  silicic  acid,  and  phosphoric  acid. 

This  method  possesses  many  advantaiies.  First,  tho  phos- 
phorus contained  in  the  pig  iron,  and  valuable  in  the  slag,  is 
not  lost.  Secondly,  all  the  iron  in  the  slag  is  reduced,  and 
the  yield  can  thus  be  increased.  Thirdly,  very  little  or  no  worth- 
less slag  need  be  produced,. which  saves  the  expense  of  transport 
to  the  waste  heap.  Lastly,  the  refining  of  the  metal  can  be 
carried  practically  to  perfection. 

For  the  meltinij  down  of  ferro-Hlloys  electric  furnaces  may 
also  prove  highly  useful  in  large  iron  and  steelworks.  For 
this  purpose  the  arc-resistance  furruice  has  special  Hdvantiiges. 
In  order  to  melt  down  the  expensive  alloys  quickly  and  without 

waste  or  evaporation  losses, 
the  heating  must  be  as 
uniform  as  possible ― con- 
ditions which  can  bo 
realised  fully  with  an  rtlc- 
rosist^nce  furnace.  The 
West  Crornian  Thoinasphos- 
])hate  Works  lu'.ve  a 
method  for  melting  clown 
； Mid  working  those  forro- 
ulloys  in  which  tho  ma- 
terial, such  as  ferro-man- 
ganeso,  is  to  sonic  extent 
overheated,  is  kept  molten 
for  some  time  in  a  mixer 
under  the  one  slau.  and 
is    overheated  somewhat 


Curves  taken  on  secondary  circuit.) 


without  loss  of  manganese  through  burning  or  evaporation. 

This  process  has  boon  usod  for  mon、  than  a  year  at  Friedon- 
shiitto  in  Upper  Silesiu,  using  an  aiv-ivsistanco  furnace  of  2  to  3 
tons.  The  furnace  is  in  continuous  operation,  and  is  ociploycd 
to  melt  down  ferro-manganose  for  use  in  the  basic  Bessemer 
converter.  The  gain  obtained  by  this  process  amounts  uonerally 
to  ()'35  sliillinii  net  per  ton  of  steel,  and  has  \\\  times  risen  to  over 
O  i  shilling.  It  is  based  on  the  saving  of  feiro-iuaugiinose,  which 
amounts  to  about  30  per  cent,  of  the  former  consumption  when 
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using  (H)l(l  fm:()- manganese.  The  saving  is  effected  by  the 
taking  up  of  all  the  molten  ferro-manganese  into  the  bath,  and 
the  losses  in  the  slag  are  eliminated.  The  molten  ferro-manganese 
reacts  much  more  vigorously,  and  u  smaller  quantity  is  therefore 
required  to  produce  the  same  reducing  effect  as  a  larger  quantity 
of  cold  ferro-manganese.  Lastly,  ferro-manganese  which  has 
crumbled  to  powder  through  storage  for  a  long  time  may  bo 
used  without  disadvantage,  whereas  formerly  it  was  considered 
valueless. 

Even  if  the  costs  of  current,  ferro-manganese,  and  other 
items  were  such  that  there  would  be  no  net  saving,  it  would 
nevertheless  be  of  advantage  to  erect  an  electric  furnace  for  the 


Curves 


Direction  of  Slag. 


Medium  Slag. 


Hearth  Electrode  Cirri/ii- 

NoTE.— The  two  curves  were  taken  with  two  Wattmeters  in  exact  agreement  with  each  other.  \vhi<-li  were 
simultaneously  reversed.     Heat  No.  1238.    October  '27,  19]  1. 

Charge    5330  kg.  liquid  basic  steel. 

Yield   5630  kg.  material  higher  in  silicon. 

Length  of  heat   2  hours  21  minutes. 

Total  energy  consumed,  including  transformer  losses      ..  1-200  kilowatt-hours. 

Fig.  10.— Load  Curves  of  a  5-6-ton  Nathusius  Furnace.    (Exposed  electrodes  in  the  hcavth, 

taken  on  secondary  circuit.) 

process.  By  the  use  of  molten  and,  somewhat  overheated  ferro- 
manganese  important  improvements  are  obtained  in  the  quality 
of  steel,  and  the  working  is  facilitated. 

The  speed  of  diffusion  with  molten  and  slightly  overheated 
ferro-manganese  is  of  course  much  greater  than  that  of  cold 
ferro-manganese,  the  reason  being  that  the  reactive  capacity 
of  the  molten  ferro-manganese  is  much  greater,  and  the  de- 
oxidation  of  the  steel  is  consequently  much  more  thorough. 
This  is  proved  by  the  fact  that  overblown  charges  can  easily 
be  remedied  with  molten  ferro-manganese.    Further,  material 
containing  0  25  to  0  3  per  cent,  of  manganese  can  be  easily 
rolled  without  cracking  when  the  charge  has  been  reduced  by 
molten  ferro-manganese,  while  the  material  frbm^  feimilar  charges 
reduced     with    cold  ferro-man- 
ganese   containing   up  to  0  3  to 
0  4  per  cent,  have  broken  iu  the 
rolling  mill. 

Furtlicr ― what  is  very  im- 
portant in  the  manufacture  of 
rails ― the  portion  of  the  molten 
ferro-manganese  wliicli  is  required 
to  alloy  with  the  steel  distributes 
itself  much  more  regularly  iu  the 
iron,  as  the  alloying  capacity  of 
the  molten  ferro-manganese  is  much 
greater  than  that  of  the  cold 
ferro-manganese.  The  segregation 
of  the  manganese,  which  otherwise 
easily  occurs,  is  thus  eliminated. 
Also  the  reducing  back  of  phos- 
phorus  from  the    slag   into  the 

bath  when  cold  ferro-manganese  is  used,  is  avoided.  The 
molten  ferro-manganese  docs  not  come  into  contact  at  all 
with  the  slag  of  the  steel  charge,  because  it  is  poured  straight 
into  the  clean  stream  of  metal  wliile  the  converter  is  being  poured. 
The  result  is  that  the  desired  chemical  composition  of  the  final 
product  is  obtained  with  】nudi  greater  certainty,  and  spoiled 
eluirges  are  avoided.  Since  the  adoption  of  the  molten  ferro- 
inangauese  process  at  Friedeushuttc,  the  analysis  of  the  converter 
charges  have  shown  a  much  greater  uiuforuiity. 

The  foregoing  clearly  shows  that  the  melting  down  of  ferro- 
luanLranosc  in  an  electric  furujico,  and  its  application  all  at  once 
iu  the  liquid  state  for  the  dooxidation  of  basic  steel  charges,  is  an 
important  metallurgical  improvement  on  the  Bessemer  process. 
Tlu、  technical  progress  of  the  latter  method  lias  of  lute  yoars 
been  more  iu  a  purely  coustructivc  direction,  such  as  au  improved 
aiTangeinent  of  converters  or  transport  of  materials.    In  the 


metallurgical  sense,  a  certain  stagnation  seems  to  have  set  in 
which,  rightly  or  wrongly,  has  brought  the  old  process  into  dis- 
credit. The  author  hopes  that  this  new  method  of  reduction  will 
serve  the  purpose  of  restoring  its  former  "'edit.  Among  basic 
steelworks  in  Germany  which  have  adopted  the  new  process  niny 
be  mentioned  the  Friedenshiitte  Works  and  the  Hasper  Works. 

It  is  obvious  that  the  sj»me  process  may  be  applied  to  the 
basic  open-hearth  furnace  or  the  Talbot  process,  when  a  large 
number  of  these  furnaces  arc  working  continuously.  The 
saving  in  ferro-niangancso  will  probably  be  as  gre;it  in 
these  cases,  and  an  improvement  in  the  quality  of  steel  would 
result.  The  new  method  would  also  prove  of  great  advantage 
in  cjisos  where  reduction  must  take 
place  in  the  ladle,  as  in  the  Talbot 
process.  Instojul  of  ferro-manganese 
alone,  one  might  also  melt  do、vn  mix- 
tures of  ferro-manganese  and  ferro-silic-ou 
or  iduniinium,  according  to  requirements. 
The  result  is  always  the  same,  namely, 
improved  qiuilitics  and  saving  of  expensive 
flux.  The  author  bcHevos  that  steel  alloys 
of  tungsten,  cliromiuin,  molybdenum,  &(•.， 
as  used  for  ordnam'(、  and  armour  platos, 
may  with  advantage  be  melted  down  in  :i 
small  electric  furnace  and  charged  in  a 
molten  condition.  This  method  ought  also 
to  be  useful  in  the  production  of  high  silicon 
steels  and  high  manganese  steels. 
In  conclusion,  the  author  must  not  omit  to  refer  to  th(> 
following  applications  of  tlie  eloetric  luj-naco  :  There  is  a  ^'reat 
deal  of  waste  at  large  tool-steel  \vorks  of  valuable  steel  alloys, 
such  as  turnings  of  nickel,  chromium  steels,  tungsten  steels,  or 
high  silicon  steels.  This  Avaste  cannot  be  meltod  down  with 
advantage  in  an  open-liciiitb.  fui'uace  or  in  a  crucible  fiunacc. 
The  reducing  slag  and  the  oxygen  of  the  open-hearth  furnace 
gases  would  cause  a  great  waste  of  valuable  material.  In  a 
crucible  furnace  the  material  may  absorb  carbon  from  tlie  crucible, 
and,  being  too  open,  it  is  not  suitable  for  charging  crucibles.  The 
cruciblo  furnace  is  also  too  expensive. 

In  tlie  ck'ctric  furnace  th(»  material  may  l)o  melted  down 
under  a  lunitral  slag  and  in  :v  neutral  atmospheiT,  practkallx* 


Higiil)  Oxidised  Slas. 


Mela]  as  Cliar-rd. 


H.ilf-lmixhrd  MrUl. 


Direction  of  Mclal. 


Hiphly  Rchncd  Mria). 


Fig.  11. 

Avitlioiit  any  waste  and  witlu)ut  t  liauiiijig  tlio  rliomiral  roinjiosition 
ol  th(、  cliai'm'.  The  ckn'tiic  furnace  is  also  more  suitablo  for 
()])on  niatorial  on  acconnt  of  tlio  easy  ； irross  and  its  «:ro;iti»r 
ciijiacity  compared  、、'ith  tlio  crucihlo. 

There  is  hardly  any  inotalluririst  、、ho  、vill  deny  that  the 
elect  rif  furnace  is  more  perfect  than  any  of  her  furna(  e  of  ihe 
present  day.  If,  neverthdess,  tho  results  in  nmuy  cases  have 
not  been  so  good  as  might  liave  been  exported  iu  the  hands  of  an 
experienced  metallurgist,  then  the  reason  is ― ;is  has  ofton  boon 
tho  case  in  the  past ― tliat  the  devolopniont  lias  advanced  at  a 
greater  speed  than  the  requirements. 


Sir  W.  0.  Armstrong,  Whitworth,  &  Co. ,  Ltd.  The  dircc  iorti  of  t  his 
company  have  appointed  a  Works  Board,  wliicli  will  deal  with 
departmental  questions.  The  jnembers  of  tlie  new  board  will 
be  styled  local  directors  :  they  have  had  long  service  with  tlie 
company,  and  the  new  arrangement  is  expected  to  work  well. 
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TRIALS  OF  THE  OIL-ENGINED  VESSEL  "  JUTLANDIA." 

The  twin-screw  motor  vessel  "  Jutlandia/'  the  first  large 
oil-engined  ship  built  on  the  Clyde,  has  passed  successfully 
through  all  the  trials  stipulated  iu  the  contract,  and  is  now 
practically  ready  for  sea.  The  trials,  which  were  of  an  ex- 
haustive kind,  occupied  three  days.  The  speed  of  the  vessel 
ou  service  is  to  be  from  10^  to  11  knots.  On  the  measured 
】nile  at  Skelmorlie  the  iiieaii  speed  attained  was  12  knots  ou 
a  horse-power  of  2,700  indicated,  and  with  the  engines 
running  at  135  revs. ― five  revolutions  less  than  the  number 
designed  for  the  service  speed.  The  fuel  used  was  oil  of  a 
specific  gravity  of  '855,  but  the  engines  are  capable  of  being 
run  on  fuel  of  a  considerably  higher  specific  gravity.  The 
exact  fuel  consumption  per  horse-power  was  not  obtainable, 
as  the  figures  had  not  been  worked  out  fully,  but  the  builders 
estimate  that  in  regular  service  the  amount  necessary  will 
be  about  10  tons  for  each  day  of  24  hours*  continuous 
running.  The  starting,  stopping,  reversing,  and  manoeuvr- 
ing tests  were  equally  satisfactory. 

The  vessel  is  of  5,300  tons  gross  and  7,400  tons  carrying 
capacity,  570ft.  in  length  between  perpendiculars,  53ft,  in 
beam,  and  30ft.  in  moulded  depth.  She  is  a  sister-ship  to  the 
" Selandia,"  launched  last  year  by  Messrs.  Burmeister  and 
Wain,  Copenhagen,  for  the  same  owners.  Her  engines ^ of 
the  Burmeister  &  Wain-Diesel  type ― are  designed  to  work 
on  the  4-cycle  principle,  and  each  shaft  is  driven  by  eight 
cylinders,  the  diameter  of  the  cylinders  being  20*87in.  and 
the  stroke  28'74in.  The  engines  are  started  and  reversed  by 
means  of  compresed  air  at  a  pressure  of  3001bs.  In  connec- 
tion with  the  compressors  there  are  two  sets  of  auxiliary  oil 
engines,  each  having  four  cylinders,  and  developing  250  i.li.p. 
at  230  revs.  Each  set  includes  an  electric  generator  for  pro- 
viding current  for  working  the  other  auxiliaries,  and  a 
2-stage  air  compressor  designed  to  compress  air  up  to  SOOlbs. 
per  square  inch.  The  air,  which  is  stored  iu  four  large 
reservoirs,  is  used  at  this  pressure  for  starting  and  reversing 
the  main  engines  and  for  other  purposes.  The  arrangement 
ot  the  starting  and  reversing  gear  is  the  same  in  the  "  Jut- 
landia  "  and  the  "  Selandia,"  The  air  admission,  exhaust, 
fuel  oil,  and  starting  valves  are  placed  on  the  top  of  the 
cylinder,  and  are  operated  by  eight  cams ― four  for  going 
ahead  and  four  for  going  astern 一 the  distance  between  the 
ahead  and  the  astern  cams  in  each  case  being  about  2in.  The 
cam  shaft  is  operated  from  the  main  crank  shaft,  and  to 
ensure  reversal  all  that  is  necessary  is  to  move  the  cam  shaft 
longitudinally  to  the  extent  of  about  2iii.  after  the  cam 
rollers  have  been  raised.  This  change  was  made  during  the 
trials ― from  full  ahead  to  full  astern ― in  12  sees.  There  is 
one  main  starting  lever,  which  has  to  be  drawn  to  one  ex- 
tremity of  its  motion  before  the  reversing  engine  can  be 
started.  In  this  position  both  the  compressed  air  and  the 
oil  fuel  are  cut  off  from  the  main  engines.  The  small  re- 
versing engine,  of  the  reciprocating  type,  is  then  started,  and 
its  action  shifts  the  cam  shaft  into  the  required  position, 
ahead  or  astern,  as  the  case  may  be,  and  afterwards  lowers 
the  cam  levers  back  into  their  working  places.  When  the 
eitgine  has  been  got  under  way  by  means  of  compressed  air, 
the  main  lever  is  pushed  still  further  over  into  the  oil-fuel 
position,  and  the  engine  is  thus  started  running  under 
ordinary  conditions. 

ELECTRIC  TRACTION  FOR  CITY  AND  SUBURBAN  PASSENGER 

TRANSPORT, 

A  MEETING  of  the  Society  of  Engineers  was  held  on  the  6th 
inst.，  when  a  paper  on  "Intermittency :  Its  Effect  in  Limit- 
ing Electric  Traction  for  City  and  Suburban  Passenger  Trans- 
port " was  read  by  Mr.  Wni -  Y.  Lewis.  Recent  reports  on 
the  traffic  problems  of  London  and  other  great  cities,  he  said, 
showed  that  cheap  and  effectively  rapid  transit  was  of  supreme 
importance  to  the  community,  and  was  an  essential  in  all 
industrial,  commercial,  and  professional  activity,  since  it 
affected  wages,  cost  of  living,  rents,  rates  and  taxes,  value  of 
property  and  land,  and  other  matters  touching  individual  wel- 
fare. Costly  efforts  had  been  made  to  furnish  facilities,  but 
the  results  left  much  to  be  desired  in  respect  of  effective 
speed,  cost,  and  comfort.  There  was  no  finality  (nor  should 
there  be,  if  prosperity  was  to  continue)  in  the  growth  of  the 


travelling  habit ― a  direct  outcome  of  the  provision  of  faci- 
lities. 

Progress  so  far,  however,  liad,  he  observed,  been  wrongly 
directed  in  the  endeavour  to  solve  the  city  and  suburban 
passenger  transport  problem.  The  character  of  the  traffic  was 
that  of  a  continuous  stream  of  varying  volume  ；  yet  all 
attempts  to  meet  its  requirements  had  been  made  on  the  dis- 
tinctly intermittent  plan  of  operation.  This  involved  a  series 
of  delays,  resii】tini(  in  low  average  speed,  wliilst  to  provide  a 
service  of  sufficiently  commodious  and  numerous  trains  to  deal 
with  dense  traffic  streams  necessitated  heavy  capital  expendi- 
ture and  operating  costs.  Even  then  the  elertric  train  system 
could  not  secure  tlie  preponderating  and  most  lucrative  "  short 
haul  "  traffic. 

These  limitations  were,  he  considered,  due  to  "Intermit- 
tency," which  demanded  heavy  and  bulky  trains,  with  corre- 
spondingly long  stations  and  spacious  tunnels.  The  rolling 
stock  must  be  substantial  to  withstand  the  severe  stresses  due 
to  the  accelerations  essential  and  to  carry  the  necessarily 
heavy  equipment.  Consequently  the  permanent  way  had  to 
be  heavily  constructed  with  duplicate  feeder  rails,  the  tracks 
being  further  complicated  by  elaborate  signalling  apparatus. 
The  trains  required  costly  labour  for  their  operation,  and  con- 
sumed much  energy,  of  which  about  half  was  wasted  at  the 
brake  blocks,  resulting  iu  high  maintenance  charges.  The 
minimum  distance  between  stations  was  limited  to  about  half 
a  mile,  though  twice  as  many  per  mile  was  desirable,  whilst 
the  maximum  schedule  speed  was  only  15  to  16  miles  per 
liour.  A  greater  amount  of  rolling  stock  than  would  suffice 
at  higher  speeds  had  to  be  provided,  requiring  spacious  car 
sheds  and  yards.  Extensive  lighting,  ventilating,  and  other 
apparatus  was  required,  entailing  further  heavy  energy  con- 
sumption. The  equipment  comprised  a  very  complicated 
fourfold  power  plant  in  several  distinct  classes,  one  being 
mounted  on  and  hauled  by  the  trains.  The  aggregate  plant 
capacity  required  for  a  maximum  of  12,000  seats  per  hour  in 
each  direction  was  about  12,000  kw.  per  route  mile. 

The  overall  efficiency  of  the  system  was  so  low  that  of 
every  thousand  tons  of  fuel  delivered  to  power  house  bunkers 
for  propulsion  purposes  alone,  only  one  ton  was  due  to  the 
weight  of  passengers  carried.  Some  19  tons  could  be  appor- 
tioned to  hauling  rolling  stock,  but  the  rest  was  lost  in 
brakes,  equipment,  transmission,  and  conversion  losses.  The 
cost  of  the  subway  train  system  was  about  £600,000  per  mile, 
and  the  operating  cost,  including  fixed  charges,  worked  out 
at  between  0'18d.  and  0*2d.  per  seat  mile.  Consequently,  even 
at  prevailing  high  fare  rates  of  0*6d.  per  passenger  mile,  the 
receipts  did  not  balance  the  costs,  and  further  developments 
were  held  up  in  all  directions.  The  paper  set  forth  complete 
calculations,  based  on  actual  results,  leading  to  the  above  con- 
clusions, and  was  illustrated  by  20  diagrams.  The  author 
presented  his  paper  as  a  protest  against  ''Intermittency/' 
especially  the  present  tendency  towards  the  multiplication  of 
small  self-propelled  and  individually  controlled  street  surface 
units,  and  in  conclusion  pointed  to  the  necessity  of  recourse 
to  the  more  sensible  rontiniious  plan  for  the  better  solution  of 
the  problem. 

Water  Power  in  Scotland. ― Mr.  A.  Newlands,  in  a  paper  read 
before  the  Inverness  Scientific  Society,  estimates  that  in  Scotland 
1,000,000  h.p.  could  be  developed  from  water,  and  points  out  that 
even  if  the  figure  be  halved  it  would  still  represent,  on  a  10-liour 
working  day  basis  throughout  the  year,  an  amount  of  power 
equal  to  that  obtained  from  3i  million  tons  of  coal.  There  are,  he 
observes,  over  40  localities  where  water  power  is  available  in 
amounts  ranging  from  400  h.p.  up  to  20,000  h.p.  In  regard  to 
Inverness,  he  points  out  that  if  the  rainfall  in  the  700  sq.  miles 
that  drain  into  the  river  Ness  were  retained  in  Loch  Ness  by 
controlling  the  overflow  into  the  river,  it  would  bo  possible  bv 
employin^  the  Caledonian  Canal  as  a  flume  or  conduit  to  convey 
the  stored  water  to  the  town  and  utilise  it  there  for  the  develop- 
ment of  3,000  h.p.  during  the  working  days  of  the  year,  while  vet 
supplying  sufficient  water  to  the  river  to  maintain  tlie  normal 
summer  flow.  Another  attractive  drainage  area  for  power  pur- 
poses is  that  of  Loch  Luichart,  having  an  area  of  149  sq.  miles. 
The  river  flows  out  of  the  loch  in  a  series  of  cascades,  and  falls 
125ft.  in  a  length  of  850  yards.  On  a  75  per  cent,  efficiencv,  and 
dealing  with  half  of  a  42in.  rainfall  as  available  for  power,  1 ,580  h.p. 
on  a  24-liour  power  day  could  be  developed.  This  would  be  fully 
3,000  h.p.  per  working  day. 
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THE  POSSIBILITIES  OF  FLUE  GAS  ECONOMISERS  ON 
BOARD  SHIP. 

BY  n.  ROYDS,  M.SC,  AND  J.  W,  CAMPBELL,  M.SC. 

Many  endeavours  are  being  made  to  introduce  internal-com- 
Imstion  engines  tor  the  propulsion  of  ships.  Whether  the 
steam  engine  will  be  superseded  eventually  or  not  is  iiiucli  a 
matter  of  individual  opinion  or  conjecture,  but,  in  any  case, 
the  coinpetitioii  is  certain  to  lead  to  a  still  more  earnest  con- 
sideratioii  of  the  efficiency  of  the  steam  plant  on  board  ship, 
ami  of  any  proposals  which  have  lor  their  object  the  increase 
in  the  efiiciency  of  such  })laiit.     Whilst  great  improvements 
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Fig.  1. 

have  been  made  in  the  steam  engine,  little  has  been  done  to 
improve  materially  the  thermal  efficiency  of  the  ordinary 
l)oilers  on  board  ship.  It  is  well  known  that,  at  the  present 
day,  something  like  20  per  cent,  of  the  total  heat  in  the  fuel 
is  carried  away  by  the  flue  or  furnace  gases,  and  many  engi- 
neers are  looking  .into  the  problems  involved  in  the  recovery 
of  some  of  this  heat.  Mr.  Hall-Brown,  in  his  presidential 
address  to  this  Institution,  voiced  the  general  desire  for  some 


about  5 〜了 th  of  the  heating  surface  of  the  boilers,  and  lie  only 
got  a  rise  of  about  15'  Fah.  in  the  feed  water.  Gradually 
increasing  this  ratio  in  different  vessels,  he  eventually  suc- 
ceeded in  obtaining  a  rise  of  the  feed  temperature  of  about 
150°  Fall,  with  a  ratio  of  feed-heating  surface  to  boiler-heat- 
ing surface  slightly  greater  than  2  to  1，  and  he  claimed  to 
obtain  about  15  per  cent,  increase  of  overall  efficieiu-y.  Some 
difficulties  were  experienced,  largely  due  to  excessive  corro- 
sion of  some  parts  of  the  feed-heater  tubes,  and  since  Mr. 
Kemp's  decease  little  has  been  done  with  regard  to  such 
heaters,  at  anyrat^  in  connection  with  ordinarv  retuni-lube 
marine  boilers.  It  will  be  noticed  that  the  large  extent  of 
feed- heating  sii rface  wliich  he  eventually  adopted  produced 

a  very  heavy  ami  bulky  arrange- 
ment , aiul  this,  together  wit li  the 
increased  adoption  of  steam  feed 
heaters,  has  prohablv  militated 
against  the  reintroductioii  of  flue- 
gas  feed  heaters. 

Within  recent  years  feed-water 
heating  seems  to  have  become  a 
practical  possibility  on  locomotives, 
and,  as  the  problem  in  the  loco- 
motive has  much  in  common  with 
the  same  problem  on  board  ship,  a 
brief  desfiiptiou  of  some  results  of 
practical  experiments  on  loco- 
motives will  not  be  out  of  place.  In 
the  Trevithick  system  of  feed  heat- 
ing, as  used  on  the  Egyptian  State 
Railways,  the  feed  water  is  heated 
to  near  212°  Fah.  in  an  exhaust - 
steam  surface  heater,  using  a  com- 
paratively high  velocity  of  the  feed 
water  to  obviate  salt  deposits  from 
hard  water  and  the  undue  corrosion 
of  the  tubes.  The  water  then  passes 
into  a  sniokebox  lieater  having  small 
diameter  tubes,  and  the  feed  is  here  raised  to  between 
270°  Fah.  and  280。  Fah.  under  express  service  conditions. 
After  elaborate  experiments  under  service  conditions,  the 
overall  increase  in  the  efficiency  of  the  locomotives  fitted  with 
heaters  is  over  20  per  cent,  as  compared  with  sister  engines 
without  heaters  and  in  the  same  service.  No  doubt,  part  of 
this  increase  of  efficienrv  is  due  to  tlie  easier  pteaiiiini:  of  tlie 


Fig.  2, 


enquiry  into  this  intricate  probleiti.  It  a))]ie;ired,  therefore, 
to  the  authors  of  this  paper  tliat  the  possibilities  of  the 
recovery  of  the  waste  heat  from  the  t nrnace  gases  are  ripe  for 
thorough  discussion. 

As  far  back  as  1888,  aiul  oven  before  lliat  tlatt\  M  r. 
Ebenezer  Keinj)  introduced  flue-gas  feed  heaters  on  hoard 
ship.     Til  his  first  arrangement  the  feed  beater  liad  only 

*  Abstract  of  piipor  road  before  the  Institution  of  Kngiueers  nuil  Slni>buiUlers 
iu  Scotland,  .lammry  *i3ra. 


boilers  with  hot  feed,  and  to  the  lower  rat^^  of  coal  consutu])- 
t ion  at  the  same  train  loads. 

It  may  be  said  that  the  most  dt^sirahle  features  of  a  flue- 
gas  feed  heater  on  board  ship  are  ( 1 )  the  smallest  |)ossihle 
weight  and  hulk  consistent  with  a  reasonable  increase  of  tlie 
feed  temperature,  and  (2)  siinplit-it y.  reliability,  and  ease  of 
working  luuier  ordinary  conditions.  Tlio  authors  have  made 
seme  experiments,   at  the  Glasgow  and    West  of  Scot  laud 
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Technical  College,  bearing  chiefly  upon  the  first-mentioned 
feature,  which  it  is  now  proposed  to  describe.  A  solid  drawn 
steel  tube,  of  '994in.  inside  and  r242in.  outside  diameter, 
was  enclosed  in  a  tube  of  lj|in.  inside  diameter,  the  lengths 
and  arrangement  of  the  apparatus  being  as  shown  in  Fig.  1. 
Air  under  ； j  small  pressure  was  passed  tlirougli  the  gas  lieater 
ami  then  allowed  to  flow  througli  the  tube,  the  inlet  and 


Fall,  difference.  In  all  cases  tlie  mean  air  and  water  tem- 
perat ures  refer  to  the  arit liinet ic  moans  between  the  inlet  and 
outlet,  wlucli,  thougli  not  the  true  ineans,  are  subject  to 
simple  calculation. 

Fig.  4  refers  to  the  tests  made  under  nearly  constant  ron- 
dit ions  as  regards  weight,  oi'  air  flow,  t lie  weiglit  o  1"  water  flow 
being  varied  with  dilTcrent  constant  temperatures  of  the  inlet 
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outlet  temperatures  being  measured  by  mercury  thermometers 
inserted  with  the  bulbs  in  direct  contact  with  the  air.  Water 
passed  from  the  town's  main  througli  the  annular  space 
between  the  tubes,  and  the  inlet  and  outlet  temperatures  were 
measured  by  mercury  thermometers  inserted  in  deep  pockets. 
The  weight  of  water  passing  through  was  obtained  by  tanks 
on  weighing  machines,  and  the  heat  taken  up  by  the  water 
could  thus  be  obtained.  This  was  equated  to  the  heat  lost  by 
the  air,  neglecting  external  losses,  and  using  *24  as  the  specific 
heat  of  the  air,  the  weight  of  air-flow  was  calculated.  All 
the  parts  of  the  apparatus  were  well  insulated  by  asbestos 
cement  and  felt  covering.  An  orifice  outlet  was  arranged,  as 
shown  dotted  in  Fig.  1,  by  which  it  was  hoped  to  get  an 
estimate  of  tlie  air-flow,  but  this  was  not  successful,  owing 
to  the  velocity  of  approach  to  the  orifice  being  excessive,  and 
its  value  unknown.  This  orifice  was  afterwards  discarded, 
and  replaced  by  a  divergent  mouthpiece  having  several  modi- 
fications represented  in  Table  I.  In  designing  the  apparatus 
the  authors  chose  to  let  the  air  flow  through  the  inner  tube 
and  the  water  outside,  for  the  particular  reasons  that  the 
external  losses  of  heat  would  be  reduced  to  a  minimum,  and 
that  it  was  hoped  to  convert  some  of  the  kinetic  energy  of 
the  leaving  air  into  tlie  form  of  pressure  energy,  whereas, 
had  the  water  been  sent  through  the  tube,  and  the  air  through 
the  annular  space,  no  recovery  of  the  kinetic  energy  of  the 
leaving  air  could  be  expected. 

The  results  of  some  of  these  experiments  are  given  in 
Table  I.  and  in  the  graphs,  Figs.  2  to  5.  Fig.  2  refers  to 
the  tests  made  with  different  rates  of  air  flow,  and  at  dif- 
ferent air  inlet  temperatures,  ranging  from  400。  Fall,  to 
600°  Fah.  Fig.  3  shows  that  the  heat  transmission  per  square 
foot  per  degree  Fall,  between  the  air  and  water  varies  with 
the  weight  of  air  flow  and  with  the  inlet  temperature,  from 
which  it  is  seen  that  the  inlet  temperature  of  tlie  air  bad  only 
a  minor  influence  on  the  rate  of  heat  transmission  per  degree 
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air.  The  series  of  points  indicated  by  the  small  circles, 
crosses,  &('.，  are  the  values  as  corrected  divided  by  the  dif- 
ference of  the  arithmetic  mean  temperatures  of  the  air  and 
water,  from  which  it  will  be  observed  that  the  results^  though 
somewhat  erratic,  can  be  assumed  to  be  nearly  constant 
between  the  rates  of  water  flow  used  in  these  experiments. 
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Fig.  4. 

This  shows  that  the  influence  of  the  velocity  of  the  water  on 
the  rate  of  heat  transmission  is  practically  negligible  when 
compared  witli  the  influence  of  the  air  velocity.  Thus  it  is 
that  no  particular  care  was  really  necessary  to  adjust  the  rate 
of  water  flow  to  precise  conditions  when  the  flow  of  air  was 
varied  from  test  to  test. 
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The  resistance  to  the  flow  of  air  through  the  tube  was 
measured  by  a  water  gauge  connected,  as  represented  in 
Fig.  1，  where  the  points  of  connection  were  opposite  the 
thermometers  at  inlet  and  outlet.  It  was  assumed  that  the 
conditions  were  similar  at  the  two  points  of  connection,  and 
that  the  readings  taken  with  tlie  thermometers  in  position 
were  a  measure  of  the  resistance  of  the  tube. 

The  tests  61  to  65  were  made  with  the  orifice  plate  de- 
tached, so  that  the  air  discharged  directly  to  the  atmosphere 
from  the  expanded  end,  and  it  would  be  seen  from  Table  I. 
that  the  pressure  at  tlie  outlet  iliermoineter  was  above  atmos- 
pheric pressure  in  tests  61  to  G5  with  the  thermometer  in  posi- 
tion, showing  that  there  was  little  or  no  recovery  of  the  kinetic 
energy  at  the  outlet.  The  expanded  outlet  was  therefore 
detached  as  represented  in  Table  I.，  and  in  tests  66  to  68，  the 
recorded  pressures  at  the  outlet  thermometer  were  still  slightly 
above  atmosphere  with  the  thermometer  in  position,  but  with 
the  thermometer  raised  out  of  the  current  of  air  a  slight 
vacuum  was  obtained,  showing  that  some  of  the  kinetic 
energy  was  recoverable.  An  expanding  outlet  nozzle  was 
then  tried  with  better  results,  but'  from  tosts  73  to  78  the 
various  modifications  showed  little  difference  in  the  amount 
of  kinetic  energy  converted  to  pressure  energy.  It  will  be 
noticed  that  nearly  '4  of  the  kinetic  energy  at   exit  was 
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recovered,  the  probable  reason  for  this  low  value  being  the 
nature  of  the  flow,  that  is,  the  critical  velocity  being  exceeded 
in  the  tube,  the  air  flow  would  be  of  an  eddying  nature,  and 
this  would  make  recovery  of  the  directional  kinetic  energy 
difficult.  A  comparison  with  Messrs.  Heenan  and  Gilbert's* 
experiments  on  expanding  cliiiniieys  on  the  air-delivery  side  of 
fans  show  a  fairly  good  agreement  with  the  above  value  '4， 
considering  the  difference  in  the  conditions.  In  a  high-speed 
plant  even  this  proportion  of  the  outlet  energy  recovered  is 
appreciable,  as  a  perusal  of  columns  9  and  10  in  Table  I.  will 
show,  from  wliicli  it  follows  that  in  the  design  of  such  plant 
care  should  be  taken  with  tlie  form  of  the  outlet  connections. 

The  total  resistanre  to  the  flow  of  gases  given  by  Prof. 
Nicolson 十 from  boiler  experiments  seems  to  be  rather  greater 
than  the  total  resistance  obtained  in  the  authors'  experiments, 
but  this  can  be  partly  accounted  for  by  tlie  fact  that  in  his 
experiments  the  gases  were  outside  the  tubes  and  the  water 
inside,  with  the  result  that  practically  all  the  kinetic  energy 
at  the  outlet  was  lost,  the  end  resistance  at  the  inlet  would 
be  excessive,  and  the  average  ！) atli  of  the  gases  probably 
exceeded  the  length  of  tlie  tubes.  In  the  authors'  calcula- 
tions of  the  total  resistance  any  small  loss  of  energy  at  the 
inlet  end  was  neglected. 

In  any  flue  gas  econoniiser  on  board  ship  the  gas  flow 
would  need  to  be  high,  whereas,  as  shown  by  these  experi- 
Tiienls,  the  velocity  of  the  water  need  not  have  more  than  a 
moderate  value.  The  authors  reooninieiid  that  tho  increased 
air  pressure  be  obtained  by  increasing  tlie  blade  speed  of  the 
fans.  Roughly  speaking,  for  a  given  fan,  the  weiglit  of  air 
discharged  varies  as  the  speed,  the  pressure  (lilTt'i'em'e  between 

*  Proc.  InsUtution  of  Civil  Engineers.    Vol.  CXXIII.,  p.  272. 
t "  Boiler  Kcononiics  and  the  Use  of  High  Qas  Speeds,'*  Transactions  of  the 
lustitiitiou.    Vol.  LIV..  p.  12i> 


inlet  and  outlet  varies  as  the  square  of  the  speed,  and  the 
； power  as  the  cube  of  the  speed.  Therefore,  for  a  given  weight 
of  air,  the  number  of  fans  required  is  inversely  proportional 
to  the  blade  speed,  with  blades  of  given  angles,  from  which 
it  follows  that  the  power  and  steam  consumption  would  be 
roughly  proportional  to  the  difference  of  pressure  between  the 
inlet  and  outlet  at  the  fan. 

There  is  reason  to  expect  that  the  corrosion  of  the  feed 
heater  tubes  and  the  deposit  of  salts  on  these  tubes  would  be 
negligible  provided  the  water  was  not  allowed  to  stagnate 
during  heating,  and  that  soot  and  dirt  would  not  accumulate 
on  the  gas  side  of  the  tubes  on  account  of  the  high  speed  of 
the  gases.  Wliat  corrosion  or  salt  deposit  did  take  place 
would  no  doubt  save  the  corresponding  efTects  in  tlie  boilers. 
The  increase  of  weight  due  to  the  feed  lieaters  would  be  com- 
pensated by  tlie  saving  in  weight  of  the  boilers,  and  by  the 
smaller  weight  of  fuel  necessarily  carried.  The  authors  feel 
convinced  that  the  use  of  flue-gas  feed  heaters  on  the  lines 
suggested  in  the  paper  could  be  】nade  to  result  in  a  substantial 
increase  of  overall  efficiency. 


LOCOMOTIVE  FAILURES.* 

BY  N.  OSGAARD. 

One  of  the  worst  troubles  that  can  occur  to  a  locomotive  and 
requires  patieiire  and  skill  ou  the  part'  of  tlie  engineer  and  fire- 
man to  get  along  with  consists  in  leaky  flues  and  stay  bolts. 
Flues  will  start  leaking  at  times  because  of  not  carrying  a 
bright,  even  fire,  or  by  allowing  banks  to  form  in  tlie  firebox, 
causing  temperature  to  rise  ami  fall  which  creates  expansion 
and  contraction  on  flues  and  sheets.  Short  firing  allows  too 
much  cold  air  to  be  drawn  in  near  tlie  flue  sheet,  with  same 
results  as  above  stated,  which  is  also  true  when  the  fire  door 
is  allowed  to  remain  open  too  long  when  firing.  Nothing  will 
help  these  troubles  inoi'e  than  intelligent'  work  on  the  part  of 
the  engineer  and  the  fireman.  Much  good  can  be  done  in 
overcoming  these  troubles  by  teaching  the  enginenieu  how 
detrimental  siicli  conditions  are  to  the  boiler,  and  the  engineer, 
if  he  has  interest  in  his  work,  will  wat<*li  】iis  fireman  and  see 
that  he  carries  out  such  instructions. 

Other  causes  of  leaky  flues  are  careless  and  irregular  boiler 
feeding  ；  engineers  must  be  taught  to  luulerstaiul  and  practise 
such  boiler  feeding  as  will  maintain  as  even  a  pressure  as 
possible  on  the  boiler.  Working  an  engine  harder  thau  neces- 
sary to  haul  the  train  at  the  desired  speed  very  soon  tells  on 
the  boiler  and  should  be  prevented.  Some  \vat<^rs  wliich  are 
used  will  cause  flues  to  leak,  while  others  will  sometimes  help 
to  dry  them  up  again.  The  avoiding  such  water  as  gives  the 
most  trouble  from  leaking  will  lielp  to  avoid  failures.  The 
condition  of  the  flues,  as  regards  keeping  t hem  dean,  is  one  of 
the  most  important  items  governing  tlie  steaming  of  an  engine, 
and  any  railway  that  has  over  10  engines  leaving  a  round- 
house daily  will  make  money  by  keeping  a 】nan  to  clean  out 
flues  ami  do  it  properly.  The  gi'ates  should  also  be  kept  in 
good  working  order.  There  is  nothing  that  will  play  a  fire- 
man out  more  quickly  than  hard  working  grates,  and  with 
such  grates  we  usuallv  have  dirty  fires  with  results  as  formerly 
stated.  Poor  workmanship  on  part,  of  tlie  boiler  makers  i" 
caulking  flues  or  in  applying  them  is  often  the  cause  of  leaky 
flues. 

Improper  steaming  is  often  the  cause  of  failure  and  may  be 
due  to  various  reasons,  but  most  frequently  is  due  to  leaky 
joints  ill  either  the  steam  pipes  or  the  exhaust  pipes  in  tlie 
front,  end.  The  heavy  service  that  locomotives  sometimes  are 
called  oil  to  perform  ami  the  sliorks  tliat  they  are  subjected  to 
throws  a  hard  strain  cm  the  cvliiuler  saddles  and  (lio  flues, 
raiising  movements  of  these  joints  wliicli  will  result  in  leaks. 
It  takes  only  a  very  slight  leak  at  this  j>oint  to  injure  the 
steaming  capacity  of  an  engine.  Engines  are  often  allowed  to 
run  too  long  in  such  condition  before  they  are  given  the  proper 
test  and  repaired.  The  reason  for  this  is  that  the  leak  at  first 
being:  slight,  it  is  hard  for  the  engineer  to  determine  the 
trouble  and  lie  does  not  want  to  make  a  report  of  it  until  he 
feels  sure  about  it.  Tlie  roundhouse  foreman  also  dislikes  to 
make  sm'li  tests  for  tlie  reason  that  if  these  joints  are  found  to 
be  leaking  it  is  quite  a  job  to  fix  them,  and  usually  results  in  a 
case  of  holding  the  engine  in  for  several  days  just  when  lie  may 

•  Abstract  of  paper  read  before  the  Northern  Railway  Clab. 
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be  short  of  power,  so  he  takes  a  chance,  and  the  result  is 
failure.  It  pays  to  test  steam  pipes  when  an  engine  is  lacking 
for  steam  even  if  the  trouble  is  not  found  to  be  tliere. 

Draught  appliances  may  not  be  set  just  riglit  and  this 
afTe<*ts  the  engine's  steaniing.  There  is  no  fixed  rule  stating 
just  how  these  appliances  should  be  set  to  give  the  best  results. 
The  adjustments  can  be  approximated  very  closely,  but  in 
most  cases  it  is  necessary  to  experiment  with  them  until  the 
best  results  are  obtained.  What  will  do  on  one  engine  may  not 
do  at  all  oil  another,  even  though  the  engines  be  of  the  same 
class.  The  man  that  has  charge  of  the  draught  appliances 
and  front  end  nettings  should  observe  them  carefully  and  see 
that  they  are  in  good  condition.  Blow  pipes  should  also  be 
inspected  occasionally  as  they  sonietiiues  burn  off  in  the  front 
end  and  failures  have  resulted  on  this  account.  Locomotive 
boilers  are  at  present  taxed  heavily  for  steam,  especially  when 
the  power  is  only  heavy  enough  to  just  handle  tlie  train  and 
make  the  time  as  on  a  passenger  run. 

Hot  bearings  at  times  are  the  cause  of  engine  failures. 
The  worst  of  these  are  hot  driving  boxes.  It  usually  takes  so 
much  time  to  fix  them  up  that  on  a  passenger  run,  when  a  box 
gets  hot  and  needs  to  be  packed  on  the  road,  the  time  lost  is 
seldom  made  up.  There  are  times  when  the  best  of  care  will 
not  overcome  this  trouble,  and  it  is  tlien  necessary  to  relieve 
the  box  affected  of  some  of  its  weight.  This  throws  the  weight 
on  the  nearest  adjoining  boxes  ami  is  apt  to  cause  them  to  run 
hot.  Close  watching  on  the  part  of  the  engineer 
is  necessary  to  see  that  tliere  is  enough  lubricant 
in  the  boxes  for  the  engine  to  make  her  next 
trip  without  running  short  ；  if  not,  he  should  report 
it  for  packing.  There  have  been  failures  due  to  neglect  in 
reporting  this,  especially  when  engines  are  handled  in  pool. 
The  men  performing  the  duties  of  packing  these  boxes  at 
roundhouses  are  sometimes  negligent  in  giving  tliis  tlie  proper 
care,  and  there  is  no  doubt  that  we  have  had  failures  due  to 
such  negligence.    Such  failures,  however,  are  diminishing. 

The  Steplieiisou  link  motion  has  been  the  source  of 
numerous  failures  due  to  hot  eccentrics,  frequently  causing  the 
straps  to  break.  The  cause  of  these  getting  hot  can  be 
attributed  to  the  fact  that  the  eccentrics  are  located  under- 
neath the  engine  and  are  hard  to  get  at  to  oil  when  the  engine 
stops  in  certain  positions,  and  as  the  engineer  usually  is  in  a 
hurry  he  is  prompted  to  take  a  chance  on  them.  The  stock  or 
material  in  an  eccentric  strap  is  light,  and  at  times  the  straps 
break  from  liard  jolts.  They  are  also  inconvenient  to  inspect 
and  bolts  in  them  may  come  loose  and  cause  them  to  break . 
They  may  be  closed  too  tightly  and  this  causes  friction  and 
heating,  breakage  being  the  usual  result.  Close  watching  and 
careful  attention  regarding  oiling  is  essential  witli  this  motion. 
The  Walschaert  valve  motion  now  coming  into  general  use 
never  gives  any  trouble  in  this  respect  and  is  more  reliable. 
We  have  had  failures  from  cylinder  heads  being  knocked  out. 
In  some  cases  they  may  have  been  unavoidable,  but  there  are 
cases  of  this  kind  that  have  occurred  which,  had  the 
engineer  been  alert,  might  have  been  prevented.  Our 
practice  now  is  to  rivet  the  follower  head  to  the  spider  so  they 
can't  get  loose,  or  to  use  a  solid  head,  so  this  trouble  is  now 
practically  a  thing  of  the  past. 

Driving  springs  or  hangers  breaking  on  the  road  may  be 
due  in  some  cases  to  the  improper  inspection  of  the  engine 
when  at  the  terminal.  By  close  inspection  the  fracture  might 
have  been  discovered  and  repaired  before  the  engine  went  out, 
and  the  failure  thus  avoided.  They  occasionally  break,  how- 
ever, without  any  warning,  due  to  defects  in  the  metal,  or  at 
times  to  roughness  in  the  track  which  may  cause  unusual  strain 
and  breakage.  When  such  a  break  occurs,  the  engines  usually 
block  themselves  in  such  manner  that  they  stay  quite  level 
on  their  bearings,  and  if  so,  and  broken  parts  clear  the  moving 
machinery,  the  engines  can  proceed .  But  if  the  engine  drops 
nnxcli  when  such  a  break  occurs,  it  then  throws  the  engine 
from  her  natural  bearings  and  it  is  likely  to  run  very  hot,  and 
in  such  case  the  engine  must  be  blocked  up  to  the  proper  level. 

Abusing  engines  by  improper  handling,  that  is,  by  either 
unnecessary  slipping  or  allowing  sand  on  rail  while  slipping 
usually  causes  fractures  to  Darts  of  machine,  ami  may  cause 
a  breakdown  immediately  or  later  on.  The  slipping  feature 
also  has  a  tendency  to  loosen  tyres  which  may  result  in  failure. 
Carrying  water  level  too  high  may  result  in  failure  by  frac- 
turing piston  heads,  cylinder  heads,  or  cross-head  keys,  due  to 


water  getting  into  cylinders.  By  careful  observal  ion  of  the 
water  level  such  breakdowns  should  not  occur. 

We  have  had,  ] perhaps,  one  or  two  engine  failures  per  year 
on  tlie  Lake  (listm't  on  which  an  average  of  75  engines  are 
kept  ill  service,  due  to  injector  failures.  These  failures  have 
been  caused  by  loose  joints  in  the  siphon  pipes  in  the  tanks, 
thus  making  it  impossible  for  the  injector  to  prime  when  the 
water  gets  below  tlial  point  in  the  tank.  A  failure  of  tliis 
sort,  wlieii  bolli  injectors  or  both  siphon  pipes  give  out  is 
really  up  to  the  engineer,  as  he  evidently  has  not  been  trying 
both  his  injectors  and  reporting  their  defects  on  arrival  at 
terminals  as  he  is  required  to  do. 

Air  punn^failurevS  are  becoming  fewer  as  improvements 
have  been  made  in  the  valve  motion  of  the  pumps.  The 
former  slide  valve  lias  been  replaced  by  piston  pipe  valves, 
with  good  results.  The  cause  of  air  pump  failures  can  some- 
times be  blamed  on  abuse  in  running  them  too  fast,  and  also 
starting  tliem  too  fast,  and  by  not  draining  tlieni  of  water 
before  starting  tliem.  Failures  sometimes  o(，(、ui'  because  of 
engine  crews  not  being  careful  in  tlieir  inspection  of  engines, 
thus  allowing  parts  of  the  machinery  to  become  loose  and 
possibly  break  ；  also  by  not  making  any  effort  to  keep  the 
machinery  in  such  condition  as  they  are  expe<'tecl  to,  such  as 
keeping  the  wedges  set  up  and  rods  properly  keyed -  When 
found  neglecting  this  duty  they  should  be  severely  dealt  with. 

The  failure  of  the  fireman  to  have  proper  firing  tools  and 
failing  to  watch  the  ash  pan  and  the  grates  sometimes  causes 
failures  to  engines,  through  the  burning  out  of  the  grates,  and 
by  the  fire  getting  dirty  with  no  tools  on  hand  to  clean  it, 
although  the  engineer  is  held  responsible  for  this  as  well  as 
fireman.  It  should  be  the  fireman's  duty  to  see  that  the 
engine  is  provided  with  the  necessary  firing  tools.  By  making 
tliis  impression  strong  with  them  they  will  not  overlook  it. 

Failures  sometimes  happen  that  cannot  be  avoided  even 
with  the  closest  watching  ；  parts  of  the  machinery  or  boiler 
may  be  let  go  out  uninspected,  or  wliicli  could  not  have  been 
detected  by  the  closest  inspection.  There  is  no  question,  how- 
ever, but  that  a  large  number  of  engine  failures  can  be  avoided 
if  afl  concerned  give  close  attention,  and  a  lot  of  them  are  tluis 
avoided  at  the  present  time.  We  are  at  present  making 
45,000  miles  per  engine  failure.  This  I  believe  is  due  entiraly 
to  proper  inspection  and  the  keeping  up  of  the  machinery  and 
the  engine  parts  and  the  making  of  necessary  repairs  by  tlie 
roundhouse  force. 


Instrument  for  the  Detection  of  Ice. 一 A  novel  instrument  for 
locating  ice  will  he  exliibited,  with  data  just  obtained,  at  the  Royal 
Institution  on  May  31st.  The  apparatus  is  the  result  of  20  years' 
study  of  ice  formation  and  water  temperature  by  Professor  Barnes. 
M'Gill  University,  Montreal.  It  is  a  self-recordiiif^  electrical 
instrument  termed  a  microtliermometer,  and  has  for  the  first  time 
in  the  lustory  of  navigation  made  a  continuous  record  of  sea 
teni])erature  during  tlie  voyage  of  the  mail  steamer  Royal  George, 
which  arrived  at  Bristol  on  tlie  8th  inst.  from  Canada.  It  located 
bergs  and  field  ice  10  miles  away,  also  the  proximity  of  the  Irish 
coast  before  the  lights  were  sighted.  The  success  of  tlie  instru- 
ment is  due  to  its  ability  to  detect  temperature  variations  of 
1,000th  part  of  a  degree.  By  a  recorder  on  the  bridge  the  navi- 
gation officer  is  immediately  warned. 

Mine  Explosions. 一 At  the  Birmingham  University  on  the  9th 
iust..  Sir  Henry  Cunnynghame,  K.C.B.,  delivered  an  address  upon 
" Modern  Theories  as  to  the  Naturo  of  Gases  in  Coal  Mines."  He 
urged  that  not  enough  was  known  among  students,  let  alone 
among  inine  managers  and  miners,  about  tlie  startling  and  almost 
unbelievable  theory  of  gase^  known  as  the  kinetic  tlieory.  It  was, 
however,  necessary  to  master  that  tlieory  if  the  subject  of  gas 
explosions  in  mines  was  to  be  understood.  Unfortunately  it  had 
not  been  put  plainly  in  any  text-books,  and  it  was  envolopod  in  a 
perfect  fog  of  luatlicniatics —— ami  very  difficult  mathomatics  at 
that.  He  knew  the  tlieory  would  not  assist  them  in  getting  coal 
from  the  mine,  but  it  would,  he  hoped,  result  in  preventinji;  people 
from  being  blown  up,  and  finding  some  simple  remedy  for  coal- 
mine explosions.  Tlie  kinetic  theory  was  destined  not  only  to 
revolutionise  their  whole  ideas  with  regard  to  gaseous  combina- 
tions, but  to  revolutionise  clioiuistry  in  the  future. 
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THE  INFLUENCE  OF  HEAT  ON  HARDENED  TOOL  STEELS.* 

Wrn【  fSi'ECiAL  Refekence  to  the  Heat  Generated 
IN  Cutting  Opehations. 

BY  EDWARD  G.  HERBERT,  B.SC,  LOND. 

Before  describing  the  experiments  wliich  are  to  form  the 
subject  of  this  paper,  it  is  necessary  briefly  to  refer  to  certain 
previous  investigations  made  by  the  author,  which  were  fully 
described  in  a  paper  read  before  the  Iron  and  Steel  Institute 
in  May,  1910. 十  The  subject  of  these  investigations  was  "The 
Cutting  Properties  of  Tool  Steel,"  and  they  were  carried  out 

with  the  aid  of  the  tool  steel  testing 
machine.  This  machine  has  been 
described  both  in  the  paper  referred  to 
and  ill  the  technical  press.  Suffice  it 
here  to  say  that  the  machine  measures 
the  durability  of  specimens  of  tool 
steel,  which  are  made  into  cutting  tools 
of  standard  shape,  and  tested  by  being 
caused  to  cut  away,  by  a  turning  action, 
a  revolving  steel  tube  of  standard  com- 
position, hardness,  and  dimensions. 
The  standard  traverse  of  the  tool  is 
0*012in.  per  revolution  of  the  tube,  and 
the  width  of  the  chip  is  ^in,,  this 
being  the  thickness  of  the  tube  wall. 
The  durability  of  the  tool  is  measured 
by  the  length  of  tube  it  will  turn  away 
before  attaining  a  measured  degree  of 
bluntness.  Tests  are  made  at  a  suc- 
cession of  cutting  speeds  from  20ft.  per 
minute  upwards,  and  the  results  are 
plotted  out  in  the  form  of  a  "  speed 
curve,"  in  which  ordinates  represent 
durability  of  tho  tool  and  abscisste  the 
corresponding  cutting  speeds. 

A  set  of  speed  curves  is  shown  in 
Fig.  1.  These  curves  exhibit  tlie 
changes  in  the  durability  of  a  carbon 
steel ,  made  dead  hard  and  tempered  for 
1 5 】ninutes  at  various  temperatures 
indicated  on  the  diagrams.  The 
general  characteristics  of  these  curves 
are  :  A  very  low  durability  at  the  lower 
cutting  speeds ；  an  increase  of  durabi- 
lity as  the  cutting  speed  increased  ；  a 
maximum  durability  at  cutting  speeds 
of  50ft.  to  80ft.  per  minute  ；  and  a 
decline  of  durability  to  a  very  low  value 
as  tlie  speed  was  further  increased . 
Two  of  the  curves,  taken  from  tools 
tempered  at  130。  C.  and  140"  C. 
respectively,  show  two  maxima  with  a 
depression  between  them . 

These  general  characteristics  are 
coiiunon  to  the  speed  curves  of  all  the 
tool  steels  that  have  been  tested , 
wlietlier  of  the  oarboii..  tungsten,  or 
iuiigsten-vanadium  varieties.  All  are  capable  of  giving 
either  single  or  double-peaked  curves,  according  to  the  beat 
treatment  tliey  have  received,  and  all  show  a  low  durability 
at  low  cutting  speeds,  this  characteristic  being  especi- 
ally marked  in  the  case  of  some  high-speed  steels,  wliich 
latter  often   retain   their  durability   at-  very   high  speeds. 

In  tlie  paper  referred  to  llie  theory  was  put  forward  tliai 
the  observed  changes  in  the  durability  of  ctiitin^  tools  are 
nuiiiily  caused  by  changes  in  the  temperature  of  the  cutting 
edge,  due  to  varyiiig  quantities  of  lieat  generated  at  different 
cut  t  ing  speeds.  The  heat,  theory  was  con  finned  by  experi- 
ments^ showing  that  changes  of  durability  corresj 画 to 
those  which  occur  under  varying  rutting  speeds  can  be  pro- 
duced by  varying  the  temperature  of  the  tool  in  other  ways 
while  tlie  cutting  speed  remains  constant,  viz.,  by  varying 
t  he  temperature  of  the  water  with  wliich  the  tool  is  flooded  ； 
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by  varying  the  depth  of  cut  (a  heavy  cut  generating  more 
heat  than  a  light  one),  or  by  dispensing  with  the  cooling 
water.  It  was  shown  also  that  the  results  of  Mr.  F.  W. 
Taylor's  classical  experiments  with  cutting  tools  are  in  strict 
couformity  with  the  "  cube  law  of  cutting  speeds  "  deduced 
by  the  present  writer  from  a  theoretical  consideration  of  tlie 
heat  generated  in  cutting.  The  cube  law  is  thus  expressed  ： 
" For  constant  durability  of  the  cutting  tool  the  speed  varies 
inversely  as  the  cube  root  of  the  product  of  area  of  cut  by 
thickness  of  shaving." 

So  much  by  way  of  introduction.  In  the  present  paper 
the  heat  theory  of  durability  will  be  taken  as  experimentally 


Fig.  2.— Apparatus  Used  in  Brkaking  Tests. 

established,  and  an  attempt  will  be  made  to  connect  the 
observed  changes  in  the  cutting  durability  of  tool  steels  with 
changes  in  the  physical  properties  of  the  steels  as  shown  bv 
breaking  tests  made  at  various  temperatures.  The  various 
problems  that  are  to  be  dealt  with  may  be  clearly  stated  as 
follows : ― 

(a)  It  has  been  found  by  experiments  on  the  tool  steel 
testing  machine  that  all  tool  steels,  without'  exception,  have  a 
very  low  durability,  and  are  very  quickly  blunted  when  out- 
ting  under  water  at  low  speeds  and  fine  cuts,  under  condi- 
tions, that  is  to  say,  which  preclude  any  considerable  heating 
of  the  cutting  edge  ：  and  it  lias  been  found  that  any  alteration 
in  the  cutting  conditions  wliich  tends  to  increase  the  tem- 
perature of  the  cutting  edge,  results  in  an  increase (！ 
durability  of  the  tool.  What,  if  any,  are  the  correlative 
changes  in  the  physical  properties  (streugtli,  hardness, 
toughness,  &c.)  of  Iiardeiied  steel  which  occur  wlien  it  is 
raised  from  a  low  to  a  higher  temperature  ？ 

(/))  All  varieties  of  tool  steel  have  been  fouiul  to  be 
capable,  when  suitably  hardened,  of  producing  double-peaked 
speed-durability  curves,  the  characteristics  of  such  steels 
being  that  at  a  certain  speed  they  are  less  durable  than  at 
higher  and  lower  speeds.  Ts  it  possible  to  correlate  this  】o、v 
durability  at  a  certain  speed  with  a  particular  physical  con- 
dition at  a  certain  temperature  ？ 

(c)  All  tool  steels  are  found  to  lose  their  durability  when 
I  lie  cutting  speed  is  raised  above  a  certain  limit.  Is  there 
any  corresponding  change  in  their  physical  properties  when 
they  are  heated  above  a  certain  temperature? 

(d)  Assuming  that  each  cutting  speed  corresponds  to  a 
definite  temperature  of  the  cutting  edge  ( the  、veipht  of  cut 

and  all  other  conditions  re- 
maining constant),  what  are 
i  he  actual  temperatures  of  the 
cutting  eilg*?  corresponding  to 
tlie  various  cutting  speeds,  and 
corresponding  to  the  various 
cliansfes  in  the  durability  and 
physical  properties  of  llie 
stf  el  - 

Before  dealing  with  these 
problems  it  is  necessary  briefly 
to  ionsider  the  nature  of  the 
actions  tending  to  wear  or 
blunt  a  cutting  tool,  and  the 
corrolativo  physii-al  properties  constitutinsr  durability  which 
tlie  tool  must,  possess  in  ordor  to   witlislaiul  tliese   art  ions. 

The  principal  action  to  、vliu'h  a  tool  is  subjected  in  cut- 
ting is  one  of  friction  under  heavy  pressure.  This  tends  to 
rub  the  surface  of  the  steel  away,  by  causing  the  particles  of 
steel  to  slide  over  one  another.  To  resist  blunting  hy  tliis 
action  a  tool  must  possess  liardness.  But  the  stress  on  the 
tool  point  is  not  constant  :  as  the  cliip  is  detaclied  it  breaks 
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up  into  a  series  of  short  segments  (more  or  】ess  completely 
separated),  and  this  process  subjects  the  tool  to  a  sm'cessio" 
of  changes  of  pressure,  amounting  almost  to  blows,  aii<l 
teiulinp-  to  chip  off  portions  of  the  cuUiii^  edge.  To  witli- 
staiul  this  action  the  tool  niusi  possess  toughness. 

If  we  make  a  tool  of  glass  ami  another  of  copper,  and  use 
them  to  turn  a  cylinder  of  soft  material  such  as  lead  in  the 
lathe,  we  shall  Wnd  that  both  are  vci*y  soon  bliuited,  but 


Fig.  4.  Fig.  5.  Fig.  6. 

Fi^.  i.— Curves  representing  toughness  (full  lines),  and  hardness 
(dotted  lineHl  of  carbon  steel  variously  tempered.  Fig.  5.— TemperaUiro- 
durability  curves  from  bi'pakiug  tests,  carbou  eteel.  Fig.  6.— Specd- 
diirability  curves  from  cutting  tests,  carbon  steel. 

from  totally  different  causes.  The  glass  tool,  though 
extremely  hard,  is  brittle,  and  is  blunted  by  the  chipping 
away  of  minute  particles  of  the  cutting  edge.  The  copper 
tool,  though  very  tougli,  is  soft,  and  is  blunted  by  t'lie  rub- 
bing away  of  the  cutting  edge. 

If  now  we  imagine  that  by  some  subtle  alchemy  we  can 
gradually  change  the  tool  of  glass  into  one  of  copper,  it  will 
probably  pass  through  some  intermediate  stages  where  it,  will 
retain  some  of  the  hardness  of  glass  without  all  its  brittle- 
ness,  and  will  have  attained  to  some  of  the  toughness  of 
copper  without  all  its  softness.  The  tool  in  this  intermediate 
state  will  probably  keep  its  sharp  cutiiiig  edge  much  better 
than  either  tlie  glass  or  the  copper  tool.  A  diagram  showing 
the  durability  of  such  a  tool  in  its  successive  stages  would  be 
likely  to  take  the  form  of  some  of  the  curves  in  Fig.  1，  the 
durability  rising  to  a  inaximuni  as  the  tool  lost  its  brittle- 
ness,  and  then  falling  to  a  low  value  as  it  lost  its  hardness. 

Ill  order  then  to  measure,  throughout  a  range  of  tem- 
peratures, those  physical  properties  of  a  steel  which  consti- 
tutes fliu'a1)i】ity，  it  is  necessary  to  t-esi  it  at  each 
temperature  for  hardness  and  for  toughness.  The  usual 
method  of  testing  toughness  is  that  of  t-lie  impact  pendulum. 
Some  preliminary  experiments  were  made  by  this  method, 
but  it,  was  found  that  whereas  one  specimen  might  be  sliat- 
teml  with  an  absorption  of  the  energy  of  the  pendulum  so 
slight  as  to  be  difficult  of  measurement,  another  specimen 
only  slightly  different  in  temper  would  absorb  the  whole  of 
the  energy  of  a  heavy  pendiiluTii  without,  being  bent  or 
broken.  It  became  evident,  that  a  shattering  blow  bears  so 
little  resemblance  to  the  stress  to  which  a  cutting  tool  is 
subjected  as  to  afford  very  little  useful  information  relative 
to  durability. 


The  method  finally  adopted  was  that  of  breaking  the 
specimen,  supported  at  the  ends  on  k i li t'e^  edges,  by  a  load 
applied  transversely  at  the  centre.  The  apparatus  employed 
is  illustrated  in  Fig.  2.  The  specimen  A  was  in  all  cases 
3in.  long,  jiii.  deep,  and  Jin.  wide.  It  was  supported  on 
knife  edges  BB,  2|iii.  apart.  A  lltird  knife  edge  C  was 
affixed  to  a  plate  F,  and  guided  by  pins  DD  sliding  freely 
in  holes  in  F.  The  whole  was  placed  in  a  bath  containing 
water,  oil,  or  salt,  according  to  the  1  eiiiperature  under  iiives- 
t-igation,  ilie  specimen  being  coiiiplelely  ininiersed  in  the 
liquid.  The  bath  was  rested  on  iron  blocks  GG,  with  gas 
l)urners  or  blow  pipes  between  t lieiii,  and  the  whole  was 
placed  under  the  crossliead  of  the  Olsen  10(),0001bs.  auto- 
graphic testing  machine. 

In  operation  the  bath  was  first  heated,  and  the  tempera- 
ture (measured  by  a  mercury  thermometer)  allowed  to  become 
stationary.  The  specimen  was  placed  on  the  knife  edges,  and 
five  minutes  were  allowed  for  it  to  arrive  at  the  temperature 
of  the  batli.  The  load  was  then  applied,  and  the  specimen 
broken  or  bent.  The  load  and  the  deflection  were  auto- 
graphically  recorded  by  the  testing  machine.  Some  of  the 
resulting  diagrams  are  reproduced  in  Fig.  3.  The  height  of 
each  curve  represents  the  maximum  load  applied  to  the 
specimen  to  break  or  bend  it,  and  this  maximum  load  is 
taken  as  a  measure  of  toughness.  Curve  a  is  from  a  specimen 
broken  cold  ：  being  brittle,  a  small  load  sufficed  to  break  it. 
Curve  h  is  from  a  similar  specimen  broken  at  238。  C.  It  was 
tougher,  and  broke  at  a  higher  load.  Curve  c  is  from  a 
specimen  tested  at  278'^  C.  In  this  case  the  specimen  was 
very  tough .  It  supported  a  heavy  load,  and  bent  without 
breaking. 

For  the  purpose  of  the  investigation  it  was  necessary  to 
ascertain  the  hardness  of  the  specimens  at  each  temperature 
as  well  as  their  toughness.  The  somewhat  elusive  quality  of 
hardness  may  be  defined  as  the  power  of  resisting  deformation 
under  stress.  It  is  commonly  measured  by  pressing  a  hard 
steel  ball  into  the  surface  of  the  specimen  with  a  definite 
force.  The  material  which  takes  the  smallest  impression  or, 
in  other  words,  which  shows  the  greatest  resistance  to  defor- 
mation, is  taken  to  be  the  hardest.  The  ball  test  cannot  be 
applied  to  very  hard  materials,  but  the  diagrams  in  Fig.  3 
give  us  a  means  of  measuring  resistance  to  deformation  or 

hardness.  The  relation  between 
the  load  and  the  resulting  deflec- 
tion is  shown  graphically  by  the 
slope  of  the  curve.  Specimen  a 
was  very  hard  ：  it  gave  only  a 
small  deflection  for  each  incre- 
ment of  load,  and  the  resulting 
diagram  is  nearly  vertical . 
Specimen  b  was  softer,  and  c  very 
soft,  and  the  slope  of  the  diagram 
was  greater  as  the  hardnes.s 
diminished .  Numerically  tlie 
hardness  may  be  expressed  as  the 
load  required  to  produce  +in . 
deflection,  ami  the  liardnevss 
muuber  is  obtained  by  dividing 
the  maximum  load  in  pounds  by 
the  deflection  in  tenths  of  an  inrh. 
L 
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Experiment s  were  first  made 
on  crucible  steel  containing  about 
1*3  per  cent .  carbon.  A  bar  iiii. 
by  ^in.  section  was  cut  into  pieces 
3 in.  long,  w  1 1 i i ■  1 1  were  lieated  to 
800。  C.  and  (Uieiichecl  in  wafer. 
Some  of  the  specimens  were  k'ft 
iu  the  (lead-hard  state,  others  were 
tempered  by  being  placed  for  15 
minutes  in  an  oil  bath  at  136*^  C. 
Others  were  tempered  in  like 
manuer  at  145""  and  175"  respec- 
tively. The  problem  was  to 
ascertain  how  the  physical  properties  of  steels  thus  treat<*cl 
would  be  affected  by  the  heat  generated  in  cutting  at  various 
speeds.  It  was  certain  that  a  very  high  cutting  speed  would 
licat  the  cutting  edge  of  the  tool  sufficiently  to  soften  it  and 
cause    it    to    be    blunted  immediately,    but    it    was  not 
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Fig.  7.  ―  Speed-durabiutt 
Curves  prom  the  same  tool, 
differently  uround. 
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known  what  would  l)e  the  e fleet  of  the  lower  tem- 
))eralures  geiieraied  at  lower  cutting  speeds.  In 
order  to  reproduce  these  temperatures  artificially,  the 
specimens  were  heated  in  the  apparatus  illustrated 
ill  Fig.  2，  and  broken  at  various  temperatures  as  described. 

The  results  of  the  breaking  tests  are  plotted  out  in 
diagrams  A,  B，  C，  D，  Fig.  4.  The  full  lines  in  these 
diagrams  represent  maximum  loads  at  which  the  specimens 
were  broken  or  bent  (toughness),  and  the  dotted  lines  repre- 
sent the  hardness,  or  maximum  load  divided  by  deflection. 
Referring  first  to  the  toughness  curves  (full  lines),  it  will 
bo  seen  that  the  diagrams  have  certain  features  in  common. 
There  is  a  decrease  of  toughness  as  the  temperature  rises 
from  that  of  the  atmosphere  to  100。，  and  a  more  or  less 
regular  increase  of  toughness  between  100°  and  250。  or  275°. 

Referring  now  to  the  dotted  curves  representing  hardness, 
we  again  see  certain  characteristics  common  to  all  the  speci- 
mens. The  hardness  was  relatively  high  at  atmospheric 
temperature,  it  was  very  much  less  at  50。  or  100°,  it  again 
attained  a 】iigh  value  at  temperatures  varying  from  150^  to 
250'\  and  it  fell  very  low  at  275°  to  300。，  at  which  tempera- 
tures the  specimens  were  so  soft  as  to  bend  without  breaking. 
It  will  be  noticed  that  the  hardness  and  toughness  curves 
have  widely  different  shapes,  an  increase  of  the  one  quality 
being  very  generally  acronpanied  by  a  decrease  of  the  other, 
though  both  decrease  together  between  20°  and  100°. 

We  have  here,  according  to  our  theory,  two  of  the 
elements  for  determining  the  variations  of  durability  with 
temperature  ；  but  it  is  very  difficult  to  say,  from  inspection 
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Fig.  8.  Fig.  9.  Fig.  10. 

8.— Curves  representing*  tou^^hness  (full  lint's),  and  hardness 
(dofctcd  lines)  of  two  lii^h-speod  stocls,  broken  at  various  teuiperatures. 
】'，ig.  9.— Teniperatuv<?-tlural)ility  curvtis  from  Ijrcakin*;  tests,  hiyh-speed 
steel.  Fif4. 丄 0. ― Sijucd-durability  curves  from  cutting  losts,  high-speed 
steel. 

of  the  curves,  which  temperature  might  be  expected  to  give 
the  liigliest  durability  to  the  steel .  The  durability  will  be 
high  when  both  1  lie  hardness  and  toughness  are  high  ；  the 
durability  will  be  low  when  either  tlie  toughness  or  hardness, 
or  both,  are  low.  Now  it  is  evident  that  if  we  multiply  the 
lia rclness  number  by  tlie  corresponding  toughness  number  for 
oach  temperature,  we  shall  obtain  a  new  series  of  munhers 
fulfilling  t'he  coiulit ions  just  stated ― they  will  be  liigli  wlien 
tlio  liardness  ami  toughness  are  both  high  ；  they  will  be  low 
wluMi  either  liarflness  or  toughness,  or  both'  are  low.  These 
iniiul)crs  should  tJiercfore  be  in  some  degree  proportional  to 
the  durability  of  the  steel,  \Vc  cannot  say  that  they  will  be 
strictly  proportional  to  durability  unless  we  assume  that 
hardness  and  toughness  are  the  only  qualities  constituting 
(lural)ility,  and  that  they  are  ef]ually  important  factors  in 
durability,  but  these  are  assiunplions  we  have  no  right  to 
make.  Either  hardness  or  toughness  may  be  the  more 
important,  factor,  according  to  the  nature  of  the  material  i he 
tool  is  required  to  rut.  It  is  an  established  fact  that  the 
steel  whirl  I  is  best  for  cutt  hard  materials  such  as  tyre 
steel  is  not  necessarily  the  best  for  cutting  soft  materials 
sucli  as  mild  steel  or  brass,  and  this  may  be  i>ecause  a  harder 
tool  is  requi.rofl  for  one  class  of  material  and  a  tou^lier  for 
t ho  other.  Nor  can  we  safely  assume  t hat  liardness  and 
touL^lniess  arc  the  only  factors  in  durahility.  Some  steels 
(notably  the  tungsten  steels)  possess  a  property  of  resisting 


abrasion  wliicli  does  not  appear  to  depend  directly  on  lianl- 
ness  or  toughness,  and  can  only  be  measu red  by  an  abrasive 
test ~ preferably  an  actual  cutting  test.  A  breaking  test 
may  give  no  evidence  of  the  presence  or  absence  of  this 
quality.  The  evidence  to  be  obtained  from  the  breaking 
tests  must  therefore  be  regarded  as  mainly  negative  evideiu-e. 
It  is  certain  thai  a  tool  which  is  very  soft  or  very  brittle  will 
not  be  durable.  It  is  almost  certain  that  a  given  tool  will 
gain  in  durability  as  it  becomes  harder  and  tougher  ；  but  it 
by  no  means  follows  that  the  specimen  of  steel  which  carries 
tlie  heaviest  load  with  the  least  deflection  will  make  the  most 
durable  cutting  tool. 

Recognising,  then,  that  the  product  of  hardness  and 
toughness  may  bear  only  an  approximately  proportioiird 
relation  to  durability,  let  us  examine  tlie  curves  produced  Ly 
plotting  these  products  on  a  temperature  basis.  The  curves 
are  shown  in  Fig.  5，  and  tlie  dui'ability-speed  curves 
obtained  from  specimens  of  the  same  steel  by  actual  cutting 
tests  made  on  the  tool  steel  testing  machine  are  shown  in 
Fig.  6.  Two  sets  of  curves  are  si i own  in  this  figure.  The 
full  lines  represent  the  durability  of  tools  cutting  under 
water,  and  the  dotted  curves  are  taken  from  the  same  tools 
cutting  dry. 

It  is  at  once  apparent  that  there  is  a  very  striking  simi- 
larity between  the  curves  obtained  by  breaking  (Fig.  5),  and 
those  obtained  by  cutting  (Fig.  6).  In  each  case  there  is  a 
very  low  durability  at  low  speeds  or  temperatures,  a  rise  to  a 
high  maximum  as  the  speed  or  temperature  increases,  an'l 
a  fall  to  a  low  value  when  the  speed  or  temperature  exceeds  a 
(.'ertain  value.  It  is  especially  noticeable  that  the  range  of 
speeds  and  temperatures  which  gives  the  steel  a  high  dura- 
bility is  a  very  narrow  one.  One  important  difference  will 
be  noticed.  The  breaking  tests  all  sliow  a  high  durability  at 
atmospheric  temperature  and  a  rapid  fall  to  50^  or  100。，  but 
this  feature  is  entirely  absent  from  the  curves  obtained  by 
cutting.  From  this  it  might  be  surmised  that  at  the  lowest 
cutting  speed,  viz.,  20ft.  per  minute,  the  edge  of  t lie  tool  was 
at  50"  to  100。，  and  that  the  tools  would  have  a  higher  dura- 
bility when  cutting  at  still  lower  speeds.  Some  experiments 
have  been  made  with  a  view  to  confirming  this  inference,  but 
liitlierto  without  success.  Tests  were  made  at  speeds  as  low 
at  2ft.  per  minute,  and  the  tool  was  flooded  wit li  a  freezing 
mixture,  but  the  wear  was  extremely  rapid,  and  no  increase 
of  durability  was  found.  There  is  no  doubt  a  considerable 
amount  of  heat  generated  in  cutting  a  tough  steel,  no  matter 
how  slow  the  speed,  and  it  may  be  that  the  cutting  edge  was 
considerably  above  atmospheric  temperature  even  under  the 
extreme  conditions  mentioned.  This  pouU,  liowever, 
requires  further  investigation. 

Two  of  the  tools  used  in  the  culting  tests,  namely,  those 
tempered  at  136、、  and  145°,  gave  double-peaked  curve?.  It 
had  previously  been  found  (see  Fig.  1)  that  cm rbon  steels 
tempered  between  130^  and  150"  give  curves  of  this  character, 
and  one  purpose  of  the  investigation  was  to  find  an  explana- 
tion of  this  phenomenon.  It  cannot  be  said  that  t he 
explanation  is  complete,  though  earli  of  the  breaking;  tests, 
ami  especially  B,  shows  a  rudimentary  first  peak.  The 
relation  between  the  hardness  and  toughness  curves  is  com- 
plicated, their  maxima  and  minima  generally  failing  to 
ccMiicide.  anrl  it  is  not  Pur]M*ising  that  t lie  resultant  curve  <»f 
durability  should  assume  a  roinplioated  form.  It  has  alrea  Iv 
been  pointed  (uit  that  the  actual  shape  of  the  durability 
curve  will  depend  on  the  relative  ini]>ort aiice  of  the  hardness 
and  toughness  factors,  ami  that  t his  will  depend  on  t lu»  rut- 
ting conditions.  It  lias  been  found  by  experiment  that  the 
shape  of  the  curve  is  by  no  means  constant  when  the  cutti!ip 
conditions  are  altered .  Thus  Fig.  7  shows  d u rahilil y-spoocl 
curves  obtained  from  t lie  same  tool  ixrouiul  with  0、，  ，「)、，  ami 
ICT  rake.  The  heifjht  of  the  fust  peak  (liminislies  as  tlie  rake 
of  the  tool  is  increased.  Again,  it  is  seen  in  Fig.  6  that  tools 
which  give  a  double  peak  when  (、ut"iig  under  water  usually 
i^ive  only  a  single  peak  when  cut  tins:  (Irv.  In  this  connect  i:in 
it  may  he  pointed  out  thai  the  cutting  teiuperature  is  iiuk  Ii 
ino'*e  (lelinitc  when  the  tool  is  rutting  under  a  copious  st ream 
of  water  than  when  rutting  dry.  In  the  former  case  tlie 
extreme  cflj^o  of  the  tool,  oinhedrled  in  the  metal,  is  lieat^<l  to 
a  UMuporat uro  depeiuliiij;  on  t lie  speed  ami  remaining  con- 
slant  tliroup^hout  tlie  test.  When  no  oooliiig'  mediiini  is 
ouiployccl.  the  tool,  the  tube,  ami  the  adjacent  parts  of  tiie 
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machine  become  gradually  hotter  as  the  test  proceeds,  ilie 
temperature  becoming  coiistaut  only  (if  at  all)  when  tjio 
generation  of  heat  is  balanced  by  radiation.  This  nia,y 
arcount  for  the  fact  that  dry  cutting  tests  seldom,  if  ever, 
give  double-peaked  speed  curves. 

Breaking  tests  were  made  with  high-speed  steels  of  two 
well-known  brandy.  These  specimeus,  3iu.  by  ^iii.  by  jin" 
were  hardened  by  being  preheated  for  2-|  minutes  at  850°， 
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Fi^.  11. —Speed  durability  curves  of  a  high-speed  steel  cu feting  with 
and  without  lubricants.  Fig.  12.— Speed-durability  curves  of  the  same 
high-spued  steel  dill erently  hardened. 

then  heated  for  50  sec.  at  1,275°,  and  quenched  in  salt  batli 
at  672。  for  30  sec.  The  hardening  of  all  the  carbon  and 
high-speed  steel  specimens  used  in  these  experiments  was 
kindly  undertaken  by  Mr.  S.  N.  Braysliaw.  The  breaking- 
tests  were  carried  out  in  the  manner  described  above,  and 
the  resulting  hardness  and  toughness  curves  are  shown  in 
Fig.  8.  The  hardness  curves  (dotted)  are  somewhat  compli- 
cated, but  the  curves  of  the  two  steels  closely  correspond  with 
each  other,  and  bear  some  resemblance  to  the  hardness  curve 
A  (Fig.  4)，  taken  from  the  dead-hard  carbon  steel.  There  is 
a  marked  fall  in  hardness  from  atmospheric  temperature  to 
50，  and  100。，  followed  by  a  rise  to  130。，  a  fall  to  280。，  with 
a  smaller  rise  and  fall  at  higher  temperatures.  The  two 
toughness  curves  (full  lines)  also  correspond  in  general  form, 
tliougli  there  is  a  great  difference  in  the  temperatures  at 
wliirii  the  first  minima  occur  (lOCT  and  220°  respectively). 

Multiplying  together  the  hardness  and  toughness 
numbers  as  before,  we  obtain  tlie  durability-temperature 
curves  in  Fig.  9.  The  durability-speed  curves  obtained  from 
two  of  the  specimens  by  cutting  tests  on  the  tool  steel  testing 
machines  are  given  in  Fig.  10，  tlie  dotted  curves  being 
obtained  by  cutting  dry,  and  the  full  curves  with  water. 

The  durability-temperature  curves  (Fig.  9)  resemble  those 
of  the  carbon  steels  (Fig.  5)  in  showing  a  marked  fall  in 
durability  from  atmospheric  temperature  to  50。，  this  feature 
being  entirely  absent  in  the  curves  obtained  by  cutting 
(Fig.  10).  Both  the  temperature- durability  curves,  E  and  F 
(Fig.  9),  show  marked  double  peaks,  and  it  will  be  noticed 
that  in  the  case  of  steel  E  the  first  peak  occurs  between  tem- 
peratures 100°  and  260。，  thus  corresponding  roughly  with  the 
main  peaks  of  the  carbon  steels  (Fig.  5).  The  second  peak  in 
steel  E  occurs  between  260"  and  400°,  at  which  temperature 
the  carbon  steel  would  be  soft. 

Turning  now  to  the  cutting  tests,  we  see  \\\  curve  E  (Fig. 
10)  two  peaks,  the  first  occurring  between  20ft.  and  120ft. 
per  minute,  thus  corresponding;  with  the  carbon  steel  curves 
in  Fig.  6，  while  the  second  peak  in  E  (Fig.  10)  occurs  at 
140ft.  per  minute,  at  which  speed  the  carbon  steels  were 
incapable  of  cutting.  There  is  thus  a  close  correspondeiR'e 
between  the  durability  curves  obtained  by  breaking  and  by 
cutting  tests.  It  is  true  there  is  a  great  disparity  as  regards 
the  relative  heights  of  the  two  peaks,  but  this  was  to  be 
expected.  Even  though  the  steel  were  equally  hard  and 
tough  when  cutting  at  70ft.  and  at  140ft.  per  minute  ((is 
would  appear  from  Fig.  9),  the  higher  speed  would  naturally 
blunt  the  tool  more  rapidly. 

The  curves  of  steel  F  are  somewhat  anomalous.  The 


breaking  tests  sliow  two  dist-inci  peaks  with  ； i  Idw 
at  2'j)0')，  the  secoiul  peak  being  a  very  lar""，  otio,  whereas  die 
cutting  tests  (Fig.  10)  show  only  a  single  peak  extending 
from  '20ft.  to  150ft.  per  minute.  , 

The  dotted  curves  obtained  by  cutting  dry  (Figs.  G  and 
10)  are  in  all  cases  to  tlie  left  of  the  corresponding  "  wet" 
curves,  and  it  is  especially  to  be  noted  lliai  all  the  tools 
when  cutting  at  very  low  speeds  were  more  durable  when 
water  was  not  used ― i.e"  when  they  were  allowed  io  become 
heated. 

This  effect  of  temperature  on  durability  is  clearly  shown 
in  Fig.  11，  which  represents  the  speed-durability  curves  of  a 
high-speed  steel  tool  cutting  (1)  dry,  (2)  with  】ai'd  oil,  (3) 
with  water.  At  tlie  low  speeds,  20  and  30ft.  per  】nimit('，  tlie  tool 
was  most  durable  when  cutting  dry,  and  least  durable 
with  water.  At  the  highest  speeds  the  position  is  reversed, 
while  at  intermediate  speeds  the  lard  oil  gave  the  liigliest 
durability.  The  oil  appears  to  exercise  a  double  function. 
It  acts  as  a  cooling  medium,  and  enables  the  tool  to  work 
at  much  higher  speeds  than  are  practicable  when  cutting 
dry  ；  but,  as  a  cooling  medium,  it  is  inferior  to  water,  and 
therefore  less  conducive  to  durability  at  very  liigli  speeds. 
It  has,  however,  a  lubricating  effect  which  is  not  possessed  by 
water,  and  is  highly  conducive  to  durability  at  speeds  which 
do  not  generate  an  excessive  amount  of  heat.  The  oil  gives 
the  highest  durability,  but  not  at  the  highest  speed. 

The  curves  in  Fig.  12  illustrate  the  extreme  importance  of 
the  time  factor  in  the  hardening  of  high-speed  steel.  The 
dotted  curve  represents  the  durability  of  a  high-speed  tool 
which  was  preheated  for  4.  minutes  at  850°,  heated  for  one 
minute  at  1，275。，  and  quenched  in  salt  at  675°  C.  The  full 
curve  shows  the  durability  of  the  same  steel  preheated  lor 
2h  minutes  and  heated  for  50  seconds  at  tlie  same  tempera- 
tures. Evidently  the  first  tool  had  been  injured  by  too 
prolonged  heating. 

Let  us  now  see  how  far  the  result?  of  tlie  experiments 
enable  us  to  answer  the  questions  with  which  we  set  out. 

A.  The  low  durability  of  all  tool  steels,  cutting  iinrlsr 
water  at  low  speeds  and  light  cuts,  seems  to  be  completely 
explained  by  the  low  values  of  hardness  and  toughness  which 
always  occur  at  cutting  temperatures  of  50^  to  100°.  The 
breaking  tests  have  shown  in  every  case  that  the  product, 
hardness  x  tougluiess,  increases  in  value  as  the  temperature 
is  raised  above  100°.  The  cutting  tests  have  shown  in  every 
case  that  the  durability  increases  when  the  cutting  speed  is 
raised  above  20ft.  per  minute.  These  cutting  tests  have  also 
shown  that  the  durability  always  increases  when  a  tool 
working  at  20ft.  per  minute  is  allowed  to  cut  dry  instead 
of  with  water,  or  witli  hot  water  instead  of  cold.  It  is 
impossible  to  doubt  that  these  are  different  manifestations 
of  the-  same  physical  change  in  the  steel. 

A  clear  recognition  of  this  phenomenon  is  of  great  practi- 
cal impoi'iance.  A  great  deal  of  the  metal  cutting  iu  every 
engineer's  shop  consists  in  taking  fine  finishing  cuts,  often 
with  water  on  the  tool.  If  such  cuts  are  taken  at  a  slow 
speed,  the  temperature  of  the  cutting  edge  may  not  rise 
above  100。，  in  whicli  case  the  tool  will  be  quickly  blunted. 
Its  durability  can  be  increased  by  increasing  the  speed  or  by 
cutting  dry.  Many  cases  are  known  to  have  occurred  m 
ordinary  workshop   practice,    where   an  increase  in  cutting 


Cutting  temperature  CeNTicRAoe 

too  200  300 


丁 


20        <W       60       80  100 

Feet  p£r  MiNure. 


120  m 


leo 


Fig.  13. —Approximate  Scale  of  Cutting  Tempkjraturks  anp  Speeds 
FOR  Tools  Cutting  with  water  on  the  Tool  Steel  Testing  Machine. 

speed  lias  actually  resulted  in  increased  durability  of  the 
tool.  _ 

Low  durability  at  low -cutting  temperatures  (on,  for 
example,  finishing'  cuts)  is  a  familiar  charat-terislic  of  high- 
speed steels,  and  is  most  marked  lu  tools  whicli  have  been 
suitably  liardeiied  for  very  high  temperature  work."^'  High- 
speed steel  can  be  so  hardened  as  to  retain  its  durability  at 
fairly  low  temperatures,  and  there  are  now  on  the  market 
tungsten  steels  specially  adapted  for  low  temperature  work, 

*  There  is  reason  to  bolicvc  tliat  the  condition  of  low  diivabiUty  in  such  steels 
may  occur  at  temperatures  mucli  higher  tbau  lUO^  (see  F,  Fig.  9). 
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such  as  finishing  very  heavy  forgings  ；  but  every  description 
of  st'eel  known  to  the  writer  loses  its  durability  if  the  cutting 
temperature  is  low  enough.  It  should  be  noted  that  a  low 
cutting  temperature  can  only  occur  when  there  is  a  combina- 
tion of  low  speed  with  light  cut.  A  heavy  or  moderate  cut 
raises  the  tenij^erature  of  the  cutting  edge  above  100。，  even 
at  very  slow  speeds 

J3.  The  pheiiomeuou  of  the  double-peaked  curve  is  not 
completely  elucidated,  though  the  evidence  goes  some  way 
to  explain  it.  The  variations  of  hardness  and  toughness  with 
temperature  are  of  a  complicated  character,  and  the  cleft 
between  the  two  peaks  of  a  durability  curve  appears  to  be 
caused  by  the  conjunction  of  depressions  in  the  hardness  and 
Ia  ugliness  curves  at  a  particular  te  mperature.  The  relative 
heights  of  the  two  peaks  are  found  to  vary  with  the  c  ； ndi- 
tioiis  of  cutting,  and  this  variation  may  be  due  to  a  change 
in  tlie  relative  importance  of  the  hardness  and  toughness 
factors,  according  to  the  quality  of  the  material  cut,  or  the 
shape  of  the  tool. 

C •  The  decline  in  durability  which  takes  place  when  a 
certain  limiting  speed  is  exceeded  is  evidently  caused  by  an 
actual  softening  of  the  cutting  edge  by  the  heat  generated  in 
cutting.  This  softening,  which  is  extremely  local,  takes 
place  even  when  the  tool  and  the  work  are  practically 
immersed  in  running  water.  The  speeds  and  temperatures 
at  which  the  softening  occurs  depend  largely  on  the  particu- 
lar hardening  process  which  has  been  applied  to  the  tool,  and 
are  generally  highest  in  high-speed  steel, 

D.  It  is  not  yet  possible  to  establish  an  exact  scale  of 
cutting  temperatures  corresponding  to  the  scale  of  cutting 
speeds,  but  a  comparison  of  the  temperature- durability 
curves  obtained  by  breaking  tests  (Figs.  5  and  9)，  with  the 
speed-durability  curves  obtained  by  cutting  tests  (Figs.  6  and 
10)，  enables  us  to  make  an  approximation ,  as  in  Fig.  13. 

To  establish  a  correspondence  between  the  speeds  of  cut- 
ting with  and  without  water,  a  comparison  may  be  made 
between  the  full  and  dotted  curves  in  Figs.  6  and  10，  from 
which  it  appears  that  the  effect  of  using  water  is  approxi- 
mately to  double  the  cutting  speed  ；  in  other  words,  the  edge 
of  a  tool  flooded  with  water  attains  about  the  same  tempera- 
ture as  the  edge  of  a  tool  cutting  dry  at  half  the  speed.  This 
must  not  be  taken  as  a  general  statement  applicable  to  all 
cutting  operations.  The  dry  cutting  temperature  depends 
largely  on  the  volume  of  metal  operated  upon .  The  tube 
used  ill  the  tool  steel  testing  machine  is  small  iu  diameter 
and  light  in -section  ；  it  becomes  considerably  heated  under 
a  dry  cut.  In  machining  a  large  forging  the  body  of  metal 
absorbs  a  great  deal  of  heat,  with  only  a  slight  rise  in  tem- 
perature,  and  the  use  of  water  has  less  effect  on  the  cutting 
speed. 

Considerable  interest  attaches  to  a  comparison  of  the 
durabilities  of  carbon  and  high-speed  steels.  It  appears  from 
Figs.  6  and  10  that  the  high-speed  steel  has  two  distinct 
features  of  superiority.  The  speeds  at  which  it  attains  its 
maximum  durability  are  not  very  different  from  iliose  at 
which  carbon  steel  is  most  durable,  but  the  high-speed  steel 
is  several  times  as  durable  at  these  speeds.  Quite  distiiul 
from  its  superior  durability  at  moderate  cutting  tempera- 
tures is  the  property  possessed  by  liigli-speed  steel  of  retain- 
ing some  durability  at  teniperatures  liigli  enough  to  soften 
carbon  steel,  but  its  actual  durability  under  such  conditions 
is  much  less  than  under  conditions  which  do  not  unduly  heat 
it.  In  other  words,  its  abrasive  quality  appears  to  be  more 
important  than  its  heat-resisting  quality. 

A  comparison  of  the  curves  in  Figs.  5，  6，  9，  and  10  lends 
force  to  t'lie  warning  already  given,  that'  no  absolute  measure 
of  durabiiity  can  be  obtained  by  a  breaking  lest  The 
lii;;liest  flurabilily  calculated  from  breaking  tests  was  that'  of 
tool  D，  but  tlie  actual  diirabilily  of  this  carbon  steel, 
】neas'"i'e(l  by  ruiting,  wa?  not.  particularly  hi^h,  and  、、'.is 
mwh  less  tlian  thai  of  lii^li-sj^eed  st eel  E,  wliicli  broke 
luuler  lower  loads. 


Welsh  Coal  Developments. ― The  Bedwas  Navigation  Colliery 
('mi 屮; my  is  liUing  up  its  north  pit  with  ])ennanent  iruides, 
carriages.  for  roal-raisiiig.      The  south  pit  is  being  used 

for  working  both  shifts.  Pmnpiug  eiigines  are  being  erect r<l 
and  large  lodge  rooms  for  water  arc  being  prepared. 


FATAL  RAG  BOILER  EXPLOSION  AT  BURY. 

On  Saturday  morning,  the  4th  insb.,  the  inquest  was  held 
at  Bury  on  the  body  of  Joseph  Plews,  beatcu'iiian,  who  was 
killed  as  the  result  of  Die  explosion  of  a  revolving  rag  boiler 
at  the  East  Lancashire  Paper  Mill  on  the  previous  Tuesday. 

George  Fowler,  fire  beater,  employed  by  the  East  Laura- 
shire  Paper  Mill  Company,  said  that  about  9-30  p.m.  on  April 
30th J  while  following  his  employment,  he  heard  a  loud  report. 
He  went  to  the  top  of  the  fire-liole  and  was  told  there  had 
been  an  explosion.  He  went  to  the  "  brown  mill/'  where  rags 
were  boiled  for  making  brown  wrappers.  He  looked  behind 
the  pan  and  saw  Plews.  He  asked  deceased  if  he  was  fast, 
and  lie  replied  "  No,"  Witness  asked  if  he  could  get  out, 
and  Plews  said  he  could  not  get  past  some  "  boxes."  Witness 
then  helped  Plews  to  a  place  of  safety.  He  asked  Plews  if 
the  pan  had  burst,  and  he  said  he  thought  it  was  the  shaft- 
ing that  had  broken. 

John  Prestwich,  foreman  of  the  preparation  department, 
said  he  saw  the  scene  of  the  accident  about  10-30  p.m.,  on 
April  30th.  At  that  tiuie  two  men  had  been  removed  to  tlie 
Infirmary.  The  pans  were  the  revolving  rag-boilers,  and  one 
had  the  end  opposite  to  that  at  which  the  steam  entered 
blown  out  and  through  the  wall.  He  explained  the  system 
by  which  the  steam  was  directed  into  the  pans  and  the  ar- 
rangement of  safety  valves.  He  could  not  explain  bow  the 
accident  happened.  The  boilers  were  tested  iu  March,  and 
he  had  looked  at  them  from  time  to  time  and  bad  loiiiid  no 
sign  of  weakness.  The  end  was  blown  clean,  straight  out,  as 
though  a  large  amount  of  pressure  had  been  applied. 

Frank  Allen,  engineer,  said  he  was  in  his  liouse,  which 
is  near  the  mill，  when  he  heard  the  explosion  aud  ran  out. 
In  the  first  instance  lie  went  on  the  road  side  and  saw  the 
wall  had  been  blown  out.  It  was  too  dangerous  to  go  through, 
and  he  ran  round  to  another  door  and  got  through  the  size 
house.  The  men  had  been  got  out  when  he  got  there.  Wit- 
ness found  the  boilers  were  down  and  the  steam  shut  off.  The 
steam  piping  was  down  for  a  distance  from  the  pans.  He 
assisted  in  getting  the  injured  men  away.  He  had  since 
examined  the  boilers.  The  end  of  one  of  them  was  blown  out  ； 
it  was  fractured  part  way  through  the  angle  and  the  rest  of  the 
way  round  it  had  brokeu  through  the  rivet  holes.  The  other 
boiler  was  not  damaged  so  far  as  he  could  see,  except  the 
gearing.  Both  boilers  were  fed  from  a  liii.  pipe  wliicli 
branched  off  at  a  point  into  each  boiler.  The  steam  passed 
through  a  reducing  valve  set  to  251bs.  There  was  a  steam 
gauge  and  a  "  dead  weight  "  valve  which  blew  off  at  201bs. 
pressure.  The  boilers  were  of  iron  plates  single  riveted,  and 
three  years  ago  they  were  tested  hydrauHoally.  They  wen 
tested  by  the  Insurance  Company  about  four  years  ago,  ami 
were  passed  up  to  oOlbs.  The  last  outside  examination  w;is  iu 
March,  aud  there  were  no  complaints. 

The  report'  of  the  company's  inspector  of  Jum、，  1 1)  1 1 ,  was 
]>  rod  need,  aud  it  stated  tliat  the  boiler  was  iu  wiukinir  "rder 
for  tlie  pressure  required,  but  there  was  rertaiii  wasting  whirh 
would  want  watching.  Asked  if  be  had  had  any  talk  with 
the  inspector  about  the  wasting,  the  engiiioor  said  he  just  re- 
marked about  it,  but  uotbiiig  special.  The  boilers  were  in- 
sured up  to  251bs.,  aud  they  did  not  usually  work  either 
above  151bs.  Witness  added  that  lie  looked  at  the  boilers 
ocrasionally,  and  thought  they  were  quite  safe  to  work,  it 
was  only  a  low  pressure.  He  could  not  uiulorstaiid  what  had 
caused  it  to  go.  The  plates  woro  half  ； ni  iiirli  tliick.  The 
Board  of  Trade  inspector  had  inspected  i(  siiK-e  the  explo- 
sion. Witness  said  he  had  had  no  misgivings  about  the  boiler, 
wliioh  was  the  last  he  should  have  expected  to  go. 

Continuing,  the  witness  said  the  rivets  were  'f\n.  and  2in. 
pitrli.  The  boilers  were  old  ones,  and  were  on  the  ground 
wlien  he  went  to  tlie  niill,  being  used  for  tanks.  They  had 
previously  been  used  at  401bs.  pressure.  Plews  was  an  ex- 
|>(M*iriK-od  man,  and  practically  had  charge  of  the  boilers. 
I  lo  rould  not  say  wliat  was  the  cause  of  the  explosion.  Tho 
valves  seemed  to  be  all  right  after  the  atrideut.      He  iM 
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not  put  the  boilers  into  use  for  boiling  rags  until  ihej  were 
tested  up  to  a  pressure  of  501bs. 

Tlie  Deputy-Coroner  reviewed  the  evidence,  and  said  the 
question  was  whether  anyone  responsible  had  acted  recklessly 
and  carelessly,  wliicli  in  plain  English  would  lead  the  jury  to 
the  conclusion  they  were  guilty  of  manslaughter,  or  whether 
there  had  been  an  error  of  judgment.  If  tliey  found  that 
every  care  had  been  exercised  and  that  the  boiler  had  been 
examined  periodically,  and  the  conclusion  arrived  at  that  it 
was  safe  to  work,  it  was  simply  a  case  of  accidental  death. 
The  jury  returned  a  verdict  of  "'  Accidental  death." 


KORTING'S  INJECTOR. 

We  illustrate  lierewitb  a  design  of  injector,  tlie  invention  of 
Koi'ting  Bros.,  of  Linden,  near  Hanover,  of  the  kind  that  are 
adapted  to  deliver  to  a  boiler  or  other  apparatus  water  under 
pressure  higher  than  atmospheric  pressure,  and  wherein,  for 
the  purpose  of  putting  or  keeping  the  water  reservoir  under 
pressure  by  the  working  steam  of  the  injector,  the  reservoir 
and  injector  are  in  piped  connection.  It  comprises  a  chain - 
1)61*  independent  of  the  overflow  chamber  of  the  injector,  and 
connectred  with  either  the  atmosphere  or  a  condensing  vessel, 
for  the  purpose  of  reducing  the  pressure  or  condensing  the 
working  steam  in  the  reservoir  and  pipes  preparatory  to  the 
admission  of  a  fresh  supply  of  water  to  the  reservoir.  The 
valves  for  connecting  the  reservoir  and  condensing  vessel  with 
the  injector  are  so  constructed  and  arranged  that  the  opening 
and  closing  of  them  is  effected  by  a  common  regulating 
member.  When  it  is  desired  that,  there  should  be  a  continu- 
ous flow  of  water  to  the  reservoir  and  a  continuous  flow 
through  the  injector  to  the  boiler,  means  are  provided 
whereby  warning  is  given  when  the  reservoir  is  either  full 
or  empty  or  in  both  states. 

In  the  accompanying  illustrations  Fig.  1  shows  dia- 
grammatically  an  injector  working  in  conjunction  with  other 
apparatus,  whilst  Fig.  2  shows  the  injector  iu  vertical  sec- 
tion. In  Fig.  1  the  injector  is  connected  through  pipes  M 
and  U  with  a  water-pressure  reservoir  0，  into  which,  through 
several  connections  Z,  hot  water  at  a  temperature  of  from  90° 
to  100。  C  is  led  under  pressure  or  not  from  steam  traps  or 
other  sources.  The  hot  water  to  be  fed  through  the  injector 
flows  through  the  pipe  U，  whilst,  if  necessary,  through  the 
pipe  M  the  working  steam  of  the  injector  is  supplied  to  the 
water  reservoir  0，  in  order  to  effect  or  supplement,  by  the 
excess  of  pressure  of  the  working  steam  over  that  in  the 
reservoir  O,  the  flow  of  water  to  the  injector.  In  order  now 
to  bring  the  reservoir,  filled  after  supplying  the  hot  water 
with  working  steam,  back  to  the  low  pressure  necessary  for 
taking  up  the  fresh  hot  water,  the  reservoir  having  been 
emptied  through  the  injector,  the  pipe  Q  is  connected  with 
a  pressure  equalising  vessel  Nj ,  formed  as  a  condenser,  but  is 
again  cut  off  when  the  injector  is  restarted.  In  the  example 
shown  in  Fig.  2  the  injector  steam  admitted  to  the  water 
reservoir  O  issues  frorn  the  chamber  C,  into  which  the  steam 
passes  by  way  of  the  valve  B  from  the  chamber  A  connected 
with  the  steam  pipe.  Tlie  steam  nozzle  D  is  adapted  to  be 
closed  by  the  cut-off  valve  E，  which  is  arranged  on  a  spindle 
F  common  to  it  and  tlie  valve  B,  and  the  nozzle  D  is  kept 
closed,  after  the  opening  of  the  valve  B,  by  means  of  the 
collar  G，  for  a  portion  of  the  stroke  of  the  spindle  F. 

The  connection  of  the  water  reservoir  O  or  the  chamber 
C  with  the  condenser  N),  for  the  purpose  of  equalising  the 
pressure,  is  controlled  by  the  valve  H,  for  the  chamber  (J, 
after  the  opening  of  this  valve,  is  put  in  communication 
through  the  collar  J  with  the  chamber  K,  to  which  the  pipe  Q 
leading  to  the  condenser  is  connected.  The  chamber  K  is 
arranged  completely  independent  of  the  overflow  chamber  L, 
and  can  if  necessary,  for  the  purpose  of  equalising  the  pres- 
sure or  reducing  the  pressure  in  the  vessel  0，  communicate 
directly  with  the  atmosphere,  which,  however,  would  entail 
the  loss  of  whatever  steam  was  at  the  time  iu  the  empty  water 
reservoir  O.  The  valve  H  is  also  arranged  on  the  same 
spindle  as  the  overflow  valve  S，  which  is  provided  with  pack- 
ing for  the  purpose  of  making  the  connection  between  the 
chamber  C  and  the  overflow  chamber  L  steam  and  water- 


tight. Both  spindlos  F  and  N  are  fixed  to  a  traversing 
member  on  the  screw  spindle  [)，  and  can,  therefore,  be  simul- 
taneously adjusted  by  the  hand-wheel  shown.  The  overflow 
valve  S  has  two  projecting  portions  or  collars  R  and  T，  each 
ot  which  is  adapted,  when  in  proper  position,  to  effect  Uie 
closing  of  the  overflow  chamber  L  from  the  pressure  chamber 
X.  By  means  of  tlie  coned  surfaces  on  tlie  valves  B,  IF,  and 
S  effective  closures  are  assured,  while,  at  tlie  saine  time,  a 
limitation  of  ilie  stroke  of  tlic  spindles  N  and  F  is  obtained. 

The  working  of  tho  injector  is  as  follows :  In  the  posi- 
tions shown  the  chambers  C  and  K,  the  water  reservoir  O, 
and  the  condenser  N  intercommunicate^  and  therefore  there 
is  atmospheric  or  a  higher  pressure  in  both  cliainbers,  accord- 
ing to  the  temperature  of  the  lioi  water  to  be  fed  in.  The 
valves  B，  E，  and  S  are,  when  in  tlie  position  shown,  dosed, 
Uiat  is  the  injector  is  cut  off.  To  start  the  same  by  jiieans 
of  the  hand  wheel,  first  of  all  tlie  valves  B  and  S  are  siniul- 
taneously  opened ― the  latter  by  the  upper  collar  R  issuing 
from  the  valve  opening,  while  tlie  valve  H  is  closed  by  the 
collar  J，  whereupon  steam  from  A  passes  to  tlie  reservoir  O 
and  forces  tlie  hot'  water  in  tlie  latter  through  the  pipe  U 

(  ) 


P 


Ftg.  1.  Fig.  2. 

KoRTiNO's  Injector. 


into  tlie  mixing  clianiber  V,  wlience  it  passes  through  the 
mixing  nozzle  W  and  valve  S  into  the  overflow  chamber  L. 
Oil  the  subsequent  further  lifting  of  the  spindle  F  and  N  the 
steam  nozzle  D  is  opened,  and  simultaneously  or  directly 
afterwards  the  overflow  valve  S  is  closed  again  by  the  lower 
collar  T，  so  that  the  steam  passing  through  the  mixing  nozzle, 
owing  to  its  kinetic  energy,  carries  along  with  it  the  pressure 
water  entering  the  nozzle  and  forces  it  into  the  boiler  through 
the  non-return  valve  Y.  When  the  water  reservoir  O  is 
empty  the  injector  is  again  cut  off,  that  is,  it  is  brought 
again  into  the  position  shown  in  Fig.  2  for  the  purpose 
of  equalising  tlie  pressure  in  the  reservoir  O. 

In  cases  iu  which  there  is  required  a  continuous  flow  of 
hot  water  to  the  reservoir  ()，  and  also  a  continuous  flow 
through  the  injector  to  a  boiler  or  other  apparatus,  it  is  advis- 
able to  put  the  reservoir  in  conuniuiicatioii  with  an  alarm 
adapted  to  sound  when  the  reservoir  is  either  lull  or  empty, 
or  both .  This  alarm  may  be  operated  by  means  of  a  float 
ill  the  reservoir,  directly  or  indirectly  connected  with  it,  in 
a  manner  that  it  will  sound  an  alarm  as  soon  as  the  injector 
should  be  re-started  or  cut  off.  Iu  this  manner  interrup- 
tions in  the  flow  to  the  reservoir  are  prevented  with  certainty, 
which  otherwise  would  occur  both  when  the  reservoir  is  full, 
and  therefore  unable  to  rereivo  more  hot  water,  and  also 
when  the  vessel  is  empty  and  kept  so  owing  to  the  pressure 
of  the  steam  coming  from  the  injector. 


624 


THE    MECHANICAL  ENGINEER. 


[May  17,  1912 


THE  CORROSION  OF  NICKEL,  CHROMIUM,  AND  NICKEL- 
CHROMIUM  STEELS  * 

liV  ,T.  NEWTON  FRIEND,  J.  M.OTD  BENTLEY,  AND  WALTER  WEST. 

The  effect  upon  the  rate  of  corrosion  of  iron  and  steel  produced 
by  the  introduction  of  alloying  elements  is  a  study  which  has 
been  much  neglected,  altliough  the  influence  of  the  same 
elements  upon  the  general  physical  characteristics  of  the  metal 
has  in  general  been  fairly  completely  dealt  with.  The  cor- 
rodibility  of  steel  may  be  influenced  in  at  least  three  different 
ways  by  the  introduction  of  foreign  elements,  namely  : ― 

(1)  A  few  elements,  such  as  carbon,  nickel,  and  silicon, 
yield  compounds  which  offer  a  stout  resistance  to  oxidation, 
and  thus  greatly  enhance  the  stability  of  the  metal  towards 
corroding  influences. 

(2)  Some  elements  yield  readily  fusible  alloys  or  compounds 
of  variable  melting  points,  which,  during  the  solidification  of 
t  he  steel,  tend  to  produce  unequal  distribution  of  the  materials 
in  the  solid  metal.  This  segregation  is  one  of  the  most  serious 
causes  of  galvanic  activity  and  "pitting"  with  which  the 
engineer  has  to  contend. 
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(3)  Finally,  a  few  elements,  like  sulphur,  when  present  in 
steel,  exist  in  the  form  of  relatively  oxidisable  bodies  which 
yield  sulphurous  acids,  and  tlius  greatly  enhance  the  rate  of 
corrosion  of  the  metal  when  oiice  it  has  begun.  Now,  although 
a  good  deal  of  isolated  work  has  been  done  from  time  to  time 
on  the  corrosion  of  nickel  steels,  most  investigators  have  con- 
tented the 而 elves  with  detenniiiiiig  the  relative  rates  of  corro- 
sion under  only  one,  or  at  most  two  sets  of  coiulitioiis,  the  most 
usual  being  exposure  to  salt  water  and  acid  respectively.  We 
felt  it  was  desirable  to  investigate  more  thoroughly  the  influ- 
ence of  nickel,  and  likewise  to  study  that  of  chromium  and  of 
a  mixture  of  nickel  and  cliromiuni,  upon  tlie  corrodibility  of 
steel ― the  last  two  branches  of  the  subject  having  received  but 
little  attention  hitherto,  very  few  published  data  being  extant. 
We  are  supplementing  the  work  detailed  in  this  memoir  witli 
several  series  of  "  long-period  "  tests,  and  hope,  at  a  later  date, 
to  communicate  tlie  results  and  discuss  tliem  fully 

The  steels  experimented  upon  were  kindly  supplied  to  us  in 
the  form  of  bars  by  Messrs.  Cammell,  Laird,  &  Co"  of  Shef- 
field, and  were  tool -turned  and  sliced  into  discs  0*7  centimetre 
tlii k  and  2*8  centimetres  in  diameter,  by  the  Darlin^^ion 
Forge  Company.  To  both  of  these  firms  we  wish  to  express 
our  hearty  thanks.  The  analyses  of  tlie  steels,  kindly  supplied 
to  us  by  Mr.  B.  Deby,  of  Sheffield,  were  as  follows  ： ― 


Analyses  of  Steels. 


steel 
No. 

Carbon 
Per  Cent. 

Silicon 
I*er  Cent. 

Phos- 
phorus. 
Per  Cent. 

1  Man- 
ganese 
' Per  Cent. 

Sulphur. 
Per  Cent. 

Nickel. 
Per  Cent. 

Thro- 
iiii'mi. 

I 



0-20 

OU 

0023 

0-39 

0-024 

o:m) 

(»-20S 

0.023 

0()8") 

:t 

0H» 

0-29 

:V72 

4 

0-24 

0-4«i 

"14 

') 

0  OS 

0-38 

2*；-24 

" 

(l:t:> 

0-3(i 

1-12 

()•  1 1 

01 10 

3- .58 

S 

trace 

r»:io 

(»:,r>2 

0-127 

0-41 

:i'Vo 

1  MM* 

10 

1)：)4 

… 

or>8 

•  Pft]>er  read  before  Uie  Iron  and  Steol  Ipstilutc,  May  9th,  1918. 


It  will  be  observed  that  while  the  steels  have  not  a  per- 
fectly uniform  composition  with  respect  to  the  alloying 
elements,  other  than  nickel  and  chromium,  the  discrepancies 
are  relatively  small  and  of  minor  importance  compared  with 
the  range  of  nickel  and  chromium  covered.  Any  results 
obtained  with  these,  therefore,  may  probably  be  regarded  as 
reliable.  Tlie  discs  of  steel  were  carefully  polished  with  einerv- 
paper,  weighed,  and  subjected  to  corroding  influences  as 
follows : ― 

(1)  TajMmter  Tests* 一 The  discs  were  laid  flatwise  on  a 
circular  sheet  of  paraffin  wax  iu  a  glass  crystallising  dish, 
covered  with  tap  water  to  a  depth  of  6  centimetres,  and  kept 
in  a  dark  cupboard  to  prevent  any  irregularity  of  corrosion 
consequent  upon  unequal  illumination.  Tlie  paraffin  served  to 
reduce  to  a  minimum  the  possibility  of  galvanic  action,  and 
also  prevented  the  corrosive  action  of  the  silica ― always 
observed  if  iron  lies  for  any  length  of  time  in  direct  contact 
with  glass.  After  64  days  tlie  discs  were  reinovefl,  cleaned, 
and  weighed,  the  loss  in  weight  being  taken  as  a  measure  of  the 
corrosion.    The  results  were  as  follows  : — 


Corrosion  of  Steels  in  Tap  Water, 


steel 
No. 

>»ickel 
Per  Cent. 

Chromium 
Per  Cent. 

Original 
Weijiht. 
Grammes. 

Loss  in 
Weight. 
Grammes. 

Corrosion 
Factor. 

1 

0-0961 

10(1 

2 

37 -41 80 

0-1038 

lOK 

3. 

3-72 

33 -5006 

0-0798 

83 

4 

G-14 

30-l4Hi 

0-066() 

m 

5 

26*24 

33'479G 

0-0488 

51 

6 

] •  12 

2S-7101 

0-0817 

85 

2H-()S2(i 

0  0;>58 

")S 

8 

')-30 

31' 11)9" 

0-0400 

43 

9 

3-4 

1-00 

30-8926 

0-073G 

77 

10 

3-5 

M2 

31-5880 

0-0844 

87 

(2)  Sea-water  Tests,  ― This  series  was  conducted  in  a  pre- 
cisely similar  manner  to  the  previous  one,  save  that  tlie  t;i]> 
water  was  replaced  by  sea  water  taken  from  Bridlington  Bay. 
We  desire  to  acknowledge  the  kindness  of  Miss  Agnes  Harrison 
in  obtaining  and  forwarding  this  to  us.  After  64  days,  tlie 
loss  in  weight  of  the  steels  was  found  to  be  as  follows  : ― 


Corrosion  of  Steels  in  Sea  Water, 


steol 
No. 

Nickel 
Per  Ct'v.i. 

Chromium 
Per  Oont. 

Orifiinal 
Graunnes. 

Tjoss  in 
Weight 
Grainuies. 

Cori'osirm 
Factor. 

1 

01130 

100 

0- lion 

105 

:i 

()-088(> 

(>•  14 

32*»744 

0  090(i 

79 

2()-24 

:K»-2:J24 

0.0516 

(> 

1:12 

2H '  72r><) 

0  068(i 

iiO 

.3*58 

25- 9039 

()-02<)l 

2ii 

.-)'：10 

30-9I4i) 

0-0201 

23 

9 

:i-4 

I- 00 

30- 0344 

0-093(1 

82 

10 

3'.-> 

291314 

0-102*) 

90 

(3)  Sulphuric  Acid  Tests  (0*05  percent.). 一 These  results  were 
obtained  in  an  exactly  similar  manner  to  the  pm'eding,  the 
corroding  liquid  being  005  per  cent .  sulpliurio  arid  (that  is 
0  5  graiiHiie  of  acid  in  1 ,000  grammes  of  solution  witli  water). 
The  results  obtained  after  60  days'  exposure  are  given  in  the 
accompanying  table  : ― 

Corrosion  of  Steels  in  0  05  Per  Cent.  Sulphurk  Acid, 


Stoel 
No. 

Nickel 
Per  Cent. 

Chromium 
Vei*  Cent. 

OrUtinal 
Weight. 
Orninines. 

IjOss  in 
Oraiumes. 

Corrosion 
KftoUtr. 

:n-988(S 

0-1594 

100 

t  二 
to 

o-ir»*K> 

？ »s 

：{-71> 

:i2-2a82 

0-13")0 

S."> 

(M4 

0  1320 

82 

:U  *43.>2 

o-o8r>o 

.->4 

ti 

1  12 

01134 

71 

:i、-»s 

二)! 》!m" 

0-lOHS 

US 

s 

(I-  lOHIi 

lis 

1  00 

30 動 i 

i:m 

S7 

10 

32-4194 

0  1402 

！ »：{ 

(-1)  Sill  phi  nc  ArifJ  Trxfs  (0*5  per  cent.). ― These  experiments 
were  similar  to  the  pm'e<l"、g  ones,  the  arid  liein"'  of  the 
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strength  0*5  per  cent,  by  weight.  The  results  obtained  after 
53  days'  exposure  were  as  follows  :■ ~~ - 

Corrosion  of  Steels  in  O'-j  Per  Cent,  Sulphuric  Acid, 


steel 
No. 

Nickel 
Per  C'ent. 

Chromium 
Per  Cent. 

Original 
Grauiines. 

Loss  in 
Weight. 
Grainines. 

Corrosion 
Fartnr. 

34-4260 

O'fMiOH 

100 

2 -4878 

259 

:^ 

3'72 

0'5：{08 

55 

()-14 

31 -0370 

(►•"042 

('»:{ 

2(i-24 

31  '細" 

0-0770 

S 

" 

1:12 

28-8042 

2-1420 

22：3 

3-58 

28-9772 

0-5830 

(il 

8 

5-30 

:^0-(il70 

()-7514 

7S 

9 

3:4 

I'OO 

30 • 9 120 

1-2722 

132 

10 

3-5 

M2 

33  •(;(>:"; 

3-9672 

4I:J 

(5)  Altermte  wet  and  dry  Tests, —— These  experiments  were 
carried  out  in  a  large  iron  thermostat,  of  the  dimensions  and 
shape  shown  in  Fig.  1，  the  metal  discs  (E,  F，  &c,)  being  laid,  as 
before,  in  a  circle  flatwise  on  a  sheet  of  paraffin  wax.  Water 
entered  slowly  by  tube  A，  and  being  admitted  to  the  centre 
of  the  apparatus,  affected  all  the  discs  equally.  The  paraffin 
disc  was  perforated  by  mimerous  small  holes,  and  rested  on  a 
similarly  perforated  iron  disc,  to  enable  it  to  bear  the  weight 
of  the  steels.  When  the  water  reached  the  level  B，  it  was 
quickly  siphoned  off  automatically  by  BC，  and  the  level  fell  to 
D.  It  then  began  to  fill  again.  In  this  way  the  metal  discs  were 
exposed  to  alternate  wet  and  dry,  the  process  of  filling  the 
thermostat  requiring  two  liours  each  time.  A  loosely  fitting 
cover  was  placed  on  the  top  to  keep  out  dust,  and  to  maintain 
darkness  within,  in  order  to  prevent,  as  before,  any  irregu- 
larity of  corrosion  consequent  upon  unequal  illumination. 
The  results  obtained  after  an  exposure  extending  over  52  days 
were  as  follows  :  ^ 


Corrosion  of  Steels  exposed  to  Alternate  Wet  and  Dry. 


steel 
No. 

Nickel 
Pel'  Cent. 

Chromium 
Per  Cent. 

Original 
Weight. 
Grainiiies. 

Loss  iu 
Weight. 
Grammes. 

Corrosion 
Factor. 

1 

CO 

0-2700 

100 

2 

28-7170 

0-2720 

100 

3 

3-72 

. . , 

28-3870 

01165 

43 

4 

6-14 

31*8()«0 

0*0985 

3(> 

5 

26-24 

30-8160 

0-0220 

8 

0 

28-584(> 

0-2512 

93 

3-58 

28-3880 

0*0800 

30 

8 

5-30 

30-8400 

0*05")() 

21 

0 

3-4 

1-0 

29-8748 

0-1274 

47 

10 

3-5 

1-12 

32-7956 

0-1404 

52 

Discussion  of  the  Results. ― In  order  to  facilitate  the  discussion 
of  these  results,  the  following  table  has  been  drawn  up  iu  which 
the  corrosion  factors  of  the  steels  as  obtained  by  each  method 


IS  given  ： — 

Corrosion  Factors  of  Nickel,  Chromium,  and  Nickel  -  C  hromium 

Sfp.els. 


steel 
No. 

Nickel 
Per  Cent 

Chromium 
Per  Cent. 

Corrosion  Factor  for 一 

Tap 
Water. 

Sea 
Water. 

Wet  and 
Dry. 

0  05  Per 
Cent.  Acid. 

0  5  Per 
Cent.  Acid. 

1 

100 

100 

100 

100 

100 

2 

108 

105 

100 

98 

259 

83 

77 

43 

85 

55 

4 

()-14 

69 

79 

36 

82 

(53 

5 

26-24 

51 

45 

8 

54 

8 

ii 

1-12 

85 

60 

93 

71 

223 

3  58 

58 

26 

30 

68 

"(il 

8 

43 

23 

21 

68 

78 

9 

I'O 

77 

82 

47 

87 

132 

10 

3r) 

1.12 

87 

90 

52 

93 

413 

A  careful  study  of  the  above  table  reveals  a  number  of 
highly  interesting  facts.  These  may  be  summarised  as 
follows : — 

(1)  The  corroding  media  may  be  divided  into  two  groups, 
namely,  acid  and  neutral,  and  the  results  obtained  are  usually 
very  different  in  the  two  cases.  Very  dilute  acid  resembles  the 
neutral  corroding  media  in  its  actio".  This  we  might  expect, 
since  the  so-called  neutral  media  (tap  water,  sea  water,  &c.)， 
always  contain  a  minute  quantity  of  acids,  such  as  carbonic. 

(2)  Acceleration  tests  as  iisually  carried  out  with  sulphuric 


acid,  yield  very  misleading  results  as  to  the  general  corrodi- 
bility  of  the  metals  tested.  Thus,  for  example,  tlie  two  stan- 
dard steels  corroded  at  almost  identical  rates  when  exposed  to 
tap  water,  sea  water,  wet  and  dry,  and  to  0'05  per  cent, 
sulphuric  acid.  But  in  the  0.5  per  cent,  acid  the  second  steel 
corroded  some  two  and  a  half  times  as  rapidly  as  the  first. 
Very  similar  discrepancies  occur  with  steels  Nos.  6，  9,  and  10， 
the  last  named  corroding  more  than  three  times  as  】iriuch  as 
steel  No.  9，  alt  hough  in  the  other  tests  the  two  steels  behaved 
similarly,  as  we  should  expe(,t  from  their  analogous  composi- 
tions. 

These  observations  are  in  perfect  harmony  with  those  of 
Frazer,"'''  who  found  that  whilst  samples  of  basic  and  acid  steel 
of  analogous  composition  corroded  al  practically  identical  rates 
under  ordinary  conditions,  yet  when  exposed  to  the  action  of 
dilute  sulphuric  acid  the  results  weie  most  irregular,  in  one 
case  the  acid  steel  corroding  five  times  as  rapidly  as  the  basic 
steel.  The  results  of  the  Corrosion  Committee  of  tlie  British 
Association  emphasize  the  same  fact,  and  C.  M.  Chapman, 
working  in  America,  has  been  led  to  similar  conclusions. 

The  explanation  is  not  far  to  seek.  Two  opposing  forces 
a  re  called  into  play  when  steel  is  iitiniersed  in  m  corrodiiit^ 
medium,  namely : —— 

( 1)  Galvanic  activity  between  the  relatively  incorrodible 
portions  and  the  easily  oxidisable  ferrite,  the  latter  function- 
ing as  the  anode  and  the  former  as  cathode.  The  corrosion  of 
the  ferrite  is  thus  accelerated.  Amongst  the  incorrodible 
materials  we  must  class  ceinentite,  in  ordinary  steel,  and  in  the 
steels  studied  in  this  memoir  we  liave  tlie  various  complexes  of 
iron,  carbon,  nickel,  and  ('lu.o 川 him，  all  of  which  f uiict ion 
cathodically. 

(2)  On  the  other  hand  these  incorrodible  materials  offer  a 
very  effective  mechanical  protection  against  corrosion  by  pre- 
venting the  corroding  medium  from  coming  into  direct  contact 
with  the  ferrite,  and  thus  tend  to  protect  the  metal  from 
corrosion. 

A  moment's  consideration  will  show,  however,  that  by 
intensifying  the  corrosive  media,  as,  for  example,  by  tlie 
employment  of  sulphuric  acid,  the  two  forces  mentioned  above 
will  not  be  affected  to  the  same  degree,  and  that  the  results 
obtained  will  not  be  the  same  as  they  would  be  had  the  metal 
been  exposed  to  a  less  intense  action  for  a  longer  time.  Con- 
sequently the  two  methods  are  not  strictly  analogous. 

The  honeycombed  appearance  of  the  surface  of  steels  Nos. 
2,  6，  and  10，  was  so  pronounced  as  to  render  doubt  impossible 
as  to  the  intensity  of  the  galvanic  action  which  had  taken 
place.  The  fact  that  no  nickel  and  chromium  could  be 
detected  in  the  corroding  acid  shows  that  these  metals  were 
constituents  of  the  cathode,  and  the  excessive  corrosion  of  these 
steels  makes  it  clear  that  the  galvanic  activity  was  stimulated 
out  of  all  proportion  to  tlie  mechanical  protection  afforded  by 
these  metals. 

(3)  From  the  results  with  steels  Nos.  6，  7，  and  8，  in  0'5  per 
cent,  acid,  it  would  appear  that  there  is  an  optimum  concen- 
tration of  chromium  wliicli  yields  the  maximum  resistance  to 
acid  attack,  and  that  if  this  amount  be  exceeded  (as  in  steel 
No.  8)  the  steel  becomes  less  permanent.  This  is  thoroughly 
iu  accordance  with  tlie  results  obtained  by  Hadfield,  and  more 
recently  by  Monnartz. 

(4)  In  neutral  corroding  media  the  resistance  offered  to 
corrosion  apparently  rises  with  the  percentage  of  chroiniuiii. 
This  is  particularly  the  case  for  salt  water,  and  the  employ- 
ment of  chromium  steels  in  the  construction  of  ships  would 
appear  to  be  fully  justified  on  this  ground  alone. 

(5)  Nickel  steels  appear  to  be  resistant  to  arid  and  neutral 
corroding  media  alike,  the  resistivity  increasing  with  the  per- 
centage of  nickel.  The  permanence  of  the  26  per  cent,  nickel 
steel  towards  0  5  per  cent,  acid  is  particularly  not-eworthy. 

(6)  The  corrosion  factor  does  not  appear  to  be  a  purely 
additive  quantity.  Thus,  for  example,  in  exposure  tests  with 
tap  water,  the  corrosion  factors  of  steels  Nos.  3  and  6  respec- 
tively are  83  and  85.  We  might  expect,  therefore,  that  since 
the  372  per  cent,  of  nickel  and  the  112  per  cent,  of  cliroiniuni 
each  separately  yield  the  same  protection,  by  having  both 
together  in  the  steel  the  same  result  should  accrue  as  by  either 
doubling  the  nickel  or  the  chroiniuin  content  alone.  This, 
however,  is  not  the  case,  as  is  evident  from  a  consideration  of 
tlie  results  obtained  with  steels  Nos.  4，  7，  9.  and  10.  Similar 

、 " .Tournal  of  West  of  Scotlaiul  Iron  nnd  Steel  Institute,''  1907.  Vol.  XIV. 
1).  H-i, 
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conclusions  are  arrived  at  from  the  sea  water,  and  other  tests 
with  tlie  same  steels. 

Whilst  these  results  are  extremely  important  they  are  not 
final.  They  liave  only  been  obtained  from  experiments 
carried  out  at  room  temperature  (12°  C.  to  15°  C),  and  the 
period  of  testing  lias  not  exceeded  64  days.  We  are  continuing 
the  work  at  different  temperatures  and  with  long-period  tests, 
so  that  the  coiulit-ioiis  may  resemble  as  closely  as  possible  those 
actually  experienced  under  working  conditions.  In  conclu- 
sion, we  wish  to  urge  the  necessity  of  determining  the  corrosion 
of  iron  and  steel  under  conditions  closely  similar  to  those  to 
which  the  metal  will  be  subjected  in  practice,  otherwise  the 
results  will  be  unreliable  and  】ea(l  to  much  confusion. 


CAUSES  OF  BOILER  EXPLOSIONS.* 

BY  S.  F.  JETEB. 

The  causes  of  steam  boiler  explosions  are  so  varied  that  it  will 
only  be  possible  to  mention  the  more  prominent  ones  in  this 
paper.  Broadly  speaking,  there  is  on©  explanation  for  all 
boiler  explosions,  namely,  the  boiler  or  some  part  of  it  is  too 
weak  to  withstand  tlie  stress  brought  upon  it.  However, 
there  are  many  causes  contributing  to  such  weakness. 
The  public  and  many  engineers  assume  that  most  explo- 
sions are  caused  by  some  mysterious  influence  which  cannot  be 
foreseen  or  guarded  against  ；  but  as  an  actual  fact,  a  definite 
cause  can  be  given  for  most  explosions.  That  a  large  per- 
centage of  boiler  explosions  are  from  causes  that  might  have 
been  foreseen  and  prevented,  is  a  well-established  fact. 

One  cause  of  boiler  explosions  which  I  will  deal  with  first, 
because  it  is  of  particular  interest  to  the  manufacturer,  is 
faulty  design.  Boilers  are  sometimes  constructed  too  weak 
for  the  pressure  to  be  carried.  This  does  not  mean  that  the 
boiler  will  necessarily  explode  as  soon  as  pressure  is  raised . 
Explosions  from  this  cause  usually  occur  after  years  of  use,  the 
overload  on  the  parts  having  had  time  to  gradually  weaken 
them  until  they  are  no  longer  capable  of  resisting  the  excessive 
stress.  Of  course,  a  manufacturer  has  practically  no  control 
over  the  steam  pressure  to  be  used  on  a  boiler  after  he  has 
delivered  it  to  the  purchaser.  Proper  inspection  and  fixing 
pressures  by  experts  is  the  logical  remedy  for  explosions  due  to 
this  cause. 

Lack  of  properly  flaring  the  tubes  and  nipples  in  water- 
tube  boilers  lias  frequently  resulted  in  explosions.  The  Hart- 
ford Steam  Boiler  Inspection  and  Insurance  Company  has 
always  advocated  proper  flaring,  and  sometimes  manu- 
facturers have  taken  issue  with  the  company  on  this  point. 
Experience  has  fully  demonstrai^d  the  correctness  of  its 
position  in  this  matter.  The  .safety  of  the  joint  between  a 
tube  and  plate  wlien  expanded  and  flared  or  merely  expanded 
is  not  a  question  of  the  relative  strength  of  such  connections 
newly  made.  Wlien  a  connection  of  this  kind  becomes  loose 
flue  to  a  movement  of  the  parts  from  expansion  or  vibration, 
together  with  the  excessive  weight  sometimes  sustained,  the 
tube  or  nipple  with  a  flared  end  is  decidedly  more  safe  than 
one  which  is  merely  expanded.  The  flared  nipple  usually 
gives  warning  of  its  looseness  by  leakage  before  it  pulls  out. 

A  cause  of  explosions  wliich  is  particularly  repreliensible 
because  of  its  being  preventable  is  due  to  an  owner's  willing- 
ness to  pit  his  jiulgineiit  against  more  competent  advice. 
Often  boilers  are  known  to  be  in  need  of  repairs,  but' 
the  work  is  put  off  to  a  more  convenient  season.  A  feed 
pump  refuses  to  start,  and  instead  of  fires  being  drawn  as  soon 
as  the  water  readies  tlie  lowest  safe  level,  a  cliance  is  taken 
that  it  can  be  run  a  little  longer.  Pressures  are  sometimes 
carried  liigher  than  reasonable  safety  would  permit,  to  avoid 
the  expense  of  larger  engines,  or  better  boilers.  Boilers  are 
forced  beyond  a  reasonable  duty  for  the  heating  surface  they 
contain. 

Tliis  last  is  a  feature  that  must  be  reckoned  with  more  in 
the  future  than  it  has  been  in  the  past.  Many  engineers  are 
apparently  trying  to  discover  by  experiment  the  limit  to  the 
rate  of  transfer  of  lieat  from  fire  to  water  throu^li  tlie  medium 
of  boiler  tubes  aiul  plate.  In  order  to  show  minimum  invest- 
ments necessary  and  other  economies  resulting  from  liigli  rates 
of  driving,  some  engineers  are  prone  to  advise  overloads  on 
both  enijines  and  boilers,  and  all  seem  to  overlook  tlie  all- 
iinporlaiit  question,  "Is  it  safe  ？" 

*  Abstract  of  paper  read  before  the  American  Boiler  Maimfactnreira'  Associa- 
tion, March,  1912. 


Boiler  explosions  also  result  from  ueglect  or  carelessness  in 
operation.  Scale  and  deposit  are  often  allowed  to  collect  in 
quantities  that  are  dangerous.  Connections  to  water  columns 
are  permitted  to  become  stopped.  Oil  is  permitted  to  enter 
the  boiler  with  the  feed  water.  Repairs  to  settings  wliich  may 
affect  the  safety  of  the  boiler  are  neglected.  Safety  valves  are 
not  regularly  tested  to  ascertain  if  they  are  in  operating 
condition.  " 

Occasionally  a  boiler  owner  who  discovers  his  safety  valve 
leaking,  with  an  eye  blind  to  every  consideration  except  the 
prevention  of  loss  of  steam,  places  a  stop  valve  on  tlie  con- 
nection to  the  safety  valve  or  plugs  the  outlet .  A  steam 
gauge  registers  incorrectly  and  the  engineer  overloads  the 
safety  valve  in  an  endeavour  to  make  the  gauge  show  the 
correct  pressure.  Again,  the  pressure  of  steam  is  not  suffi- 
cient to  produce  results  desired  with  the  machinery  using  it, 
and  the  safety  valve  is  deliberately  made  inoperative  to  over- 
come the  difficulty.  All  of  these  conditions  have  been  the 
cause  of  boiler  explosions  in  the  past  and  they  probably  will 
continue  to  contribute  their  share  in  the  future  until  the  steam 
user  is  more  thoroughly  educated  in  the  niatt-er  of  tlie  risk 
he  runs  by  such  carelessness. 

Tube  failures,  which  are  chiefly  confined  to  the  water-tube 
type  of  boiler,  are  a  source  of  grave  concern  to  the  boiler 
insurance  interests  on  account  of  the  difficulty  of  guarding 
against  the  usual  failure  of  this  kind  by  inspection.  A  defec- 
tive weld  usually  does  not  show  on  the  surface  of  the  tube,  and 
even  where  the  surface  indications  would  lead  to  suspicion,  a 
large  percentage  of  the  tubes  in  water-tube  boilers  are  beyond 
the  reach  or  vision  of  the  inspector.  The  thorough  inspection 
of  tubes  before  they  are  placed  in  the  boiler,  while  very 
unsatisfactory  even  taken  in  connection  with  the  mill  test,  is 
about  the  only  protection  possible  against  accidents  due  to 
defective  tubes. 

The  seamless  tube,  of  course,  will  prevent  accidents  due  to 
defective  welding,  but  tubes  made  by  this  process  are  not 
always  of  uniform  thickness,  and  with  the  cold-drawn  product 
there  are  apparently  internal  strains  produced  bv  the  process 
of  manufacture  which  sometimes  cause  the  tubes  to  break 
when  merely  heated.  If  cold-drawn  tubes  are  used  for  boiler 
purposes,  the  annealed  stock  should  be  obtained.  Hot-drawn 
seamless  tubes  are  meeting  witli  considerable  favour  among 
engineers  for  boiler  purposes. 

A  considerable  percentage  of  tube  failures  occur  without 
tlie  slightest  evidence  as  to  their  cause.  A  welded  tube  fre- 
quently breaks  through  the  solid  metal  away  from  tlie  weld, 
without  being  corroded  or  weakened  in  any  way  that  mav  be 
detected  by  the  eye,  and  without  evidences  of  overheating. 

It  is  a  fact  that  while  pressures  and  rates  of  driving  have 
been  remarkably  increased  during  tlie  past  15  or  20  years,  no 
increase  in  the  thickness  or  strength  of  tubes  has  occurred. 
That  the  thicker  tube  is  safer  seems  to  have  been  demonstrated 
by  a  number  of  cases  where  heavy  tubes  have  been  put  in  place 
of  tliose  of  standard  gauge  at  the  reoomiuendation  of  tlie  Hart- 
ford Company,  and  tube  troubles  liave  ceased. 

Of  course  it  can  be  contended  that  the  theoretical  factor  of 
safety  is  higher  on  tubes  even  of  standard  tliickiiess  tlian  on 
almost  any  otlier  portion  of  tlie  boiler.  However,  under 
operating  conditions  accompanying  liigh  rates  of  driving,  is  it 
not  possible  that  there  are  decided  fluctuations  in  the  tempe- 
rature of  tlie  material  in  the  tubes ？  The  rapid  formation  of 
steam  bubbles  removes  for  a  certain  interval  of  time  tlie  water 
protection  from  the  inner  surface  of  a  tube,  and  the  thinner 
tlie  material,  the  higher  will  its  temperature  rise  during  a 
given  time  in  wliich  it  is  not  protected.  It  is  conceivable  that 
tlie  structure  of  tlie  metal  in  a  thin  tube  may  be  affected  in 
time  by  tliis  constant  rliange  in  temperature  until  it  gives  out, 
wliile  tlie  thicker  tube  might  not  be  affected  to  the  same 
decree. 

The  iniportaiue  of  tlio  question  of  tube  failures  to  tlie 
operator  of  boilers  as  well  as  to  the  insurance  interests  can  be 
appreciated  when  I  say,  as  I  believe  I  can  conservatively,  that 
the  toll  of  loss  of  life  and  limb  exacted  l)v  such  failures 
probably  exceeds  other  classes  of  boiler  accidents  when  the 
relative  number  of  fire-tube  and  \vat<^r-tube  boilers  in  use 
is  considered . 

A  Labour  Dispute  Settled. 一  Work  was  resumed  in  the  new  seam 
at  the  International  Colliery,  South  Wales,  a  few  days  ago, 
the  men  accept in£:  tlie  rutting  prices  offered  by  the  uianage- 
iiienl  at  the  outset. 
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GRINDING  MACHINES. 

At  a  recent  meeting  of  the  Institution  of  Auto  mobile  Engineers' 
a  paper  on  "  Grinding  ，，  was  read  by  Mr.  J.  J.  Guest.  The  process 
of  macliiue-cotitrolled  grinding,  he  said,  was  now  firmly  established 
as  a  luanufacturing  operation.  Initially  the  principal  abrasive 
available  was  emery,  an  impure  form  of  corundum.  Deposits  of 
nearly  pure  corundum  had  since  been  found,  and  tliis  was  the 
iiatiual  material  now  mostly  in  use.  Artificial  abrasives  were  now 
produced  by  the  use  of  the  electric  furnace,  and  although  their 
manufacture  dated  back  only  a  few  years,  they  were  used  very 
extensively.  The  first  of  the  artificial  abrasives  discovered  was 
carborundum  (carbide  of  silicon),  and  when  crushed  into  particles 
for  the  purpose  of  wheel  making,  it  fractured  into  very  keen-edged 
fragments  of  distinctly  crystalline  appearance.  It  would  seem  to 
be  an  ideal  abrasive  for  the  formation  of  wheels.  More  recent 
artificial  abrasives  were  alundiim  and  crystolon  ；  the  former  was 
used  largely,  and  was  probably  the  best  for  certain  classes  of  liard 
.steel.  The  crushed  particles  resembled  those  of  corundum  in  the 
nature  of  fracture,  and  were  generally  of  less  acute  formation  than 
the  crushed  particles  of  carborundum.  Generally  speaking,  abra- 
sives differed  in  hardness,  in  angle  of  natural  crystallisation,  in 
fracture,  in  specific  gravity,  and  in  resistance  to  high  tempera- 
tures. The  general  cutting  power  depended  upon  the  liarclness 
and  the  shape  of  the  edges  ；  the  specific  gravity  affected  the  speed 
at  which  the  wheels  could  be  run  safely  ；  while  it  was  necessary 
that  a  high  temperature  should  not  affect  them,  primarily  that 
they  might  withstand  the  heat  produced  in  cutting  metal  rapidly, 
and,  secondly,  that  they  might  not  be  injured  by  the  temperature 
(about  3,000。  Fah.)  employed  in  making  wheels  by  the  "  vitrify- 
ing " process,  whicli  produced  tlie  best  wheels  for  most  purposes. 

Tlie  latest  development  iu  grinding  machines  wa«  tlie  auto- 
matic steady,  which  bore  on  the  work  with  a  slight  constant  force, 
and  moved  towards  the  worlc  as  it  decreased  in  size,  while  a  con- 
tinuous ratchet  consisting  of  a  ball  moving  iu  a  tapering  race 
positively  prevented  the  work  from  moving  back.  Tliis  arraiige- 
lueiit  required  very  little  attention  from  the  operator  beyond  the 
initial  setting,  and  left  hiui  free  to  attend  to  the  other  requirements 
of  tlie  machine.  In  the  author's  opinion  the  modern  grinding 
machine  afforded  tlie  most  economical  mode  of  producing  much 
external  woi'k.  The  efficient  wheels  and  high  power  of  the  present- 
day  machine  enabled  parts  in  many  cases  to  be  】uaiiufactured 
from  staiupiiigs  more  cheaply  than  by  any  other  method. 

For  internal  operations  the  workhead  spindle  was  now  live 
and  had  a  most  important  effect  on  tlie  accuracy  and  quality  of 
the  work,  and  the  grinding  spindle  presented  several  points  of 
difficulty  J  particularly  when  it  was  to  be  used  on  small  work. 
Unless  the  grinding  spindle  end  carrying  the  wheel  ovei'luuig  from 
its  bearings  by  at  least  the  depth  of  the  hole  to  be  ground,  the 
space  for  the  wheel-end  bearing  of  the  spindle  was  very  much 
circumsfribod.  This  riMideied  difficult  the  adjustment  arrange- 
ment, dust  protection  and  lulnication  of  the  bearings,  as  also  the 
water  supply  if  the  machine  ground  wet.  In  the  case  of  small 
holes,  these  difficulties  led  to  the  employment  of  oveilumg  spindles, 
and  in  turn  this  introduced  the  difficulty  that,  as  the  spindle  must 
be  small  in  diameter  so  that  the  bearings  did  not  give  trouble 
owing  to  the  high  speed  of  the  spindle  necessary  to  give  a  reason- 
able speed  to  the  circumference  of  the  wheel,  the  overhung  part 
of  the  spindle  was  apt  to  be  springy.  It  also  multiplied,  by  its 
overhang,  the  effect  of  any  defects  in  the  bearing.  The  length  of 
the  liole  wlut'lx  it  was  possible  to  grind  commercially  was  therefore 
very  limited. 

The  liigh  speed  of  grinding  machines  necessitated  very  con- 
siderable accuracy  iu  the  Avoikniaii.sliip  of  the  parts,  and  of  tlie 
spindle  especially,  if  the  apparatus  was  to  run  well.  To  minimise 
the  effect  of  errors  the  .spindle  was  frequently  made  iu  two  parts 
connected  by  a  double  tongue,  or  the  part  of  the  spindle  connecting 
the  two  journals  was  made  sufficiently  tliin  to  1)(、  flexible.  For  the 
smaller  machines,  ball- bearing'  spindles  had  been  experiinejited 
、vitli  ；  the  spindle  could  then  be  overhung  from  the  bearing  with- 
out incurring  the  danger  of  spring  in  the  .spindle  itself. 

As  the  art  of  grinding  now  stood ,  it  afforded  the  best  means  of 
manufacturing  some  machine  details  when  regard  was  liad  to 
clieapness  of  production  only,  of  very  many  wlicii  (quality  and 
eheapiicss  wore  coiisideml,  and  for  some  details  it  was  a  lu'ccssary 
process.    Tlie  advance  wliicli  had  been  made  from  the  stage  where 


grinding  was  a  costly  operation,  only  used  where  unavoidable  or 
extremely  desirable,  to  the  stage  where  it  was  in  competition  with 
other  means  of  production  on  the  matter  of  cost  only  of  the  pro- 
duct, and  where  it  gave  the  added  qualities  of  finish  and  trutU  of 
product,  had  resulted  in  changes  of  design  of  the  product,  and 
enabled  parts  to  be  made  of  harder  <|uality  or  of  hardened  steel 
where  previously  they  had  been  soft,  and  had  enabled  bearings  to 
be  reduced  iu  size  owing  to  tlic  surfaces  produced  being  clo-ser  to 
the  geometrical  surface  desired.  With  increasing  precision  of  its 
parts,  the  speed  of  a  machine  might  frequently  be  increased 
without  troubles  from  noise  and  vibration,  and  with  the  inci'casc 
of  speed,  when  the  question  was  one  of  power  and  not  of  force 
transmitted,  the  parts  might  be  reduced  in  size  a  little  fuither. 

These  differences  of  design  were  not  only  due  to  the  maker, 
but  also  to  the  user  of  the  machine,  who  by  his  demands  turned 
the  newer  design  into  the  necessary  one.  In  considering  the 
advisability  of  grinding  instead  of  machining  parts  in  other  ways, 
these  points  were  to  be  considered- ~ for  although  tlic  coat  of  a 
detail  part  was  always  a  consideration,  yet  the  product  had  to  be 
sold,  and  the  user  was  to  be  considered  at  each  step.  The  process 
had  proved  to  be  one  of  increasing  econouiyj  and  therefore  it  was 
certain  that  the  demand  for  improved  machines,  and  for  tlie 
machines  now  beginning  to  be  used  for  flat  and  form  grinding, 
would  repay  the  eSorty  of  the  pioneers  in  these  liiies，  and  thus  lead 
to  growth  of  the  process. 


MANUFACTURE  OF  ACCURATE  SOFT  METAL  CASTINGS  IN 
METAL  MOULDS. 

The  extensive  use  of  die-castings  at  the  present  time,  many  of 
them  for  purposes  where  a  good  ordinary  casting  would 
answer,  perhaps,  were  it  cast  in  an  accurate  mould,  has 
brought  to  mind  the-  fact  that  there  are  luaiiy  iustauces  in 
which  metal  castings  can  b&  employed  with  excellent  results 
where  now  either  brass  castings  with  expensive  machine  work 
oil  them  or  die  castings  are  used . 

The  soft  metals  used  for  casting  in  metal  moulds  are  of 
three  kinds :  (1)  Alloys  with  tin  base.  (2)  Alloys  with  lead 
base.    (3)  Alloys  with  zinc  base. 

The  alloys  with  tlie  tin  base  are  known  by  the  name  of 
b;ibbitt-metal,  britannia-metal^  and  often  pewter.  They  are 
the  best  for  many  classes  of  work.  While  they  are  costly, 
they  are  strong  and  give  good  castings.  For  ordinary  work, 
where  good  casting  qualities  are  desired  the  following  mixtures 
can  be  used  : — 

Tin    95  per  cent. 

Antimony    4  per  cent. 

Copper    1  per  cent. 

The  alloys  with  the  lead  base  are  the  cheapest  and  can  be 
used  for  a  large  variety  of  work .  They  cast  very  well  and  do 
not  shrink  but  very  little.  These  alloys  are  usually  known 
under  the  name  of  "  autimonial-lead  ••  and  where  the  strength 
is  sufficient,  they  will  be  found  very  satisfactory.  Tlie  most 
coiiimon  alloy  used  for  casting  in  metal  moulds  is  the 
following  : — 

Lead    87  per  cent  . 

Antimony    13  per  cent  . 

If  it  is  found,  however,  that  this  mixture  does  not  run 
sufficiently  free,  then  tin  can  be  added  as  follows : ― 

Lead    80  per  cent. 

Tin    10  per  cent. 

Autimouy    10  per  cent  . 

The  till  in  the  mixture  will  cause  the  metal  to  run  very 
sharp  and  free  and  it  can  be  used  for  tlie  tiuest  kind  of  detail- 
As  for  tiie  zinc  alloys,  let  it  be  said  tlial  they  are  not  parti- 
cularly suited  for  casting  in  metal  iiioulds  unless  pressure  is 
used.  The  sluggish  nature  of  zinc  will  prevent  it  from  run- 
ning into  thin  sections  and  taking  a  sharp  impression,  unless 
pressure  is  used.  It  may  be  used  for  large  castings,  such  as 
bearings,  but  eveu  with  such  castings,  the  results,  without  the 
use  of  pressure,  are  not  good .  It  is  advisable,  therefore,  to 
confine  tlie  manufacture  of  metal  castings  to  alloys  with  the 
tin  or  the  lead  base.  These  will  be  found  suitable  for  many 
classes  of  work. 

The  use  of  steel  cores  in  making  soft  metal  castings  is  a 
matter  tliat  should  be  investigated  by  those  who  desire  to  use 
this  kind  of  work.  When  vniployed,  it  is  possible  to  make  a 
very  strong  and  accurate  casting,  and  with  little  difficulty  the 
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steel  cores  are  made  on  auloniatic  machines  at  a  small  expense. 
Brass,  copper,  or  bronze  cores  may  also  be  used  if  desired. 
The  advantage  of  using  them  will  be  fully  appreciated  when 
it  is  realised  that  frequently  both  the  advantages  of  screw 
ma (； liiiie  work  and  die  castings  can  be  obtained.  In  ordinary 
(lie  castings,  the  weakness  of  the  】】ietal  is  the  main  objection, 
but  by  casting  the  core  iu  the  mould,  a  strong  casting  is 
obtained. 

In  casting  tlie  metal,  the  whole  mould,  cores  and  all,  should 
be  warm,  but  not  hot.  If  cold,  the  metal  will  not  run  well, 
and  if  too  hot,  the  castings  will  shrink  unevenly.  The  arriv- 
ing at  the  right  temperature  is  a  matter  that  requires  more  or 
less  skill,  but  the  operator  soon  acquires  it  witli  a  little  prac- 
tice. As  the  mould  is  constantly  increasing  in  temperature 
when  used,  it  is  cooled  by  frequent  immersion  iu  water.  The 
cooling,  however,  is  not  allowed  to  go  on  too  much  or  the 
mould  will  become  stone  cold  and  the  water  will  not  evaporate 
froDi  tlie  surface.  The  idea  is  to  cool  the  mould  a  little  so 
that  the  metal  will  run  well,  but  still  not  so  much  as  to  prevent 
the  water  from  evaporating.  "When  properly  clone,  the  water 
remaining  on  the  surface  after  the  mould  has  been  removed, 
will  almost,  immediately  evaporate  from  the  metal,  leaving  the 
】】iou】d  in  condition  to  cast  metal  in  at  once. 

The  making  of  the  mould  itself  is  a  matter  that  requires 
more  or  less  skill.  In  the  first  place,  bronze  is  almost  exclu- 
sively used  for  the  purpose.  Cast  iron  is  too  hard  to  cut  and 
a  smooth  mould  is  very  difficult  to  make  out  of  it.  The  metal, 
too,  is  apt  to  be  porous  and  full  of  flaws.  Cast  iron,  except 
for  large  and  rough  moulds,  is  never  used.  Steel  is  coming 
into  use  for  some  classes  of  work  on  account  of  the  fact  tliat- 
the  surface  can  be  made  very  smooth  and  there  is  less  danger, 
when  the  mould  becomes  hot,  of  the  metal  adhering  to  it. 
The  cost  of  a  steel  mould,  however,  is  excessive,  as  it  neces- 
sitates cutting  the  mould  from  a  solid  block. 

The  bronze  moulds  have  been  found  the  most  satisfactory 
and,  as  previously  mentioned,  are  almost  exclusively  used. 
They  can  be  cast  soundly  and  almost-  in  the  finished  condition. 
The  natural  softness  of  the  metal  allows  cliasing  without  diffi- 
culty so  that  the  castings  will  come  out  in  a  practically  finished 
condition.  It  must  be  taken  into  consideration  that  unless 
tlie  surface  of  the  mould  is  smooth,  the  castings  will  not  come 
out  in  any  better  condition.  This  fact  explains  why  steel 
moulds  have  been  used.  Tlie  surface,  when  polished,  allows 
castings  to  be  made  with  a  practically  polished  surface  so  that 
no  finisliing  at  all  is  required. ― "  Tlie  Brass  World." 

Flux  for  Soldering  Aluminium. —— The  difficulty  of  soldering 
aluminium  is  due  to  the  fact  that  aluminium  is  very  readily 
oxidised  at  high  temperatures,  and  the  formation  of  oxide  is 
the  chief  obstacle  in  soldering.  Mr.  Otto  Nicolai,  of  Boppard- 
ou-Rhine,  has  invented  a  flux  which  comhiiies  with  alumina  to 
produce  a  compound  which  remains  fluid  in  soldering  and  com- 
pletely counteracts  the  effect  of  the  oxide.  The  Nicolai  process 
can  be  employed  witli  aluminium  bronze,  and  is  in  current  use 
at  the  arsenal  of  Friedriclisort.  It  is  not  only  suitable  for 
aluminium,  but  also  for  all  the  alunuiuuni  alloys,  such  as 
ina^Mialiuni ,  or  for  zinc,  copper,  nickel.  ir(m，  and  steel . 

Characteristics  of  Aluminium  Conductors.-  Some  interesting 
iiifoiination  relating  to  aluniinium  condiU'tors  is  contained  in  a 
bulletin  recently  issued  by  the  National  Electric  Light  Association. 
New  York.  Some  of  the  physical  constants  of  aluminium  as  now 
numufactured  coniniorcially  for  olectrcial  】）m.j)()s('s  are  as  folloM'-s  : 
Melting  point,  1,157。  Fall.  ；  elastic  limit,  14,000lbs.  per  squan* 
inch  ；  ultimate  strength,  26，0001bs.  per  square  inch  ；  modulus  of 
olasticity,  9.000,000  :  electrical  roiuliu'tivity,  62  】）(、i'  vvut. ； 
specific  gravit  v,  2'(;8  ;  coeHirionI  of  linear  expansion,  0* 00001 28. 
At  present  aluniinium  is  used  only  to  a  limited  extent  for  】iii'ge 
conductors  o\\  iiig  to  five  clifli<  iilty  of  employing  tlio  ordinnrv 
niotliods  of  soldering.  TJie  weight  of  u  U'nglh  t)f  aluminium  wiro 
is  only  47  per  cent,  of  that  of  a  copper  wire  of  the  same  lengtli  and 
resistance.  Expansion  and  contiactioii  with  clianges  in  tnnpora- 
tim、  are  groat (m-  for  alunuiiiiuii  than  for  cupiM'r.  A  solid  wire  of 
small  size  gives  a  great  deal  of  trouble  tluougli  breaka*;o  (lu(、  t" 
crvstallisation  of  tlio  wiro  from  swayinji  in  the  winter.  The 
groatiM'  expansion  and  contraction  make  it  nocossarv  \o  hv 
ospeciallv  careful  to  avoid  stringing  lines  too  tightly  in  warm 
woatlior.  The  increased  sag  nocessaiv  for  aluininiuiti  niakos  the 
liability  to  crosses  undiily  high.  Joints  botweeii  copper  ami 
aluminium  wire  give  a  great  deal  of  trouble  due  to  olcctiolytic 
acliun. 


INDUSTRIAL  AND  TRADE  NOTES. 

Shipyard  Wages,— Tl"'  joint  trades  in  the  national  sliipyar<I 
aj^rt'cmciit  have  iikuIc  application  for  an  advance  of  o  \)vv  cojit. 
ill  waives,  and  the  ('him  will  ht^  coiisidored  at  a  grand  conference 
t<»  Ije  held  at  Edinhur^^li  on  、Ve(ln('s(l;iy.  May  22nd. 

International  Exhibition  of  Non-ferrous  Metals.  ―  In  consequence 
*>1  dislocation    ol    Imsiiiess   occasioned    i»y    the   coal  strike, 

it  has  luMMi  (lt'('i(lf'(i  tn  postpone  the  exhibition  for  a  k'、 、- 
week's,  and  it  will  now  be  held  from  Saturday,  June  loth,  to 
Friday,  Jime  28th,  inclusive. 

Proposed    Extensions    at    Palmer's    Shipbuilding    Company. ― It  is 

reported  that  the  Palmer  Shipljiiildinij;  ('oiiij>;uiy  propose  to  carry 
out  ini[)(>rtaiit  extensions  to  their  rolling  mills  and  stoel  works 
depa rtment.  This  will  include  the  hiyiiig  down  of  the  latest  plant 
a nd  machinery,  and  the  output  will  be  greatly  increased,  and, 
in  all  probability,  find  work  for  a  large  number  of  additional 
cniployos. 

Apprentices  in  Shipyards.  —  The  Central  Conferejice,  which  was 
ill  Edinburgh  on  the  8th  inst.  between  representatives  of  the 
Shiphviiidiiig  Employers'  Federation  and  the  Hoilennakers'  ScK-ietv 
1  ailed  to  effect  a  settlement  of  the  dispute  over  the  organisation 
of  apprentice  boiler  makers,  and  further  discussion  ol  the  subject 
was  adjourned  to  a  (； ra nd  Conference^  at  which  all  the  shipyard 
unions  which  are  signatories  to  the  National  Agreement  will  be 
represented.    The  (lat(、  of  this  oonferf^nce  has  jiot  yet  been  fixed. 

Dates  of  Operation  of  the  New  Mines  Act. ― The  Home  Secretary 
has  informed  the  Mining  Association  of  Great  Britain  that  he 
cannot  see  his  way  to  postpone  the  date  on  \rhich  the  Coal  Mines 
Act  of  last  year  is  to  come  into  force.  He  recognises,  however, 
that  the  interruption  iu  the  work  in  the  mines  due  to  the  striko 
may  make  it  difficult  to  complete  the  structural  alterations  rc 
quired  under  the  Act  by  July  1st,  and  the  inspectors  will,  under 
the  circumstances,  allow  a  reasonable  time  for  these  to  be  carried 
out.  ' 

Industrial  Development  of  Canada.— Arrangements  have，  we  lean], 
just  been  completed  for  the  visit  to  Canada,  at  the  end  of  the 
present  month,  of  from  80  to  100  of  the  leading  manufacturers  of 
Great  Britain,  、vith  the  view  to  ascertaining  the  opportunitiob 
that  exist  in  the  Dominion  for  the  establishiiH'iit  of  branch  fac- 
tories, the  openings  for  capital  in  industrial  undertakings,  and 
the  possibilities  of  extending  the  market  for  British  made  goods. 
The  party  will  visit  every  important  industrial  centre  of  the 
Dominion. 

Demarcation  in  Shipbuilding.  The*  trade  unions  in  the  sliip- 
imikliii*^  and  en<i;ineeriiig  industries  a  re  now  taking  a  ballot  ot 
tlu'ir  members  on  the  question  of  accepting  the  national  demar- 
cation agreement  which  was  drawn  up  early  this  year  between 
representatives  of  the  societies  a  nd  Sluphuildin^  ami  En^jinoerintx 
I^'nii>l(>yers'  Federations.  Tlie  vote  will  not  hv  coinpleted  until 
about  the  end  of  June,  as  several  of  the  socioties  a  re  balloting 
at  their  June  branch  meetings.  If  the  agreoineiit  is  accepted  it 
w  ill  coine  into  operation  at  July  1st, 

Demarcation  Dispute. 一— A  demarcation  dispute  has  arisen  bctweoii 
tl"'  platers  and  the  sheot  iron  workers  in  tlie  shipbuilding  yard  of 
Messrs.  John  Brown  &  Ct).，  Clydohank.  It  seems  that  the  platers 
ol)ject  to  the  sheet-iron  Avorkers  haiidting  plates  beyond  a  certain 
tliickncss,  and  on  that  account  they  left  their  employment  on 
Thursday  afternoon,  tho  9tli  inst.  Tliev  afterwii ids  lield  a  moot 
iiijj;  to  coiusider  tho  matter,  as  a  result  of  which  tln'v  appointed 
a  (i<»putatioii  to  lay  their  grievances  before  tho  iii;ma^einent.  Tho 
plattM's  ivturiH'd  to  work  on  Friday  last  pending  a  settlement. 

Light  Railways  Bill.  A  meeting  of  the  Standing  Coniniittee  of 
tlu*  Houso  of  Commons  on  this  Hill  was  iield  on  tho  9tli  inst., 
\\\\v\\  Mr.  H.  Lawson  moved  a  now  <'liUiso  liaviiitz  tlio  effect  of 
excliuliiiu  London  tr(mi  the  trackless  tri»lloy  system  proposals  of 
tho  hill.  He  said  that  if  there  \va>=  any  domand  for  the  systfiu 
in  London  a  private  Bill  for  it  could  l>o  proiuDted  in  the  ordinary 
way.  Mr.  J.  ^1.  l{«)hortso!K  Parliamentary  Secretary  to  ihv 
Bi>;ml  of  Traclo.  aocoplotl  tiio  ;mi，'" 山"， '"t.  :uui  it  w  as  agrowl  t". 
Ifc  was  also  (l(、('"lt、(l  that  tlio  l"*、"si，ig  ot  car  drivt 、，- •、  and  romlnc 
tors  on  trackless  trolK\v  r'"it，>s  slioiiU!  ，'，'  in  llir  hands  of  the 
authorities. 

Renewal  of  the  German  Steel  Works  Syndicate.    Willi  r,'"'，''，， （，-  to 

the  |u  ' 屮" M'(l  'v'H'ual  (It  the  (in man  "  St crksV(M*l>aii<l  "  (StoH 
Works  Syiulicnto),  H.AI.  ('<"isul-(;em":、l  at  Dussoldorf  rojxut.s 
that  U"、  syndicato  has  been  roiMMved  for  five  yea  is  from  May  1st 
as  regards  tho  "  A  ''  products,  i.r.,  half  fiiiislio<l  iron  poods,  rail- 
way nintorials.  and  sli;iprcl  imn.  With  rogard  "、  the  "  B  ，，  pr(，- 
d lifts,  no  iigreoiiUMit  (.ould  l»o  a rrivod  at,  and  tlu'rofino  tho  fol- 
lowing ^oods  have  boon  oxcIucIimI  f roiu  tho  syiuliciito.  viz..  rod 
iron,  roll  、viri',  pig  iron,  i  ailw  ； iv  ； ixJos.  Art'.     Tlu'  tl";i;;r('i'ii"'"t 
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、viUi  regard  to  ilio  "  B  ，，  pi-oducis  、、  ： is  causod  by  the  large 
juiniher  of  now  works  erocted  (lining  the  last  t'lvo  .years,  wliidi 
specialise  in  certain  goods  and  therefore  want  to  keep  a  frco 
]i:,iul.  H.M.  Consul-Geiieral  adds  that  he  is  informed  that  tlio 
fhan^e  will  not  make  very  much  difference,  as  the  "A"  pro- 
ducts arc  the  mure  important. 

Malleable  Iron  Makers  Combine. —-  The  proposal  i)ui  forward 
s<m"、  time  ago  of  amalgamating  tlv?  wholo  ot  tlio  niiilloiihlc 
in>ii  concerns  in  the  West  of  Scotland^  has  now  practically  in^vn 
c-a rried  out.  Many  of  the  firms  in  the  Coatbridge  district  had 
some  sort  of  an  agreement  to  regulate  minimum  selling  prices, 
but  this  understanding  broke  dowji  last  year,  and  a  ruinous  kind 
of  competition  ensued .  At  last  13  concerns,  oporatin^i. 】'5  works, 
have  agreed  to  come  together  in  one  new  conipuiiy,  to  be  styled 
the  Scottish  Iron  and  Steel  Company,  Ltd.  The  present  com- 
bined output  of  these  firms  is  about  250,000  tons  per  iiniuim  of 
hoopsj  strips,  and  shapes. 

Electrical  Undertakings. ― According  to  Garcke's  Manual  of  Electrical 
Undertakings/'  there  are  iu  the  United  Kingdom  at  tho  present 
time  1,417  electrical  undertakings,  with  a  capital  of  £423,720,470, 
as  against  1,369  undertakings  and  £404,700,552  in  1911.  The 
totals  for  the  current  year  are  mkde  up  by  telegraphs,  32  under- 
takings, with  £36,201j846  ；  telephones,  17  companies,  with 
£15,428,775,  and  four  municipalities,  &c"  with  £11/286,666  ；  sup- 
ply, 261  companies  with  £52,532,060,  and  320  municipalities  with 
£45,704,059;  traction,  190  companies  with  £165,546,429,  and  173 
municipalities  with  £45,903,038;  manufacturing^  257  firms  with 
£44,766,619;  and  miscellaneous,  163  concerns  with  £6,356,978. 

Working  of  the  Patents  Act. ― In  the  House  of  Commons  a  few 
days  ago  the  Chancellor  of  the  Exchequer  was  asked  if  he  would 
give  the  latest  figures  for  eacli  year,  showing  the  result  of  the 
operation  of  the  Patents  Act,  1907.  The  President  of  the  Board 
of  Trade  J  replying,  said  that  Section  27  of  the  Act,  which  relates 
to  the  revocation  of  patents  in  certain  cases,  became  operative 
oil  August  28th,  1908 J  since  which  date  there  have  been  82  appli- 
cations for  revocation,  one  of  which  has  not  yet  been  decided. 
As  a  result  of  these  applications  19  patents  have  been  revoked . 
There  is  no  official  information  available  with  regard  to  the  extent 
to  which  the  fear  of  revocation  under  this  section  has  led  to  tlie 
establishment  of  new  works  in  this  country ^  or  the  employment  ot" 
additional  capital  or  workpeople  iu  manufacture. 

United   States  Output  of  Steel   Ingots  and    Castings   in   IQH. 一 The 

bulletin  ot"  the  Aineiican  Iron  and  Steel  Association  of  May  1st 
publishes  the  following  particulars  of  the  production  of  steel 
ingots  and  castings  in  the  United  States  in  1911,  as  compared 
witli  the  two  previous  years : ― 
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British  Iron  and  Steel  Production  in  I9II. "~ 'The  British  Iron 
Trade  Association  lias  published  the  following  statistics  relating 
to  the  pi'ochK'tion  of  iron  and  steel  iu  Great  Britain  (hiring  the 
year  1911 :  The  pig-iron  production  (9,718,638  tons),  while  being 
greater  than  in  any  year  prior  to  1910；  、vas  498,107  tons  less  than 
iu  that  year.  The  production  of  Bessemer  steel  ingots  last  year 
fell  to  below  the  amount  recorded  for  1910,  being  1^461^140  tons. 
Opeii-hearth  steel  ingots,  on  the  other  hand,  showed  the  highest 
production  ou  record  lor  the  country ^  or  5,000^472  tons,  tlie  pre - 
vious  highest  iigiire  being  recorded  iu  1907，  when  the  production 
of  this  class  of  steel  totalled  4^603,489  tons.  The  advance  last 
year  on  the  1910  production  was  405,106  tons.  Puddled  iron 
showed  the  highest  ftgure  since  1891),  being  1,191,499  tons,  as 
against  1,118,893  tons  iu  1910,  1,129,412  tons  in  1909,  and 
1/201,609  tons  in  1899. 

Steam  Navigation  ：  Centenary  Exhibition  in  Glasgow. 一 In  con- 
nect ion  witli  the  celebration  of  the  inauguration  of  steam  naviga- 
tion, the  Corporation  of  Glasgow  has  authorised  an  exhibition  to 
be  held  m  Kelvin  Grove  Museum  from  July  1st  to  December  31st, 
illustrating  the  history  of  the  application  of  steam  to  marine  pro- 
pulsion. It  is  hoped  that  a  comprehensive  and  authentic  collec- 
tion, illustrative  of  the  early  and  experimental  stages  of  the 
steamboat,  will  be  laid  before  the  public,  and  with  this  object  in 
view  a  prospectus  has  been  drawn  up  showing  the  extensive 
character  of  the  proposed  exhibition.  The  Organising  Committee 
invite  the  co-operation  of  persons  or  fir  my  who  possess  models, 
relics,  portraits^  &c"  appropriate  for  their  purpose,  and  request 
particulars  of  such  specimens  as  could  be  had  ou  loan  to  be  aeut 


to  Mr.  James  ratoii,  superinLeiicleiit,  Art  Galli-rios  an<l  Mu.stMini. 
Kelvin  Grove,  (Jlas^i/nv. 

Mining  Examinations.  ―  Jn  pursi"ui('('  of  t'li"  prm'i"mis  of  Sec- 
tion 8  (L)  (>i  tlic  Com  I  Mine.s  Act,  1911,  tho  Homo  Secretary  lias 
ji J) pointed  the  following  persons  to  be  members  of  the  Board  for 
ininiii^i;  oxaminations :  Mr.  Fnuik  Brain,  Mr.  John  Germiidl,  Mr. 
Sjuiiuol  Hiiro,  M r.  A.  H.  Leech,  Mr.  G.  Alfred  Lewis,  Mr.  Evan 
AVilliaius,  as  representatives  of  owners,  or  agents  of  mines,  or 
iH;iii;i;^ers  of  mines,  or  mining  engineers  ；  the  Right  Hon.  Clias. 
Fen  wick,  M.P"  Mr.  Enoch  Edwards,  M.P.,  Mr.  J.  (i.  Hnucock, 
M.l，.，  Mr.  Thomas  Richards,  JVi.P.,  Mr.  Stephen  WaJsli,  M.J," 
Mr.  Robert  Smillie,  as  representatives  of  workmen  employed  in 
mines  ；  Mr.  R.  A.  S.  Redmuyne,  H.M.  Chief  Inspector  of  Mines; 
Dr.  W.  N.  Atkinson,  I.S.O.,  H.M.  Divisional  Inspector  of  Mines 
tor  tho  South  Walos  District;  Mr.  W.  Walkor,  H.M.  Divisional 
Inspector  of  Mines  lor  Scotland  ；  Dr.  J.  8.  Haldano,  F.II.S.,  and 
Prof.  S.  Herbert  Cox,  as  persons  eminent  in  niiiiin;;  and  scientific 
knowledge. 

Coal  Exports  in  1911* ― A  Board  of  Trade  White  Paper  just  issued 
si  lows  that  the  total  exports  of  coal  from  the  United  Kingdom 
during  1911  amounted  to  64,599/206  tons,  as  compared  with 
62,085",476  tons  in  1910,  63,070,799  tons  in  1 簡， 02,547,175  tons 
in  1908,  and  63,600,947  tons  in  1907.  Nearly  hall  the  coal  was 
exported  at  from  8s.  to  lis.  per  ton.  As  a  result  of  the  strike 
coal  shipments  for  the  first  four  months  of  this  year  show  an 
immense  fall.  In  all,  there  have  been  sent  abroad  from  the  ports 
of  the  United  Kingdom  13^967,000  tons  of  coal^  and  with  coke  and 
patent  fuel  14,051,000  tons.  This  is  0/257,000  tons  less  than  in 
the  same  months  of  last  year.  There  were  also  shipped  in  foreign - 
going  steamers  4^893,000  tons  oJr  bunker  coals,  making  the  total 
sent  out  of  coal,  &c.,  19^546,000  ton's,  or  a  reduction  of  more 
than  7,500,000  tons  in  coal  and  other  luel  iu  the  four  months. 
The  value  ot"  the  coal  is  slightly  higher  per  ton. 

Boilermakers'  Society.—  In  the  May  report  of  the  】5(jil(、rmak('ns' 
Societj^,  the  General  Secretary,  Mr.  John  Hill,  .states  that  tho 
membership  ot"  the  union  is  now  oZjUOO.  In  addition,  there  are 
now  organised  over  OjOOO  apprentices.  The  balance  at  the  end  of 
the  year  was  £172,504.  The  output  of  shipbuilding  is  increasing 
month  by  montli,  and  there  is  work  .sufhcieut  to  employ  all  the 
members  for  another  year.  In  reference  to  the  proposed  amid^^a- 
mat  ion  of  the  Boilermakers'  Society  with  the  ！ Shipwrights  ami 
Ship  Goiisti'uctive  Association  aucl  iederatioii  with  the  Liverpool 
Shipwrights,  the  voting  of  the  branches  had  been  as  follows :  For 
amalgamation  with  the  Shipwrights'  Society  4,379  votes,  against 
1/24'/  J  majority  iu  favour  3,132  ；  for  federation  with  the  Liverpool 
SlupwriglitSj  4j766  votes,  against  80Gj  majority  in  favour  3,900. 
The  Executive  Council  are  also  moving  towards  amalgamation 
with  the  Amalgamated  Society  of  Engineers.  A  number  of  j«Mut 
meetings  with  tiieni  have  been  most  successful. 

Electric  Cranes. ― We  have  received  from  Messrs.  13;ibcock  and 
Wilcox  an  illustrated  booklet  showing  the  various  tyix'S  ol  elec- 
trically-oi^erated.  cranes  constructed  by  them  for  transporters, 
furnace  charging  machines,  capstans,  、、- inches,  and  other  lifting 
and  hauling  appliances.  The  cranes  are  manuiactured  at  Ren- 
frew, Scotland,  where  the  firm  has  a  special  department  equipped 
with  the  most  modern  and  up-to-date  machinery  for  the  ecoiionii 
cal  production  of  high-class  cranes  and  similar  work,  and  ample 
facilities  for  fully  testing  all  such  plant  before  it  leaves  tlie 
Avorks.  In  all  the  cranes  the  practice  is  to  cut  the  teeth  of  the 
gear  wheels  from  solid  blanks,  and  to  grind  by  automatic  machi- 
nery the  journals  of  the  shafting  to  ensure  a  perfectly  true  bear- 
ing surface.  A  very  elaborate  and  efficient  system  of  gauging 
has  been  adopted  for  the  manufacture  of  the  mechanical  parts, 
and  standard  crane  parts  are  kept  in  stock,  so  that,  in  case  of 
need  J  replacements  can  be  quickly  dispatched. 

Smoke  Nuisance  ：  Prosecution  of  a  Bradford  Firm. ― At  the  Brad- 
ford City  Police  Court  on  the  9th  iust.  the  Stipendiary  Magis- 
trate delivered  judgment  in  a  prosecution  by  the  Bradford  Cor- 
poration of  Messrs.  Daniel  lllingw  orth  tt  Sons,  wor.stecl  spinners, 
for  smoke  nuisance.  The  Stipendiary  Magistrate  observed  that 
the  substiiutial  cause  of  the  emission  was  that  the  defendants 
were  driving  their  machinery  with  insufficient  power ；  and  thoy 
knew  that  until  they  increased  tlieir  engine  pow  or  uiicousunu'tl 
smoke  would  continue  to  issue  from  their  furnaces.  That  circuui- 
stance  excluded  the  defendants  from  the  protection  of  the  exemp- 
tion portion  of  the  statute.  It  was  not  alleged  by  the  pro;secu 
tion，  however,  that  the  new  plant  which  Avas  being  installed  would 
be  otherwise  than  efficient  in  renieclyiiig  the  emission  of  snioko, 
nor  tliat  tlie  re  had  been  any  una  voidable  delay  011  the  part  of  the 
def(Mul;uils.  Havin<j;  regard  to  the  extenuating  circiinistam-os 
under  which  the  otto  nee  was  committed,  it  was  iuexpedient  to 
inflict  any  punishment.  He  accordingly  made  an  order  dismissiug 
the  summons.  The  Stipendiary  Magistrate  declined  to  make  an 
order  as  to  costs,  in  view  of  the  fact  that  the  Act  had  been 
broken. 
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Municipal  Exhaust  Steam  Installation.-— To  cope  with  the  increas- 
iiitr  demands  from  power  and  lighting  consumers,  the  West  Har- 
tlepool Corporation  some  time  ago  decided  to  extend  their  elec- 
tricity undertaking,  and  obtained  sanction  from  the  Local  Govern- 
ment' Board  for  the  borrowing  of  £38,000.  An  agreement  was 
entered  into  with  the  Seatoii  Caiw  Iron  Company,  Ltd"  whose 
、vorks  are  within  the  Borough  of  West  Hartlepool,  for  the  utilisa- 
tion by  the  municipal  authority  of  the  exhaust  steam  from  the 
blowing  engines  and  the  waste  gases  from  the  blastfurnaces.  The 
first  portion  of  the  scheme  will  be  to  utilise  only  the  exhaust 
steam,  and  for  this  purpose  two  mixed-pressure  turbines,  each  of 
1,250  kw.  capacity  and  generating  at  6,000  volts,  are  to  be 
installed  at  the  blastfurnaces.  The  contract  for  these  has  been 
placed  with  Messrs.  llichardsons,  Westgarth,  &  Co"  of  Hartle- 
pool, who  will  also  supply  the  Siemens  alternators  and  all  neces- 
sary condensing  plant,  cooling  towers,  &c.  The  existing  munici- 
pal power  station  in  Barn  Road,  West  Hartlepool,  will  become 
the  main  town  sub-station  and  will  be  provided  with  rotary  con- 
verting plant,  whilst  the  present  steam  plant  will  be  held  in 
reserve  as  a  stand-by  for  the  town  direct-current  supply.  The 
rotary  converter  for  this'  and  for  other  sub-stations  will  be  sup- 
])lied  by  the  British  Westinghoiise  Company. 

Rescue  Work  in  Mines. ― "With  respect  to  the  Order  made  by  the 
Home  Secretary  and  published  recently  concerning  the  formation 
and  training  of  rescue  brigades  and  the  supply  and  maintenance 
of  appliances  for  use  in  rescue  work  in  coal  mines,  the  Home 
Office  has  just  issued  a  circular  giving  details  of  the  course  of 
training  approved  by  the  Secretary  of  State.  The  Order  is  to 
come  into  force  at  once,  and  therefore  it  will  be  necessary  for  each 
mineowner  to  take  steps  without  delay  to  comply  with  its  require- 
ments. Reasonable  time,  says  the  document^  will  be  allowed  in 
which  to  complete  the  formation  of  the  brigades  and  to  obtain 
the  requisite  supply  of  breathing  appliances,  certain  of  which  may 
in  certain  ci  rem  instances  be  discharged  by  the  affiliation  of  the 
mine  to  a  central  rescue  station.  The  circular  goes  on  to  state 
that  wliei'e  oxygen  breathing  apparatus  is  used  care  must  be 
taken  to  ensure  a  high  standard  of  purity  in  the  oxygen,  and 
supplies,  unless  guaranteed  by  the  manufacturers,  should  be 
tested  by  analysis.  The  course  of  training  approved  by  the 
Secretary  of  State  will  consist  of  practices  with  breathing 
appai'atus  in  a  gallery  so  constructed  as  to  represent  the  condi- 
tions existing  in  a  roadway  of  a  coal  mine,  and  shall  extend  over 
three  consecutive  months.  There  shall  be  at  least  one  practice  a 
week,  the  first  to  be  carried  out  in  a  respirable  atmosphere,  and 
subsequent  practices  in  an  irrespirable  atmosphere.  Each  prac- 
tice shall  last  at  least  two  hours.  A  record  will  be  kept  of  each 
porson  uiiclergoiiif^  training,  and  the  date  and  character  of  each 
practice  attciifled. 

Government  Enquiry  into  Industrial  Unrest. ― The  recent  indus- 
trial disturbances  and  the  nietliods  of  preventing  thein  wore  dis- 
cussed in  the  House  of  Conunoiis  a  few  days  ago.  The  Chancellor 
of  the  Exchequer,  discussing  the  suggested  remedies,  said  1ip  was 
not  quite  sure  that  nationalisation  would  put  an  end  to  strikes. 
He  did  not  object  to  the  nationalisation  of  railways.  There  was 
a  jTood  deal  to  1"'  said  for  it  from  the  point  of  view  of  traders 
ami  tlio  country  j^ieiierally.  TiOrd  Robert  Cecil  had  raised  the 
liiatior  of  co-pai  tnersliip.  Ho  personally  would  not  rulo  it  out  as 
a  sulijeet  for  enquiry,  and  lie  hoped  liord  Robert  would  place  liis 
views  before  the  Cal)inet  Committee  Avliich  was  to  onquirc  into  tli" 
subject  of  unrest.  NiitionalisMtioii  of  the  railways  was  a  question 
which  ought  to  be  considorod  on  its  morits.  It  ought  to  be  com 
side  red  as  a  business  pi'ojjosition,  and  he  tlion^lit  it  was  well  wortli 
considering  as  such.  Ho  thought  it  was  wortli  \\  hilc  the  railw  ;t  v 
companies  exaii'iniiig  it,  because  they  could  not  go  o'l  witli  the 
present  wasteful  system  of  expenclitm'e,  which  did  them  no  ^ood 
and  imposed  a  heavy  burdon  on  the  community.  The  Cabinet 
had  CO  mo  to  the  conclusion  that  the  subject  should  be  examined 
into,  ;m(l  they  were  coiKlucting  an  enquiry.  Whether  it  would 
be  necessary  to  havo  another  and  more  search in<i'  enquiry  was  m 
matter  thoy  would  liave  to  conio  to  a  conclusiou  upon.  1  ii  tl"' 
"ifnmtimp  they  wore  looking  into  the  matter.  What  conclusiini 
they  might  como  to  it  would  not  ho  lair  to  iiulicato  now.  Tlicy 
could  not,  upon  the  facts  in  their  possession  at  the  moinont.  couio 
tt)  relial)lo  conclusions  without  further  eiH|uiry.  (Vp:i，t，"'rsliip 
was  in  an  oxporimontal  ytau(\,  and  it  w  as  a  in  at  tor  on  >\!iic*ii  tlioy 
oii^lit  not  to  (.'OHIO  to  a  hasty  (• ，川 clusioii. 

The  British  Engineers'  Association.  -This  association  was  i'onnally 
hi('ori>m;it(、（l  "11  April  iMUli  l;ist  under  i\  license  from  the  Hoard 
ol"  Trade.  Tlio  (n^anifsiitioii  wa.s  uml(、rt:»l"、ii  l)y  22  of  the  host 
knoun  <、'iiiin(n、rinj_ ！:  firms  in  Groat  Brit;"'i.  Alto;iether,  previous 
"1  incoiporntion.  (>v(、r  (SO  nioiiibers  were  eloctod,  and  tluMV  a  re  a 
mmil>(、r  otluT  ； ipplicants  for  oltH-tion.  During  tlio  jxMiod  of 
ury;:inis;»t iitii  tl"、  association  avjis  roiitrollrd  l»y  a  poworful  rum 
iniU'v  of  iMi-i  iriM-iii^i  lirniN,  Imt  as  soon  as  llio  first  -ioiuTal  nuM-t 


ing  has  taken  place  a  president,  vice-iu'csideutw,  and  other  mem- 
bers of  Council  will  be  elected  from  all  the  members. 
The'  aim  of  the  association  is  not  to  serve  the  interests 
of  any  individual  firm  or  clique  of  firms,  or  to  can  y 
on  trade  in  any  way,  but  to  establish  itself  as  a  givat 
national  organisation  for  the  promotion  on  the  broadest  lines  of 
the  overseas  interests  of  the  British  engineering  industry.  Its 
intention  is  to  employ  the  great  collective  influence  vested  in  the 
engineering  industry  to  encoui'iigo  the  】h'itisli  (government,  finan- 
cial organisations,  shipping  companies,  iiRircliants,  and  other's  to 
]>romote  the  inter  est. s  of  British  eiigiiieeriii;^  throughout  tl">  \\  orld 
in  the  same  manner  as  the  interests  of  our  foreign  conipctitors 
are  promoted  by  their  Governments  and  other  bodies.  The  efforts 
of  the  association  will  in  the  first  place  be  directed  to  China.  In 
that  country,  especially  in  view  of  the  new  regime,  the  organisa- 
tion and  strengthening  of  British  engineering  interests  is 
urgently  needed.  The  technical  education  of  Chinese  engineers 
on  British  lines  and  in  the  English  language  will  be  eiicoaraged. 
Mr.  Stafford  Ransome  is  the  secretary  pro  tern.,  and  the  tem- 
porary office  is  at  Queen  Anne's  Chambers,  Westminster. 

Co-partnership  in  Industry.  ―  The  26th  annual  meeting  of  the 
Labour  Co-partiiership  Association  was  held  on  Thursday  last  w  eek 
in  London.  The  president,  iii  his  inaugural  addresSj  said  that 
the  events  of  the  past  year  had  forced  the  nation  to  realise  that 
it  was  necessary  to  set  its  industrial  house  in  m'der,  、vith  a  view- 
to  preventing  a  recurrence  of  the  experiences  whicli^  if  they  、vor(、 
repeated  on  any  sufficiently  fr(>qu('iit  scale,  would  gradually 
reduce  this  country  to  an  intolerable  condition  of  insecurity, 
poverty,  and  despair.  He  did  not  claim  that  co-partnership  prin- 
ciples could  be  at  present  universally  applied,  for  their  successful 
application  depended  on  the  moral  and  mental  standard  of  em- 
ployers and  employed.  But  he  did  contend  that  wherever  co- 
partnership principles  were  applied  under  liglit  conditions  the 
cost  of  production  would  be  lessened  and  the  possibilities  of  profit 
increased  J  to  the  great  benefit  of  the  capitalist,  the  worker,  ami 
the  consumer.  The  great  fact  was  that  labour  and  capital  were 
organised  in  opposing  camps,  with  the  object,  not  of  promoting 
the  common  well-being  of  all  connected  with  industry,  but  of 
securing  advantage  for  themselves.  The  capitalist  was  inclined 
to  give  the  minimum  that  was  necessary  to  secure  the  lahoiii- 
which  he  required,  and  the  worker  in  return  considered  that  all 
that  should  be  required  from  him  was  the  minimum  of  labour 
which  would  save  him  from  dismissal.  If  they  wislied  to  main 
tain  the  old  friendly  relations  between  the  employer  ;nid  einplovi'd 
then  they  must  esta blisli  business  on  lines  which  would  automati- 
cally create  a  feeling  of  loyalty  on  the  part  of  all  connected  with 
the  industry.  How  was  that  to  be  done  ？  By  co-partnersliip ― 
which  was  a  system  under  which  worker  and  consumer  shared 
with  capitiilists  in  tlie  profits  of  industry. 

Turbo-Alternators  for  the  Argentine. ― Two  3,000  kw.  turl)o  alter- 
nators have  been  ordered  from  i\Iessrs.  C.  A.  Parsons  &  Co.j  N"v- 
castle-oii-Tyiie,  by  the  River  Plate  Electricity  Company,  Ltd...  for 
their  power  station  at  Eiisenada,  a\  here  the  present  plant,  con- 
sisting of  two  1,500  kw.  Westinjj;houso  tu rbo-alteniators,  h;，s 
l>ecoine  in;ul(M(uato  to  meet  the  deinaud  for  current.  The 
turbines,  each  driving  its  own  alternator,  aic  to  i)c  placed  side  hy 
si  do  and  arranged  so  that  the  stoani  paasos  from  one  to  tlie  other 
in  series.  Uiuler  normal  fulHoad  conditions  the  first  turbine 
will  expn nd  tlio  stonni  from  LV>R>s.  per  square  iiuli  absolute  dow  n 
to  ； ihoiit  lolhs.  ； il)S(tliiif.  w  liilc  the  reniaiiidor  (»f  the  rxpansioii 
will  ho  carried  out  in  lou  pressure  turl'i，i,、.    The  two  wliou 

rim  together  、、  iU  thus  tonu  one  coniploto  ".000  ku  .  imit,  but  the 
pipes  a  lid  ooiinections  will  \)v  so  a  rranj^ed  that  tho  hi^h  pressure 
tmbiue  caii  exhaust  either  direct  to  tho  condenser  or  to  ;itnu»- 
sphore  when  the  low-pressure  one  is  being  overhauled,  or  tho  lat- 
ter can  be  run  al()"(、  witli  the  help  of  a  I'edm'iujz  valve.  This 
aiTiingpnieut  is  rt(、xil 山' mikI  ec-onoinkal.  |ir;u-tu-ally  all  the  ； uh  an 
tages  of  the  la r^er  plant  heiii;:  obtained,  wliilo  tlio  cost  of  spare 
parts  is  c'oiisidoraliiy  le.ss,  and  thv  vhiwnc  of  luith  units  liein;:  'mt 
of  ronunission  isiiiuiltanooiisly  is  excerdiii.uly  r，'"iuU、.  Th<*  .snrhwo 
condonser,  roinpleto  witli  I'arsons  vatiiiiiu  au^inontor  and  inoldi  - 
driven  air  pumps,  is  to  he  capable  of  dealing  with  all  the  steam 
at  20  per  cent,  overload,  with  cooling  wator  at  70°  to  8"。  Fali. 
Tho  alternators  aro  tliivo- phase,  and  a ro  to  l»e  eacli  lapjiMo  of 
、- a  normal  full  load  of  3,00<»  kw..  (18  powor  facUir,  5,5<H»  t,, 
Ci,0(K)  volts,  oO  cycles.  n^vs.  por  ，""'""、  ；， •、  woll  as  an  "vf'r 

load  of  20  per  cent,  for  two  Iwnirs.  Tlio  toninenituro  riso  is 
jiuarantecd  not  to  oxceed  (50°  Kali.  ;»itor  six  hours'  run  at  full 
load,  unity  power  factor.  Eaoh  alternator  has  its  own  oxcitor, 
whii'li.  howovor.  is  lar^o  eiioiiiih  to  provide  onrront  fov  lu>th 
units. 

British      Westinghousc      Company. ― Fho  :innu:il  iiuH*tinu  of  the 
Hi  it  ish    W Oiiii-liuii.se    Kl(、rtrit'    and    Manufacturing  Company. 
1.1(1..  、、： I、  hold  on  tlio  iHli  inst.  in  Londoii.    In  moving  the  a《l' 屮 
lion  oi  tlic  n'p'irt  and  accounts,  tlio  Clminuau  roferrod  to  tlio  loss 
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of  £3(),719  on  the  salo  of  tlio  plant  and  apparatus  in  the  steol 
ioimdry,  and  cxplaiiiod  tli:it，  in  vi(、、v  of  the  soiioral  reserve  for 
deureciatiuii  of  over  £50,000,  tho  diroctoi's  did  not  think  it  neces- 
sary to  depreciate  specifically  ； igainst  tliis  loss.  As  lio  had  said 
before,  the  works  were  originally  designed  on  too  large  a  scale 
in  niii iiy  fcspccts.  When  the  ("ipital  was  reduced  in  1907  a  lar(2;e 
provision  was  made  to  meet  this,  luit,  in  view  of  what  had  since 
hapjxMiod,  it  had  for  some  time  been  the  opinion  of  tlio  Boai-d 
that  Iiel'oro  tlio  c'ompaiiy  could  enter  upon  a  dividoiid-payiii^ 
sta^e  thero  must  ho  ;i  further  reduction  of  capital.  Proposals  to 
tliat  effect  would  probably  soon  be  j) resented.  The  gi'o'ss  trading 
profits  for  the  yea r  amounted  to  £126,144,  as  against  £112,539 
ill  1910,  an  increaso  of  £13,605.  The  net  profit  was  £20,708，  as 
f()nii);nod  with  a  profit  of  £12,437  last  year,  and  a  loss  in  1909  of 
£798.  Orders  were  coming  in  well,  and,  barring  nnforosecii  cir- 
cu  install  cos  connected  with  labour  unrest,  the  directors  hoped  the 
next  accounts  would  show  a  still  further  improved  position.  A 
shareliolder  having  askocl  for  further  information  respecting  the 
projected  reduction  of  capital,  the  Chairman  directed  attention 
to  the  action  at  law  peiulinp;  between  tho  company  and  the  Ilnder- 
round  Electric  llailways  Company.  If  the  decision  of  the  House 
of  Lords  confirmed  that  of  the  arhitrator  and  the  Courts  below  . 
the  company  might,  he  said,  have  to  pay  £120， 000.  Should  that 
prove  to  be  the  case  it  would  ho  a  long  time  before  they  could 
pay  dividends,  l)Ocause  this  loss  would  first  have  to  be  met.  Tliey 
would  I'eacli  a  dividend-paying  stage  more  quickly  if  the  capital 
w as  reduced. 

Trade  Circulars  and  Catalogues. ― Wo  havft  received  from  Messrs. 
Scliaffer  &  HudtMihcrg,  Ltd.,  Wliitwortli  Street,  Manchester, 
several  supplementary  sections  to  their  voluminous  catalogue 
of  ^au^es  of  all  kinds,  in  addition  to  a  new  list  of 
}j;auge-tostiiig  apparatus,  in  Avhich  we  observe  several  novel- 
ties.― Messrs.  Wailes,  Dove,  Co.,  Ltd.,  Newcastle-on-Tyiie, 
send  us  a  little  booklet  illustrating;-  numerous  installations  to 
、、- hk'h  their  patent  l)itumastic  solution,  in  one  or  other  of  its 
various  preparations,  dopeiuliiin-  upon  the  nature  of  the  work,  lias 
l>eei:  ai)p]ied. ― Messrs.  D.  Bridge  &  Co"  Ltd.,  Castleton,  Man- 
chester, forward  us  a  new  sectional  catalogue  they  have  just 
issued,  dealing!;  with  friction  clutches,  hauling  plants,  and  mill- 
geai'inp;  installations  generally. ― From  Hans  Ronold,  Ltd.,  Brook 
Street,  Manchester^  we  have  received  a,  copy  of  a  new  CMtalogiio, 
doalinn;  fully  with  their  steel  Itlock  chains  more  particularly  used 
for  elovatiuff,  conveying-,  and  feeding  purposes.  The  catalogue 
illustrates  the  various  applications  of  the  chain,  and,  in  addition 
to  particulars  ami  dinieiisioiis,  ixives  some  useful  hints  on  the 
choosing  and  the  laying  out  of  this  kind  of  transmission  gear. ― 
Mossrs.  Araiisfif^lfl  &  vSoiis.  Ltd.,  Hn niilton  Square,  Rirkenhoad, 
i'm'、v;'r(l  lis  an  illustrated  booklet  clealino;  with  the  application  of 
their  gas- producing  plants  for  villages  and  small  towns，  for  light- 
ing, cooking,  and  heating  purposes.  The  producers  are  adapted 
for  making  gas  from  any  kind  of  oil,  mineral,  animal,  or  vege- 
ti">lr,  and,  it  is  claimed,  it  is  permaiKMit  and  will  not  fondonse, 
、、liilt、  it  is  at  the  same  time  of  a  lii^li  illiiniinatiuK  power. ― 
Messrs.  The  Harris  Patent  Feed  Water  Kilter,  Ltd.,  New cjistle-oii- 
T.vnp,  send  us  circulars  descrihino-  their  water-softoning  and 
l>iirifyitiij;  plants  and  condenser-tube  corrosion  protector. ― Mr. 
John  Jarcline,  Deeriiig  Street,  Nottingham,  sends  us  particulars 
？ f  a  new  type  of  detachable  coupling  for  shafts  which  he  is 
introducing,  and  whioli  possesses  some  very  conveniont  features. 
It  is  made  in  both  split-muff  and  solid-muff  designs,  and  well 
deserves  the  attention  of  all  mill  nuniagers  or  engineers  who  have 
to  do:il  with  power  transmission  plant. ― The  Parsons  Motor  Coid- 
paiiy,  Ltd.,  Southampton,  send  us  a  very  full  catalogue  of  their 
petrol  and  paraffin  engines,  which  are  designed  for  both  station;) ry 
and  marine  work. 

. British  Iron  Trade  Association. ― Tli(、  aiimial  meeting  of  tli(、 
British  Iron  Trade  Association  was  li^ld  in  London  on  Friday 
last.  Mr.  P:nkos,  who  ytresidcd,  devoted  his  remarks  to  tlio 
matter  of  labour  unrest.  Thoio  could  he  no  doubt  coniiiUMT'o  luul 
eiiteivd  upon  a  new  phase,  and  thoy,  as  hivgc  employers  of  labour, 
liad  to  enquiro  wliat  would  be  the  outcome.  He  had  seen  it  su;^- 
ge"ed  that  elimination  of  competition  might  meet  the  case,  hut 
he  believed  competition  was  bound  to  increase  in  severity,  and  to 
ti:y  to  disregard  or  evade  it  would  be  to  go  back  TOO  yoar's  in  the 
history  of  tho  country's  coiinnerce.  It  was  the  life  and  soul  of 
progress.'  Wluit  ho  feared  was  tluiL  people  wlio  discussed  thes< - 
questions  flisrogarded  the  inexorable  laws  of  economics,  because 
m  itht"'  employers  nor  meji  could  long  hope  to  hold  out  n  position 
in  defiance  of  economic  laws.  His  view  was  tliat  there  need  not 
necessarily  bo  disagreement  between  employers  and  oniployod, 
wli:itev(M'  crriovaiicos  either  might  hiwr.  Strikes  paralysod  tra(l(、: 
、、pre  Iiarha ric  and  absurd,  and  iiunitably  inflictoil  nuno  Iiariii 
upon  workers  than  upon  any  "Ui(、r  chiss  of  tho  coninuiiiity.  Thoro 
、vas  no  real  need  for  capital  and  labour  to  be  at  dagoors  drawn. 


a  fair  and  sqiiiiro  disciissioii  of  thoir  flifTicnltios  face  to  faco  would 
gcm'nilly  remove  or  mitig;it(，  tlu'in .  Sonic  sort  of  .slifliii}^;  sen U*  or 
systoin  of  profit  sharing  coiniiuMKlod  itsolt"  to  Iiini  in  order  that 
workers  should  participate  in  any  rise  or  fall  in  the  prospority 
of  their  employers.  Failing  some  such  solution  the  trade  of  the 
country  was  in  groat  jeopardy.  Capital  was  being  frightonod 
invay,  ami  shoals  of  the  best  workers  were  emigrating.  He  hoped 
the  Govornmont  would  take  the  matter  up  ami  cndeavon i-  tn 
spcm'e  some  roasoria hie  means  of  settling  disputes.  Sir  .ioliii 
Randies  said  sliding  scales  were  largely  in  force  in  tho  North  of 
Kn gland,  and  fluctuations  in  wages  and  in  prices  generally  w ere 
pi*;u'tically  regulated  by  the  price  of  pig  iron.  The  difficulty  in 
dealing  with  tho  workers  was  that  they  occasionally  got  out  of 
ha  11(1.  At  V.  Skeltoii  imported  tliat,  on  behalf  of  the  association, 
lie  atteiulod  the  Iiitornatioiuil  Coiiiniittee  to  considor  the  question 
of  adopting  an  interiiatioiiul  standard  for  exported  steel.  He 
was  convinced  that  any  change  would  be  in  the  direction  of  lower- 
ing the  high  British  standard  of  quality  and  workmanship,  ami 
to  that  he  would  never  be  a  party.  The  annual  report,  which 
was  unanimously  adopted,  recorded  an  appreciable  increase  in  the 
output  of  open- hearth  steel,  but  a  decrease  of  5(X),000  tons  in 
pi. a;  iron .  The  report  also  referred  specially  to  industrial  unrest, 
and  said  tliat,  although  the  general  outlook  in  the  steel  and  iron 
trade  seemed  promising  the  future  was  fraught  with  menace 
II 11  less  the  methods  of  arbitration  and  arrangement  happily  pre- 
viiltMit  in  the  iron  trade  could  be  more  generally  extended  to 
other  industries. 

Turbine  Pumps. ― Messrs.  JNIatlier  &  I)latt，  Ltd.,  Salford  Ironworks, 
M  Winchester  J  li:we  issued  a  new  catalogue  of  their  turbine  piiinps, 
a  type  of  pump  in  which  they  have  foi*  some  years  been  specialis- 
ing. The  adaptability  of  turbine  prime  movers  to  the  direct 
driving  of  electric  generators  and  other  forms  of  rotary  machines 
is  now  widely  recognised,  and  its  rapid  application  in  the  last 
few  years  to  pumping  operations  is  causing  it  to  take  the  lead 
over  reciprocating  types  in  many  directions.  At  the  presont 
time  the  use  of  the  turbine  pump  1ms  been  so  extended  that  it 
is  difficult  to  find  services  to  which  it  will  not  advantageously 
apply.  Although  the  wide  development  of  the  turbine  pump  in 
recent  years  is  undoubtedly  due  to  the  advent  of  the  high-speed 
motor,  it  was  first  introduced  before  the  possibility  of  direct  driv- 
ing ill  this  manner  was  foreseen.  Tlie  first  patent  for  a  turbine 
pump  was  taken  out  by  Prof.  Osborne  Reynolds  in  the  year  187o. 
Iniiiiediately  following  this,  Mather  &  Piatt  built  the  first 
Matlier-Iieynolds  turbine  pump  for  the  Owens  College,  Manches- 
ter, which  pump  is  still  in  work.  Another  of  these  pumps,  but 
with  vortical  spindle,  is  at  work  in  Russia  in  an  artesian  well 
100ft.  deep -  This  is  belt- driven  through  bevel  gearing  and  u 
vertical  shaft,  and  from  tho  time  of  its  installation^  some  13  yea  is 
a  go,  has  only  once  been  brought  to  the  surface  for  examination. 
Tlip  modern  turbine  pump  is  a  more  efficient  form  of  tlie  ordi- 
nary and  weil-known  centrifugal  pump,  and  consists  of  a  revolv- 
ing; vane  or  impeller,  similar  to  that  of  a  centrifugal  piuiip.  but 
discharging  into  one  or  more  correctly  designed  passages  arranged 
around  the  circiimforenco,  the  object  of  which  is  to  receive  the 
Wilier  or  liquid  delivered  at  a  high  speed  from  the  impeller,  and 
gradually  to  reduce  its  speed  until  it  is  converted  into  an  equiva- 
lent pressure  head.  These  stationary  guide  passages  conduct  the 
water  without  loss  to  the  delivery  outlet,  or  in  tho  case  of  a 
multiple  impeller  pump,  to  the  eye  of  the  sncc-ecdino-  inipcllor. 
Tliese  pumps  are  made  in  single  and  multiple  chamber  tvpos. 
In  the  former  the  I'equired  pressure  is  obtained  by  means  of  a 
single  impeller  and  guide  ring,  whilst  in  the  latter,  the  total  pres- 
sure is  the  sum  of  the  pressures  obtained  by  several  such  units 
working  in  series.  All  multiple  chamber  pumps  develop  an 
hydraulic  axial  end  thrust  which  reqniros  to  bo  takon  ni).  and 
tlio  manlier  in  which  this  is  done  doterniiiios  tho  reliability  of 
tlio  pump  uiidei-  working  conditions.  In  the  Mather  iV:  IMatt 
pump  this  thrust  is  balanced  by  an  improved  hydra ulir  balancing 
arrangement,  automatic  in  its  action,  requiring  no  thrust  Iwm- 
ings  of  any  kind.  The  experience  gained  duriug  a  period  extend- 
ing over  30  years  of  the  application  of  tiirbino  ])unij)s  to  nil 
classes  of  work  has  oiuibled  tho  firm  to  offoct  radical  iiiipmvo- 
nu'iits  in  (l('si<j;u  to  obtain  tho  hiiiliost  eflicioncy,  and  to  ensure 
tli()rou;2,h  reliability  of  action.  Those  pumps  have  actually  heon 
*niilt  for  quantities  up  to  15,000  gallons  per  minute,  for  beads  up 
to  1,600ft.,  and  for  speeds  un  to  3,000  revs,  per  minute. 


Wireless  Installation  at  Liverpool  University.  ―  Sir  William 
Hartley  lias  presented  a  complete  installation  of  plant  for  wireless 
telegraphy  to  the  Liverpool  Univorsity.  Time  and  woather 
messages  are  received  morning  and  night  from  the  l^iAcI  Towt-r  in 
Pai'is.  Professor  Jlarcluint  proposes  to  ； ^ivc  ii  course  of  lectures 
for  the  benefit  of  ships'  captains  and  others. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1911. 


JU)tai'y  internal-coin husiioi)  engines.    Ha ubuer.  \()27. 
Apparatus  for  analysing  gases.     Sanders  &  Sanders,  Eehders, 

and  Co.    iri83.  ^  ^ 
Cross  slides  of  lathes  of  the  turret  typo.    Austin.  9379. 
P(»\v(M'  driven  hninnioi's.    Jim (lley.  9380. 
Carhiirottins  apparatus.     Kolly.    9-121  - 

Valve  springs  for  internal- combustion  engines.     Salmson,  Can- 
ton, &  TJnne.  9454. 
Internal- coinbiistion  engines.    Griffin.  9498. 

Gear  trains  particularly  ； ii>plica})l(*  for  hoisting  iipparatus. 
Shopard.  9,547. 

^lotor  for  transmitting  to  a  distance  coiitinuoiis  or  iMtoriiiittoiit 

angular  movements.    Spalazzi.  9555. 
Rotary  elevators.    Smith-  9583. 

Treating  peat  for  tlio  pi.ml'if'tion  of  fuel.  Anderson  t、'  Hippius. 
9657. 

Variable-speed  and  h;il;iuce  gearing.  Miitorikiii  A:  Ser^iiicff. 
9752.  ，  ^ 

Centrifugal  pumps  and  fans.    AVatsou  *fe  Billetop.  9789. 

Method  and  means  of  storing  heat  and  the  liberation  and  utilisa- 
tion of  heat  so  stored.    Bastian.  9794. 

M(、th()(l  of  iimmifac'tm.iiig  ril)bo(l  tu]>e.s.  Calvert  &  Cnnlcll. 
9810. 

Miners'  safety  lamps.  Best，  Ponsonby,  and  Best's  Contract  Com- 
puny.    9847  and  9848.  产 

Two-stroke  cycle  internal-combustion  engines.    Lancliester.  9873. 

Raising;  ami  forciiij^  of  liquids.  Akt.-Ges.  Brown,  llovcri,  et  Cie. 
9937. 

S;ui(l  mould  jarring  machines.    Chipchasc.  995o. 

Hydraulic   transmission    apparatus.     Hele-SluiAV    &    Martin (、； m. 

' 10039.  ' 
Lubricating  systems.    Boult.  10168. 

Safety  suspending  apparatus  iipplicablo  to  niiuo  cages.  Fair- 
weather.  10202. 

Machinery  for  marine  pi'(>i>iilsi(m.    Alq viist.  10374, 

Steam-power  plants  in  which  a  turbine  is  drivoii  l)y  the  exhaust 
from  a  stoani  oiigine.  (iolder,  Kiiblcr,  Woollatt,  and  l'，ras(、r 
and  Chalmers,  Ltd.  10941. 

Driving;  mechanism  of  iiutoniobiles.  Austin  Motor  Company  and 
Austin,  ll'")?-'). 

l{()i:ii*y  engine.    Burns  A:  liuriis.  12*238. 

Stca 111  superheaters  and  i"(HHl-\vater  hoators  lor  locomotive  Iioilor.'s. 
Marks.    ?2 糊. 

Li(|ui(l  fuel  su])ply  a i'raii<i;eincnt  of  iiitcnial-conilnisLion  t'li^iiies. 

H igginson  &  Aninclel.  12835. 
Mufllc  f urnacps.    August.  13016. 
Ships'  I'ropHk'rs.    Sayers.  13453. 
Aiitoinatic  laihMiy  cmipiing.    Davis.    13()3f . 
Nut  locks.    Jolmsoii.  la(iU). 

Balance  weights  employed  in  intenial-conibiistioii  ouj^ines.  David 

Hrown  &  Sons  (Hiuldorsfield),  Ltd.,  and  Burgess.  14539. 
I':h、、  at"rs  or  convoyers.    Donald  &  Matthows.  14713. 
Uailuny  tsigmilliiig  apparatus.    Bosson.    15 199. 
Kl('v:i")rs  or  conveyers.  Mattlunvs,  and         iison ,  l>r('、v，  A'  Clydos- 

d; 山、 Ltd.    IWi^.  ' 
(i()\  (M  iiin^  ineclianisin  tor  clastic  lluid  turl)ines.    W'arw  ick  Maclii 

nory  Company  (1908).  10638. 
^laiuit'acture  of  cores  and  moulds  for  casting  pnr])()Sos.  Ivurzo. 

10734. 

Siirt'aco  condonsers.    ()d(li('.    1  ()89G. 

Bl;"l(、s  lor  fans,  vcMitilatoi's,  and  i)ro|)(>ll("'s.  E\v;u  t.  1 7133. 
Apparatus  for  iaisin;j;  and  forcinjj;  liquids,  Koorver.  17283. 
Mctluxl  of  and  appaiatuis  for  operating  tli(、  i"ji、（'ti(>ii  valvo  of  a 

Diesel  engine  by  liydraulic  pressiiro.    Ciunilicr.    174 化. 
Steam  siiperheatei's  for  locomotive  l)oil(、rs.     Rohinsoii.  17508. 
-Machine  lor  testing  the  hrittlonoss  of  metals,    (i iiillcry.  】77(1.1. 
】,riction  clutc-hes  of  tl"、  pi  a  to  type.    All'i'm  Motor-cai- 

ami  .Murray,    18837.  ' 
Tool  Ji()I(l(M-s.    CJrillonbcr-icr.  18801. 
SLoani  -jioiuM'iitors.         rtiier.  20372. 
Valvo  packings.    JHi^^atti.  211o9. 
Apparatus     for     startiu;^     multi  cyliiulri- 

("ijiim、s.    K (山 (、rt  Hoscli.  1(>!). 
Y:ilv(、s  t»f  iiitiM  iiiil  conilmst ion  ("i^^im's.    Ilari  ison. 
Slial't  couplinjvs.    Hiithardt  iV  CV).    2；-(1'1  I. 

Apparatus  for  i)orh"mii»f«;  work  of  short  duration  :»t  p，v  (lrt(、r 
nii，u、d  tinuvs  for  automatically  operating  gas  valves,  oloctiic 
switclu's,   t\:o.      "  Novitas  ，，   Fabrik   Eloktrischor   Api);i niiv 
Akt.-Gos.  121031. 
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Rotav'v  t'li^iiies.    Loflinan.  ！^' ")G12. 

Cup  leathers  m'  collars  for  liyd ra ulic  niacliinos.    Heuckeii.  23709. 

In  tenia  l-fonibiistion  engines.    Rraiulis.  20013. 

Cai-I)uretting  apparatus.    Boet'kem.  20048. 

PortaI)Ie  hand-driven  drilling  machine.    Ott.  27(i()0. 

Hydi'uulic  conplinp;s.    H a n se ii-P^lloh a ni ni e i* .  28144. 

ApiKiratu-s  for  locking  grmmd  levers  employed  for  operating  rail - 

wav-switcli    points.     Hodgson,  and  Saxbv  A'    Farmer.  Ltd. 

28709.  " 
Method  of  cleanin<;  blastfurnace  gases.    Werndl.  28926. 
Pistons.    Allen.  29128. 

Composition  for  use  in  castiiijj;  for  coiistnictiii;^  moulds  and  cores. 

liaiiibridgo.  29180. 
ConstriR'tioii  of  shins'  hulls.    Von  Kcissler.  29398. 

1912. 

Hoists.    Gehricke.  2466. 

iSprinj^s  for  railway  vehicles.    Spencer.  4051). 
(ii'nbs  for  ore  and  coal.    Palm .  5399. 

ELECTRICAL  1911. 

Electric  motor  controllers.     Barnard  A:  Kdw  aids.  41i)0. 
Carbon  electrode  for  galvanic  batterios.    Ueiiko.  9(>49. 
ToI*'^r;ij)h  traiisniitters.  ； Mackenzie.    100 11. 

Relay  device.  Orling,  and  Orliiig's  Telegraph  Instruments  Syndi- 
cate.   lOlOo.  ^ 

Controlling  means  for  electric  circuits.  British  Thomson-Houston 
Conipuny.  11350. 

^lachinos  for  pasting  storage  battery  electrodes.    Lake.  11516. 

Electrical  coupling  devices.    Day.  14179. 

Sefoiuliiry  storage  batteries.    Oldham.  lo4o3. 

Production  of  long  stable  electric  arcs  for  the  treatiiicut  of  gases. 

Johnson.  16636. 
Spark   plugs  tor   use   in    internal-combust  ion    rn^inos.  Davis. 

17463.  _ 

Electrical  conductors.    Pilkington.  18908. 
Spark  plugs.     Wright.  IDdSo. 

Electro-magnetic  apparatus  for  actuating  electric  switches,  valves, 
t^:c.    Coleman.  24154. 

1912. 

Vai>our  altfi'natin;j;  current  rectifiers. 
Ges.  2171. 


Hartmaini      Ihaun  Akt. 


METAL  QUOTATIONS. 

TUESDAY,  MAY  14th. 

Aluminium  ingot   r '丁 /—  per  cwt. 

"         wire,  according  to  sizes,  &c  from  1 02/-  ，， 

"        sheets        ，，  ，，    ，，  120/-  ，， 

Antimony   £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    8.U1.  per  lb. 

"    tubes  (brazed)   】0^  " 

，，       ，，      (solid  dra \vn)   ，， 

，，       "     wire   8|cl.  ，, 

Copper,  Standard   £72/2/0  per  ton. 

Iron,  Cleveland   54/1^  " 

，， Scotch    (id/U  ，， 

Lead,  English    £l(i/17/(i  ，， 

，， Foreign  (soft)    £1(1/11/3  ,， 

Mica  (in  original  cases),  small   (h1.  to  2/-  per  ib. 

"  ，，  ，,       medium   2/G  to  4/-  ,， 

，，  ，，  ，，       large    4/0  to  8/0  ，， 

Quicksilver   £8/.~>/-  per  bottle. 

yilvcr   27  ^(i.  per  oz. 

Spelter    £2."» /!,")/-  per  ton. 

Tin.  block   £21!/I0/- ，， 

Tin  plates    14/7i  .. 

Zinc  sheets  (Silesia n)   £29/-/-  .. 

,，  (Stettin  ；  Vieille  Montague)   £2!»/7/0  ,， 


A  Hardening  Solution. ― A  solution  for  hardonin^  small  Uk、1n 
tu<-li  as  laps.  (li，、s.  &t'..  is  <xivon  in  a  recent  issue  of  "  Macliiiiory,"  as 
sollows  :  To  I ")  irallons  of  wattM*  ；， （kl  111),  of  cvaiiido  of  potiissiinn. 
(ill)s.  of  saltpetre.  211)s.  of  comnion  linu\  and  ^*(>z.  of  ])(M  inannanate 
of  potash.  Distilled  wator.  if  it  tan  bo  ol)taim'(l.  should  ho  used. 
l、i，t  rain  wator.  if  pure  and  clean,  will  also  aiiswor  tho  purpose. 
iilthou*;h  (listillod  、vat(、i'  is  bettor.  Before  (li]>]>in<;  the  tools  i1h\v 
sliould  bo  heated  to  a  clierrv  ml.  and  when  (lipptnl  in  tlic  liath  tliov 
should  1、,、  kept  nioviiiir.  so  that  tlu\v  will  Iwinloii  uniformly.  It 
is  not  nocossaiy  to  draw  the  tempi"'  aftor  hanicniii*:.  1,"h('s 
lianloiunl  ill  this  solution,  it  is  claimed,  aro  oxtreinely  tough,  and 
will  withstand  considerable  pressure. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 
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Electric  Furnaces. 

Engineering  practice  is  largely  the  outcome  of  a  process  of 
evolution,  even  when  it  appears  at  first  sight  to  be  the  result 
of  some  individiiars  brilliant  invention.  The  invention  may, 
indeed,  have  produced  a  radical  change  in  practice,  but  in  its 
timi  the  new  machine  or  process  generally  has  to  lean  very 
heavily  on  the  modifications  and  improvements  arising  out  of 
practical  service  before  it  can  claim  commercial  success.  This 
IS  true  of  the  electric  furnace.  There  is  some  ground  for 
thinking  that  Davy  in  1810  and  Pepys  in  1815  used  simple 
laboratory  forms  of  the  electric  furnace,  but  it  does  not  (")- 
I)3ai'  that  any  commercial  furnace  was  tried  until  the  brothers 
C'owles  attempted  the  reduction  of  zinc  and  aluminium  ores 
m  the  eighties.  Since  that  time  a  great  many  patents  have 
been  taken  out  and  a  few  commercial  furnaces  built,  but  with 
Uie  exception  of  those  at  Niagara  Falls  very  little  progress 
was  made  until  about  five  years  ago.  AVitli  tlie  extension  of 
the  iield  of  the  electric  furnace  to  tlie  commercial  production 
of  iron  and  steel  the  rate  of  progress  lias  been  rapid  owing  to 
t,lie  valuable  moulding  influence  of  practical  metallurgists  and, 
engineers  in  Europe  and  America.  This  process  is  far  from 
being  at  an  end,  but  so  nuich  progress  has  been  made  that 
the  electric  steel  furnace  at  least  is  now  a  useful,  practical, 
and  commercial  thing  for  certain  conditions,  and  the  keen 
interest  which  steel  makers  feel  in  this  class  of  furnace  was 
evidenced  at  the  reading  of  a  paper  by  Dr.  Hans  Nathusius 
at  the  recent  meeting  of  the  Iron  and  Steel  lustitute. 

In  liis  paper  Dr.  Nathusius  was  at  considerable  pains  to 
insist  upon  the  defects  of  the  induction  furnace,  and  to  de- 
scribe the  advantages  of  his  own  form  of  the  arc,  or  arc  and 
resistance,  furnace.  The  advantages  are,  however,  uot  wholly 
on  one  side,  and  it  may  be  useful  to  review  the  salient  features 
of  the  two  types  of  practical  furnaces  aud  some  of  their  more 
protniiieni  practical  representatives.  lu  the  first  place,  it  is 
important  to  keep  in  mind  the  fact  that  electricity  is  simply 
a  heating  agent  in  such  furnaces  as  are  employed  in  steel  pio- 
ductiou,  aud,  so  far  as  is  known,  produces  no  cheiuical  or 
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physical  change  except  such  as  are  directly  due  to  tlie  heating 
and  the  reactions  of  suitable  ores,  metals,  slags,  and  furnace 
linings.  In  some  processes,  notably  in  the  reduction  of 
aluminium,  the  action  is  partly  one  of  electrolytic  decomposi- 
tion assisted  by  the  more  or  less  liigh  temperature  of  the  fluid 
mass  undergoing  reduction,  but  in  the  majority  of  electric 
furnaces  the  process  is  purely  one  of  reduction  or  refinement 
by  heat.  Thus  from  the  metallurgical  point  of  view  the  char- 
acter of  the  electric  current  used  is  immaterial,  but  from  a 
works  point  of  view  it  is  important,  as  it  is  closely  related  to 
tlie  type  of  furnace  which  is  employed. 

Electric  furnaces  fall  into  two  distinct  classes,  the  arc  and 
induction.  In  arc  furnaces  there  are  usually  two  carbon  elec- 
trodes intruding  tlirougli  the  roof  to  within  a  very  short  dis- 
tance of  the  surface  of  the  slag  and  metal  on  the  furnace 
hearth.  Electric  arcs  pass  between  the  electrodes  and  tlie 
bath  of  metal,  and  tlie  heat  from  these  arcs,  together  witli 
some  little  heat  generated  by  the  passage  of  the  current 
through  the  slag  and  metal  from  one  electrode  to  the  other, 
gives  the  required  temperature  for  the  melting  or  refining  re- 
actions. Usually  the  furnace  is  charged  with  molten  metal 
mixed  with  more  or  less  cold  scrap,  ore,  and  pig,  but  melting 
from  tlie  solid  can  also  be  carried  out.  The  induction  furnace 
differs  radically  from  the  arc  furnace.  There  are  no  carbon 
or  metal  electrodes  within  the  furnace  itself,  and  the  neces- 
sary lieat  is  generated  by  the  passage  of  a  heavy  current 
through  the  mass  of  the  metal  itself.  This  current  is  induced 
in  the  metal  on  exactly  the  same  principle  that  a  current 
is  induced  in  the  secondary  coil  of  a  transformer,  or 
induction  coil.  Indeed,  electrically  considered,  the  induction 
furnace  is  an  alternating  current  transformer,  in  which  the 
metal  of  the  furnace  forms  the  secondary  coil.  As  in  all 
transformers  this  coil,  and  also  the  primary  coil,  are  wound 
round  a  common  iron  core,  or  where  3-phase  currents  arc 
employed,  three  cores.  The  presence  of  this  internal  core 
passing  through  the  body  of  the  furnace  is  a  structural  defect 
from  the  metallurgist's  point  of  view.  Whether  electrical  or 
other  methods  of  heating  are  adopted  certain  reactions  take 
place  in  the  furnace,  and  a  good  deal  of  slagging  and  rabbling 
of  necessity  lakes  place.  This  is  most  readily  carried  out 
when  the  metal  occupies  a  well  or  bath  approximating  to  the 
round  or  rectangular  in  shape,  and  the  comparatively  narrow 
c'haiiiiels  of  the  induction  funiace  are  a  disadvantage  in  this 
respect.  In  order  to  overcome  this  disadvantage  the  channel 
is  sonietimes  opened  out  into  a  bath  of  moderate  proportions 
in  which  the  rabbling  and  charging  can  be  more  conveniently 
carried  out.  This  is  conveniently  arranged,  for  in- 
stance, ill  the  3-j)liase  Rochling-Rodenhauser  induction 
furnace.  There  are  three  iron  cores,  protected,  of 
course,  by  firebrick  and  other  furnace  materials.  Around 
each  a  narrow  channel  of  metal  constitutes  a  secondary  coil, 
and  the  three  channels  unite  in  a  central  batli  or  hearth.  One 
important  feature  of  the  induction  furnace  is  the  rotation  of 
the  molten  metal,  which  is  literally  dragged  round  by  the 
magnetic  lines  at  a  high  speed .  This  action  ensures  a  thorough 
mixing  of  the  metal,  but  is  somewhat  detrimental  to  the  lin- 
ing, and,  it  is  said,  does  not  ensure  the  proper  interactions 
between  the  slag  and  the  metal  which  are  at  the  basis  of  all 
metallurgical  furnace  work.  Electrically  the  imlm'tion  fur- 
nace is  not  altogether  satisfactory.  II  can  only  use  alternat- 
ing current,  preferably  of  low  frequency,  and  owing  to  its  low 
power  factor  requires  an  extra  large  generating  plant  for  the 
actual  consumption  of  power  involved. 

On  the  other  hand,  the  arc  furnace  is  not  without  its  de- 
fects. It  lends  itself  well  to  a  good  metallurgical  hearth,  but 
t lie  roof  through  which  the  carbon  electrodes  intrude  is  not 
too  strong.    The  carbon  electrodes  themselves  are  very  costly, 


and  in  some  cases  tend  to  increase  the  percentage  of  carbon  in 
tlie  molten  steel  above  what  is  desirable.  Again,  the  arc 
gives  rise  to  intensely  high  local  temperatures.  There  is  some 
doubt  as  to  whether  these  high  temperatures  burn  or  other- 
wise detrimentally  affect  the  steel,  but  it  is  noteworthy  that 
Dr.  Nathusius,  in  his  design  of  furnace,  has  specially  aimed 
at  a  more  uniform  distribution  of  heat  by  the  use  of  three 
equally  spaced  electrodes  above  the  bath.  In  this  furnace 
also  he  embodies  the  principle  of  resistance  heating  upon 
which  the  induction  furnace  wholly  depends.  Three  metal 
electrodes  are  buried  in  the  hearth,  and  the  current  in  passing 
between  these  and  the  upper  carbon  electrodes  and  between 
one  another  generates  internal  heat,  so  that  his  furnace  is  a 
combined  arc  and  resistance  furnace.  Of  the  simple  arc  fur- 
naces perhaps  the  Heroult  is  the  best  known.  It  is  usually 
arranged  to  tilt  so  that  molten  metal  can  be  run  in  or  out  by 
the  spout.  Tlie  electrodes,  two  in  niunber,  are  supplied  with 
either  continuous  or  alternating  current,  ami  intrude  verti- 
cally through  an  arched  roof. 

Tliree  or  four  electric  furnaces  are  in  use  in  Sweden  ajid 
the  United  States  for  the  direct  smelting  of  iron  ores,  but 
the  majority  are  used  for  the  refining  of  molten  steel  pio- 
duced  and  partially  refined  in  an  ordinary  fuel-fired  furnace. 
The  electrical  furnace  possesses  two  distinct  advantages.  By 
suitably  varying  the  electrical  input  the  temperature  of  tlie 
furnace  can  be  adjusted  at  will,  and  maintained  uniform  for 
any  length  of  time.  A  greater  range  of  temperature  is  avail- 
able than  with  ordinary  furnaces,  aiul  tliis  greatly  facilitates 
the  exact  control  of  the  reartioiis  U])on  which  quality  of  tlie 
ultimate  steel  largely  depends.  Also  with  fuel-firing  the 
flames  frequently  carry  impurities,  particularly  sulpliur,  to 
the  metal.  These  impurities  are  absent  in  an  electrical  fur- 
nace. In  America  and  on  the  Continent  there  are  one  or  two 
instances  of  electric  furnaces  installed  for  refining  steel  for 
rails  and  structural  shapes,  ami  one  such  furnace  is  also  in- 
stalled in  this  t'oimtry,  but  in  the  majority  of  cases  the  fur- 
naces are  refining  high-class  steels  of  crm'ible  quality  or  for 
special  castings. 

The  main  objection  to  the  electric  furnace  is  the  impor- 
tant, indeed  vital,  one  of  cost.  Considered  purely  as  a  thermal 
appliance  it  is  probably  more  efficient  than  a  fuel-fired  fur- 
nace of  the  best  type,  but  when  the  cost  of  the  heat  is  taken 
into  account  it  is  very  rarely  that  it  c-an  compete.  Thus  in 
average  coal  at  ten  shillings  a  ton  there  are  about  235,000 
thermal  units  for  a  penny.  Electricity  at  a  farthing  a  unit 
only  gives  13,700  thermal  units  for  a  penny.  Even  after 
making  a  very  liberal  allowance  for  the  superior  thermal  effi- 
ciency of  electrical  methods  of  heating  it  is  clear  that  under 
these  conditions  electricity  cannot  compete.  Where  waste 
gases  are  available  current  can  be  supplied  to  a  furnace  under 
the  most  suitable  conditions  at  about  one-eighth  of  a  pemiy 
])er  unit ,  l)ut  at  present  this  is  tlie  lower  limit.  Elertricity 
must  therefore  in  this  country  fall  back  on  its  special  advan- 
tages, to  which  reference  has  been  made.  To  refine  a  ton  of 
steel  will  usually  take  from  200  to  300  units,  according  to  tUe 
conditions.  Charging  current  at  0*2  penny  per  unit  at  the 
furnace  it  appears  that  the  cost  of  power  for  refining  will  be 
between  3s.  4(1.  and  5s.  per  Ion.  There  are,  of  course,  other 
factors  to  be  considered,  but  it  is  clear  that  the  cost  of  ele?- 
trically  refining  high-class  steels  and  special  steel  alloys  is  not 
prohibitive,  ami  we  may  legitimately  anticipate  a  more  ex- 
tended use  of  electric  furnaces,  not  only  on  the  Contiuent, 
hut  ill  this  country  also.  As  experience  increases  and  evolu、 
tioua rv  improvement  takes  place  the  scope  of  these  furnaces 
will  also  no  doubt  widen,  but  at  present  there  is  no  reason  to 
autirij^ate  that  they  will  displace  existing  fuel-fired  furiiaoes 
for  the  bulk  of  steel-iuaking  processes. 
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THE  INNER  STRUCTURE  OF  SIMPLE  METALS. 

Sir  J.  A.  Ewing  delivered  the  third  May  lecture  of  the 
Institute  of  Metals  at  a  meeting  held  in  London  on  the  lOtli 
inst.  The  lecturer,  who  took  as  his  subject  "  The  Inner  Struc- 
ture of  Simple  Metals,"  said  that  the  use  of  the  microscope 
in  the  hands  of  experienced  observers  had  led  to  a  good  deal 
of  knowledge  being  obtained  regarding  the  constitution  and 
structure  both  of  simple  metals  and  of  alloys.  There,  how- 
ever, existed  a  point  beyond  which  the  microscope  could  not 
penetrate,  and  it  was  his  intention  to  attempt  to  pierce  the 
barrier  at  whicli  it  received  its  check.  Iii  endeavouring  to 
determine  what  was  the  character  of  the  inner  structure  of 
metals  it  was  necessary  to  know  what  were  the  elementary 
particles  of  which  the  metal  was  composed,  how  they  were 
arranged,  and  the  reasons  for  that  arraugemeut. 

Witli  regard  to  the  shape  assumed  by  the  crystalline 
grains  of  inetals,  he  showed,  both  by  a  number  of  photo- 
micrographs by  Dr.  Rosenhain,  Dr.  Stead,  and  other  workers, 
as  well  as  by  actual  experiment,  that  the  shape  of  any  par- 
ticular grain  was  determined  by  the  behaviour  of  neighbour- 
ing grains.  This  was  true  of  metals,  not  only  in  the  cast,  but 
also  in  the  wrought  state,  and  indeed  of  those  which  had  been 
annealed.  Experimental  work,  some  of  whicli  had  been  car- 
ried out  by  Dr.  Rosenliain  and  himself,  had  proved  that  the 
structure  of  metals  was  capable  of  surviving  the  effects  of 
severe  strain.  When  a  metal  was  subject  to  severe  strain  its 
crystals  showed  the  effects  of  slip,  and  the  establishment  of 
the  existence  of  what  were  termed  slip  lines  was  a  step  in  ad- 
vance in  the  study  of  the  inner  structure  of  metals.  It  gave 
the  key  to  many  things  which  had  been  previously  a  mystery, 
and  it  was  possible  on  that  theory  to  account  for  distortion 
without  any  interruption  of  the  continuity  of  crystalline 
structure.  Probably  tliere  was  some  loss  of  true  crystalline 
structure,  and  Dr.  Beilby  had  given  grounds  for  that  belief, 
which  was  sustained  by  the  observed  facts  connected  with  the 
fracture  of  metals  following  fatigue. 

A  point  of  fundamental  importance  was  the  occurrence  of 
the  phenomenon  known  as  "  twinning,  "  which ,  while  some- 
tinies  resulting  as  the  direct  effect  of  strain,  was  more  fre- 
quently ill  evidence  after  the  metal  had  been  strained  and 
then  annealed.  The  condition  of  twinning  was  conspicuously 
absent  in  iron .  Twinning  might,  however,  be  regarded  as  of 
finulamental  importance  in  relation  to  any  conjectures  as  to 
the  ultimate  structure  of  the  particles  composing  a  metal. 
It  was  an  interesting  speculation  whether  the  structural  units 
of  a  metal  were  molecules  or  aggregations  of  molecules,  and 
even  if  they  were  molecules  there  could  be  little  doubt  tliat 
they  possessed  a  somewhat  complex  structure.  The  molecules 
of  a  metal  might  be  assumed  to  be  composed  of  small  spheres 
in  contact  with  one  another,  giving  a  symmetrical  form.  In 
the  simplest  possible  arrangement  eai-li  ball  in  the  molecule 
would  be  in  contact  with  six  others  ；  in  a  more 
complex  arrangement  each  ball  would  be  in  contact 
with  eight  others  ；  and  in  another  arrangement 
eacli  ball  would  be  in  contact  with  12  others.  In 
this  connection  the  question  of  polarity  was  of  great  interest, 
and  it  miglit  be  assumed  either  that  there  was  a  positive  and 
negative  polarity  in  each  of  the  units,  or  that  there  were 
numbers  of  units  either  positive  or  negative.  Tliere  were 
many  grounds  for  believing  that  it  was  the  closest  mode  of 
packing  wliich  the  crystals  of  a  metal  actually  assumed,  and  if 
that  were  so  with  tliat  arrangement  there  was  bound  up  a 
particular  kind  of  polarity.  He  merely  put  these  views  for- 
ward as  indicating  the  direction  in  which  the  solution  of  the 
problem  involved  should  be  sought.  It  was  necessary  in  the 
region  beyond  which  the  microscope  could  penetrate  tliat  re- 
course should  be  liad  to  tlie  iniagiiiation. 


EXHAUST  STEAM  PLANTS  FOR  OPERATING  TWO-STAGE 
COMPRESSORS. 

When  power  plants  in  which  a  steam  turbine  is  driven 
by  the  exhaust  steam  from  a  reciprocating  engine  are 
employed  in  driving  a  two  stage  fluid  compression  set 
the  reciprocating  engine  drives  a  piston  compressor  wliich  acts 
as.  a  second  stage  compressor,  a  rotary  compressor 
driven  by  the  turbine  acting  as  a  first  stage  compressor, 
and    delivering    a    supply    of    compressed    fluid    to  the 


piston  compressor.  Now  iu  plants  of  tliis  kind  it 
has  been  found  difficult  to  prevent  air  from  passing  into 
the  condenser  during  periods  of  small  dernaiul,  since  the 
quantity  of  steam  delivered  to  the  turbine  is  small  at  these 
periods  and  consequently  the  pressure  in  the  steam  pipes  and 
in  the  steam  receiver  usually  employed  between  tlie  turbine 
and  tlie  reciprocating*  engine  falls  below  tliat  of  the  atnio- 
spliere  thus  allowing  air  to  leak  into  t lie  receiver  llirou^li  the 
various  joints.  On  an  increased  deriiaiid  upon  t  lie  plant  this 
air  is  carried  over  into  the  condenser  thereby  impairing  the 
vacuum.  In  cases  where  tlie  coiulenser  air  pumps  are  of  a 
sensitive  character,  sudden  iiicreasod  (leniaiuls  upon  the  plant 
will  cause  total  loss  of  vaciiuni  in  the  condenser  ami  conse- 
quent stoppage  of  the  turbine.  It  follows  tliat  these  defe;;ts 
are  chronic  iii  plants  working  with  considerable  fluctuations 
of  (leniaml,  sucli  as  in  fluid  compressing  plants  of  tlie  kind 
referred  to. 


Valve  Aubangements  for  Ori:u\Tisci  T\vo-STA<iK  Comprkssous. 

To  obviate  the  above  defects  Messrs.  Fraser  tfe  Chalmers, 
Ltd.,  3，  London  Wall  Buildings,  London,  have  designed  and 
patented  tlie  arrangement  illustrated  herewith.  In  this 
arrangement  a  valve  is  employed  controlling  the  inlet 
to  the  turbine  directly  actuated  by  the  steam  】）r3S- 
sure  and  so  arranged  as  to  have  a  lift  proportional  to  the 
steam  passed  and  adapted  to  maintain  automatically  a  prac- 
tically constant  back  pressure  slightly  above  that  of  the 
atmosphere,  in  the  steam  receiver  into  whicli  the  exhaust 
steam  from  the  reciprocating  engine  passes  before  reaching 
the  turbine  and  so  obviate  the  formation  of  a  partial  vacuinn 
during  any  part  of  the  stroke  of  the  pistons  of  the  reciprocat- 
ing engine.  In  tlie  case  of  two -stage  fluid  compressing  plants 
this  valve  being  arranged  so  as  to  have  a  lift  proportional  to 
the  steam  passed  will,  when  a  small  quantity  of  steam  is  pass- 
ing from  the  piston  engine  and  tlie  turbine  is  running  slowly, 
have  a  lift,  corresponding  to  this  speed  and  therefore  the  valve 
may  be  utilised  for  operating  a  blow-off  valve  on  the  air  or 
gas  delivery  main  of  the  turbo-coinpressor  at  a  pre-determmed 
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point.  Ill  such  fluid  compressing  plants  when  the  output 
from  the  turbo-compressor  is  small  special  difficulty 
encountered  in  coiisequence  of  the  ('ii.rient  of  air  or  gas 
delivered  becoming  pulsatory.  This  difficulty  has  hitherto 
been  overcome  by  opening  by  hand  a  blow  off  valve  on  the 
air  delivery  main  of  tlie  turbo-compressor. 

This  blow  off  valve  is  opened  automatically  at  a  predeter- 
mined point  corresponding  to  a  small  output  and  consequent 
slow  speed  of  the  turbo-compressor  at  which  pulsation  is  about 
to  commence,  by  means  of  the  automatic  pressure  regulating 
valve  used  for  controlling  the  steam  admission  to  the  tur- 
bine. To  this  end  the  blow  off  valve  may  be  connected  either 
directly  or  through  a  servo-motor  or  relay,  with  the  pressure 
regulating  valve.  Again,  when  the  output  of  the  plant  is 
small  it  is  sometimes  wasteful  to  continue  the  running  of  both 
parts  of  the  plant,  the  piston  v^oinpiessor  alone  being  of  sufli- 
cient  capacity  to  supply  the  demand.  The  turbo-compressor 
can  then  with  advantage  be  shut  down.  The  shutting  down 
of  the  turbine  may  be  effected  automatically  at  a  suitable 
predetermined  point  by  causing  the  pressure  regulating  valvi、' 
controlling  the  steam  admission  to  the  turbine,  to  actuate 
suitably  a  valve  or  valves  for  cutting  off  the  steam  from  the 
turbine  and  allowing  it  to  pass  directly  into  the  condenser, 
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the  arrangement  being  such  that  tlie  turbine  is  automatically 
restarted  when  the  output  rises  beyond  a  predetermined  point . 

Kef  erring  to  the  illustration,  the  steam  pipe  A  is  connected 
to  a  steam  receiver  into  which  the  exhaust  steam  from  the" 
])istoii  engine  passes,  the  steam  being  led  into  the  turbine 
through  pipe  B.  A  pressure  regulating  valve  C  is  provided 
on  the  inlet  pipe  to  the  turbine,  this  valve  having  ports 
designed  to  admit  a  proportionate  weight  of  steam  for  each 
])arl  of  its  stroke.  The  weight  of  the  valve  is  supported  by  a 
spring  arranged  within  an  oil  dash-pot  D  for  clamping  the 
oscillations  of  the  valve.  A  regulating  screw  E  controlling 
an  oil  passage  is  provided  for  regulating  the  flow  of  oil  in  the 
(Uislipot .  The  top  of  the  valve  is  open  to  tlie  atmosphere 
tlirougli  t  he  aperlu ve  F.  To  prevent  air  leaks  into  the  valve 
water  seals  G  are  provided,  Tlie  valve  being  practically 
balanced  between  the  pressure  of  the  atmosphere  and  tlie 
.steam  pressure  will  maintain  a  substantially  constant  back 
pressure  in  tlie  pipe  A  and  the  receiver  connected  thereto, 
this  back  pressure  being  sligMly  greater  than  atmospheric 
pressure.  The  air  delivery  main  of  tlie  turbo-coin])ressor,  as 
shown  at  II  and  ，I  ，  is  1  he  blow-ofT  valve  tliereoii.  To  enable 
1  he  pressu re-regulating  valve  C  to  operate  tins  valve  J  the 
valve  stem  K  of  the  valve  C  is  connected  by  a  pivoted  lever 
L  and  link  M  to  a  floating  lever  N  which  is  coiiuected  to  a 
pressure  operated  servo  motor  or  relay  of  the  following  con- 
struction. 

A  piston  distributing  valve  O  working  in  a  casing  P 
admits  fluid  jxressure  supplied  by  a  pipe  Q  on  to  the  top  or 
boltoni  of  a  control  piston  1\  working  in  a  oyliiicler  S,  tliroui^li 
passages  T，  U  as  the  rase  may  be.  The  dislribuling  valve  O 
is  connected  to  the  rod  N  as  shown,  and  the  control  piston  11 
to  the  blow  oft'  valve  J  by  a  rod  V  and  a  weighted  lever  AY. 
AVith  this  cousiruction  if  the  valve  C   drops,  owing  to  Ih'? 


reduced  steam  supply  in  pipe  A  bringing  the  turbo-com- 
pressor near  its  pulsation  point  the  rod  M  is  raised  causing 
the  valve  O  to  admit  pressure  fluid  to  the  top  of  the  piston  R 
lowering  the  rod  V  and  opening  the  blow  off  valve  J .  When 
the  piston  R  is  at  the  bottom  of  its  stroke  or  at  some  other 
predetermined  point  the  ])istoii  compressor  will  be  delivering 
a  small  quantity  of  air  only  aud  it  is  therefore  wasteful  to 
continue  running  the  turbo-compressor.  The  turbine  is  then 
shut  down  in  the  following  manner :  The  pistcm  rod  V  is 
provided  with  a  sleeve  X，  which  when  the  piston  is  in  the 
predetermined  position  comes  below  the  passages  Y，  Z,  and 
£0  puts  them  in  communication,  allowing  pressure  fluid  to 
pass  through  pipe  Z  to  a  piston  operating  a  valve  ov  tae  tur- 
bine which  is  thus  opened,  and  allows  the  steam  to  pass  lo 
the  condenser  instead  of  to  the  turbine. 
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DETERMINING  CARBON  IN  IRON  AND  STEEL 

A  QUICK  method  of  deterininiiig  carbon  in  iron  and  steel  was 
described  by  Mr.  F.  W.  Robinson  in  a  paper  read  before  tlie 
American  Electro-c^liemical  Society  on  April  19th.  The 
theoretical  simplicity  and  directness  of  determining  the 
carbon  content  of  iron  and  steel  by  burning  in  a  stream  of 
oxygen  and  absorbing  the  carbon  dioxide  produced  had,  the 
author  said,  often  suggested  tliis  method  to  clieniists,  but  vuilil 
the  introduction  of  the  electric  resistance  furuace  a  sufficiently 
uniform  temperature  for  a  satisfactory  combustion  could  not 
be  obtained.  Even  then  the  estimation  remained  so  compli- 
cated and  expensive  that  it  failed  to  find  any  marked  favour. 

It  had  recently  been  shown,  how- 
ever, by  G.  Mars,  of  the  Boehler 
Steel  Works,  in  Germany,  that  with 
a  suitable  furnace  this  method  was 
not  only  simple  and  accurate,  but 
on  account  of  its  rapidity  was  emi- 
nently suitable  for  use  \vith  the 
Martin  process,  particularly  when, 
with  varying  charges,  the  Eggertz 
tests  were  unreliable.  The  arrangement  of  the  apparatus, 
shown  in  the  accompany iug  diagram,  enabled  aiiv  munber  of 
estimations  to  be  made  successfully  almost  without  interrup- 
tion ； so  much  so  that  one  man  working  two  sets  of  apparatus 
could  make  20  to  24  determinations  a  day.  The  combustion 
was  carried  out  as  follows  ：  The  furnace  was  first  heated  ii]) 
to  a  temperature  of  700。  to  1,000'  C.  (for  cast  iron  700'  C.  or 
1，300。  Fall.  ；  for  ordinary  steel,  900。  C.  or  1,650°  Fah.  ；  and 
for  some  special  steels  1,000°  C.  or  1,825°  Fah.)  during  which 
a  slow  stream  of  oxygen  was  passed  through  the  apparatus. 
The  soda-liiua  tubes  were  then  weighed  (all  weighings  were 
made  with  the  soda-linie  tubes  full  of  oxygen)  and  connected  to 
the  apparatus  again.  One  to  two  grammes  of  the  metal  in  the 
form  of  t  urniiigs  were  then  weighed  into  a  porcelain  boat  and 
the  boat  slid  into  position  in  the  furnace.  This  was  done 
from  the  front  end  so  that  the  thermo-couple  and  oxygen  inlet 
tube  need  never  be  disturbed.  The  boat  should  be  slid  in  so 
far  that  the  back  end  was  flush  with  the  jiuKtion  of  tlie 
lliermo-couj)le  and  during  this  operation  the  st ream  of  oxygen 
should  not  be  interrupted.  The  rubber  stopper  was  imme- 
diately replaced  in  the  combustion  tube  and  the  taps  of  the 
soda-lnne  tubes  opened.  The  temperature  of  the  furnace  was 
tlien  gradually  raised,  、viUi  steel  for  15  miu.，  with  cast  iron 
for  20  mill.,  to  a  maximum  of  1,150°  to  1，200°  C.  The  coin- 
mencement  of  the  reaction  could  be  noticed  by  a  visible  re- 
duction ill  the  rate  of  the  ^as  tlirough  the  sulpliuric  acid 
wash-bottle.  Provided  the  turnings  used  were  not  loo  coarse, 
the  heating  curreut  might  be  cut  off  as  soon  as  the  ipaxinuim 
temperature  was  reached,  otherwise  this  temperature  should 
be  maintained  for  .*) 出 in.  to  10  niin.  before  cooling  down. 
A  iter  coinpletiou  of  the  combustion  the  st  ream  of  oxy«^eii  was 
coiitiuued  for  5  miii.  to  drive  all  the  oarbou  dioxide  into  the 
absorption  tubes  ；  these  were  then  disconnected  and  weighed. 
As  regards  accuracy  this  inetliod  had  hoen  fouiul  ")  give  re- 
sults ill  perfect  agreement  with  those  obtained  by  tlie  best  and 
"1、  ，t  tedious  of  the  wet  methods.  To  obtain  aocu rate  results 
with  t he  slowly  combustible  materials  such  as  feno-<  lironuum 
； uid  ferro-iiiaiigaiiose  t lie  timiings  must  be  mixed  wit li  an 
oxygen  yielding  substance  siuli  as  bismutli  oxide  ami  tlie  ( oin- 
bustiou  conducted  as  before.  Altliougli  only  introduced  two 
years  asjo  this  method  had  already  found  very  wide  applica- 
tion ill  German  iron  and  steel  works. 
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THE  PRESENT  STATE  OF  DEVELOPMENT  OF  LARGE  STEAM 

TURBINES, 

BY  A.  a.  CHRISTIK. 

(Continued  from  page  607.) 
Turbine  Details. ― In  the  early  days  of  steam  tiirbino  building 
it  was  (liliicult  to  sociiro  suitable  xrmterials  to  witlistp  ud  t  lio  sti'csses 
sot  up  iit  liigh  speeds  of  rotiitiou.  But  as  tho  donuind  for  such 
materials  increased,  much  study  was  given  to  tlio  requiromouts 
for  this  service  so  that  it  has  been  possible  through  tho  use  of  more 
suitiible  material  to  increase  very  considerably  the  speeds  of  all 
sizes  of  steam  tuibinos.  High(M'  stei^m  velocities  are  possible 
with  inci;eased  poiipliomi  speed,  and  thus  fewer  rows  of  blados  or 
stages  a-re  re  qui  rod.  This  results  in  a  shorter  and  more  rigid  shi'it 
construction,  which  is  thorofore  less  liable  to  vibration.  Miiny 
builders,  especially  those  of  Parsons  turbines,  have  found  this 
construction  to  give  an  increase  in  steam  economy  ovor  the 


Fig.  6. 
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slow-speed  types,  so  that  the  more  compact  modern  high-speed 
machine  is  more  desirable  than  the  older  type. 

Blading. ― The  requirements  of  a,  satisfactory  blading  material 
are  that  it  shall  withstand  without  deformation  stresses  due  to 
centrifugal  force,  and  temperature  or  pressure  changes,  it  shall  not 
cut  out  with  high  velocities  of  steiun,  and  that  it  shall  withstand 
the  corrosive  effects  of  moisture.  Parsons  turbines  have  used 
special  bronzes  and  copper-nickel  alloys.  Steel  blades  have  also 
boon  used  in  some  cases.  In  these  turbines  the  steam  velocities 
are  low  and  there  is  usually  no  cutting  on  this  account.  The 
principal  problem  with  this  blading  is  to  manufacture  it  cheaply 
and  secure  it  in  sucli  a  manner  that  it  will  withstand  all  stresses 
to  which  it  is  subjected.  This  blading  design  is  therefore  a  ques- 
tion of  detail,  and,  as  shown  in  Table  I.,  many  ingenious  schemes 
have  been  devised. 

In  Parsons  turbines  the  blades  are  usually  cut,  punched  or 
pressed  into  proper  form  from  strips  of  drawn  material.  The 
original  Parsons  blading  consisted  of  alternate  blades  and  distance 
phces  placed  in  a  slightly  dovetailed  slot  and  caulked  tight.  Many 
European  builders  thread  blades  and  distance  pieces  on  holding 
wires  before  caulking  in.  In  this  case  the  blading  is  made  up  in 
sections.  Other  builders  of  turbines  of  the  Parsons  type  use 
Sankey's  solid  foundation  rino"  hold  in  placo  by  a  soft  metal 
caulking  strip.  Allis-Chalmeis  employ  this  well-known  con- 
struction. As  this  fonn  is  usually  all  machine  made,  it  is  con- 
sidered by  many  engineers  to  be  safer  than  wlierp  dependence  is 
])laced  on  hand  work,  sucli  as  must  ordinarily  be  done  where  each 
distance  piece  is  caulked  separately. 

Tliore  aro  many  methods  in  vogue  for  spacing  and  roinforcino 
tho  cutis  of  Parsons  blading.  The  Westinghouse  Mucliine  Com- 
pany use  a  comma -shaped  wire  threaded  through  the  blades  near 
their  (uit(T  ond  and  bent  over  between  thorn.  Similar  schomos  are 
iisod  l)y  manufiicturoi's  in  Europe.  As  a  rule,  however.  European 
builders  follow  the  old  Ptii'sons  method  of  silver  soldering  or 
bniziuii,  th(、  blji.dos  to  a  holding-  wire  near  their  outer  onds.  They 
ji;oner;illy  thin  down  the  tips  of  tlio  blades  to  reduce  weight  and  to 
avoid  injurious  efforts  to  spindle  or  casinji'  from  iiccidontal  rubs. 
Some  buildcM's,  sucli  as  Sulz(、rs，  do  not  thin  off  their  blades  or  use 
slirouds,  but  make  tlieiv  spindles  so  rigid  and  well  balanced  ih-M 


i  ho  blades  can  ho  nuide  with  ； t  vory  liouvy  cross-section  and  hence 
]wh\  no  support.  SovcM'iU  iii;iruifiU'1  mors  riv (叶 tho  outer  onds  of 
their  bindcs  into  ('liium('l-sli;'ip(Ml  slinni-l  rin'」s.  Tiiis  j^ivcs  an 
especially  stiff  construction,. 

Advoofttcs  of  the  shrouded  hliuliim  ('l;'im  that  it  providos  a 
liihyrinth  passage  for  the  Htcain  ；', nd  tlius  reduces  tho  loakatio 
lossos  from  row  to  row.  It  also  holds  the  blades  at  the  required 
an,ulcs.  It  has  boon  noted,  howover,  that  with  wot  stoam  there 
is  a  tiMidouoy  for  the  moist U'  c  to  pit  the  cjisin<>  opposito  tho  odi^os 
of  tlu、  shrouds  imd  tb us  incivase  the  cleniiinros.  This  action  has 
also  been  noticed  with  iinsliroudod  Parsons  blading.  Tlio  shrouded 
blading  is  usually  so  stiff  that  serious  di'Tnage  is  clone  if  rubbin*; 
stp.rts  bot\vc(Mi  the  blading  and  tlio  spimllo  or  casing. 

The  blading  of  impulse  turbines  is  of  nickel  steel,  froquently 
、、'ith  25  per  cent,  nickel  in  the  high-pressure  section  and  spociiil 
l>i'onxo  in  tlio  otlier  stages.  Experience  with  this  27)  per  cent, 
iiickol-steel  bliuling  material  has  not  been  entirely  >satisfactory, 
and  several  iiumufacturers  are  now  using  a  low  carbon  steel  alloy 

with  just  siifriciont  nir'kH  to  prevent 
corrosion,  usui'.lly  about  :、  per  cent. 
These  blades  are  said  to  be  stronger 
iind  less  liable  to  fatigue  of  materij^,!. 
Special  bronze  and  monol  metal  havo 
i'.lso  been  successfully  used.  These 
impulse  blades  are  sti'niped  from 
slieots,  drop  forged  or  milled  from 
solid  bars  with  or  withcrut  a  wide  base 
to  act  as  a  distance  piece,  or  are  made 
from  extruded  metal  strips  of  tlio 
desired  cross-section.  Usually  these 
hliides  are  of  crescent  section,  but 
some  are  formed  of  flat  strip  ma- 
terial and  made  of  constant  thick- 
ness over  the  width  of  the  blade. 
The  separate  distance  pieces  are 
usually  of  tlio  same  material  as  the 
blades  themselves.  In  general,  all  impulse  blades  are  provided 
with  shrouds  to  prevent  vibration  and  also  to  provide  an  enclosed 
passageway  for  the  steam  at  high  velocities.  As  there  is  no  drop 
in  pressure  between  the  two  sides  of  a  row  of  moving  blades,  the 
clearance  can  be  made  large,  both  on  the  end  and  sides,  so  that 
there  is  little  possibility  of  rubbing  when  in  operation.  Impulse 
blading  is  usually  lield  iu  place  in  dovetailed  grooves  or  in  tee- 
shaped  slots,  although  some  manufacturers  form  their  blades  with 
two  legs  whicli  straddle  tho  discs  and  are  hold  firmly  in  place  by 
rivets. 

The  first  impulse  turbines  had  blading  in  whicli  the  inlet  and 
discharge  angles  were  equal.  Now  almost  all  builders  use  blading 
on  which  the  discharge  side  of  the  blade  makes  a  sharper  angle 
with  the  axis  than  the  inlet  side.  This  does  not  necessarily  mean 
that  the  discharge  a  i-oa.  of  the  blades  is  smftller  than  the  inlet  area. 


Fig. 


-Types  of  Blading  i'sed  by  British  Westinghousk  Co. 


Paper  l  ead  before  th**  Auiericnn  Society  of  Mechanical  Engineers. 


for  tlio  b】a,fl(、  is  usually  lon^thonod  radially  on  tho  discharge  sido. 
Thus  both  iulet  and  discluiru (-  ； u-<\is  aro  niado  oqiuil.  Tho  sliarper 
； mgle  of  discharge  reduces  slightly  tl"、  relative  velocity  of  exluuist 
from  the  moviuu"  blade.  On  tiu'biuos  of  tlio  Curtis  typo  tho  re  is 
usually  only  w  small  dilieroiu'o  between  the  inlet  ami  outlet  angles 
of  tlio  first  row  of  moving  blades,  but  on  the  second  row  of  moving 
blades  in  tho  stiiiio.  the  outraiifo  and  oxit  auizles  often  diftVr  by  as 
Tiiucli  as  1.?.  Some  impulse  turbine  desiuns  are  siuli  that  there 
7nusr  evidontlv  bo  some  such  reaction  effect  in  tho  moving  blades 
us  is  obtiiiiiod  iu  Parsons  turbines,  thouuli  not  of  sufficient  ；; iiionnf 
to  ("Uiso  iinv  iiotii'oahlo  i、ml  tlirust. 
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Some  recent  interesting  developments  in  blading  are  shown  in 
Figs.  (；  to  10.  Fig.  r>  sliows  tlic  various  steps  in  the  niannfact  urc  of 
the  thin  sheet  metal  blading  used  by  Ber^mann.  Tlio  blading  of 
the  Rateau  discs  of  British  Westinghouse  turbines  is  clearly  illus- 
trated in  Fig.  7.  Brown,  Bovm'i，s  form  of  Parsons  bladinii  is 
illustrated  in  Fig.  8.  Belliss  &  Moirom  use  a  uiiiquo  loim  of 
blading*  on  the  drum  impulse  section.  This  blading  is  shown  in 
Fig.  Fninco  Tosi  cuts  projoctions  like  threads  in  his  blade 
grooves 請 1  mills  ('on-ospondinii  projections  on  tlic  base  of  the 
blades,  as  in  Fig.  10.  This  is  ； i  very  satisfactory  but  expensive 
form  of  blading. 

Tlio  number  of  rows  of  bludos  in  any  j^ivon  type  do])on(ls 
entirely  on  tlio  size  and  sp(、(、(l  of  ilio  unit,  the  stoan\  condiMous 


Fig.  8.— Brown— Bovf'ri's  Reaction  ELADiNti. 

under  which  the  turbine  will  oporate,  and  the  hoat  drop  per  row 
or  sta^o  ussumod  in  the  design.  Each  designer  selects  such  condi- 
tions as  liis  experience  and  judgment  】ead  him  to  consider  the 
most  siitisfiictory.  It  is  tlius  hard  to  draw  any  general  conclu- 
sions ； IS  to  the  most  desirable  numboi'  of  rows  for  any  class  of 
turbino.  In  gonoral  it  may  bo  said  tliut  the  Paisons  tu rhinos 
requiio  from  40  to  80  sets  of  moving  and  statioujuy  blades,  the 
Curtis  from  4  to  8  stages,  tlie  Rateau  from  12  to  25  stages,  the 
Zoolly  from  8  to  20  stages,  while  the  Curtis-Parsons  and  Curtis- 
Kateau  combiuations  of  course  require  several  rows  less  than  the 
fundamental  types. 

Nozzles. ― The  hi«'h- pressure  nozzles  in  inipulso  or  combination 
tu rhinos  are  niado  of  biouz?  or  nickel  steel  highly  polished  inside 
und  pliifod  oitli(M'  in  the  upper  end  of  the  casing  itself,  or,  more 
p【'(、f(、mbly，  in  a  separuto  steel  casting  which  bolts  upon  the  casing. 
In  the  hitter  construction  the  casing  itself  is  never  subjected  to  tlu、 
higli  temperature  or  pressure  of  the  entering  steam.  The  nozzles 
in  the  diaphnigms  between  staoes  are  usujilly  made  of  nickel  steol 
or  othor  special  steel ,  boat  to  tlie  proper  foi  m  and  cast  in  placo  of 
the  diapliragm  body.  Some  manufacturers  use  brass  nozzles  in 
])laf'o  of  steel  made  up  in  sections  and  rivoted  or  boll-od  in  place*. 
All  these  passages  must  be  smooth  and  prefoiably  vovy  liiulily 
polished  to  reduce  friction  losses. 
After  tho  first  stage  all  nozzles  liave 
p  irallel  Wiills  on  the  discharge  side. 

Bearings  and  Lubrication. ― Practice 
v"rit、s  widely  wit  li  ivg;u'(l  to  tlio  design 
CA\d  construction  of  jourujils  and  bear- 
in'^s.  Builders  of  impulso  turhinos  iii- 
v.M'iably  use  cast-iron  l)e、：ring  sht、lls 
provided  with  sphericiil  solf-aligninu 
l"ds  and  lined  witli  white  】ii(^t:i,l. 
Those  are  being  used  to  an  increasing 
extent  on  Parsons  turhinos  and  with- 
out exception  on  nil  1ow-s])(mh1  units. 
Some  mimufiU'turers  still  rotaiu  th<、 
original  Parsons  form  of  hrouzo-bear- 
iu (丄 shell  with  coixcenti'ic  riusis  on  tlie 
outside,  separated  from  oacli  other  by 

oil  films.  It  has  been  claimed  for  this  type  of  beiirinjj  that  the  oil 
films  (liimpcMi  any  slight  vuriiilion  of  tlio  s])iu(llo  and  thus  proviso 
li  quictiM*  rinmiu'^  niacliiuo.  Exp.M  ioiu  o  lius  sliowu  t  liai  tliis  is  wot 
:ih\Mya  the  ccisi\  and  tluit  svuli  ； i  heiuin^jis  of  ton  ； i  real  si、u，v，、  of 
din*jor  when  the  jiddod  cloaranco  of  tho  si)'m(ll(»  duo  to  ])liiy  W- 
t  wool  I  t  ho  riu^s  is  taken  into  consitlonitioii.  This  const  ruction  is 
also  iniu'h  more  oxpvMisivi'  than  tlio  wliitc  tnctal  l)";"inj;s. 

Tu  Kiu'opo  niiiuy  turbines  ;m、  run  with  a  tniuinuini  uinouiit  of 
oil  and  with  oil  lo.iviufj  tlu*  beiiriugs  at  u  ti*mpt、ra"m、  of  HK)  Fuh. 
This  pnirtiro  is  bjvsod  (m  ( ho  jir;:iuu(»ut  t  )i:it  such  :i  system  of  lubri- 
cation rcH| aires  t ho  least  oxpondil  iiro  of  powor  for  oil  l  in  ulatiou 
•Mid  in  friction  losses.     Howovor.  pracdro  s<*oms  to  lio  tondinu 


towards  flood od  lubrication,  in  which  a  great  quantity  of  oil  at  a 
tomp;M'atun*  of  about  lOfT  Fall,  is  forced  through  tlio  boa  lings  hy  a 
pump  of  th(>  rotary,  ccntrifu^ail,  or  *ieiir typo,  driven  from  the  main 
shaft  of  tho  turbine.  The  oil  pressure  at  the  bearings  varies  from 
'5 lbs.  to  201  bs.  per  s(|iuire  inch.  The  lifo  of  tho  oil  is  mucli  longer 
ill  this  system  than  with  very  hot  oil,  and  any  wear  on  the  boarings 
themselves  is  absolutely  prevented.  Occasionally  tho  bearing 
shells  arc  water  coolod,  but  tin's  praotico  slioiild  ho  discourafrod. 
Cooling  wutoi'  can  be  used  inucli  moiv  .satisfiictoj'ily  outside  of 
small  oil  pipes  in  properly  desi*rnod  coolers.  In  case  the  water  is 
dirty  or  full  of  sc;do-forniiniz  impurities,  those  can  bo  moio  i-oadily 
removed  from  an  oil  (ook'r  tliaii  fiom  the  interior  of  a  bearing 
shell. 

Flooded  lul"i('ati(m  has  onablod  manufacturers  to  cut  down 


Fig.  9.— liRLLis  &  Morcom  Impulse  BL/T>iyc, 

the  length  of  their  bearings  and  thus  reduce  tho  total  length  of 
tlioir  turhinos.  The  inoroascd  pressures  per  unit  area  on  tlie 
boa  lings  luivo  not  introduced  any  difficulties,  so  that  prossums  of 
801  bs.  to  lOdlhs.  poi'  sqiiaro  ir  -h  at  a  surfjiro  spood  of  (lOft.  per 
minute  iivo  common  practice.  Tlie  host  rosults  are  usually 
obtained  witli  a  tcnipei-;itun'  (>f  alxnit  I  '2')  Fall.  ； is  the  oil  loavos 
tho  bcarinus. 

Spindle    Construction. ― Parsons    turbines    in   America  aro 

usually  ])Tiilt  with  ； t  liollow  quill  into  wliich  tlio  journal  ends  are 
forced  and  fastened  by  shrink  links  or  holts.  Tlie  hi^h-pressuro 
blading  is  placed  in  grooves  in  one  end  of  the  quill  itself.  The 
iutormediato  and  low-pressuro  blados  aro  usually  carriod  on  cast 
or  forged  st(M^]  rinizs  wliich  arc  afterwai-ds  forced  ami  keyed  upon 
tho  central  (luill.  la  Europe  excellent  hollow*  steel  forginjis  can  bo 
obtMined  vtMV  readily.  ； md  ho  nee  tho  spindles  of  Parsons  and  other 
drum-typo  turbines  aiv  usually  ma  do  up  oi  one  forging  with  tlio 
journal  shafts  fastened  into  the  ends. 

The  shafts  of  impulse  turhinos  aro  usually  in  one  pi  ore  and 
carry  the  blade  discs,  which  iiie  high-grade  stool  or  nickel-sto**! 
forcings  or  castings.  These  discs  are  fittod  and  kovod  on  tho  shaft 
； md  held  in  place  by  slirink  links  or  lock  nuts.  It  is  quite  *:ouerai 
prat'tiro  now  to  dosiuii  the  shafts  so  that  tho  normal  s])ood  of  tho 


KlG.  10.— FRANC.I  Tosi's  HlADINO.       ImPUI.SR  HL.VPKS  on  LKFT  ；  llEACTlON  lll.ADKS  o\  KifinT 

tuihino  、vil】  he  vorv  cousidorahly  below  tho  critical  speed  <luo  to 
jiny  slight  uuhalanrini:  of  tlio  mass  tlmt  may  ho  ]i]vs»Mit.  This 
KMUovos  tlu'  tl:iuucruus  vihrations  ofttMX  oxptM  ioncod  w  hon  jKiSfeini; 
through  critical  spoinls  ami  poriuits  rloser  cloaram  os  to  1"、  iisod  on 
Pillions  hladiuiT  and  in  tlic  lahvriutli  passairos  in  tlio  diajihraL'ms 
l)ol woon  tlio  stiiizos  of  iinpulso  tnrl)in<'s. 

Packing  Glands.  —A  small  im|"»ll，>r  suj、pli，、il  \\  itli  water  is 
provifliul  oil  all  Ain<M*i('iiu  built  Parsons  t url»iin\s  to  f(、m  sin  air 
soal  at  tl)o  sliJift  ulaiuls.  Eurojioau  l)uilti'、rs  profor  to  uso  laby- 
rinth packiuus  witli  I i vo  or  t lirottlod  stoain  as  an  air  seal.  The 
ohjiM  tioii  raisod  hy  fnivigu  huiUliMS  to  tlio  water  jiackiui;  is  t hat  it 
takes  too  ituich  power  to  d rivp  tho  iinpollor.  and  ihut  it  provides 
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a  condensing  surfaco  for  the  steam.  The  amount  of  water  re- 
quired in  a  woll-desi^nod  *>land  is  very  small  and  there  is  no  gmit' 
circulation.  Thus  the  water  can  have  only  a  small  oiTect  as  a 
condensing  medium.  Usually  th<*  stcuni  directly  inside  f  lic  casing 
is  under  vacuum  and  then  condensation  would  not  be  objec- 
tionable. It  requires  considorable  steam  to  pack  the  labyrinth 
typo  of  ^liind.  and  this  loss  oft(Mx  exceeds  that  due  to  the  power 
required  to  drive  the  water  impellers. 

Impulse  turbines  use  carbon  rings  at  the  high-pressure  gland, 
ospecmlly  when  superheated  steam  is  used.  The  leaka<>e  past  th(、 
first  rings  is  carried  through  a  passage  and  pipe  to  the  low-prossiuv 
gknds  to  act  as  a  vacuum  seal.  The  labyrinth  packing  in  the 
diaphragms  is  usually  of  bronale  in  the  high- pressure  stages  and 
frequently  of  white  metal  in  the  low-pressure  section.  The  low- 
pressure  shaft  glands  are  made  either  with  carbon  or  labyrinth 
packing,  sealed  by  steam. 

Thrust  Bearings. 一 Tluust  bearings  are  now  provided  on  all 
types  of  turbines.  These  serve  to  adjust  the  position  of  the 
spindle  and  to  take  up  any  end  thrust  present.  The  end  thrust 
in  well  designed  turbines  is  usually  of  small  amount  and  seldom 
causes  trouble.  These  bearings  are  usually  flooded  with  oil  ami 
are  often  made  with  bronze  rings  whicli  can  easily  be  replaced 
in  case  of  damage.  Several  builders  of  Curtis-Parsons  turbiiiea 
liave  substituted  an  oil-tlirust  piston  for  tlie  steam  balance 
piston  of  the  usual  form.  This  piston  is  placed  on  the  governor 
end  of  tlie  shaft  outside  of  the  casing  proper.  The  thrust  is 
taken  up  by  oil,  which  is  supplied  under  pressure  and  which  can 
escape  only  through  sets  of  labyrinth  baffles  on  the  piston  and 
on  the  surrounding  chamber.  The  piston  adjusts  itself  for  the 
amount  of  thrust  present  by  a  small  axial  movement  of  the  shaft, 
thus  opening  or  closing  the  discharge  area  for  the  oil  through 
the  labyrintli  baffles,  and  automatically  varies  the  oil  pressure 
on  the  face  of  the  piston.  This  arrangeineiit  does  away  with 
the  loss  of  steam  through  balance  pistons  and  should  improve 
the  turbine  efficiency,  though  a  small  amount  of  power  is  required 
to  pump  the  oil. 

Governing  Devices, 一 The  speed  of  Parsons  turbines  is  usually 
controlled  by  a  centrifugal  governor  of  the  Hartung  or  similar 
type,  wliich  regulates  tlie  position  of  a  balanced  poppet  valve 
through  tlie  medium  of  a  steam  or  oil  relay.  The  latter  type 
is  coming  into  more  general  use  on  account  of  its  many  advantages 
over  tlie  steam  relay.  The  steam  is  throttled  either  at  constant 
pressure  or  by  a  pulsating  action. 

Impulse  turbines  and  turbines  employing  a  Curtis  lii 川卜 
pressure  ring  usually  govern  by  means  of  Hartuiig  type  governors 
and  oil  relays.  The  speed  is  sometimes  controlled  by  simple 
throttling  of  the  steam,  wliich  practice  is  common  in  Europe. 
Ill  this  case,  additional  nozzles  can  be  opened  or  closed  by  hand 
as  required.  This  system  would  be  unsuitable  with  violently 
fluctuating  loads.  Other  types  employ  both  tlxrottling  and 
automatic  nozzle  regulation,  while,  again,  many  turbines,  par- 
ticularly of  the  Curtis  type,  are  built  for  nozzle  governing  alone. 
In  Europe  there  is  a  difference  of  opinion  as  to  the  most  economical 
method  of  governing.  M.  H.  Zoelly  claims  that  he  gets  the  best 
results  on  his  type  of  turbine  by  throttle  governing.  It  is 
generally  admitted,  however,  that  impulse  turbines  give  the  best- 
results  by  controlling  the  number  of  nozzles  that  are  open  at 
any  load.  With  such  control  the  pressure  before  the  nozzles  in 
service  i's  always  the  normal  pressure  for  which  these  are  designed. 
The  General  Electric  Company  govern  their  turbines  above 
300  kw.  by  means  of  an  oil  relay  system  which  operates  tlmmj^h 
a  piston  and  camshaft  to  open  or  close  nozzles  as  required  l)y 
load  conditions. 

The  Westin^liouse  Machine  Company  use  a  vilmitiiig  oil 
relay  system  on  many  of  their  machines.  Recently  they  have 
adopted  on  some  sizes  a  very  powerful  governor,  wliich  is  direct- 
connected  to  tlie  governing  valve  and  operates  it  witli.oiit  tlie 
use  of  relays.  This  system  was  adopted  by  some  of  the  early 
European  builders,  but  was  abandoned  in  favour  of  the  oil  relay 
system. 

Sulzers  have  recently  installed  turbines  in  wliich  the  conven- 
tional centrifugal  force  governor  has  been  replaced  by  an  hydraulic 
governor.  This  governor  consists  of  a  simple  centrifugal  pump, 
geared  to  the  main  shaft  and  delivering  oil  under  pressure  into  a 
chamber  beneath  a  spring-loaded  piston.  The  pressure  under 
this  piston  is  thus  dependent  on  the  speed  of  the  main  turbine 
and  the  piston's  position  iu  its  cylinder  will  vary  accordingly. 


Tlio  piston  is  connected  to  the  usual  hiihinrcd  valve  of  an  oil 
relay,  which  controls  tho  oil  supply  fnnti  tin*  mnin  oil  pump  to 
the  throttle  valve  in  tho  uhuuI  maimer.  1  Ikmc  ； m— '  no  mechanical 
parts  to  w (、； ir  in  this  arnin^crin'iit.  The  apparatus  is  extremely 
simple,  and  luis  many  distinct  udva iitii^cH. 

All  turbines  are  now  provided  with  h  smiill  ovcrspced  ^((vcriior, 
usually  j>I;u*(h1  at  the  outsido  ond  of  tlio  sluift.  This  o|"'r;it('.s 
at  a  di^tcrrniiied  perc<Mita*^(^  over  'sf)('(>d  und  closes  tlic  rmun  or 
secondary  steam  valve  cither  by  means  of  a  steam  ()，■  oil  n*lay 
or  by  a  f;illin.g  weight  thi'<)U<ih  a  system  of  lovors  and  springs. 
Tlu^  oil  roliiy  system  has  the  udvantatie  that  the  valvi*  shuts 
immediately  should  the  oil  supply  fail  for  any  r("ison. 

Parsons  turbines  are  usually  provided  with  a  secondary  over- 
load valve  which  automatically  jidmits  live  steam  to  the  second 
diameter  of  blades.  Impulse  turbines  have  additional  sets  of 
nozzles,  with  valves  which  may  be  opened  aut(mi;itirally  or  by 
hand  in  case  of  overloads. 

Casings.  —Practice  varies  widely  in  re^^ard  to  the  construction 
of  tuibino  casin*is.  These  aio  t»ono rally  mad(»  of  cast  iron,  tlioufih 
some  European  builders  make  t  li(、  high-pivssmv  front  end  of  ciist 
steel.  Parsons  turbines  arc  built  with  the  top  and  bottom  IimIvcs 
single  castings  or  made  in  sections.  Some  of  tlie  okk'r  designs  of 
impulse  turbines  used  solid  diaphragm  plates  placed  on  the 
shaft  between  the  discs.  The  clumsinc^ss  of  bmdlin 仁 f  and  tlio 
difficulty  of  making  repairs  with  this  construction  has  forced 
most  builders  to  make  these  in  halves  and  to  fasten  them  to  the 
top  and  bottom  poTtions  of  the  casing.  Cylinder  cnsinjis  uie 
now  made  of  symmetrical  design  and  without  any  deep  im'tul 
webs  or  ribs  as  stiffeners  on  the  outside.  Equalising  pipes  with 
provision  for  expansion  take  the  place  of  passages  formerly  cast 
in  the  casings  themselves.  Strains  due  to  unequal  temperatures 
must  be  avoided  in  all  portions. 

Bedplates. 一 Several  European  builders  make  a  practice  of 
filling  tlie  hollow  portions  of  their  turbine  and  geiiciutor  l)(  d- 
plates  with  concrete  after  erection.  This  adds  more  mass  to 
the  turbine  unit  and  is  said  to  dampen  any  slight  vibration  that 
may  be  present. 

(To  be  continued.) 


AIR  COMPRESSOR  LUBRICATION. 

Some  useful  hints  on  "  Air  Compressor  Lubrication  ，'  are  given 
in  a  little  publication  recently  issued  by  the  Joseph  Dixon 
Crucible  Company,  Jersey  City,  N.J.  In  the  lubrication  of 
air  compressors  and  pneumatic  tools  a  common  fault  is  to  use 
too  much  oil,  ami  oil  that  has  too  low  a  flash  point .  An  air 
compressor  does  not  require  as  niucli  oil  as  a  steam  cylinder  ； 
in  fact,  it  is  far  better  to  limit  the  use  of  oil  to  a  niininiuin. 
Oil  tends  to  cause  the  valves  to  stick,  and  thereby  necessitates 
frequent  cleaning.  If  kerosene  is  used  to  remove  the  deposit 
the  valves  must  be  taken  out,  although  engineers  have  I)een 
known  to  introduce  kerosene  through  the  air  inlet  valves  for 
this  purpose.  Kerosene  will  clean  the  valves,  but  it  is  also 
equally  effective  iu  producing  an  explosion.  In  spite  of  the 
care  exercised  in  designing  and  operating  compressors, 
disastrous  explosions  still  occur  and  are  usually  traceable  to 
the  presence  of  inflannnable  gas  in  the  air  lines.  Such  a  con- 
dition is  nearly  always  due  to  the  improper  use  of  lubricating 
oils.  The  company  recoinniends  the  lubrication  of  air  com- 
pressor cylinders  with  soapy  water  and  flake  graphite.  Such  a 
mixture,  they  state ,  provides  economical ,  efficient ,  and  safe 
lubrication  and  keeps  the  valves  clean -  A  little  oil  should  be 
introduced  when  shutting  clown  the  ronipressor  to  prevent  any 
tendency  of  the  soap  suds  to  cause  rusting.  By  this  method 
all  dangers  attending  the  use  of  oil  are  overcome.  Flake 
graphite  has  a  strong  tendency  to  attach  itself  to  metal  sur- 
faces, and,  when  thoroughly  worked  into  the  inequalities, 
imparts  a  superficial  glaze  or  veneering  of  great  smoothness, 
high  polish,  and  endurance  that  prevents  the  actual  contact  of 
metal  to  metal,  and  makes  it  possible  for  relatively  small 
quantities  of  fluid  lubricants  to  provide  a  safe  and  sufficient 
film  or  lubricating  layer.  Flake  graphite  is  an  inert  mineral  ； 
its  normal  smoothness  is  quite  unaffected  by  any  degree  of  heat 
attainable  in  the  air  compressor  cylinder.  Under  no  condi- 
tion can  it  be  volatilised,  carbonised,  or  baked  into  a  hard  or 
gummy  mass  to  interfere  with  the  free  action  of  the  valves. 
On  the  contrary,  its  presence  upon  working  surfaces  is  a 
guarantee  of  smooth  operation. 
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STEAM  ENGINES  FOR  DRIVING  REVERSING  ROLLING  MILLS.* 

liY  JOHN  W.  HALL. 

A  STEAM  engine  working  a  large  reversing  】uill  has  to  per- 
form the  most  severe  duty  demanded  of  any  engine.  To 
drive  the  rolls  fast  enough  to  finish  long  lengths  at  a  single 
heat,  the  piston  must  run  at  the  highest  rate  possible.  To 
attain  this  speed  promptly,  there  must  be  a  sufficient  reserve 
of  power  to  impart  to  the  crank  shaft  immediately  after 
starting  a  twist  about  twice  as  great  as  that  needed  to  run 
the  engines  up  to  full  speed,  at  which  they  will  develop  close 
upon  10,000  h.p. 

The  engine  must  be  under  such  perfect  control  that  it 
can  be  kept  creeping  round  until  the  rolls  bite  the  piece 
to  be  treated  ；  it  must  stop  instantly  when  the  piece  leaves 
the  rolls,  and  must  reverse  at  once  to  take  it  back  again  ；  it 
must  gather  full  speed  so  promptly  that  during  the  last  few 
passes,  when  the  section  has  become  so  thin  as  to  cool 
rapidly,  it  can  be  got  through  the  mill  before  it  becomes  so 
hard  from  loss  of  heat  as  to  damage  the  rolls.  To  ensure 
promptitude  in  starting,  stopping,  and  reversing  the  re- 
volving weights  must  be  low  and  the  steam  pressure  high, 
and  yet  the  reciprocating  masses  must;  be  light,  or  their 
weight  will  produce  dangerous  shocks. 

The  engines  employed  for  the  work  usually  have  pistons 
of  about  48in.  diam.,  with  a  stroke  of  about  5ft.,  and  make 
about  120  revs,  per  minute.  At  the  beginning  of  each 
stroke  the  reciprocating  parts,  consisting  of  the  piston  with 
its  rod  cross-head  and  connecting  rod,  by  reason  of  their 
inertia,  offer  a  great  resistance  to  movement.  The  pressure 
must  be  high  enough  to  overcome  this,  and  to  give  them,  in 
one-eighth  of  a  second,  a  velocity  of  31*4ft.  per  second,  which 
gravity  would  need  nearly  a  whole  second  to  impart,  did 
they  fall  freely  in  space  from  a  height  of  nearly  16ft.  The 
initia 广； pressure  necessary  to  do  this  is  about  1201bs.  per 
square  inch.  The  momentum  imparted  must  then  be  absorbed 
and  the  parts  brought  to  rest  in  another  one-eighth  of  a 
second,  or  a  violent  blow  will  be  struck  on  the  crankpin  and 
passed  on  to  the  crank  shaft  bearings,  wasting  much  power 
in  mere  destructive  hammering  of  the  brasses. 

The  slowing  down  is  best  effected  by  closing  the  exhaust 
port  at  a  fairly  early  period  of  the  stroke,  so  as  to  confine, 
between  the  rapidly  advancing  piston  and  the  cylinder  cover, 
as  much  as  possible  of  the  exhaust  steam  still  remaining  in 
the  cylinder  from  the  previous  stroke.  This  is  compressed 
into  the  port  and  clearance  space,  where  it  will  replace  an 
equal  weight  of  live  steam  which  otherwise  would  have  to 
be  taken  from  the  boiler.  In  this  way  the  piston  returns 
energy  not  utilised  in  overcoming  the  resistance  of  the  mill, 
and  stores  it  for  use  on  its  return  stroke.  The  cushion  of 
steam  reduces  the  knock  on  the  pin  when  the  crank  turns  the 
centre,  and  if  compression  can  be  carried  so  far  that  the 
cushion  pressure  is  as  high  as  the  boiler  pressure,  the  whole 
of  the  surplus  energy  is  recovered. 

Now  if  the  engine  exhausts  to  the  atmosphere  the  steam 
remaining  in  the  cylinder  may  have  a  pressure  of  about 
2*31bs.  higher,  or  171bs.  absolute,  which  will  rise  in  pressure  to 
681bs.  when  compressed  into  one-fourth  of  the  space.  But  if 
the  engine  exhausts  into  a  condenser  the  pressure  remaining 
ill  the  cylinder  will  be  only  about  2'3Ibs.  above  the  vacuum 
in  the  condenser,  or  say  51bs.  absolute  ；  and  when  compressed 
into  one-fourth  of  the  space  will  rise  in  pressure  only  to  201bs. 
per  square  inch,  which  will  provide  a  very  poor  cusliion 
to  bring  the  piston  to  rest. 

Nor  in  this  instance  is  the  economy  obtainable  by  using  a 
condenser  very  great.  The  temperature  of  steam  at  a  boiler 
pressure  of  1201bs,— say  1351bs.  absolute ― is  350。，  at  681bs. 
300%  at  201bs.  228°,  at  171bs.  220°,  and  at  51bs.  162。  Fall.— 
absolute  pressures  in  each  case.  Steam  then  entering  the 
cylinder  of  an  engine  exhausting  to  the  atmosphere  finds  the 
piston,  cylinder  cover,  and  port  in  contact  with  steam  at  a 
temperature  of  300°  Fah.,  while  no  portion  of  the  cylinder 
has  been  exposed  to  a  temperature  below  220°  Fab.  But 
steam  entering  the  cylinder  of  an  engine  exhausting  into  a 
condenser  finds  the  piston,  cylinder  cover,  and  ports  in  cou- 
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tact  with  steam  of  only  228  Fah.,  while  parts  of  the  cylinder 
have  been  exposed  to  a  temperature  as  low  as  162。  Fah.  In 
the  case  then  of  the  condensing  engine  initial  condensation 
will  be  considerably  greater,  and  more  steam  must  be  taken 
from  the  boiler  to  fill  the  clearance  spaces.  Consequently  a 
condenser,  though  increasing  the  power  of  such  an  engine, 
increases  also  the  weight  of  steam  used,  so  that  the  consump- 
tion per  horse-power  will  not  be  】nucli  less,  but  the  wear  and 
tear  will  be  much  】nore. 

To  reduce  the  range  of  temperature  compound  engines  are 
sometimes  employed.  Suppose  that  between  the  boiler  and 
each  48in.  cylinder  of  a  reversing  engine  we  place  a  30in. 
cylinder,  into  which  the  steam  from  the  boiler  is  first  ad- 
mitted. With  the  simple  engine,  at  the  moment  of  reversal, 
the  full  boiler-pressure  can  be  thrown  on  lo  the  48iii.  piston, 
whicli    has   an    area   of    1 ,810  sq.    iu.，  but   with    the  c-oin- 
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poimd  engine  this  pressure  can  be  thrown  only  on  to  the 
30iu.  piston,  which  has  an  area  of  only  707  sq.  in. 
Consequently  the  iiiargiu  of  power  necessary  for  quick  re- 
versal is  wanting.  To  ensure  as  prompt  starting  as  in  the 
case  of  the  simple  engine  the  cylinders  would  need  to  be 
nearer  4()in.  and  64in.  diam.,  and  this  would  lu-arly  double 
the  cost  of  the  engine  and  its  maintenance. 

Methods  are  in  use  for  banking  up  the  steam  in  the  re- 
ceiver between  the  high  and  low  pressure  cylinders  of  a  com- 
pound reversing  engine  for  use  at  tlie  inoiucnt  of  reversal, 
but  such  devices  are  not  very  effective.  The  economy  of  the 
compound  over  the  simple  reversing  engine  has  not  been 
very  marked,  and  lias  been  largely  due  to  the  fact  that  every 
time  an  engine  is  reversed  a  cylinder  full  of  steam  is  thrown 
away.  In  a  compound  engine  the  strain  from  the  low-pres- 
sure c'vlindor  is  wasted,  but  that  from  the  high-pressure 
cylinder  is  caught  and  used  up  in  the  low-pressure.  When  the 
steam  can  be  used  up  iu  this  way  in  a  turbine  the 
compound  engine  would  not  seem  to  afford  a  saving  of  steam 
sufficient  to  justify  its  additional  cost  and  complication. 
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While,  therefore,  it  is  not  advisable  to  exhaust  from  a 
reversing  engine  direct  to  a  condenser,  the  same  objections  do 
not  apply  to  exhausting  at  about  atmospheric  pressure  into  a 
turbine,  which  can  utilise  this  exhaust  steam  and  itself  dis- 
charge into  a  condenser,  extracting  from  the  exhaust  steam 
about  as  much  power  as  the  engine  has  already  got  from  the 
live  steam.  This  becomes  possible  because  the  heat  in  the  steam 
is  the  cause  for,  and  the  measure  of,  its  power  to  give  out 
mechanical  work,  the  energy  from  it  being  due  and  propor- 
tionate to  the  fall  ill  temperature  which  occurs  when  steam  is 
expanded  in  the  engine,  whether  of  the  piston  or  turbine 
type. 

Now  steam  at  1201bs.  boiler  pressure  has  a  temperature 
of  350°  Fah.,  and  if  rejected  by  the  piston  engine  at  just 
over  atmospheric  pressure,  or  230'^  Fah.,  the  engine  cannot 
possibly  convert  into  work  more  than  120°  fall  in  tempera- 
ture. If  this  steam  is  then  passed  through  a  turbine  which 
can  further  expand  it  down  to  the  temperature  of  the  con- 
denser, which  is  about  130°  Fah.,  the  turbine  is  then  turning 
to  account  a  further  range  of  100°,  which  otherwise  would 
have  to  be  wasted  because  no  piston  engine  can  usefully  ex- 
pand steam  much  below  five-sixths  of  atmospheric  pressure. 
To  do  so  the  pistons  would  have  to  be  of  impracticable  size 
and  cost,  while  the  friction  caused  by  them,  together  with 
the  loss  of  heat  when  such  enormous  surfaces  were  subjected 
to  wide  variations  in  temperature,  would  neutralise  any  gain 
theoretically  obtainable  by  such  high  grades  of  expansion. 

The  turbine,  on  the  other  hand,  has  only  one  rotating 
part  carried  in  two  bearings,  so  that  the  mechanical  friction 
is  very  low,  the  flow  of  steam  through  it  is  always  in  one 
direction,  and  therefore  there  are  no  losses  induced  by  alter- 
nate heating  and  cooling  ；  there  are  no  clearance  spaces  to  be 
filled  up,  there  are  no  reciprocating  pieces  to  set  up  inertia 
or  momentum  stresses,  and  therefore  the  speed  of  the  blades 
is  not  limited  to  a  maximum  of  1,900,  but  may  reach  over 
19,000ft.  per  minute.  This  materially  reduces  the  size  and 
cost  of  the  apparatus. 

Still  the  turbine  is  not  usually  as  efficient  at  high  pres- 
sures as  the  piston  engine.  A  well-fitted  piston  allows  very- 
little  steam  to  pass  it  at  any  pressure,  but  the  percentage  of 
leakage  through  the  clearance  which  must  be  left  between 
the  tips  of  the  blades  and  the  casing  of  a  turbine  is  a  serious 
matter  at  the  high-pressure  end,  where  the  blades  are  short, 
though  much  less  at  the  low-pressure  end,  where  the  blades 
are  long  and  the  pressure  lower.  Hence  the  piston  engine  is 
most  efficient  at  high  pressures,  but  the  turbine  at  those 
below  the  atmosphere,  the  combination  comprising  the  best 
qualities  of  both  types  of  prime  mover.  The  exhaust  turbine 
removes  the  only  objection  to  the  simple  reversing  engine, 
namely,  its  high  steam  consumption,  but  leaves  its  good 
qualities,  its  simplicity,  and  low  first  cost,  and  its  amena- 
bility to  prompt  handling  and  rapid  increase  of  speed  all  un- 
impaired. 

>igs.  1，  2，  5，  6,  9，  10，  13,  14，  17,  18，  21,  and  22  are  the 
indicator  diagrams  obtained  from  such  an  engine  having  a 
clearance  space  of  10  per  cent,  of  the  volume  swept  out  by 
the  piston — the  smallest  obtainable  with  piston  valves ― work- 
ing with  a  pressure  at  the  steam  chest  of  1201bs.  above  the 
atmosphere,  and  with  the  steam  cut  off  at  various  points  of 
the  stroke.  The  mean  speed  of  the  piston  is  1,200ft.  per 
minute,  and  the  weight  of  the  reciprocating  parts  4^  tons  per 
cylinder ― a  fair  average  for  such  pieces.  Figs.  1  to  10  are 
for  the  engine  when  non-condensing,  and  Figs  13  to  22  when 
coudeusing. 

To  allow  for  the  influence  of  the  inertia  and  momentum 
of  the  reciprocating  parts  the  lines  A  B  are  drawn  across  each 
diagram  ；  they  are  curved  to  allow  for  the  irregularities  in 
velocity  introduced  by  a  connecting  rod  of  the  common  length 
― five  times  that  of  the  crank.  By  taking  the  difference  of 
pressures  shown  by  the  indicator  to  exist  on  the  two  sides  of 
the  piston,  and  deducting-  from  this  the  height  of  the  inertia 
curve  when  above,  and  adding  the  depth  when  below  the  line, 
there  are  obtained  the  diagrams  Figs.  3,  4,  7，  8，  11，  12,  15， 
16,  19，  20,  23,  and  24，  shown  cross-hatched  below  each  indi- 
cator diagram. 

These  "equivalent  pressure "  diagrams  are  most  con- 
venient.   On  them  the  resistance  induced  by  inertia  is  sub- 


tracted from,  and  the  assistance  induced  by  momentum  is 
added  to,  the  force  produced  by  the  steam.  Then  by  multi- 
plying the  "  equivalent  pressure  ，，  answering  to  any  point  in 
the  piston's  travel  by  the  effective  leverage  of  the  crank  at 
the  same  instant,  the  tangential  twist  actually  exerted  on  the 
crank  shaft  is  accurately  known,  whatever  may  be  the 
position  of  the  crank. 

The  above  method  is  doubtless  familiar  to  all  making  a 
serious  study  of  the  steam  engine,  but  it  may  be  as  well  to 
point  out  how  clearly  this  graphic  method  proves  that  the 
condenser,  by  reducing  the  pressure  of  the  exhaust  steam, 
impairs  the  cushion  required  to  bring  the  piston  and  its 
attached  parts  quietly  to  rest.  In  Figs.  25  and  26  the  equiva- 
lent diagrams  for  a  cut-off  at  one-sixth  of  the  stroke  when 
non-condensing  are  superposed  on  the  diagram  when  con- 
densing, and  the  difference  between  them  is  cross-hatched. 
Instead  of  the  pressure  upon  the  crank  pin  decreasing,  it  in- 
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Fig.  '二7.— Two-cylinder  Engine. 


creases  towards  the  end  of  the  stroke,  more  particularly  on 
the  return  stroke,  in  which,  owing  to  the  angle  of  the  con- 
necting rod,  the  speed  of  the  piston  is  greater  during  the 
fourth  than  it  was  during  the  third  quadrant  traversed  by 
the  crank  pin.  The  motion  of  the  piston  of  an  engine  ex- 
hausting into  a  condenser  is  that  of  the  foot  of  a  cyclist  who 
stamps  on  his  pedals  instead  of  reducing  the  pressure  as  his 
foot  nears  the  bottom  of  the  stroke. 

The  earlier  in  reason  the  steam  can  be  cut  ofl  the  less  of 
it  will  the  engine  use.  But  if  the  valve  gear  is  so  arranged 
that  steam  cannot  be  carried  very  far  in  the  stroke,  there 
must  be  many  positions  in  which,  when  the  engine  is  stopped, 
steam  admitted  to  the  steam-chest  cannot  find  its  way  iuto 
the  cylinder  because  the  valves  block  the  ports  ；  or,  if  the 
steam  can  get  in,  the  position  of  the  crank  is  such  that  there 
is  not  sufficient  purchase  to  turn  the  shaft  round. 

The  case  of  an  engine  having  two  cranks  set  at  an  angle  of 
90°  from  each  other  is  shown  in  Fig.  27.  The  upper  part 
exhibits  the  effort  which  the  steam  can  exert  on  the  crank  to 
start  the  engine  from  the  state  of  rest  in  any  position,  with 
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valves  set  to  cut  off  at  a  maximum  period  of  three-quarters 
of  the  stroke.  In  practice  this  is  found  the  earliest  point  in 
the  travel  of  the  piston  to  which  it  is  possible  to  limit  the 
admission  in  an  engine  with  only  two  cylinders,  if  such  an 
engine  is  to  start  promptly.  Tliis  allows  a  minimum  starting 
effort  of  190,000ft. -lbs.  in  any  position  in  which  the  engine 
may  chance  to  stand. 

Fig.  28  shows  that  if  a  third  cylinder  be  added,  and  the 
cranks  are  spaced  at  an  angle  of  120°  apart,  the  valves  may 
tlien  be  set  to  limit  the  admission  to  half  stroke,  and  yet  there 
will  be  ail  effort  of  190,000ft. -lbs.  available  for  starting 
the  engine.    The  saving  in  steam  due  to  limiting  the  maxi- 
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】iium  cut  ofi"  to  half  instead  of  to  three-quart<*rs  of  tlie  stroke 
will  bo  about  30  ])or  cent .  at  the  latest  cut  o(T,  when  the  c(mi- 
sumpt  ion  of  steam  is  highest . 

Tito  turning  ！ iioment  of  the  limit"'  en*;iiio  when 
niiiniiig  is  also  much  improved.  At-  high  speeds,  、vh("i 
shocks  are  most  detrimental,  tlie  variation  between  the 
maximum  and  tlie  iniiiinuuii  turning  efforts  is  as  2  2  is  to 
1  in  the  2-cylinder,  but  only  as  1*5  is  to  1  in  the 
3-fyli!idpr  typo.  The  nimiiiig  at  slow  speeds  is  also  l"、t "、！ *， 
because  tlie  weight  of  the  throe  cranks  balance  each  other  in 
any  position,  and  there  is  none  of  that  tendency  to  "liang" 
displayed  by  2-c'yli!i(lor  engines  wlien  bot h  cranks  come  to 
the  bottom. 


With  two  cranks  at  right  angles  the  centre  of  gravity  of 
the  cranks,  pins,  and  connecting  rods  is  situated  at  a  con- 
siderable distance  outside  the  axis  of  the  crank  shaft  ：  at  high 
speeds  this  sets  up  a  large  unbalanced  force  tending  to  move 
the  engine  as  a  whole  upon  its  foundations,  which  must  be 
massive  to  absorb  the  vibration.  With  three  cranks  spaced 
equally  there  is  no  such  unbalanced  force  tending  to  move 
the  engine  as  a  whole. 

True,  both  these  defects  of  the  2-cyliiKler  engine  (an  be 
counteracted  by  balance  weights,  but  as  these  add  consider- 
ably to  the  revolving  weights,  they  make  the  engine  more 
sluggish  in  starting  and  less  prompt  in  stopping. 

From  every  point  of  view,  then,  the  3-cylinder  engine 
is  superior  to  the  2-cylinder,  and  its  very  general  adoption 
of  recent  years  is  not  therefore  surprising. 

Reversing  engines,  which*  are  none  too  large  to  start 
(juickly,  all  have  such  an  excess  of  power  when  at  full  speed 
that,  though  the  valve  gear  is  linked  up,  the  engines  run 
away  unless  the  steam  is  throttled  down  from  boiler  pressure, 
involving  considerable  loss  by  "  wire  drawing." 

On  considering  the  defects  of  existing  reversing  engines  it 
occurred  to  the  writer  that  by  still  further  multiplying  tli'e 
number  of  cylinders  and  reducing  their  capacity,  the  starting 
effort  could  be  increased  and  the  full  boiler  pressure  utilised 
much  later  in  the  run,  with  a  saving  of  steam  both  at  coin- 
mencement  and  finish. 

Fig.  29  shows  the  working  of  an  engine  having  five  cylin- 
ders 36in.  diam.  by  36in.  stroke,  the  combined  capacity 
of  which  is  44  per  cent,  less  than  that  of  three  cylinders 
48in.  diam.  by  60iii.  stroke,  and  15  per  cent,  less  than 
that  of  the  2-cylinder  engine  of  that  size.  Yet  the  iiiini- 
mum  starting  effort  of  the  5-cylmder  engine  is  42  per  cent, 
greater  than  that  of  the  three,  and  37  per  cent,  greater  than 
that  of  the  2-cylinder  engines  with  larger  cylinders. 

But  apart  from  the  saving  in  steam  which  this  would  effect 
the  shorter  stroke  of  the  5-cylinder  engine  would  permit  of 
its  being  run  at  200  revs.,  without  exceeding  the  piston 
speed  of  the  larger  engines,  running  at  120  revs"  so  enabling 
a  larger  output  to  be  obtained  from  the  mill.  Also  the  turn- 
ing Mioiiient  obtained  from  the  5-c'yliiuler  engim、  as  shown 
in  Fig.  29,  is  so  nearly  constant  that  the  maximum  stress  on 
the  crank  shaft,  the  spindles,  and  rolls  is  25  per  rent,  less  than 
with  the  *2-cylinder,  and  29  per  cent,  lower  than  with  the 
3-cylindpr  engines. 

The  cranks  also  balance  each  other  against  gravity  in  auv 
position ,  just  as  in  the  case  of  a  3-cylinder  engine:  so  that 
tliere  are  no  unbalanced  forces  tending  to  move  the  engine  as 
a  whole  on  its  foundations,  and  the  local  unbalanced  force 
may  be  materially  reduced.  By  placing  the  tvo  adjoining 
cranks,  not  at  72°  apart  but  at  144",  the  weights  concen- 
t rated  at  the  crank  pins  go  a  long  way  towards  balancing  each 
other,  the  disturbing  couple  being  situated  at  a  distance  of 
cinly  n'oGin.  from  the  centre  of  the  craJik  shaft ,  whereas  in 
tlie  3-cylinder  engine  the  couple  tending  to  shake  the 
bearing  between  the  two  cranks  will  be  situated  at  loin, 
from  the  axis  of  tlie  shaft  ;  and  as  the  cpiitrifut^al  force  is 
proportional  to  t lie  scpia re  of  the  speed .  t  he  disturbing  force, 
at  til"  same  luimhi'r  of  revolutions,  with  the  5 -cylinder 
engine  will  be  as  31  is  to  *2t25  in  the  case  of  tlie  3-(  vlinder 
engine ― only  about,  one-seventh  as  great— supposiut^  tlie 
weights  for  both  engines  were  alike,  whereas  the  connecting 
rods  of  the  5-('vlinder  would  bo  appreciably  lif^hter. 

In  addition  to  t hoso  advantages,  the  first  cost  of  five 
engines  wit li  cylinders  36in.  diam.  by  3ft.  stroke  would 
not  lio  more  than  about  three-fourths  of  that  of  throe  enpiiies 
having  cylitulers  48in.  diam.  by  5 f t .  stroke.  The  cost  of 
tlio  spare  parts  to  bo  kept  in  stock  in  case  of  a  breakdown 
would  also  be  reduced  by  about  one-half :  and  if  the  five 
sections  of  the  (rank  shaft  were  made  all  precisely  alike,  as 
could  be  easily  arranged,  only  one- fifth  of  a  crank  shaft 
would  be  needed  to  ensure  iitununity  against  having  to  wait 
while  a  new  crank  shaft  was  beins:  made  to  replace  a  broken 
one.  Indeed  there  would  probably  be  very  little  difficulty  in 
nuuiinp  with  four  cylinders  only  tor  soino  considerable  period 
if  desired. 

The  most  ina  rked  ail  vantage,  ho\V(»\  or.  would  be  in  the 
case  of  a  plant  containing  cogging,  roughing,  and  finishing 
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mills.  In  this  case  the  keeping  in  stock  of  a  complete  spare 
engine,  even  down  to  the  cylinder  and  bedplate  to  renew  any 
one  broken,  would  only  add  one-fifteenth  to  the  whole  cost  of 
the  three  sets  of  engines,  and  by  making  the  parts  inter- 
changeable a  damaged  engine  could  be  literally  lifted  out  and 
a  new  one  dropped  in  its  place  without  stopping  the  plant  for 
more  than  a  few  days. 

There  is  one  further  point  to  deal  with,  namely,  the  steam 
pressure.  The  higher  the  pressure  against  which  the  engine 
exhausts  the  more  efficient  is  the  cushion.  There  seems  no 
reason  why  the  common  pressure  of  ISOlbs.  should  not  be 
materially  increased  now  water-tube  boilers  are  available. 
The  writer  has  had  several  engines,  for  the  design  of  which 
he  is  responsible,  working  for  some  years  now  with  steam  of 
2001bs.  pressure  superheated  150°  Fall . ,  and  has  experienced 
no  trouble  whatever  with  them .  Pressures  of  2501bs.  and 
265)bs.  have  long  been  common  iu  the  Navy  ；  and  there  seems 
110  reason  whatever  why  steam  of  SOOlbs.  pressure,  super- 
heated 150°  Fah.，  up  to  which  temperature  no  difficulties 
arise,  should  not  be  regularly  used  in  reversing  engines. 

Fig.  30  shows  the  theoretical  diagrams  worked  out  for  a 
reversing  engine  with  a  clearance  space  of  15  per  cent.,  start- 
ing with  a  boiler  pressure  of  SOOlbs,  and  exhausting  against 
a  pressure  of  801bs.  ：  then,  allowing  for  a  loss  of  15  per  cent, 
in  transfer,  this  steam  is  shown  expanded  down  in  an  engine 
having  a  clearance  space  of  10  per  cent,  (easily  obtainable 
when  engines  are  not  required  to  reverse")  expanded  three 
and  one-half  fold,  and  exhausted  at  17'51bs,  absolute,  after 
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Fig.  29.— Five-cylinder  Engine. 


which  it  would  be  expanded  down  again  in  an  exhaust 
turbine. 

Consider  the  case  of  blastfurnaces  consuming  50  tons  of 
coke  per  hour  and  yielding  140,000  cub.  ft.  of  gas  per  ton 
of  coke  ；  the  gas  given  would  be  7,000,000  cub.  ft.  Allow- 
ing 45  per  cent,  of  this  for  heating  the  stoves  there  would 


remain  for  producing-  power  3，8'「)0,000  cub.  ft.  of  gas  per 
hour.  Employing  this  gas  to  raise  steam  at  SOOlbs.  pressure, 
superheated  150''  Fah.  in  boilers  capable  of  evaporating 
5()lbs.  of  water  per  1,000  ft.  of  gas,  t. lie  re  would  he  available 
192,5()0lbs.  of  steam  per  hour. 


Fui.  30.  . 

This  steam  taken  direct  to  reversing  engines  in  the  mill 
requiring  3()1L)S.  of  steam  per  indicated  horse-power  when 
exhausting  against  a  pressure  of  801bs.  per  square  inch,  would 
afford  a  continuous  output  of  6,416  i.h.p.  hours. 

Allowing  that  this  exhaust  steam  would  lose  15  per  cent, 
in  weight  by  condensation,  &c.，  and  drop  5 lbs.  in  pressure, 
there  would  be  left  163,6251bs.  of  steam  at  751bs,  pressure  to 
supply  blast.  Engines  worked  by  this  steam,  which  would 
yield  1  i.h.p.  for  every  3 libs,  of  steam  when  discharging  at 
a  little  above  atmospheric  pressure,  would  provide 
5»278  i.h.p.  for  blowing  the  blastfurnaces.  The  blast  re- 
quired would  be  about  4,875,000  cub.  ft.  per  hour,  or  81,250 
cub.  ft.  of  free  air  per  minute,  to  compress  which  to  81bs. 
pressure  per  square  inch  would  require  about  32i  net  indi- 
cated horse -power  per  100  cub.  ft.,  or  2,641  i.h.p.  Blowing 
engines  having  a  mechanical  efficiency  of  85  per  cent,  and  a 
volumetric  efficiency  of  90  per  cent,  (giving  an  overall  effi- 
ciency of  76i  per  cent.)  would  absorb  in  this  work  3,452  i.h.p., 
leaving  a  margin  of  1,826  i.h.p,  to  meet  contingencies. 

Deducting  5  per  cent,  leaves  155,4441bs.  of  exhaust 
steam  from  these  engines,  which  would  produce,  iu  an  ex- 
haust turbine  capable  of  generating  1  e.h.p.  for  301bs.  of 
steam,  5，  181  e.h.p.  for  the  supply  of  current  for  the  various 
purposes  for  which  power  is  required  about  a  works. 

Seeing  there  would  be  only  one  set  of  boilers  and  one  set 
of  condensing  plant  for  the  three  departments ― the  blast- 
furnaces, rolling  mills,  and  general  electric  supply ― while  all 
the  engines  would  be  of  simple  pattern,  the  first  cost  of  such 
plant  would  be  extremely  moderate  and  the  working  costs 
very  low. 

It  may  be  interesting  to  compare  this  proposed  method  of 
working  with  that  of  doing  the  same  work  by  gas  engines, 
taking  1 ,000  cub.  ft.  of  gas  to  produce  1  lA  i.h.p.  The  gas- 
blowing  engines,  to  be  capable  of  producing  the  same  power 
as  before,  namely,  5,278  i.h.p.,  would  require  458,956  cub. 
ft.  of  gas  ；  to  provide  electric  current  equal  to  5,181  h.p. 
would  require  7,200  i.h.p.,  consuming  626,087  cub.  ft.  of 
gas  ；  and  taking  the  overall  efficiency  of  an  Ilgiier  set  at  full 
load  at  60  per  cent.,  or  say  55  per  cent,  average,  there  would 
be  required  1 1,665  i.h.p.  to  drive  the  mills  consuming  a 
further  1,014,434ft.  of  gas,  making  iu  all  a  total  of  2,099,479 
cub.  ft.  This  would  leave  a  surplus  of  1,750,521ft.  of  gas 
available  for  some  other  purpose. 

Against  this,  however,  would  have  to  be  set  the  interest, 
depreciation,  and  wear  and  tear  of  the  gas  cleaning  and 
electric  plant  and  gas  engines,  and  the  higher  amount  of 
wages  necessary  to  clean,  work,  and  tend  them.  Which  of 
the  two  systems  would,  on  the  whole,  be  the  cheaper  to  run 
would  depend  upon  the  price  obtainable  for  the  surplus 
power. 

Electric  Towing  Locomotives  for  Panama  Canal. ― We  understand 

that  40  electric  locomotives  for  towing  ships  tli rough  the 
Panama  Canal  are  to  be  purchased  by  tlie  canal  authorities. 
Before  deciding  on  any  particular  type,  electric  locomotive 
makers  are  each  to  be  invited  to  furnish  a  locomotive,  with 
which  experiments  will  be  carried  out, 
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SUPERHEATERS  AND  FEED  WATER  HEATERS  FOR 
LOCOAVOTIVES. 

We  illustrate  herewith  an  arrangement  of  steam  superheater 
and  feed-water  heater  applied  to  a  locomotive  designed  and 
patented  by  F.  H.  Trevithick,  Zeitoun,  Cairo,  Egypt.  The 
arrangement  is  such  that  it  may  be  employed :  (c/)  As  a 
system  of  steam  superheating  by  waste  gases  from  the  boiler 
and  feed-water  heating  by  exhaust  steam  ；  (t)  as  a  system  of 
feed-water  heating  by  exhaust  steam  and  by  part  of  the  waste 
gases  and  superheating  by  part  of  the  waste  gases;  or  (c)  as  a 
system  of  feed-water  heating  by  the  exhaust  steam  from  the 
cylinder  and  the  whole  of  the  waste  gases  from  the  boiler  witli 
no  superheating. 

Fig.  1  is  a  front  elevation  partly  in  section,  and  Fig.  2  a 
side  elevation  partly  in  section  of  the  arrangement.  In  its 
application  to  a  locomotive  fitted  with  a  high  degree  super- 
heater there  is  provided  a  pair  of  drums  B  filled  with  tubes 
C  amongst  which  the  water  or  steam  to  be  heated  is  made  to 
circulate,  division  plates  or  baffles  D  being  employed  in  order 
to  ensure  that  the  water  or  steam  shall  be  made  to  assume  a 
sinuous  or  tortuous  path  through  the  heater  so  that  the  fluid 
shall  be  brought  into  thorougla  contact  with  the  tubes  C 
through  which  the  hot  waste  gases  are  drawn  from  the  boiler 
on  their  way  to  the  cliimnsy. 
The  inner  or  adjacent  ends  of 
the  drums  B  are  connected  by 
a  tee  piece  E  adapted  to  form 
the  lower  portion  of  the  up- 
take, the  chimney  F  of  the 
engine  being  prolonged  down- 
wards and  connected  to  this 
lower  portion,  the  arrange- 
ment being  such  that  a  chim- 
ney of  considerable  length  may 
be  secured  irrespective  of  ex- 
terior limiting  conditions.  The 
blast  pipe  G  is  arranged  to 
eject  vertically  into  the  space 
formed  by  the  tee  piece  E，  the 
blast  thus  being  directed  up 
the  chimney  as  in  ordinary 
practice  with  the  exception 
that  it  is  entirely  enclosed, 
and  in  order  to  make  the  in- 
terior of  E  self-clearing  there 
is  arranged  within  the  tee 
piece  E  a  petticoat  H  which 
enables  a  blast  pipe  protruding 

only  slightly  into  the  interior  to  be  used.  The  action  of  the 
blast  in  the  chimney  tends  to  cause  a  vacuum  in  the  enclosed 
space  of  the  tee  piece  E  and  uptake  and  thereby  has  the  effect 
of  drawing  the  furnace  gases  on  leaving  the  boiler  tubes 
equally  through  both  the  drums  B  although  it  will  be  evident 
that  with  suitable  arrangements  more  of  the  waste  gases  may 
be  allowed  to  pass  through  one  drum  than  the  other  if 
thought  desirable,  or  they  may  be  cut  off  entirely  from  either 
drum  if  required.  To  facilitate  the  removal  of  the  heater 
drums  openings  are  provided  fitted  with  doors  J.  Any  suit- 
able arrangement  may  be  adopted  to  act  as  a  spark  arrester. 
This  may  consist  of  wire  gauze  in  the  form  of  sleeves  slightly 
overlapping  the  ends  of  the  heaters,  or  sieves  L  fitted  at'  their 
extremities  inserted  through  the  side  doors  J. 

For  the  purpose  of  facilitating  the  lighting-up  of  tlie  fur- 
nace there  is  provided  a  hinged  or  oscillating  door  or  baffle 
plate  M  either  above  or  below  the  level  of  the  blast  pipe 
orifice  which  may  be  operated  directly  or  by  a  lever  situated 
on  the  outside  of  the  smoke-box  or  by  means  of  a  crank  or 
connecting  rod  arrangements  the  end  of  the  connecting  rod 
being  situated  in  the  cab  of  the  locomotive.  The  arrange- 
ment is  such  that  when  lighting  up  the  furnace  or  at  other 
times  when  the  blast  or  jet-blower  is  not  in  use  the  baffle  plate 
or  hinged  door  may  be  opened  so  tliat  the  furnace  gases  are 
thereby  enabled  to  pass  directly  into  tlie  cluniney  thus  ensur- 
ing for  them  a  freer  passage.  Except  when  tlie  heaters  are 
situated  very  low  in  the  smoke-box,  this  bv-pass  or  door  M 
may  be  inserted  in  the  side  of  the  tee  piere  E  or  blast 
chamber,  when  in  addition  to  the  above  purpose  it  may  be 


employed  if  for  any  reason  it  is  not  found  desirable  to  draw 
the  furnace  gases  through  the  heaters. 

The  exhaust  steam  heaters  N  are  fed  with  exhaust  steam 
from  the  blast  pipe  G  or  from  an  elbow  O  connected  with  the 
blast  pipe  by  way  of  the  pipes  P.  The  feed  water  traverses 
the  heaters  N  prior  to  entering  heaters  B  through  which  it 
passes  in  succession  and  away  by  means  of  the  pipe  Q  to  the 
boiler  clack  valve.  In  conjunction  with  each  heater  vessel  B 
there  is  provided  an  aslibox  R  into  which  the  ashes  collecting 
in  the  ends  of  the  heater  shell  and  arrested  by  the  sieves  c-r 
sleeves  L  may  be  led  through  a  chute  S,  the  ash-boxes  being 
fitted  with  doors  so  that  they  may  be  readily  emptied  of  their 
contents  when  required. 


WATERTIGHT  BULKHEADS:  APPOINTMENT  OF  A  TECHNICAL 

COMMITTEE. 

The  President  of  the  Board  of  Trade  has  appointed  a  tech- 
nical committee  to  advise  him  in  the  interests  of  safety  of  life 
at  sea  with  regard  to  the  internal  sub-division  of  vessels  of  all 
classes  by  watertight  bulkheads  and  other  means.  The  refer- 
ence to  the  committee  is  to  advise  ：  (1)  As  to  what  in  their 
opinion  would  constitute  efficient  sub- division  with  regard  to 
each  of  the  classes  of  vessels  included  in  the  rules  for  life- 
saving  appliances  made  by  the  Board  of  Trade  under  Section 


Arrangement  of  Superheater  and  Feed-water  Heater  for  Locomotives. 

427  of  the  Merchant  Shipping  Act,  1894,  having  due  regard 
to  the  nature  of  the  service  in  which  they  are  respectively  en- 
gaged. (2)  Whether  independently  of  the  foregoing  the  com- 
mittee desire  to  make  any  recommendations  with  reference  to 
the  sub-division  of  vessels  already  built,  or  of  new  vessels, 
which  would  in  their  opinion  contribute  to  the  safety  of  life 
at  sea. 

The  committee  is  constituted  as  follows  ：  Mr.  Archibald 
Denny,  LL.D.  (Messrs.  William  Denny  &  Bros.,  Dumbarton^ 
naval  architect,  chairman  ；  Mr.  James  Bain  (late  superin- 
tendent engineer  of  the  Cunard  Line),  ensrineer  ；  Mr.  E.  R. 
Cliampness,  M. V.O.  (Assistant  Director  of  Naval  Construc- 
tion, Admiralty)  ；  Mr.  G.  B.  ITunler  (Messrs.  Swan,  Hunter, 
and  Wigliam  Richardson,  Ltd.,Wallsend-oii-Tyne),  naval  archi- 
tect; Mr.  Summers  Hunter  (North-eastern  Marine  Engineer- 
ing Company,  Ltd.,  Wallsend-on-Tyne),  en^iiieei*  ;  Mr.  ，T. 
Foster  King,  chief  surveyor  of  the  British  Corporation  for  the 
Survey  and  Registry  of  Shipping  ；  Mr.  Andrew  Laing  (Walls- 
end  Slipway  and  Engineering  Company.  Ltd.),  engineer  ;  M r. 
T.  J.  Luke  (Messrs.  Jolin  Ihown  A:  Co..  Ltd.,  Clydebank), 
naval  architect  ；  Mr.  S.  J.  P.  Tliearlo.  DD.Sc.,  chief  ship 
surveyor  of  Lloyd's  Register  of  British  and  Foreign  Shipping  ； 
and  Mr.  J.  J.  Walsli,  M.Sc,  professor  of  Naval  Arrhiterture, 
Armstrong  College,  Newcastle-on-Tyne. 


The  Oil-cngincd  Ship  Scmbilan." ― Tliis  vessel  established  a 
loiig-tlistam、e  m'ord  for  Diesel  ships,  by  ninning  from  Aden 
directly  to  Sabang  (Sumatra)  in  18  days,  maintaining  a  speed 
of  8  miles,  and  arriving  on  May  ItJtli. 
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THE  HARRISON-HUGHES  ENGINEERING  LABORATORIES  AT 
LIVERPOOL  UNIVERSITY. 

The  new  engineering  laboratories  which  have  been  erected  at  a 
cost  of  about  £40,000  out  of  funds  provided  by  Mr.  Thomas 
Fenwick  Harrison,  Mr.  John  William  Hughes,  and  Mr.  Heath 
Harrison,  shipowners,  of  Liverpool,  were  opened  on  Saturday 
last,  the  18th  May,  by  the  Right  Honourable  Viscount  Hal- 
dane  of  Cloan,  the  representative  of  the  donors,  Mr.  Heath 
Harrison,  formally  presenting  the  building  to  the  Chancellor; 
the  Right  Hon.  the  Earl  of  Derby. 

The  addition  of  the  new  buildings  has  so  modified  the  whole 
arrangement  and  equipment  of  the  department  as  to  involve  a 
general  account  of  both  the  older  Walker  and  the  new 
Harrison-Hughes  portions  of  the  building. 

The  Walker  Engineering  Laboratories  built  and  equipped 
by  the  late  Sir  Andrew  Barclay  Walker,  Bart.,  another  Liver- 


been  given  to  all  problems  relating  to  the  utilisation  of  fuel 
for  power  purposes,  and  especially  to  work  relating  to  internal- 
combustion  engines  and  gas  producers,  the  sections  of  the 
laboratories  which  deal  with  these  subjects  being  unusually 
well  eq nipped. 

Boiler  and  Gas  Producer  House. 一 This  house,  see  Figs.  5  and  6, 

contains  a  Stirling  water-tube  boiler  capable  of  generating 
3，0001bs.  of  steam  per  hour  at  a  pressure  of  2501bs.  per  square 
inch,  and  a  marine  boiler,  9^ft.  diam.  by  9ft.  long,  with  two 
furnaces,  built  by  Messrs.  David  Hollo  &  Sons,  and  capable  cf 
generating  4，0001bs.  of  steam  per  hour  at  a  pressure  of  2151bs. 
per  square  inch.  The  Stirling  boiler  has  a  Green's  economiser 
containing  48  pipes.  The  Rollo  boiler  has  an  air-heater 
economiser  in  the  uptake,  and  may  be  used  either  with  natural 
draught,  or  with  forced  draught,  produced  by  an  electrically- 
driven  fan,  constructed  by  Messrs.  Matthew  Paul  &  Co.  This 
boiler  is  also  equipped  with  a  live-steam  feed-water  heater,  by 
Messrs.  John  Kirkaldy,  Ltd. 
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pool  citizen,  at  a  cost  of  about  £24,000,  were  formally  opened 
on  November  2nd,  1889,  and  originally  consisted  of  a  three- 
storey  building  attached  to  another  of  one  storey,  the  latter 
containing  the  Woodworking  Department.  Another  storey 
has  now  been  added  to  the  Wood  Workshop  at  a  cost  of  about 
£2,000,  by  means  of  a  special  fund  provided  by  Messrs.  Brun- 
ner,  Mond，  &  Co.，  Sir.  W.  H.  Lever,  Bart.,  and  the  Right 
Hon.  Sir  John  Brunner,  Bart.,  about  two-thirds  of  the  space 
in  this  extension  being  devoted  to  cloak  and  locker  rooms  and 
a  Students'  Common  Room,  the  other  third  being  used  as  an 
extension  to  the  Wood  Workshop. 

The  new  building  is  in  the  form  of  an  L-shaped  block,  four 
storeys  in  height,  projecting  from  the  north  side  of  the  Walker 
Engineering  Laboratories.  In  the  internal  angle  between  the 
higher  buildings  is  the  new  boiler  and  gas  producer  house, 
with  roof  lights. 

The  plans,  Figs.  1，  2，  3，  and  4  show  the  principal  rooms  in 
both  the  Harrison-Hughes  and  the  Walker  Laboratories, 
through  communication  being  made  between  them  at  every 
floor. 

In  the  Harrison-Hughes  Laboratories  special  attention  has 


The  steam  sent  to  the  engines  may  be  either  saturated  or 
superheated,  an  independently-fired  superheater,  constructed 
by  Messrs.  Median  <fe  Sons,  Ltd.,  being  used  for  superheating 
the  steam.  Two  feed  pumps  and  an  injector  are  used  for  supply- 
ing water  to  the  boilers.  An  automatic  CO^  recorder  gives 
continuous  indications  of  the  percentage  of  CO^  in  the  products 
of  combustion,  and  special  connections  have  been  made  to  the 
chimney  on  all  four  floors  of  the  building  which  enable  samples 
of  products  of  combustion  to  be  withdrawn  at  these  points,  and 
the  temperatures  and  the  pressures  to  be  measured.  The 
whole  of  the  boiler  plant  and  auxiliaries  have  been  arranged 
with  a  view  to  enabling  the  efficiency  of  every  section  to  be 
determined  separately,  as  well  as  the  resultant  efficiency  of 
each  complete  unit. 

Four  different  types  of  gas  producers  have  been  provided  : 
the  largest  of  these,  of  57  h.p.  capacity,  constructed  by  Messrs. 
Crossley  Brothers,  Ltd.,  is  their  latest  type  of  suction  gas 
producer  for  gasifying  bituminous  coal,  and  it  has  very  com- 
plete auxiliaries  for  removing  the  tar  and  dirt  from  the  gas 
befoi'e  it  is  sent  to  the  engines.  This  producer  is  also  capable 
of  gasifying  peat  and  various  kinds  of  trade  refuse.    It  will, 
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therefore,  enable  valuable  data  to  be  obtained  regarding  the 
fuels  which  may  possibly  be  used  in  conjunction  with  gas 
engines. 

There  are  two  25  h.p.  gas  producers  for  gasifying  anthra- 
cite or  coke ~ one  by  the  National  Gas  Engine  Company,  and 
the  other  by  the  Mersey  Engine  Works  Company;  there  is 
also  an  experimental  gas  producer  of  the  down-draught  type, 
for  experiments  on  the  gasification  of  bituminous  fuel. 

Internal-combustion  Engine  Laboratory :  Gas  Engines. — This 
laboratory,  see  Figs.  7  and  8，  contains  three  gas  engines.  One 
of  these,  by  Messrs.  Crossley  Brothers,  Ltd . ,  of  40  b . h . p . ,  is  of 
their  latest  type  for  driving  dynamos,  and  is  directly  coupled 
by  means  of  a  flexible  coupling  to  a  dynamo.  This  machine 
may  also  be  used  as  an  electric  motor.  The  other  end  of  the 
shaft  of  this  dynamo  is  connected,  through  a  torsion  dynamo- 
meter, to  a  single-cylinder  air  compressor,  built  by  Messrs. 
Peter  Pilkington,  Ltd.,  which,  under  full  load  conditions,  will 
absorb  30  b.h.p.  This  gas  engine  may  be  used  in  the  follow- 
ing ways  :  (〃)  For  tests  of  tlie  engine  alone,  tlie  power  then 
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Fig.  2. 

Indkx.— 1,  Triple-expansion  Marine  Engine.  2, 】{ateau  Steam  Turbine.  3,  Dynamo.  4.  Weir 
('ondenser  and  Air  Pump.  5,  Laval  Steam  Turbine.  6.  Condenser  and  Air  Puiii|).  7,  Hi^h-Iift 
(!entrifuj^al  Puin  p.  8.  Pel  ton  Wheel.  9,  Sinj4le  ('ylintitT  \  erlical  Stoiim  Kti^iiiie.  U).  Ceiilrifutjal 
Separator.  10a.  Wortliint^ton  IMniij).  11.  Vt-rtical  Tank  for  Hydraulic  Experinienls.  1'2，  Hydninlic 
Kam  Pump.  J3,  Kiehl^  Torsion  Testing;  MachiiU'.  14,  Olseii  Testiuti  Machine.  15.  ItKi-lou  Buck- 
ton  Testing;  Machine.     16.  PneuinutK'  Harauier.     17,  Smiths'  Forces.     18.  Uefri^t'nUoi-.     19,  Ice 

Making  Plant.    '20，  Klectric  Motor. 


being  absorbed  by  a  rope  brake  on  a  special  wat^r-coole 
wheel  ；  (h)  for  driving  the  dynamo  only  ;  (r)  for  driving  the 
air  compressor,  the  dynamo  circuit  being  broken .  When  the 
tMtgine  is  discoiniected  from  the  (lynaiiio,  the  dviiaino.  acting  as 
a  motor,  may  drive  the  air  compressor. 

Of  the  other  gas  engines,  one  is  of  24  b.li.p. ,  by  t he 
National  Gas  Engine  Company  ；  and  the  other,  of  8  b.h.p., 
was  constructed  by  the  students.  The  National  gas  engine  is 
lit  ted  with  caiii-tlisengaging  gear  for  enabling  exj)eriineiu  al 
work  to  be  done  on  the  variations  of  the  specific  heat  of  the 
working  fluid  in  the  cylinder,  due  to  variations  in  temperature 
and  pressure,  in  tlie  way  first  devised  by  Dugald  Clerk.  All 
the  gas  engines  are  provided  with  arrangements  for  varvini; 
the  volume  of  the  compression  spare,  so  that  experiments  iiui 
be  made  for  determining  the  effert  of  variation  in  the  com- 
pression pressure  on  the  power  and  tlie  efticiem'y  of  the 
euj^ines. 

Oil  Engines. 一 Tlie  largest  of  these  is  a  Diesel  engine  of 
50  l).l、.p.，  by  Messrs.  Mirrlees.  Bickertoii.  A-  Day.  Ltd. .  and  is 


directly  connected  to  a  dynamo  by  Messrs.  Bruce  Peebles, 
Ltd.  When  it  is  desired  to  test  the  engine  alone,  the  dynamo 
is  disconnected  and  the  power  is  absorbed  by  a  rope  brake  on  a 
special  water-cooled  flywheel. 

One  of  the  most  interesting  engines  iti  this  laboratory  is  a 
semi-Diesel  crude  oil  engine  of  30  b.h.p.,  constructed  by 
Messrs.  Blackstone  &  Co.,  Ltd.  Tlie  power  of  this  engine  is 
absorbed  by  a  dynamometer  on  a  special  water-cooled  brake 
drum. 

Other  engines  are  a  10^  b.h.p.  petroleum  engine,  by 
Messrs.  Hornsby  &  Sons,  Ltd.  ；  an  8  b.h.p.  petroleum  engine 
of  the  marine  type,  by  Messrs.  Gardner  &  Sons,  Ltd.  ；  and 
two  motor-car  petrol  engines,  one  of  these  being  of  the  Knight- 
Daimler  type. 

Calorimeters  are  provided  for  measuring  tlie  amount  of 
lieat  carried- away  by  the  exhaust  products  of  the  various  gas 
and  oil  engines. 

Air  Coitipressors. ― There  are  three  air  compressors,  tlie 
largest  of  wliidi  is  by  Messrs.  Robey  &  Co.,  Ltd.  This  is  a 
2-stage  tandem  cylinder  type,  with  inter- 
cooler,  and  it  is  capable  of  compressing 
300  cub.  ft.  of  free  air  per  minute  to  a 
pressure  of  lOOlbs.  per  square  inch,  by 
gauge.  Tlie  power  required  to  drive  this 
compressor  under  full  load,  at  125  revs, 
per  minute,  is  60  b.h.p.,  which  is  siqv 
plied  by  a  55  kw.  electric  motor,  running 
at  760  revs,  per  minute,  supplied  by 
Messrs.  The  General  Electrir^  Company. 
The  power  is  transmitted  through  special 
worm  gearing  of  a  very  high  efficiencv, 
constructed  by  Messrs.  Henry  Wallwork 
and  Co.  The  end  thrust  of  this  gearing 
is  taken  up  by  ball  bearings,  the  worm 
and  wheel  run  in  oil,  which  is  kept  cool 
by  means  of  a  special  radiator  tlirougli 
which  the  oil  is  forced  by  a  pump.  The 
governing  arrangements  of  the  Robey 
compressor  are  specially  interesting.  The 
governor  acts  on  tlie  admission  valves,  so 
that,  when  the  demand  for  air  is  below 
the  maximum,  the  admission  valves  are 
prevented  from  closing  during  a  larger  or 
smaller  proportion  of  tli^  compressing 
stroke. 

The  air  supplied  to  this  air  compressor 
is  measured  by  a  new  type  of  meter,  in- 
vented by  Mr.  G.  J.  Gibbs,  of  Preston. 
This  meter  consists  of  a  tliin-lipped 
rectangular  aperture  of  variable  area, 
through  which  the  air  flows  under  a  con- 
stant and  easily  observed  head,  measured 
by  a  water  column.  The  variable  quan- 
tity in  the  observation  is  the  area  of  the 
slot,  which  is  read  by  means  of  verniers 
or  micrometer  screws.  A  box  of  large 
capacity  is  provided  between  the  inet^r 
and  the  compressor  for  suppressing  tlie 
more  violent  pulsations. 

The  air  delivered  by  this  ronipressor 
is  discharged  into  a  large  receiver,  from 
whirli  it  may  be  led  to    tlie  pneuinatir 
tools,  and  also  to  a  single-rvliiuler 
engine. 

Another  of  t he  air  compressors  is  of  the  (louble-art ing, 
single-cylinder,  1  -stage  type,  by  Messrs,  Peter  Pilkington, 
Ltd.,  and  it  may  be  driven  either  by  the  Crossley  gas  engine 
or  bv  an  electric  motor,  as  already  mentioned  in  tlie  section 
relating  to  gas  engines. 

Tlie  Robev  2-stage  air  loinjiressor  and  t lie  Pilkint^toii 
single-stage  air  compressor  ha vo  l)een  proportioned  so  tliat  tlie 
Pilkington  inaohiiie  will  act  as  a  tliird  stage  for  tlie  air  com- 
pressed by  the  Robev  machine.  When  tlie  two  are  worked  in 
series,  the  air,  at  100 lbs.  pressure,  is  led  from  tlie  large  receiver 
to  ail  intoroooler  iixe<l  near  to  t he  Pilkington  ronipressor  ；  and 
from  this  interoooler  the  air  flows  to  the  latter  mai  liine,  wliich 
raises  its  pressure  to  3001bs.  per  square  inch,  by  gauge.  The 
air  is  then  discharged  into  another  large  receiver.  Coniiertion 
is  MKide  between  this  reoeiver  and  the  main  steaiii  nipe  in  tlie 
boiler  house,  so  that  any  of  the  engines  or  steam  turbines  in  the 
St paiii  Engine  Laboratory  inav  be  driven  h\  compressed  air. 
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Marshall  engine  are  of  the  "Dripless"  typa,  constructed  by 
the  Liverpool  Condenser  and  Engineering  Company. 

A  special  portable  surface  condenser  has  been  provided  for 
making  measurements  of  the  amount  of  steam  used  by  the 
various  auxiliary  engines,  such  as  the  engine  for  driving  the 
scraper  of  the  ec^ononiiser,  the  boiler  feed  p umps,  and  the  con- 
denser air  pumps.  The  quantity  of  condensing  water  used  in 
conjunction  with  both  the  triple-expansion  engine  and  the 
Rabeau  steam  turbine  is  measured  by  means  of  Venturi  meters. 

Applied  Heat  Laboratory. ― The  Applied  Heat  Laboratory  is 
immediately  above  the  Internal-combustion  Engine  Labora- 
tory, and  it  is  being  equipped  with  apparatus  for  experiments 
relating  to  the  physical  properties  of  gases  and  steam,  the  flow 
of  gases  and  of  steam  through  nozzles,  the  determination  of  the 
temperature  gradient  during  such  flow,  and  the  velocity  of 
efflux  from  the  nozzles.  Other  apparatus  will  enable  experi- 
ments to  be  made  on  the  flow  of  heat  through  metals,  "  non- 
conducting " and  refractory  substances,  also  on  the  rate  of 
transfer  of  heat  to  and  from  these  substances  by  convection 
and  radiation.  Arrangements  have  been  made,  and  appa- 
ratus provided,  for  experiments  on  injectors,  steam-jet  water 
pumps,  ejector  condensers,  steam-jet  blowers  and  exhausters. 
For  experiments  on  combustion,  both  at  constant  pressure  and 
at  constant  volume,  a  cast-sieel  cylinder  IHin.  in  internal 
diameter,  by  5ft.  long,  is  used,  and  this  is  capable  of  safely 
withstanding  a  pressure  of  2，0001bs.  per  square  inch. 

A  refractory  lining  is  provided  for  this  cylinder,  and  it  can 
be  readily  inserted  when  required.  The  cylinder  is  provided 
with  12  nipples  for  the  insertion  of  pyrometers  and  for  the 
withdrawal  of  products  of  combustion  for  subsequent  analysis. 
It  rests  in  a  galvanised  iron  tank,  so  that  it  may,  when 
required,  be  surrounded  with  water. 

This  cylinder  is  connected  by  pipes  with  the  air  and  gas 
compressors  in  the  Internal-combustion  Laboratory.  Appa- 
ratus has  been  provided  for  experiments  on  the  velocity  of  flow 
of  the  products  of  combustion  from  this  cylinder  through  tur- 
bine nozzles.  One  object  of  these  experiments  is  to  enable 
data  to  be  obtained  that  may  be  of  use  in  connection  with  the 
design  of  internal-combustion  turbines. 


Walker  Laboratories  (South  of  line  A  B) 
Fig.  4. 

Another  part  of  this  laboratory  contains  a  refrigerating 
and  ice-making  machine,  of  one  ton  capacity,  by  Messrs.  L. 
Sterne  &  Co.，  Ltd.  The  ammonia  compressor  of  this  plant  is 
driven  by  an  electric  motor  coupled  directly  to  it.  A  cold 
chamber  and  an  air-cooling  plant  will  be  added,  to  work  in 
conjunction  with  this  plant. 

In  this  room  there  are  also  a  number  of  glass  models  for 
illustrating  circulation  hi  various  types  of  water-tube  boilers. 


The  air  may  be  preheated  m  the  independently-fired  super- 
heater before  being  sent  to  the  engines. 

A  connection  is  also  made  between  the  high-pressure  air 
receiver  and  the  Crossley  gas  engine,  and  special  mechanism 
has  bsen  fitted  to  the  engine  so  that,  it  may  be  started  by  com- 
presssd  air. 

Steam  Engines.  —  The  steam  engines,  both  of  the  reciprocat- 
ing and  the  turbine  types  are  in  the  Walker  Laboratory,  see 
Fig.  9. 


The  largest  engine  is  a  triple-expansion  marine  engine  of 
150  b.h.p.  at  150  revs,  per  minute.  This  engine  is  part  of  the 
original  equipment  of  this  laboratory,  and  although  it  has  now 
been  in  use  about  23  yearb,  it  is  still  in  excellent  working  con- 
dition. The  engine  was  built  by  Messrs.  George  Forrester  and 
Co.,  Ltd.,  of  Liverpool,  and  it  is  a  fine  example  of  good  work- 
manship. Some  slight  modifications  have  recently  been  made 
with  the  object  of  enabling  it  to  use  highly-superheated  steam. 
The  power  of  the  engine  is  absorbed  by  an  hydraulic  dynamo- 
meter. The  rate  of  flow  of  steam  to  the  engine  is  shown  by  a 
steam  meter,  the  mercury  column  of  which  is  fixed  on  the 
front  of  the  engine.  This,  and  an  adjacent  tachometer, 
enable  the  effect  due  to  alterations  of  the  points  of  cut-off  in 
the  intermediate  and  low-pressure  cylinders  to  b©  immediately 
observed. 

Another  reciprocating  steam  engine  in  this  laboratory  is  a 
single-cylinder,  vertical,  reversible  engine  of  15  b.h.p.,  by 
Messrs.  Marshall  &  Sons. 

There  are  two  steam  turbines  ；  one  of  these  is  of  the  de 
Laval  type,  of  15  b.h.p.,  and  it  is  fitted  with  two  sets  of 
nozzles,  one  set  for  working  with  atmospheric  exhaust,  and  the 
other  set  for  working  with  a  28in.  vacuum.  The  other  steam 
turbine  is  of  the  Rateau  type,  of  60  b.h.p.,  with  eight  pressure 
stages.  It  has  been  specially  constructed  for  experimental 
purposes,  and  it  is  capable  of  using  highly-superheated  steam. 
This  turbine  is  direct  coupled  to  a  dynamo,  the  field  magnet 
frame  of  which  is  mounted  on  ball  bearings,  so  that,  by  means 
of  a  lever  and  weights,  the  torque  can  be  directly  measured 
and  the  effective  power  given  to  the  dynamo  can  be  obtained. 
The  pressure  gradient  of  the  steam,  during  its  flow  through  the 
turbine,  is  shown  by  pressure  gauges  which  are  in  connection 
with  each  wheel  chamber,  and  the  temperature  of  the  steam  at 
various  points  within  the  turbine  can  be  measured.  The  sur- 
face condenser  and  air  pump  for  this  turbine  have  been 
specially  designed  and  constructed  for  experimental  purposes, 
by  Messrs.  G,  &  J.  Weir,  Ltd.,  and  arrangements  are  made  for 
】iieasm'ing  pressures  and  temperatures  at  numerous  points. 
The  surface  condensers   for  the   de  Laval  turbine   and  the 
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Fuel  Testing  and  Gas  Analysis.  一 Four  rooms  liave  been  pro- 
vided on  the  gruuud  floor  in  the  wost  wing  for  fuel  testing  and 
gas  analysis.  One  of  these  rooms  is  equipped  with  several 
different  types  of  apparatus  for  experiments  relating  to  the 


Fig.  5.— Boileb  and  Gas  Producer  HousFt 

analysis  of  products  of  combustion  and  of  the  gases  used  in 
internal-combustion  engines.  Another  room  is  devoted  to 
the  experimental  determination  of  the  calorific  values  of  solid, 
liquid,  and  gaseous  fuel. 

The  principal  calorimeter  in  tliis  room  is  of  the  Bomb  type, 
by  Messrs.  Hugerslioff,  of  Leipsic.  The  water-stirring  appa- 
ratus connected  with  this  Bomb  calorimeter  is  driven  by  a 
small  hot-air  engine. 

In  another  room  are  the  appliances  necessary  for  making 
proximate  analyses  of  coal,  with  the  object  of  determining  the 
percentage  of  moisture,  hydrocarbons,  fixed  carbon,  and  ash. 
Apparatus  is  also  provided  in  this  room  for  experiments  on  the 
fractional  distillation  of  oil,  also  for  the  determination  of 
viscosity  and  the  flashpoint. 

Adjacent  to  these  rooms  are  a  balance  room,  a  standards 
room,  arid  a  research  room;  also  a  private  room  for  the 
flemonstrator  in  cliarge  of  this  detnirtment. 

Hydraulics  and  Hydraulic  Machinery. —On  the  east  side  of  the 
Internal-combustion  Laboratory,  a  platform,  5ft.  above  the 
level  of  the  floor,  has  been  provided  for  experiments  witli 
water  turbines  and  on  the  flow  of  water  tlirough  channels  and 
over  weirs  of  different  kinds,  see  Fig.  10.  This  platform  is 
20ft.  wide  and  55ft.  long,  and  contains  three  channels,  one 
4ft.  wide  by  4ft.  deep,  one  2ft.  wide  by  2ft.  deep,  and  one  1ft. 
wide  by  17in.  deep. 

The  rate  of  flow  of  water  along  these  channels  is  measured 
by  weirs  and  notches  ；  also  by  means  of  measuring  tanks  under 
tlie  floor  of  the  laboratory,  the  water  being  deflected  into  one 
or  other  of  two  measuring  tanks,  or  into  the  sump  tank,  by 
means  of  movable  tiunblino;  bays. 

The  two  underground  measuring  tanks  are  8ft.  by  8ft.  and 
8ft.  by  12ft.  respectively,  and  the  sump  tank  is  8ft.  wide  by 
21ft.  long,  the  depth  in  all  cases  being  13ft.  The  level  of  the 
water  in  each  of  the  three  tanks  can  be  accurately  measured 
by  means  of  special  float  gauges,  while  the  level  of  the  water  in 
each  of  the  channels  is  measured  by  floating  point  gauges  in 
wliich  the  final  adjustment  is  made  by  means  of  simple  levers 
which  gear  frictionally  with  the  steins  of  the  gauges.  A  Lea 
recorder  is  also  used  for  roiitiiiuously  recording  variations  in 
the  level  of  the  water  in  the  main  channel. 

The  water  is  puniped  from  tlie  sinnp  tank  to  t  he 
10,000  galls,  rapacity  storage  tank  on  the  ton  of  the  building 


by  means  of  two  centrifugal  pumps,  earh  of  wliich  has  a 
capacity  of  33,000  galls,  per  hour. 

One  of  these  piuii])s  is  of  the  "  Rees  Roturbo  "  type,  and 
tlie  other  has  been  supplied  by  Messrs.  Holden  &  lirooke. 

Each  is  driven  by  an  electric 
motor  of  20  】i.p.，  and  between 
each  motor  and  its  pump  there  is 
a  torsion  dynamometer  for  mea- 
suring the  power  transmitted  to 
tlie  pumps. 

One  of  these  dynamometers  is 
of  the  Bevis-Gibson  flashlight 
type,  as  used  for  measuring  the 
power  of  steam  turbines  on  tor- 
pedo boat  destroyers  and  other 
vessels.  The  other  dynamometer 
is  one  of  Dr.  Amsler's  latest  de- 
sign, in  which  the  power  is  ob- 
tained by  measuring  the  angle  of 
twist  of  a  high-tension  steel  rcA 
of  square  cross  section  :  the  mea- 
surenien t  of  the  angle  of  twist  is 
effected  by  optical  arrangements. 

The  rate  of  flow  of  the  water 
from  each  centrifugal  ])UTnp  is 
measured  by  means  of  Yenturi 
meters.  The  mam  pipes  for  con- 
veying the  wat^-r  from  the  centri- 
fugal piun])s  to  tlie  tank  on  t:"e 
top  of  the  building,  and  down 
again  to  the  hydraulic  platform, 
are  each  lOin.  diam. 

At  the  south  end  of  the 
hydraulic  platform  is  a  water  tur- 
bine of  14  b.h.p.  at  900  revs,  per 
minute,  coustnu-ted  by  Jens, 
Orten-Boving  &  Co,，  the  speed 
being-  controlled  by  a  special 
automatic  oil-pressure  governor,  which  varies  the  angle  of 
movable  guide  blades. 


fe^-  ^ 


Fio  6.— Gas  PRonrcERs. 


The  liead  available  at  tho  turbiiio,  when  tlie  wat^r  is  taken 
from  the  tank  at  the  top  of  the  building,  is  G5ft.  ;  and  wlieii 
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the  water  is  sent  direct  from  the  centrifugal  piunps  tlie  lu 
available  is  80ft. 

The  water  supplied  to  this  turbine 
Venturi  meter  and  by  Pi  tot  tubes, 
delivered  into  the  4ft.  by  4 ft.  channel 


is  measured  hot  li  by  a 
and  the  discharge  is 
, whic'li  has 


Fig. 


-PollTiON  UI'，  iNTKliNAL-COlXBUSTION  ICNGINE  LaBUUATuUV. 


means  of  measuring  the  rate  of  flow  of  water  by  a  new  type  of 
float.    The  interval  of  time  taken  by  this  float  between  two 
electrical  contacts,  at  a  known  distance  apart  on  the  side  of 
the  channel,  is  measured  by  elec- 
trically controlled  chronographs. 

The  indicating  fluid  used  in 
conjunction  with  the  various 
Venturi  meters  is  water,  and  a 
deflection  of  about  5ft. .  is  pro- 
vided for,  so  that  the  pressure 
difference  can  be  measured  witli 
great  accuracy.  The  position  of 
the  zero  in  the  gauge  glasses  is 
adjusted  by  means  of  compressed 
air,  an  ordinary  bicycle  pump  being 
used  for  supplyingthe  air  necessary. 

A  Humphrey  internal-combus- 
tion pump  of  the  latest  type  will 
shortly  be  added  to  the  equipment. 

For  exiDerinients  on  air-lift 
water  punij)s,  a  pipe,  Gin.  in 
internal  diaineter  and  64ft.  long, 
lias  been  sunk  40ft.  into  the 
ground.  An  upcast  pipe  and  an 
air  pipe  will  be  fitted  within 
this,  and  the  water  will  be  dis- 
charged into  the  tank  on  the  top 
of  the  building.  There  is  also 
a  large-scale  model  of  an  air-lift, 
pump  with  glass  tubes,  so  that 
the  nature  of  the  action  in  these 
pumps  can  be  observed. 

Provision  has  also  been  made  for 
experiments  on  the  flow  of  water 
through  pipes  of  different  diameters. 

The  following  hydraulic  plant  is  located  in  the  Walker 
Laboratory  ：  A  vertical  tank*  2ft.  Gin.  diani.  and  18ft.  Gin. 
lu 一，  arranged  for  experiments  on  the  flow  of  water  through 
orifices  of  various  shapes  and  sizes,  in  conjunction  with  which 


1  licre  is  also  apparatus  for  measuring  the  pressure  exert ed  l)y 
water  jets  on  surfaces  of  different  kiiuls. 

Adjacent  to  this  plant  is  a  hydraulic  ram  puiii]),  w i  1 1 1 
arrangements  for  varying  the  head  of  tlio  supply  water  from 
zero  lu)  i o 】8ft.，  aiul  the  pressure  in  the  air  receiver  of  the  ram 

may  be  varied  between  zero  and 
250ft.  Near  this  ram  is  a  cen- 
trifugal separator,  constructed 
by  Messrs.  Pott,  Cassels,  ami 
Willia rnson,  and  this  is  fl riven  by 
means  of  a  Pelton  wheel,  the 
water  for  which  is  supplied,  at  a 
pressure  of  1501bs.  per  square 
inch,  by  a  steam-driven  recipro- 
cating purnp  of  tlie  Worthington 

type. '  - 

In  another  part  of  this  labora- 
tory is  a  centrifugal  pump  direct- 
coupled  to  a  15  b.h.p.  de  Laval 
steam  turbine.  This  pump  de- 
livers 10,800  galls,  of  water  per 
hour  at  a  pressure  equivalent  to 
li^Oft.  head .  The  water  from 
this  piuny)  is  employer!  to  drive  a 
Pelton  wheel,  the  water  being 
measured  between  tlie  pumps  and 
the  Pelton  wheel  by  means  of  a 
Venturi  meter. 

All  the  Venturi  meters,  Pitot 
tubes,  float  gauges,  and  in  any 
other  measuring  instruments  and 
appliances,  have  been  designed  and 
constructed  in  the  lal)oratory. 

Strength   and    Elasticity  of 
Materials, —- The  larger  machines  for 
testing  the  strength    and  other 
properties     of    metals,  stones, 
bricks,    cement,    and  concrete, 
both  for  teaching,  research,  and 
for  commercial  purposes,  are  in  the  Walker  Laboratory,  while 
the  smaller  machines  and  apparatus  are  in  a  room  on  tlie  first 
floor  of  the  Harrison-Hughes  Laboratories. 


KiG.  8.— Oil  Engines  and  Air  Compressoks. 


The  largest  luachine  in  the  Walker  Laboratory  is  a  Buck- 
ton  machine,  with  alternative  centres,  one  for  loads  up  to 
20  tons,  and  the  other  for  loads  up  to  100  tons.  This  machine, 
the  pump  for  which  is  driven  through  gearing  by  au  electric 
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motor,  is  for  tests  in  tension,  compression,  bending,  and  shear. 
This  machine  can  deal  with  specimens  up  to  3ft.  long. 

A  belt-driven  Riehle  torsion  machine  for  specimens  up  to 


Fig.  9.— Triple-expansion  Marine  Engine  and  Compound  Steam  Turbine, 

5ft.  long,  can  apply  and  measure  torque  up  to  a  maximum  of 
60，000in.-lbs.  This  machine  has  toggle  grips  for  holding  the 
specimen,  and  a  very  sensitive  arrangement  for  measuring  the 
torque. 

For  applying  and  measuring  tension  and  compression  loads 
up  to  15,0001bs  ，  on  specimens  up 
to  oft,  ill  length,  a  hand-operated 
Olsen  machine  is  used. 

For  experiments  on  the 
amounts  of  energy  required  to 
break  notched  specimens  by  trans- 
verse blows,  an  Avery  impact 
testing  machine  is  used  - 

Other  machines  in  this  labora- 
tory arc  an  hydraulic  press  capable 
of  applying  loads,  in  compression, 
up  to  340  tons  ；  a  small  machine 
for  the  determination  of  the 
transverse  breaking  loads  on  cast- 
iron  and  wood  ；  also  two  machines 
and  other  apparatus  for  testing 
the  properties  of  cement. 

Ill  the  Elasticity  of  Materials 
Laboratory  a  considerable  variety 
of  apparatus  is  available  for  the 
experimental  determination  of 
elastic  constants  of  iron,  steel,  and 
other  substances.  The  experi- 
ments made  with  these  appliances 
also  provide  valuable  illustrations 
and  luunerical  verifications  of 
the  lecture  work  in  a  subject 
which  the  student  is  apt  to  regard 
as  diflicultr  and  abstruse. 

The  experimental  study  of 
vibrations  due  to  elastic  distor- 
tion of  bodies  is  also  done  in  this 


equipped  with  apparatus  for  illustrating  the  application  of  the 
fundamental  laws  of  dynamics  to  machines  and  machine  parts, 
including  experiments  on   the   balancing   of   rotating  and 

reciprocating  masses,  and  on 
gyroscopic  action .  Other  ap- 
pliances illustrate  the  action  of 
typical  mechanisms.  Experi- 
mental work  relating  to  fric- 
tion is  also  done  in  this  room. 

Microscopic  and  Micro-photo- 
graphic Room. ― This  room  is  on 
the  second  floor  in  the  west 
wing.  It  is  being  equipped 
with  the  latest  types  of  appara- 
tus for  the  microscopic  exami- 
nation of  the  structure  of 
metals. 

Transmission  of  Power,  Fan 
Testing,  &c.— A  room,  70ft.  by 
52ft. ，  on  the  second  floor  of 
the  west  wing,  is  being 
equipped  with  apparatus  for 
experiments  on  various  me- 
chanical methods  of  transmit- 
ting power,  on  fans  of  various 
types,  and  on  the  flow  of  gases 
through  ducts  and  orifices. 

The  roof  immediately  above 
this  laboratory  is  for  aerial 
motor  and  propeller  testing, 
and  general  wind  experiments. 

Design  and  Drawing  Depart- 
ment.― The  teaching  of  drawing 
and  design  to  all  engiueeriug 
students  is  essential  and  of  very 
great  importance,  and  for  these  purposes  exceptionally  good 
provision  has  been  made,  both  in  the  Harrison-Hughes  and  in 
the  Walker  Laboratories. 

This  departiiient  occupies  the  whole  of  the  second  floor  of 
the  main  block  of  the  new  laboratories. 


Kio.  10.-  Ckntuipuoal  Pumps  ani>  1:ni>s  ok  Hyduauiuc  Cuasnkls. 


Dynamics  and  Kinematics  of  Machines.  —The  laboratory  for 
experimental  work  in  this  subject  occupies  a  large  room  on  the 
first  floor  in  the  west  wing  of  the  new  laboratories.      It  is 


The  main  drawing  hall  is  a  room  56ft.  by  46ft.,  with 
northern  roof  lights.  Another  room,  33ft.  by  23^ft is 
reserved  for  senior  students,  and  also  serves  the  purpose  of  a 
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class  library.  A  separate  room  is  equipped  with  an  electric 
|3^ioto-priutiiig  apparatus. 

Adjoining  the  main  drawing  hall,  aiul  connected  with  it,  is 
the  drawing  hall,  58ft.  by  34ft. ，  of  the  Walker  Laboratory. 

A  valuable  collection  of  drawings  and  specially  con- 
structed models  is  provided  for  use  in  the  dest-riptive  geometry 
and  design  classes. 

Workshops. ― The  courses  of  instruction  in  the  workshops 
of  a  university  cannot,  no  iiiatter  how  well  these  may  be 
equipped,  supersede  the  practical  training  of  a  iiianufactiiring 
works,  but  the  training  given  in  university  workshops  is  of 
great  value,  especially  to  students  who  have  come  direct  from 
school  to  the  university.  They  learn,  qualitatively,  a  great 
deal  ill  the  workshops  relating  to  the  physical  properties  of 
materials.  Systematic  instruction  in  various  workshop  pro- 
cesses, and  in  the  reasons  for  the  particular  methods  adopted, 
is  of  value  to  all  students. 

The  metal  workshop,  70ft.  by  50ft.,  is  a  well-lighted  room 
ill  the  basement  of  the  west  wing  of  the  new  laboratories,  and 
is  well  equipped  with  machine  tools  of  the  latest  types  by 
English  and  American  makers.  Amongst  these  are  shaping, 
planing,  luilliiig,  and  slotting  machines,  also  13  lathes  of 
various  types.  The  main  shafting  is  supported  hi  ball  bear- 
ings, and  is  driven  by  an  electric  motor.  The  benches  are 
fixed  along  the  two  longer  walls,  and  are  provided  with  vices 
of  various  types  and  the  usual  hand  tools. 

A  separate  room  serves  as  a  tool  room,  and  it  is  equipped 
with  a  tool- room  lathe,  a  Brown  &  Shai'pe  milling  machine,  and 
a  Druniniond  lathe.  The  shafting  in  the  tool  room  is  also 
driven  by  an  electric  motor. 

Adjacent  to  the  tool  room  is  an  office  for  the  superin- 
tendent. 

The  woodworking  and  pattern  shop,  which  is  well  equipped 
with  hand  and  machine  tools,  is  in  the  Walker  Laboratory, 
which  also  contains  the  foundry  and  the  smithy.  The  smithy 
contains  five  forges,  the  blast  for  which  is  produced  by  an 
electrically-driven  blower,  constructed  by  Messrs.  Gibbs  and 
Son  ；  a  pneumatic  hammer,  constructed  by  Messrs.  Peter 
Pilkiiigtoii,  Ltd.  ；   and  a  good  supply  of  hand-tools. 

Engineering  Library. ― There  are  at  present  three  depart- 
mental libraries  iu  the  Faculty  of  Engineering ― the  Engineer- 
ing Library  ；  the  Applied  Electricity  Library,  which  is  housed 
in  the  Applied  Electricity  building  ；  and  the  Naval  Architec- 
ture Library,  in  the  Department  of  Naval  Architecture 

The  Engineering  Library  is  in  a  large  room  on  the  first  floor 
of  the  new  building.  This  room  is  also  used  as  a  reading  room, 
and  on  its  tables  are  provided  nearly  all  the  principal 
engineering  journals  and  magazines. 

Engineering  Museum. 一 A  large  room  in  the  Walker 
Laboratory  is  used  as  a  museum,  in  the  cases  of  which  are 
exhibited  interesting  models,  samples  of  materials  and  pro- 
<jesses,  incrusted  and  corroded  tubes,  and  appliances  of  various 
kinds. 

Lecture,  Class,  and  other  Rooms.  ― The  principal  lecture 
theatre  is  in  the  Walker  Laboratory,  and  in  the  new  building 
there  are  three  lecture  and  class  rooms,  a  large  room  for 
graphical  and  computation  work,  and  a  staff  common  room. 

Several  private  rooms  have  been  provided  for  the  accom- 
modation of  the  staff. 

Ample  lavatory  accommodation  has  been  provided,  also 
two  spray  baths,  with  hot  and  cold  water. 

The  new  building  is  heated  on  the  low-pressure  water  circu- 
lation system,  the  water  being  heated  in  calorifiers  by  steam 
generated  in  one  of  the  main  boilers. 


A  SIMPLE  DESIGN  OF  PIPE  COUPLING. 

The  British  Mannesmann  Tube  Company,  Ltd.,  Salisbury 
House,  London,  E.G.,  in  conjunction  with  Mr.  J.  Gaminen- 
thaler,  have  recently  introduced  and  patented  the  arrange- 
ment of  pipe  coupling  illustrated  herewith.  The  coupling, 
it  will  be  seen,  is  of  the  type  in  which  the  spigot  is  provided 
with  ail  enlargement,  the  edge  of  the  socket  being  enlarged 
and  the  outer  end  thereof  contracted,  in  order  to  prevent  the 
filling  material  of  the  joint  from  being  forced  out  and  the 
spigot  tube  from  being  withdrawn.  It  has  been  proposed,  in 
connection  with  such  pipe  connections,  to  provide  the  socket 
near  its  end  with  a  short  cylindrical  enlargement  terminating 
in  an  outwardly  flared  truncated  cone  with  the  edge  turned 


ill,  whilst  the  spigot  is  formed  at  its  end  with  a  short  cylin- 
drical portion,  of  tlie  same  diameter  as  the  spigot  tube  itself, 
exlending  into  a  conical  enlargement,  which  is  llieu  abruptly 
reduced  to  the  normal  diameter  of  the  spigot  tube  again  by 
a  well-defined  shoulder.  Tliis  form  of  coupling  lias,  however, 
ilie  disadvantage  that  the  coiicenl ric  cylindrical  portions  of 
socket  and  spigot  do  not  afford  sufficient  guidance,  and  that 
the  abrupt  shoulder  on  the  spigot  iniglit  displace  or  shear 
through  the  filling  material.  In  the  design  under  notice 
these  disadvantages,  it  is  claimed,  are  obviated,  the  spigot 
being  formed  with  a  long  cylindrical  enlargement  of  greater 
diameter  than  the  spigot  pipe  itself,  this  enlargement  being 
arranged  to  fit  exactly  iu  a  corresponding  long  cylindrical 
extension  of  the  socket  and  merging  with  a  cone  of  very 
gradual  taper  into  the  spigot  pipe,  the  construction  and 
arrangement  of  the  parts  being  such  that  adequate  guidance 
is  afforded,  and  in  case  of  shifting  of  the  coupled  pipes  rela- 
tively to  each  other,  the  jointing  materia]  may  be  compressed 
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A  Simple  Design  of  Pipe  Coupling. 

by  the  tapering  cone  of  the  spigot,  but  cannot  be  forced  out 
of  the  socket  or  be  sheared  through.  The  spigot  is  securely 
guided  in  the  socket,  even  if  it  is  drawn  some  considerable 
distance  partly  out  of  the  socket  Since  the  enlargement  of 
the  spigot  IS  only  slight,  and  the  enlargement  merges  very 
gradually  in  the  spigot  pipe,  the  jointing  material  cannot  be 
broken. 

Referring  to  the  illustration,  the  socket  A  is  contracted 
or  beaded  over  inwardly  at  its  outer  edge,  for  retaining  the 
jointing  material  B.  The  spigot  which  is  to  be  inserted  in 
the  socket  A  is  extended  and  enlarged  in  diameter,  and  this 
enlarged  extension  is  connected  by  a  conical  portion  of  very 
gradual  taper  to  the  spigot  tube,  thus  forming  a  conical 
shoulder  C,  which  bears  against  tlie  rear  of  the  jointing 
material  B.  If  the  inserted  pipe  is  drawn  partly  out  tlie 
jointing  material  will  be  gradually  compressed,  but  cannot 
come  out  of  the  socket.  The  enlarged  spigot  extension  which 
IS  made  an  exact  fit  in  the  socket  extension  is  still  securely 
guided  ill  the  socket  in  that  movement. 


Manchester  Steam  Users  Association. ― The  annual  report 
for  1911  of  the  committee  of  management  of  this  association, 
just  issued,  states  that  the  number  of  boilers  under  inspection 
on  December  31st  last,  and  the  revenue,  were  the  highest 
on  record,  and  after  making  allowance  for  sundry  special 
items  of  expenditure,  a  satisfactory  balance  iu  favour  of  the 
year  has  been  added  to  the  reserve  fund.  The  total  invest- 
ments of  the  association  now  stand  at  £38,202.  2s.  9d.，  while 
cash  at  bankers  and  other  assets  bring  the  reserve  fund  to 
£43,084.  19s.  The  report  goes  on  to  say  that  no  explo- 
sion occurred  during  the  year  from  any  boiler  under  the  asso- 
ciation's care,  and  at  the  end  of  57  years  the  committee  are 
glad  again  to  record  the  fact  that  no  life  has  ever  been  lost 
by  the  explosion  of  any  boiler  inspected  and  guaranteed  by 
the  association.  As  many  as  22,892  boiler  examinations  were 
made  during  the  year,  of  which  9,888  were  '、  Internal," 
"Flue,"  and  "  Entire/'  a  number  considerably  in  excess  of 
any  previous  year.  During  the  con rse  of  their  inspections, 
more  especially  in  the  (； ase  of  boilers  newly  enrolled,  some  in- 
teresting facts  were  revealed.  Recently  on  making  a  first 
thorough  examination  of  some  water  tube  boilers,  working 
at  high  pressures,  the  drum  ends  were  found  to  be  so  dan- 
gerously grooved  in  the  roots  that  the  end  plates  had  to  be 
renewed.  In  another  case  a  boiler  was  found  to  be  working 
without  a  pressure  gauge,  and  with  the  safety  valve  stuck  fast. 
Other  instances  might  be  given,  but  those  referred  to  are 
sufficient  to  show  the  necessity  for  the  greatest  possible 
vigilance  being  exercised  in  the  inspection  of  boilers. 
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DEVELOPMENT  OF  THE  HEAVY  STEEL  INDUSTRY.- 

BY  AKTHUK  COOPER. 

As  the  years  roll  on,  the  selection  of  a  theme  for  an  address 
to  a  society  like  the  Iron  and  Steel  Institute  becomes  increas- 
ingly difficult,  and  one  is  forced  to  choose  between  a  special 
subject  that  can  be  interesting  to  a  portion  only  of  the  mem- 
bers, or  one  of  more  general  interest  upon  which  much  has 
already  been  said.  After  mature  consideration,  I  decided  on 
the  latter,  and  propose  to  review  the  development  of  the 
heavy  steel  industry  during  the  40  years  I  have  been  asso- 
ciated with  a  branch  of  it.  By  heavy  steel  industry  "  I 
mean  the  Bessemer  and  open-hearth  processes  and  their  modi- 
fications. Whilst  little  remains  to  be  said  concerning  the  pro- 
cesses as  originally  carried  out,  I  am  hoping  that  a  brief  refer- 
ence to  some  of  the  improvements  that  have  taken  place  in 
recent  years  may  be  of  interest,  as  these  have  had  the  effect 
of  very  greatly  increasing  the  output,  decreasing  the  cost,  and 
improving  tlie  quality  of  the  products.  If,  in  my  review,  I 
do  not  appear  to  specially  advocate  any  particular  process  or 
form  of  plant,  it  is  because  my  sincere  wish  is  to  treat  the 
subject  in  a  perfectly  fair  and  impartial  manner  by  giving 
facts  as  they  present  themselves  to  me,  and  by  leaving  it  to 
otliers  to  draw  their  own  conclusions. 

In  the  year  1870,  when  the  acid  Bessemer  process  was 
fully  established  and  the  open-hearth  process  had  just  been 
introduced,  the  make  of  ingots  in  the  world  was  about  600,000 
tons.  These  ingots  were  for  the  most  part  acid  Bessemer,  and 
the  purpose  for  which  they  were  used  was  chiefly  rails.  In 
those  early  days,  even  in  works  producing  their  own  pig  iron, 
tlie  steel  department  was  operated  quite  independently  of  the 
blastfurnaces  and  of  the  rolling-mills  ；  none  but  the  purest 
hematite  pig  iron  was  used .  This  was  carefully  selected  by 
fracture,  and,  where  more  than  one  make  was  introduced, 
charges  of  the  weight  required  were  made  up  of  a  mixture  of 
the  different  brands,  so  as  to  correct  variations  in  any  in- 
dividual brand  ；  and  if  for  conversion  by  the  Bessemer  pro- 
cess, each  charge  was  melted  down  in  a  separate  cupola  at  a 
great  cost  in  coke  ；  the  ingots  produced  were  allowed  to  cool 
down,  and  afterwards  heated  horizontally  in  small  coal-fired 
furnaces  preparatory  to  their  being  hammered  into  blooms  or 
slabs,  which,  after  inspection  and  dressing  cold,  were  again 
heated  and  rolled  into  finished  articles. 

There  was  no  organised  laboratory  control  of  the  materials 
used ,  and  the  estimation  of  carbon  by  colour  in  a  sample 
taken  from  the  blow  or  charge  usually  constituted  the 
only  chemical  test.  A  very  large  percentage  of  the  ingots 
made  were  more  or  less  red-short,  often  due  to  the  irregular 
contents  of  manganese  in  the  spiegel,  which  would  have  been 
detected  and  the  unsatisfactory  results  prevented  with  effi- 
cient laboratory  supervision.  Notwithstanding  everything, 
excellent  steel  was  produced  from  those  ingots,  that  could  be 
coaxed  down  into  respectable  blooms.  The  cost,  however, 
compared  with  the  present  practice,  in  fuel,  wages,  and  waste, 
was  enormous.  The  output  of  a  pair  of  acid-lined  converters 
was  about  600  tons  per  week,  and  tliis  quantity  was  con- 
sidered a  very  fair  week's  work  for  a  rolling-mill. 

Early  in  the  decade  1871  to  1880  tlie  blooming  or  cogging 
mill  took  the  place  of  tlie  luunnieis,  and  with  its  aid  some 
steelmakers,  recognising  the  importance  of  saving  fuel,  de- 
livered their  ingots  singly,  and  as  hoi  as  possible,  to  the  niill- 
lieatinsr  furnaces,  from  which  they  Were  rolled  off  at  one  heat 
direct  into  rails  ；  and  at  works  where  blastfurnaces  existed, 
molten  iron  was  taken  direct  to  the  converters.  Otiier  out  lets 
were  found  for  the  steel,  such  as  for  ship  and  bridge  building 
and  for  tinplates  ；  but  probably  the  】nost  impoHaiit  develop- 
ment (luring  this  period  was  the  discovery  and  est al^lislHiieiit 
of  t he  basic  process,  which  was  destined  to  retuier  available 
for  sfceel-makintr  purposes,  in  all  parts  of  the  world,  immense 
tracts  of  ore  beds,  which,  by  reason  of  their  hiuli  content  of 
phosphorus,  could  not  be  used  for  steel-making  by  the  acid 
processes. 

Of  the  4,000,000  tons  of  ingots  produced  in  1880.  upwa rds 
of  80  per  cent  were  made  by  the  acid  Bessemer  process,  which 
had  been  developed  very  rapidly  during  the  10  years  ending 

， Alistvact  of  rrosidt  utiftl  Adclrosa  cUUvoroil  before  tbc  Irou  aud  Slcel  Instliulc. 
M"y,  1911. 


1880，  not  only  in  Great  Britain,  but  also  in  the  United 
States,  Germany,  France,  and  Belguim. 

During  the  period  1881  to  1890  the  basic  open-heart li  pro- 
cess was  established,  and  by-product  coke  ovens  were  first  put 
down  as  adjuncts  to  blastfurnaces,  as  it  eanie  to  be  recog- 
nised not  only  that  the  by-products  reduced  the  coke  cost, 
but  also  that  the  waste-  heat  and  waste  gases  could  be  con- 
verted into  steam,  and  turned  to  useful  account  at  the  adjoin- 
ing iron  and  steel  works. 

Mr.  Gjers  also  demonstrated  that  when  the  ingot,  iinine- 
diately  after  casting,  was  placed  in  a  vertical  pit  lined  with 
firebrick  and  allowed  to  soak,  there  was  sufficient  heat  in  it 
to  enable  it  to  be  rolled  into  blooms  and  billets  or  rails.  The 
steel  trade  is  greatly  indebted  to  Mr.  Gjers  for  the  economies 
he  introduced  in  the  handling  of  ingots  preparatory  to  roll- 
ing-, as  undoubtedly  from  his  pits  and  methods  originated  the 
vertical  ingot  furnaces  of  to-day,  in  which  the  centres  of  the 
ingots  set  whilst  in  an  upright  position,  thus  avoiding  the 
tendency  to  bleed  and  cause  hollow  products,  which  fre- 
quently happened  when  they  were  turned  on  to  their  sides 
soon  after  they  were  cast,  for  heating  in  t lie  horizontal  fur- 
naces of  former  times. 

After  numerous  experiments  on  tlie  Continent  and  also  in 
this  country  it  was  abundantly  clear  that  the  phosphoric  slag 
from  the  basic  converters,  when  ground  into  an  impalpable 
powder,  had  a  high  manurial  value.  It  must  not,  however, 
be  imagined  that  this  discovery  was  im mediately  turned  to 
profitable  account.  Considerable  difficulties  were  met  with 
in  grinding  it  satisfactorily,  cliiellv  on  account  of  the  shots 
of  steel  with  which  it  was  interspersed. 

The  first  attempts  made  with  stone  mills  as  formerly  used 
for  grinding  corn  proved  utter  failures,  and  it  was  only  after 
many  months  of  costly  and  tedious  experiments  tliat  a  satis- 
factory solution  of  the  problem  was  arrived  at  ami  the  slag 
could  be  ground  regularly  into  a  fine  powder  at  a  sufficiently 
low  cost  to  enable  it  to  compete  with  super-phosphate  ami 
leave  a  margin  of  credit  to  be  placed  against  the  ingot .  Tlie 
revenue  so  derived  from  this  ground  slag  has  aided  very  con- 
siderably in  the  development  of  the  basic  processes. 

Captain  Jones,  in  America,  and  Mr.  Gustav  Hilgenstock, 
in  Germany,  about  the  same  time  and  quite  independently  of 
each  other,  demonstrated  the  great  advantage  of  mixers  or 
receivers  between  tlie  blastfurnaces  and  the  steel-converting 
plant. 

From  the  years  1880  to  1890  tlie  make  of  ing^ots  of  the 
world  had  increased  from  4,000,000  tons  to  12,000.000  tons, 
the  most  notable  increases  being  in  the  production  of  acid 
Bessemer  steel  in  the  United  States,  of  acid  o])eu-hearth  in 
this  country,  and  of  basic  Bessemer  in  Germany. 

Between  1891  and  1900  great  improvements  in  appliances, 
and  several  important  inventions,  were  introduced,  sucli  as 
the  use  of  electricity  for  the  driving  of  auxiliary  niacliinery 
in  iron  and  steel  works,  and  also  for  driving  small  rolling- 
mills  : Mr.  Saniter  s  method  of  desulphurising  ；  Messrs.  Ber- 
trand  &  Thiel's  modification  of  t  he  open-hearth  process  ；  and 
the  use  of  blastfurnace  ^as  as  a  motive  power,  first  by  Mr. 
James  Riley  and  Mr.  B.  H.  Tliwaite,  in  Glasgow,  followed 
very  shortly  by  Mr.  Greiner  in  Seraing.  Mr.  Talbot  also  in- 
troduced his  method  of  working:  the  open-hearth  process  con- 
tinuously, and  t  he  1 1  on .  Charles  A.  Parsons  and  Prof. 
RateHu  developed  their  steam  and  exliaust  steam  1  urbiiies. 

The  output  of  ingots  in  the  world  in  1 900  was  over  2 7 .\ 
million  tons.  The  most  striking  features  of  this  output  was 
t ！ le  large  increases  since  1890  in  tlie  production  of  ingots  ii* 
the  United  States'  viz,,  from  4,000.000  to  10,000,000  tons,  of 
wliicli  6,500,000  were  arid  Bessemer  and  2，500，000  tons  basic 
opeii-heartli  ；  and  in  Germany  from  2,000.000  tons  to 
6,500.000  tons,  of  which  4 ,000,000  tons  were  basic  Bessemor 
and  2,000,000  tons  basic  open-liearth. 

Whilst  it  cannot  be  said  that  the  ten  years  1901  to  1910 
were  years  of  invention  and  novelties  as  were  the  30  years 
preceding,  jjreat  improvements  have  been  inatle  hoi  h  in 
methods  and  in  the  perfecting  of  plant  and  a|)pliances  int  re- 
duced during  the  latter  part  of  the  last  century.  Amongst 
the  former  inav  be  ineiitioiied  the  very  important  work  of  tlio 
En£jiiieering  Standards  Coinniittee.  During  the  last  10  years 
this  committee,  with  its  39  sectional  and  sub-coniniittees,  and 
with  tlie  aid  of  its  able  secretary.  Mr.  Leslie  S.  Robertson, 
have  dealt  with  a  very  great  variety  of  subjects,  that  imme- 


I 


May  24，  1912J 


THE    MECHANICAL  ENGINEER. 


655 


diately  concerning  this  Institute  being  the  standardisation > 
both  for  sizes  and  tests  of  materials,  of  all  rolled  sections  as 
used  for  constructional  purposes  for  sliip  and  bridge  building 
and  boilers,  as  well  as  for  railway  and  tramway  rails  and  fish- 
plates, and  for  tyres  and  railway  rolling-stock. 

The  effect  has  been  to  reduce  enormously  the  number  of 
sections  called  for,  as,  owing  to  the  very  representative  and 
influential  character  of  the  committees,  British  standard  sec- 
tions and  specifications  have  been  very  extensively  adopted, 
notably  by  the  Admiralty,  the  Board  of  Trade,  ami  Lloyd's 
Register.  The  British  Corporation  for  the  Survey  and 
Registry  of  Shipping  and  the  Bureau  Veritas  have  likewise 
given  effect  to  tlie  committee's  recommendations  in  their 
rules,  with  the  result  tliat  the  cost  of  roll  stocks  is  being 
greatly  reduced,  and  the  manufacturer  may  now  be  content 
to  roll  into  stock  when  it  suits  his  convenience  to  do  so,  with 
the  certainty  that  he  will  not  liave  the  material  left  on  his 
hands  as  was  formerly  frequently  the  case  when  almost  every 
buyer  had  his  own  particular  section  and  specification,  which 
no  other  buyer  could  be  prevailed  upon  to  take.  The  advantage 
to  the  consumer  of  the  adoption  of  the  standard  sections  is 
quicker  delivery  (small  lots  frequently  from  stock)  and  re- 
duced cost,  practically  no  special  rolls  being  now  required. 

The  output  of  ingots  in  the  world  in  1910  was  a  little  over 
57  million  tons.  A  comparison  of  the  production  of  the  three 
largest  steel-producing  countries  for  1910  with  the  production 
of  the  same  countries  for  1900  shows  that  in  the  United 
States,  whilst  the  make  of  acid  Bessemer  ingots  increased  from 
6,500,000  tons  to  9,500,000  tons,  tlie  make  of  basic  open-hearth 
ingots  increased  from  2,500,000  tons  to  15,000,000  tons.  In 
Germany,  whilst  the  make  of  basic  Bessemer  ingots  iiicreaserl 
from  4,000,000  tons  to  8,000,000  tons,  the  make  of  basic  open- 
heartli  ingots  increased  from  2,000,000  tons  to  5,000,000  tons. 
Ill  Great  Britain  the  only  notable  increase  was  in  basic  open- 
hearth  ingots,  viz.,  from  300,000  tons  to  1,500,000  tons,  the 
make  of  basic  Bessemer  and  acid  Bessemer  and  open-hearth 
being  substantially  the  same  as  in  1900. 

In  these  three  countries  together  the  make  of  basic  open- 
hearth  ingots  in  1910  represents  rather  more  than  half  the 
entire  make  by  all  the  processes,  against  rather  less  than  one- 
quarter  of  the  make  in  1900. 

In  the  United  States  the  basic  open-lieartli  process  is 
assuredly  taking  the  lead,  adapted  as  it  is  to  produce  pure 
steel  of  any  quality  from  the  softest  to  tli©  hardest,  from 
ores  too  low  in  pliospliorus  to  be  utilised  by  the  basic  Bes- 
semer process,  and  too  high  for  either  of  tlie  acid  processes. 

In  Germany,  on  the  other  hand,  while  the  basic  open- 
hearth  process  is  making  great  headway,  very  large  increases 
of  plant  for  tlie  basic  Bessemer  process ― by  which  soft  and 
niedium-liard  steel  can  be  produced  with  great  regularity  aiul 
at  very  low  cost ― are  being  laid  down,  the  phosphoric  ores  of 
Luxemburg  and  neighbouring  districts  producing  a  cheap 
iron  eminently  suitable  for  conversion  into  steel  by  this 
method. 

In  France,  too,  and  in  Belgium,  where  similar  ores  are 
available,  tlie  chief  extensions  which  are  being  carried  out  at 
tlie  present  time  are  in  】:》lants  for  the  basic  Bessemer  process, 
assisted  as  it  is  very  materially  by  the  revenue  derived  from 


the  rich  phosphoric  slag  which  it  produces.  Tlie  output  of 
tlie  world  of  such  slag  during  1910  was  as  follows  : ― 

Tons. 

Germany    1,730,000 

Great  Britain    370,000 

Belgium    360,000 

Franre   335,000 

Other  Countries    105,000 


Total    2,900,000 


Practically  the  whole  of  tliis  was  ground  and  sold  for 
fertilising  purposes,  and  realised  on  the  average  about  £2  per 
ton  delivered  to  the  farmer,  yielding  to  tlie  steel  maker  a 
credit  of  from  4s.  to  6s.  per  ton  of  ingots  made,  and,  where  the 
phosphorus  in  the  ore  is  not  paid  for,  reducing  the  cost  of  his 
ingot  by  this  amount. 

In  Great  Brit  ('lin  tlie  acid  processes  at  present  are  tlie 
largest  producers,  and  whilst  tliere  is  no  reason  for  supposing 
that  so  long  as  existing  works  can  obtain  pure  li^inatite  ores  at 
reasonable  prices  there  will  be  any  serious  falling  off  in  tlie 


make  of  acid  steels,  the  main  and  trusted  products  of  this 
{'ouiitry  for  so  many  years,  it  is,  I  think,  certain  tliat  because 
of  the  scarcity  and  of  tlie  increasing  cost  of  t  liese  ores,  future 
extensions  of  steel-making  plant  will  be  for  the  basic  open- 
heartli  process,  which  is  not  only  capable  of  utilising  all 
domestic  phosphoric  ores,  but  also  foreign  ores  that  can  be 
imported  at  a  low  cost,  too  higli  in  phosphorus  for  the  acid 
processes  and  too  low  to  corn rn and  a  value  for  the  pliosphorus 
for  tlie  basic  Bessemer  process ~" indeed,  now  that  the  supply 
of  pucldlers'  tap  is  so  limited  and  the  owners  of  the  rich  phos- 
phoric ores  (by  no  means  plentiful)  have  fully  realised  the 
worth  of  the  phosphorus  and  insist  on  being  paid  full  value  for 
ifc,  the  cost  of  iron  to  the  basic  Bessemer  steel  maker  in  Great 
Britain  is  becoming  too  dear  to  enable  him  to  compete  with  his 
open-Jiearth  rival,  and  it  seems  probable  that  he  will  ulti- 
mately be  driven  to  change  his  process  for  tliat  of  basic  open- 
liearth  or  some  modification  of  it. 

I  have  tluis  endeavoured  to  show  the  gradual  flevelopment 
of  the  chief  steel-rnaking  processes  in  the  different  countries 
since  1870.  I  should  now  like  to  draw  attention  to  some  of 
the  improvements  that  have  taken  place  in  inethods  and  in 
plant,  particularly  (luring  tlie  later  years,  and  wliich  liave 
undoubtedly  placed  the  industry  in  the  position  it  now 
occupies. 

In  the  early  days  it  became  apparent  that  an  exact  know- 
ledge of  tlie  composition  of  all  the  materials  used  was  essential, 
and  the  solitary  works  chemist  of  that  period,  who  spent  most 
of  his  time  in  estimating  combined  carbon  by  colour,  has  given 
place  to  a  highly-trained  and  well-organised  staff  inuler  a 
skilled  chief,  whose  duties  are  to  sample,  analyse,  and  report 
upon  incoming  raw  materials,  as  well  as  on  all  finished  goods 
and  waste  products,  to  advise  and  assist  the  managers  of  tlie 
different  departments  in  the  various  manufacturing  operations 
so  as  to  check  waste  and  to  ensure  that  everything  possible  is 
turned  to  useful  account,  and  that  nothing  leaves  the  works 
that  does  not  comply  with  the  specification  ；  and  when  steel 
makers  realised  the  great  advantages  in  point  of  cost  of  using 
molten  iron  direct  from  the  blastfurnaces,  and  that  the  utilisa- 
tion of  the  waste  heat  and  surplus  gases  from  their  coke  ovens 
in  their  steel-works  boilers  reduced  their  coal  bills,  by-product 
f'oke  ovens  as  well  as  blastfurnaces  came  to  be  regarded  as 
/  necessary  adjuncts  to  the  steel  works,  and  most  of  the  recently- 
built  large  steel  works  where  conditions  are  favourable  are  so 
equipped. 

By-product  coke  as  originally  made  in  this  country  had  a 
very  uphill  fight,  chiefly  because  it  was  much  softer  than  the 
excellent  bee-hive  coke  then  in  use.  Its  density  of  late  years 
has  been  mucli  improved  by  building  the  ovens  of  a  width  most 
suitable  for  the  coals  and  by  varying  the  time  of  coking,  and 
coke  makers  who  have  had  a  lengthened  experience  maintain 
tliat  by  stamping  the  coal  into  a  cake  or  block  just  large 
enough  to  fill  the  oven  when  puslied  in,  coke  equal  to  tliat  from 
bee-hive  ovens  can  be  produced  from  equal  coals ― that  charg- 
ing ill  a  cake  or  block  can  be  effected  more  expeditiously  than 
by  tipping  the  coal  into  the  oven  from  the  top  and  afterwards 
levelling  it  ；  that  there  is  less  loss  of  heat  and  that  a  greater 
output  per  oven  can  be  obtained. 

The  ovens  as  originally  built  provided  a  small  surplus  of 
lieat  and  gas  for  purposes  outside  tlie  requirements  of  the 
plant,  but  the  modern  regenerative  ovens  with  their  very 
economical  methods  of  regulating  combustion  of  the  gas  in 
flues,  so  as  to  obtain  a  perfectly  uniform  heating  of  the  walls, 
provide  a  surplus  for  outside  uses  of  fully  50  per  cent,  of  the 
gas  produced,  such  as  for  furnace  heating,  for  lighting,  or  for 
power.  This  from  a  plant  making  5,000  tons  of  coke  per  week 
would  mean  upwards  of  200,000  cub.  ft.  of  spare  gas  per  hour, 
equivalent  to,  say,  8,000  i.li.p.  if  used  in  gas  engines,  or  to, 
say,  750  tons  of  coal  per  week  if  used  for  metallurgical  or  heat- 
ing purposes.  Great  improvements  have  also  been  made  in 
tlie  processes  for  tlie  recovery  of  tlie  tar  and  ammonia,  givin^ 
better  yields  of  by-products  and  reducing  the  cost  of  working 
expenses  and  repairs. 

Tlie  rliief  improvements  which  have  taken  place  in  blast - 
furnares  during  recent  years,  following  tlie  use  of  larger 
volumes  of  air  at  hi£^her  temperatures,  liave  been  in  the  per- 
fecting of  the  ineclianical  charging  appliam'es  so  arranged  that 
the  materials  can  be  uniformly  distributed  in  tlie  top  of  tlie 
fu rnace,  at  almost  any  speed  required,  at  a  very  low  cost  in 
lahoiir  and  in  maintenance,  and  wit lioiit  any  loss  of  gas  when 
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the  bell  is  lowered,  and  also  in  the  construction  of  the  boshes 
and  of  the  stacks,  both  now  frequently  cooled  by  water  sprays 
or  troughs,  or  by  bronze  or  some  other  pattern  of  water-cooled 
blocks,  by  wliicli  means  the  life  of  the  furnace  lining,  which 
was  shortened  very  considerably  in  the  early  days  of  rapid 
driving,  has  been  materially  increased  ；  but  probably  one  of 
the  most  important  developments  in  connection  with  blast- 
furnaces lias  been  the  cleansing  of  the  whole  of  the  gases,  for, 
not  only  has  it  been  proved  absolutely  necessary  to  use  per- 
fectly clean  gas  in  the  gas  engine,  but  it  has  been  found  very 
advantageous  to  rough  clean  also  that  used  for  stoves  and 
boilers,  as  with  such  gas  the  necessity  for  laying  off  the  stoves 
to  remove  the  dust,  with  the  consequential  costly  repairs,  ami 
tlie  periodical  stopping  of  the  entire  plant  for  clearing  the  dust 
from  the  flues  can  be  avoided  ；  further,  by  the  use  of  clean  gas 
t  he  heats  can  be  maintained  in  the  stoves  at  a  liiglier  and  more 
miiforiii  temperature,  reducing  the  consiiinption  of  coke,  ami 
since  the  cleaned  gas  has  a  higher  calorific  value  less  is 
required,  so  that  more  is  available  for  outside  purposes. 

The  two  most  favoured  methods  of  blowing  blastfurnaces 
to-day  are  by  the  reciprocating  gas  blowing  engine  using  blast- 
furnace or  coke-oven  gas,  or  by  tlie  steam -turbo  blower,  sup- 
plied with  either  high-pressure  steam  generated  in  boilers 
from  similar  gases,  or  with  exhaust  steam  from  rolling-mill 
engines ― the  turbine  in  this  latter  case  being  of  the  type 
known  as  mixed  pressure,  wliicli  can  be  run  with  high-pressure 
steam  at  times  when  exliaust  steam  is  not  available.  Both 
types  of  turbine  depend  for  their  efficiency  upon  perfect  cou- 
flensers  and  an  ample  supply  of  cold  water. 

In  a  blastfurnace  plant  producing,  say,  5,000  tons  of  iron 
per  week,  with  a  consumption  of  20  cwts.  of  coke  per  ton,  it 
has  been  established  that  by  using  modern  gas  blowing  engines 
and  gas  electrical  generators  for  driving  outside  machinery, 
such  as  hoists,  charging  apparatus,  and  pumps,  there  would  be 
sufficient  surplus  gas  if  used  in  gas  engines  to  generate,  say, 
22,000  i.h.p. ,  or,  if  used  for  heating  or  metallurgical  purposes, 
equivalent  to,  say,  1 ,600  tons  of  coal  per  week. 

If,  oil  the  otiier  liaiid,  turbo-blowers  and  turbo-electric 
generators  using  liigli-pressu re  steam  were  employed  instead  of 
gas  engines,  on  the  assumption  that  the  turbine  requires,  to 
supply  it  with  steam,  not  more  than  double  the  quantity  of 
gas  required  by  the  gas  engine,  there  would  be  sufficient 
surplus  gas  to  generate,  say,  7,500  i.h.p.,  or,  if  used  for  heat- 
ing or  metallurgical  purposes,  equivalent  to,  say,  1 ,150  tons 
of  coal  per  week. 

It  is  claimed  for  the  modern  gas  engine,  adopted  almost 
exclusively  in  Germany,  France,  and  Belgium,  to  a  consider- 
able extent  in  recent  installations  in  the  United  States,  and 
in  several  large  works  in  this  country  and  in  Canada,  that  it 
can  be  operated  with  about  100  cub.  ft.  of  blastfurnace 
washed  gas  per  effective  horse-power  per  hour,  and  now  that 
the  weaknesses  in  design  and  construction,  features  of  the 
earlier  models,  liave  been  remedied,  it  is  to-day  a  perfect 
machine,  and  quite  as  reliable  as  its  predecessor,  the  recipro- 
<:ating  steam  engine ― that  tlie  quantity  and  pressure  of  the 
blast  delivered  to  tlie  furnace  from  it  is  under  much  better 
control  than  from  the  turbo-blower. 

It  is  claimed  for  the  turbo-blower— used  to  a  considerable 
extent  in  this  country,  ami  in  a  few  plants  only  in  the  United 
States  and  on  the  Continent ~^ that  altliougli  req uiring  at  least 
double  the  amount  of  gas  when  burnt  under  boilers  to  provide 
it  with  steam,  it  is  a  cheaper  plant  to  instal,  and  by  reason 
of  its  simplicity  tlie  cost  of  stores  and  iiiainteiiance  is  likely 
to  be  lower,  tliat  1  lie  blast  is  delivered  foiitiiiuously  by  it,  ami 
not  intermittently,  as  by  the  reciprocating  engine. 

At  collieries  and  at  blastfurnaces  where  tlie  re  are  no  iron 
or  steel  works  dependin*^  upon  lieat ,  the  surplus  coke-oven  gas 
is  now  frequently  vised  for  generating  electricity  for  power  and 
for  light ,  and  any  siu-li  power  and  light  beyond  the  actual 
requirements  of  the  plant  is  sold  outside,  thus  reducing  the 
coal  or  pig  iron  cost.  It  appears  to  be  tli^  general  practice 
on  the  Continent,  and  in  the  new  installations  in  America 
and  in  Canada,  where  steel  works  form  part  of  the  plant,  to 
use  the  coke-oven  gases  for  metallurgical  and  for  heating  pur- 
poses, and  the  blastfurnace  gases  for  the  generation  of  power  : 
yet  there  are  many  instances  wliere  blastfurnace  gases  are 
also  used  in  mixers,  open-hearth  furnaces,  and  heating  fur- 
naces with  satisfactory  results. 


Since  tlieir  introduction  in  1889  the  use  and  value  of  metal 
mixers  has  greatly  increased.  It  soon  became  clear  that  the 
single  mixer  of  about  150  tons  rapacity  as  originally  erected 
was  far  too  small,  for  w  lie  never  the  demand  upon  it,  even  for 
a  short  time,  was  increased,  or  the  supply  of  molten  iron  was 
checked,  the  store  was  so  much  reduced  that  the  metal  often 
left  the  mixer  of  practically  the  same  composition  as  it  entered 
it,  probably  only  a  few  minutes  before. 

Again,  the  pig  iron  made  over  the  week-end  when  the  steel 
works  were  standing  had  always  been  a  difficulty.  It  caused 
delay  and  extra  cost  when  used  co】d  in  the  open-hearth  fur- 
nace, and  excessive  cost  and  waste  when  it  had  to  be  reiiielted 
in  ('iu)olas  for  use  in  the  converters. 

Tlie  problem  of  how  to  ensure  more  uniform  iron  for  the 
steel  plant,  and  how  to  save  the  cost  of  re-melting  the  Sunday 
pig,  lias  been  solved  by  greatly  increasing-  the  mixer  capacity, 
and  most  large  works  are  now  provided  with  either  one  or  two 
()r  more  mixers  of  from  400  to  1,100  tons  capacity,  some  of 
the  simple  cylindrical  tank  type  without  regenerators,  but  fre- 
quently supplied  with  coke-oven  or  blastfurnace  gas  burned 
over  the  top  of  the  bath;  the  principal  function  of  tliese- "~ 
largely  used  on  tlie  Continent  and  iu  the  United  States ― is  to 
receive  the  week-end  iron,  and  to  maintain  a  large  store  dur- 
ing the  week.  Very  little,  if  any,  cold  metal  can  be  melted, 
and  practically  no  change  takes  place  in  tlie  ('oinposition  of 
the  bath,  except  that  brought  about  by  the  admixture  of  the 
different  ladles  of  iron  from  the  different  blastfurnaces. 

Anotlier  design  of  mixer  wliicli  finds  most  favour  in  this 
country,  and  which  is  also  used  in  Canada,  ami  France,  ami 
in  Germany,  is  of  the  gas-fired  regenerative  tilting  oj>en-heart]i 
furnace  type.  These  serve  not  only  the  purpose  of  storing  tlie 
week-end  iron,  but  they  will  also  melt  up  during  the  week 
large  quantities  of  pig  iron  or  scrap ,  thus  obviating  the  use  of 
cupolas  altogether;  and,  further,  by  adding  lime  and  ore,  the 
contents  can  be  refined  down  to  almost  any  composition 
required  with  absolute  regularity  (a  most  important  condition 
for  the  production  of  uniform  steel),  thereby  reducing  the 
work  to  be  done  in  the  converters  and  finishing  furnaces, 
shortening  the  time  of  the  operation,  and  iiu-reasing  the  life 
of  the  linings  and  the  weekly  output.  Tliis  type  of  mixer,  of 
course,  involves  extra  cost  in  working  over  that  of  the  simple 
cylindrical  tank  type,  but  it  is  held  that  the  extra  cost  is  more 
than  compensated  for  by  the  advantages  above  mentioned. 

In  the  converting  and  iiielting  depHrtinents  great  changes 
have  taken  place.  Instead  of  the  pair  of  o-toii  to  8-toii  con- 
verters operated  by  steam-blowing  engines  from  coal-fired 
boilers,  with  its  wasteful  adjunct  the  cupola  plant,  turning  out 
from  600  to  800  tons  of  ingots  per  week,  and  instead  of  tlie 
10-ton  to  15-ton  open-lieai'tli  furnace,  with  an  output  of  100 
to  200  tons  per  week,  will  be  found  iu  the  most  recent  plants 
from  three  to  six  25-ton  to  35 -ton  Bessemer  converters,  with 
an  output  of  upwards  of  10,000  tons  of  ingots  weekly,  operated 
by  gas-blowiiig  engines  ；  and  open-hearth  furnaces  of  from 
40  to  120  tons  capacity,  with  a  weekly  output  per  furnace  of 
from  600  to  1,200  tons  of  ingots.  Indeed,  at  one  works  in  the 
United  States  an  open-hearth  furnat'e  of  185  tons  capacity 
was  recently  installed,  from  which  has  been  obtained  over 
several  weeks  an  average  make  of  1,350  tons  of  ingots. 

The  increase  in  output  lias  been  greatly  facilitated  by  the 
iinproveinenls  wliicli  have  been  introduced  in  reieiit  years 
in  tlie  auxiliary  machinery,  such  as  charging  in;u'hi]ies,  cranes, 
and  ingot  strippers,  now  for  the  most  part  operated  by  elec- 
tric'ity  generated  by  waste  gases,  and  the  arrangements  of 
many  of  the  luodeni  works  are  such  that  the  sajne  crane  whicli 
strips  the  ingot  places  it  whilst  still  hot  in  the  reheating  fur- 
nace, from  wliicli  it  can  be  delivered  by  another  rrane  to  the 
rot^ging-mill. 

Ill  the  rolling-mill  department  tlie  heating  furnace  now 
almost  uiiiversallv  used  is  tliat  arranged  to  heat  the  ingot  in 
its  vertical  position,  fired  with  either  coal,  producer  gas,  or 
waste  gas  from  the  blastfurnace  or  coke  ovens.  The  mills 
themselves  have  been  greatly  increased  in  capacity  and  power 
to  deal  more  expeditiously  witli  the  larger  production  ；  and, 
for  driving  reversing  mills  wliere  steam  is  used,  two-cylinder 
engines  are  being  displaced  by  engines  with  three  cylinders, 
either  simple  or  compound,  exhausting  into  a  rondenser.  or 
into  a  turbo-blower  or  turbo-generator  ;  the  former  providing 
blast  for  the  blastfurnaces,  tlie  latter  electric  current  for 
driving  outlying  machinery. 
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Another  form  of  drive  for  reversing  mills  introduced  at 
Teschen,  Austria,  in  1906,  is  by  electric  motor,  on  what  is 
known  as  the  Ilgner  system,  which  method  has  recently  been 
adopted,  both  for  cogging  and  finishing  mills,  by  many 
important  works  on  the  Continent,  chiefly  in  Germany,  and  by- 
several  in  this  country,  numbering  about  30  in  all  ；  whilst  I 
understand  about  20  more  such  equipments  are  at  the  present 
time  being  laid  down. 

Still,  the  modern  reversing  steam  engines,  as  above 
described  for  driving  reversing  mills,  have  many  ardent  sup- 
porters, both  in  this  country  and  on  the  Continent,  on  the 
ground  of  cheaper  first  cost  and  simplicity  ；  and  although  elec- 
tric motors  are  very  largely  taking  the  place  of  reciprocating 
steam  engines  for  driving  continuously-running  mills  both  on 
the  Continent,  in  the  United  States,  in  this  country,  and  in 
Canada,  it  cannot  yet  be  said  that  even  for  this  purpose  steam 
has  been  permanently  displaced,  for  Messrs.  James  Duiilop 
and  Co.,  who  recently  erected  a  new  3 -high  plate  mill  with 
rolls  28in.  diam.  and  84in.  long,  intending  to  drive  it  with  au 
electric  motor  with  current  generated  by  steam  from  existing 
mills,  after  careful  consideration  abandoned  the  idea  of  tlie 
electric  motor,  and  put  down  in  place  of  it  a  mixed-pressure 
turbine  of  750  b.h.p.,  running  at  2,000  revs,  per  minute,  con- 
structed to  work  either  with  exhaust  steam  from  their  other 
engines,  or  with  live  steam  from  their  boilers,  the  supply  of 
the  latter  being  regulated  automatically  by  a  valve  according 
to  the  duty  required.  The  speed  of  the  turbine  is  reduced  by 
gear  to  run  the  rolls  at  70  revs,  per  minute,  and  tlie  power  is 
transmitted  through  a  flywheel  of  about  100  tons  weight.  I 
understand  that  the  mill  was  set  to  work  at  the  end  of  1910， 
and  that  it  has  in  every  respect  proved  satisfactory. 

If  the  experimental  surface  combustion  boiler  described  by 
Prof.  Bone  at  the  Royal  Institution  on  March  30th  and  April 
6th,  1911,  for  which  an  efficiency  of  90  per  cent,  when  fired 
with  gas  is  claimed,  can  be  developed  into  a  commercial  suc- 
cess, or  if  some  otb^^r  more  economical  steam  generator  than 
the  present  Lancashire  or  water-tube  boiler  with  an  efficiency 
of  about  60  per  cent,  only  can  be  devised,  the  economy  of 
steam  turbines  would,  of  course,  be  correspondingly  increased. 

For  several  years  past  the  question  that  has  exercised  the 
minds  of  iron  and  steel  works  engineers,  particularly  on  the 
Continent,  perhaps  more  than  any  other  has  been  how  to 
obtain  most  economically  the  maximum  value  from  their  coke- 
oven  and  blastfurnace  gases,  in  order  to  save  the  coal  used  for 
producing  power  for  their  iron  and  steel  works'  machinery  and 
for  their  steel  and  heating  furnaces,  and  with  this  object  in 
view  very  large  expenditures  of  capital  have  been  incurred  at 
all  the  important  works.  As  an  instance,  I  may  mention  that 
on  a  visit,  in  1897，  to  one  of  the  large  German  works  consist- 
ing of  coke  ovens,  blastfurnaces,  and  steel  works,  I  saw  a  range 
of  boilers  and  an  engine-house  containing  four  pairs  of  power- 
ful compound  steam  blowing  engines  of  tlie  latest  design  and  in 
splendid  condition,  and  which  at  that  time  were  operating 
their  blastfurnaces.  At  a  subsequent  visit  in  1906  I  saw 
another  large  engine-lious©  containing  a  magnificent  plant  of 
gas  blowing  and  power  engines  providing  blast  and  electric 
power  for  their  blastfurnaces  and  steel  works,  and  I  was  told 
that  by  the  end  of  the  year  20,000  h.p.  would  be  generated  in 
that  house,  and  all  from  waste  gases. 

The  boiler  plant  and  steam  engines  were  all  out  of  action 
and  kept  as  stand-bys.  I  have  recently  been  informed  that 
tjie  consumption  of  coal  in  these  works  has  decreased  in  quan- 
tify year  by  year,  and  it  is  expected  that  very  shortly  no  coal 
will  be  required  except  for  the  locomotives.  This  is  but  an 
isolated  instance  of  what  is  taking  place  in  】na】iy  sucli  works. 

My  friend,  the  late  Mr.  E.  P.  Martin,  in  his  presidential 
address  from  this  chair  in  1897，  referring  to  a  visit  he  had 
recently  paid  to  Mr.  Greiner,  of  the  Societe  Cockerill,  made 
use  of  these  words  :  "  Indeed,  incredible  as  it  may  appear,  if  it 
were  practicable  to  apply  all  tlie  gas  made  at  the  blastfurnaces 
at  Cockerills  for  raising  power,  they  would  be  able  to  do  away 
with  all  their  boilers  except  those  of  the  locomotives. 

If  blastfurnace  gas  can  be  economically  applied  as  tlie 
motive  power  for  driving  large  engines  and  for  generating 
electric  power,  it  would  almost  appear  as  if  pig  iron  would 
soon  become  a  by-product,  and  tlie  chief  work  of  the  iroii- 
master  of  tlie  future  will  be  giving  light  and  power  to  the 
country/' 

It  is  clear  that  Mr.  Martin,  in  1897，  regarded  this  subject 


as  a  most  important  one;  but  it  is  far  more  important  to  us 
to-day,  having  regard  to  tlie  great  increase  in  the  cost  of  coal 
which  lias  already  taken  place,  ami  tlie  certainty  of  a  still 
further  increase  in  the  near  future. 

During  the  15  years  that  have  passed  since  1897，  it  lias 
been  demonstrated  beyond  all  question  that  botli  coke-oven 
and  blastfurnace  gases  can  be  economically  applie<i,  not  only 
as  the  motive  power  for  driving  large  engines  and  for  gene- 
rating electric  power,  but  also  as  fuel  for  mixers,  open-heartli 
furnaces,  and  heating  furnaces  ；  and  I  confidently  believe  the 
day  is  close  at  hand  when  in  the  best-managed  large  works, 
equipped  wit li  modern  by-product  coke  ovens  and  blast- 
furnaces, the  whole  of  the  converting,  heating,  rolling,  and 
finishing  operations  will  be  carried  out  with  no  other  fuel  than 
their  own  surplus  gases,  and  that  if  any  of  us  fail  to  utilise 
our  resources  to  the  fullest  extent,  unless  exceptionally 
situated,  we  may  be  left  behind  in  the  race. 


POWER  GENERATION  AND  DISTRIBUTION  IN  THE  CLYDE 
VALLEY  ELECTRICAL  POWER  COMPANY'S  AREA.* 

BY  DAVID  A.  STARK. 

In  the  following  paper  an  endeavour  is  made  to  outline  tlie 
early  history,  the  equipment,  and  the  system  of  distribution  ； 
also  to  give  a  general  idea  of  the  progress  of  a  company  on 
which  a  great  many  of  the  largest  industries  in  the  West  of 
Scotland  are  depending  for  their  motive  power. 

Some  18  years  ago  the  Clyde  Valley  scheme  was  first  dis- 
cussed by  a  firm  of  consulting  engineers  at  Glasgow.  Tlie 
idea  at  that  time  was  to  apply  for  a  provisional  order  and  to 
obtain  the  authority  of  Parliament  to  erect  a  power  house  at 
01'  near  Motherwell,  on  a  site  to  be  located  at  one  or  other 
of  the  numerous  collieries  in  the  vicinity  where  fuel  could  be 
delivered  cheaply  from  the  pit  mouth.  Their  intention  was 
to  distribute  and  sell  electrical  energy  for  all  purposes  in 
Motherwell  and  vicinity,  and  possibly  to  serve  an  area  within 
a  radius  of  eight  to  10  miles. 

Their  plans  were  somewhat  hampered  by  the  restrictions 
imposed  by  the  Board  of  Trade  at  that  time  on  the  distribu- 
tion of  electricity,  and  the  whole  scheme  was  allowed  to  remain 
in  abeyance  until  the  Electric  Lighting  (Clauses)  Act  of  1899 
was  passed.  This  Act  considerably  facilitated  the  develop- 
ment of  electrical  enterprise  in  Great  Britain,  removing  as  it 
did  many  of  the  objectionable  restrictions  which  had  pre- 
viously prevented  electrical  development  on  any  large  scale. 
Ill  the  following  year  (1900)  the  matter  was  taken  up  more 
vigorously,  and  a  number  of  capitalists  in  and  about  Glasgow 
became  interested  in  the  promotion  of  the  company. 

A  much  larger  scheme  than  had  at  first  been  considered 
was  then  decided  on,  and  a  Bill  was  promoted  and  Parlia- 
】iientary  powers  applied  for  in  1900，  in  which  authority  was 
asked  to  generate  and  distribute  electrical  energy  over  an 
area  comprising  some  750  square  miles.  In  August,  1901， 
royal  assent  was  given  to  the  Clyde  Valley  Electrical  Power 
Act  (1901).  Besides  the  general  powers  conferred  authority 
was  given  to  construct  three  generating  stations,  and  to  lay 
cables  and  distribute  power  in  26  parishes  in  the  county  of 
Lanark,  16  parishes  in  the  county  of  Renfrew,  six  parishes 
ill  the  county  of  Dumbarton,  and  three  in  the  comity  of 
Stirling,  an  area  of  750  square  miles  in  all,  excluding  the 
city  of  Glasgow,  the  burghs  of  Particle,  Govan,  and  Paisley, 
and  other  burghs  within  the  boundaries  of  the  company's 
area,  where  local  plants  were  already  established  or  provi- 
sional orders  bad  been  granted. 

Early  in  1902  negotiations  were  opened  with  luanufac- 
t.uring  companies  and  contractors  for  the  purchase  of  plant 
and  apparatus,  erection  of  buildings,  &('.，  and  in  the  summer 
of  the  same  year  a  contract  was  entered  into  between  the 
Clyde  Valley  Electrical  Power  Company  and  the  British 
Westinghouse  Electrical  Manufacturing  Company,  Ltd.  The 
system  of  generation  and  distribution  decided  upon  was 
3-phase  alternating  current  at  a  pressure  of  10,000  to  11,000 
volts  between  phases,  and  a  periodicity  of  25  cycles  per  second. 

It  was  decided  to  erect  two  power  stations,  and  sites  were 
procured ~ one  at  Yoker,  ou  the  Clyde,  opposite  Renfrew,  and 

*  Abstract  of  paper  read  before  the  Scottish  local  section  of  the  Institution  of 
Electrical  Engiueers. 
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the  other  near  Motherwell.  Construction  work  was 
menced  on  the  buildings  during  1902，  and  in  August,  1905, 
the  Yoker  power  house  and  generating  plant  was  handed  over 
to  the  company.  In  December  of  tlie  same  year  the  Mother- 
well power  house  was  completed  and  taken  over,  as  were  also 
a  certain  amount  of  main  cables  and  several  sub-stations.  The 
power  house  buildings  were  very  similar  in  design,  and  the 
plants  identical  in  each,  excepting  the  system  of  condensing. 
It  was  primarily  intended  to  install  reciprocating  engines  in 
large  units,  but  in  view  of  the  rapid  progress  which  had 
been  made  in  the  development  of  the  steam  turbine,  and  the 
higher  efficiency  obtainable  from  this  type  of  prime  mover,  it 
was  ultimately  decided  to  install  turbines. 

At  the  time  the  plant  was  handed  over  to  the  company  the 
following  had  been  installed  in  eacli  power  house :  Four 
Babcock  and  Wilcox  water-tube  boilers,  land  type,  each 
having  a  guaranteed  evaporation  of  16，0001bs.  per  hour, 
88  3  sq.  ft.  of  grate  area,  and  4,400  sq.  ft.  of  beating  surface. 
These  were  equipped  with  superheaters,  750  sq.  ft.  heating 
surface,  and  ecoiiomisers  and  feed-water  pumps  were  installed. 
The  boilers  in  both  power  houses  were  equipped  with  Roiiey 
(A】neri<?an)  stokers,  each  pair  of  stokers  being  driven  by  an 
independent  4  h . p .  steam  engine.  Flues  were  constructed 
and  stacks  erected,  the  latter  being  on  the  Custodis  system, 
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having  an  interna]  top  diameter  of  1 1  ft.  and  225ft.  in  height 
from  the  top  oi  the  foundations. 

Tlie  boiler  houses  were  constructed  large  enough  to  accom- 
modate double  tlie  boiler  plant  originally  installed,  and  coal 
conveyers  and  ash-handling  plant  were  installed  of  sufficient 
capacity  and  dimensions  to  serve  the  ultimate  output  of  the 
boiler  houses.  The  framework  of  tlie  coal  bunkers,  which 
were  overhead,  was  completed  the  full  length  of  the  building, 
but  the  concrete  bunkers  were  only  coiiipleted  for  the  boilers 
then  installed. 

Tn  the  engine  room  foundations  were  constructed  for  four 
generating  units ― two  of  2,000  kw.  and  two  of  5,000  kvv. 
Two  turbo  generators  with  relative  condensing  plant  were 
installed  in  each  power  house  ；  these  liacl  a  iioiiiinal  capacity 
of  2,000  kw.  each.  The  turbines  are  of  the  Westingbouse- 
Parsons  double-flow  type  direct  connected  to  generators  of  a 
similar  capacity  generating  10,000  to  1 1 ,000  volts,  3-])hase, 
25 -period  current.  The  generators  are  separately  excited  and 
two  75  kw,  direct-current  exciters,  125  volts,  were  installed. 
One  of  these  is  used  as  a  si)  a  re.  Tlio  main  and  selector  E .  H  /I\ 
switches,  as  well  as  sonio  of  tlie  auxiliaries,  sucli  as  coal  con- 
veyers and  hot  well  pumps,  were  formerly  operated  by  current 
from  these  exciters,  wliicli  were  diiTct  connocled  to  inde])en- 
dent  stoiini  engines  of  Wesliiighouse  tompoiuid  t y])o  with 
Worthington  condensers. 

The  main  condensing  plant  (owing  to  physical  conditions) 
was  dilTerent  in  eacli  nower  house.  At  Yoker  surface  con- 
densers were  used,  whilst  at  Motlierwell  the  condensing  was 
done  on  the  barometri**  jet  piinciple.  At  Yoker,  where  tlio 
power  house  is  located  on  tlio  banks  of  the  Clyde,  and  where 


there  was  a  short  lift  of  water,  the  condensing  plant  consisted 
of  a  Mirrlees  Watson  vertical  surface  condenser  and  a  dry  air 
|)iun|)  for  each  unit.  Suction  and  discharge  pipes  of  36in. 
diameter  were  laid  between  the  condensers  and  a  well  close 
to  the  banks  of  the  Clyde.  Pipes  of  3()in.  diameter  with 
controlling  valves  were  laid  in  duplicate  between  the  well  and 
the  river  below  low-water  level.  Circulating  pumps  were 
placed  at  the  head  of  the  pipe  line  next  to  each  condenser. 
These  were  of  the  vertical  centrifugal  type  directly  connected 
to  high-speed  non-condensing  steam  engines. 

At  Motherwell,  where  the  power  lioiise  was  located  at  an 
elevation  of  some  150ft.  above  the  level  of  the  Clyde,  a  pu】np 
hcuse  was  erected  near  the  bank  of  the  river,  and  a  barometric 
jet,  condenser  was  erected  at  the  power  house.  An  exhaust 
pipe  common  to  both  generating  units  led  into  this  condenser, 
so  that  the  two  turbines  exhausted  into  one  main  exhaust 
pipe.  This  condenser  was  estimated  to  be  large  enough  to 
handle  two  additional  units  of  2,000  kw.  eacli . 

An  8in.  pipe  line  led  from  the  puinp  house  at  the  river  to 
a  cooling  tower,  which  latter  was  erected  close  to  the  power 
house.  The  pipe  line  was  1 ,500ft.  in  length  with  a  rise  of 
150ft.  The  pumps  were  of  the  3-throw  plunger  type,  motor 
driven,  their  starting  and  stopping  being  controlled  from  the 

switchboard  in  the  power  house.  An 
extension  to  the  main  buildings 
cotitained  the  pumping  plant  for  tlie 
condensers,  and  two  Alberger  2-sta"'e 
dry  air  pumps  were  installed,  to- 
gether witli  two  hot  water  and  two 
cold  water  circulating  pumps,  these 
being  all  steam  driven  by  indepen- 
dent non-condensing  engines. 

The  foregoing  is  a  general  de- 
scription of  the  generating  plant  as 
it  was  turned  over  to  the  Clyde 
Bailey  Company  by  the  contractors 
in  1905.  Since  that  time  several  ； ul- 
(1  it  ions  and  alterations  have  been 
made  to  the  general  equipment  with 
the  intention  of  meeting  the  in- 
creased demands  for  supply,  and  with 
a  view  of  modernising  the  plant  as 
much  as  possible,  and  particularly 
to  accomplish  more  economical  and 
efficient  operations.  First  it  was  dis- 
covered that  the  Roney  stokers, 
whilst  having  a  very  good  reputation  in  America,  with  the 
general  class  of  fuel  used  there,  were  unsuited  for  Scotch  coal. 
These  were  replaced  by  chain  grate  stokers.  The  steam 
engines  driving  the  Roney  stokers  were  scrapped  and  electric 
motors  were  substituted.  This  work  had  to  be  done  gradually, 
and  the  change-over  lias  been  justified  by  the  large  saving 
whirli  afterwards  took  place  in  the  coal  consumption.  It  was 
next  realised  that  the  condensing  plant  at  Yoker  could  b? 
made  much  more  efficient,  and  the  steam-driven  circulatiiu^ 
pumps  were  replaced  by  motor-driven  pumps  placed  in  the 
wall  at  the  river  instead  of  at  tlie  head  of  the  】)ii)e  line  next 
the  condensers.  This  work  soon  justified  itself  by  a  further 
reduction  in  the  fuel  consumption.  It  was  also  found,  owing 
to  tlie  Hiu-tuatiiig  load  and  the  small  amount  of  power  which 
was  used  during  the  night  and  over  week-ends,  that  it  would 
b»'  advisable  to  install  a  smaller  generating  unit  in  each  power 
house  to  handle  these  small  loads.  AccordinErly  a  turbo- 
generator of  600  kw.  capacitv  was  installed  a  I  Yoker  and  one 
of  1,000  kw.  at  MotherwoU.  '  Next,  it  was  found  that  the  day 
load  was  iiu  reasing  hcyoiul  the  capacity  of  any  one  of  the 
i;enoral(>rs,  aiul  having'  realised  in  |ira(  t  iral  o])eration  that 
the  turbines  were  of  a 川 m'h  greater  capaoitv  than  thoir 
nominal  rat  in  t^,  it  was  decided  to  iiurease  tlio  capacity  of  tlie 
Kcneralors  in  pmpoititm.  The  British  Wt^stiiighouse  Com- 
pany undertook  to  rewind  tho  generators  on  site  and  increase 
their  output  by  50  per  oent.,  and  this  work  was  satisfactorily 
carried  out .  Additional  by- pass  valves  were  placed  on  the 
turbines,  and  the  whole  work  was  <arried  out  without  any 
interru])tion  to  supplv.  Tliis  gave  at  the  begiiniint:  of  the 
year  191(1  a  generating  plant  rapacity  in  Yoker  of  ri，fIOO  kw. 
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and  7,000  kw.  at  Motherwell.  Four  additional  boilers  of  a 
similar  size  to  those  first  installed  had  been  erected  in  Mother- 
well and  also  a  second  cooling  tower.  At  this  period  the 
maximum  load  on  feeders  at  Yoker  was  2,500  kw.  and  at 
Motherwell  4,500  kw.  The  total  connections  of  consumers' 
plant  to  mains  aggregated  26,000  h.p. 

At  the  end  of  19U9  a  new  line  of  underground  cable  was 
laid  between  Riitherglen  and  Renfrew,  which  connected  the 
Yoker  and  Motherwell  networks  together,  and  in  the  be- 
giiuiiug  of  1910  this  iutercounectiiig  cable  was  put  in  com- 
missiou  and  enabled  the  plants  iu  both  power  houses  to  be  run 
in  parallel.  This  immediately  effected  a  decided  saving,  as 
during  periods  of  light  load  the  supply  could  be  given  from 
either  one  or  other  of  the  power  houses.  It  also  had  other 
advantages,  as  current  could  be  transferred  from  one  area  to 
another  when  and  as  required,  and  the  loads  could  be  so 
adjusted  as  to  keep  the  plants  in  both  power  houses  running 
at  their  best  efficiency .  Previous  to  the  iiitex'coiinectiiig  of 
the  power  houses,  when  it  became  necessary  to  cleau  out  flues, 
arrangemeuts  Lad  to  be  made  with  the  customers  in  the  par- 
ticular area  for  a  complete  shut-down  for  several  hours,  and 
although  the  time  chosen  was  usually  a  Sunday  during  the 
New  Year  or  fair  holidays,  wheu  almost  all  the  works  were 
shut  down,  still  it  had  many  drawbacks,  and  some  smaller 
customers  were  more  or  less  inconvenienced.  The  linking  up 
of  the  power  houses  permitted  of  such  work  being  done  at 
auy  time. 

Early  in  1910  it  became  necessary  to  increase  the  gene- 
rating plant  at  Motherwell,  and  an  order  was  placed  with  the 
British  Westiiighouse  Electric  and  Manufacturing  Company, 
Ltd.,  for  a  5,000  kw.  turbo  generator  of  the  Rateau  type,  the 
manufacturers  agreeing  to  take  in  part  payment  the  1,000  kw. 
turbo-generator,  as  there  was  now  no  necessity  for  the  smaller 
unit.  This  5,000  kw.  set  was  installed  during  the  autumn  of 
1910,  and  put  in  commission  at  the  end  of  that  year.  Ou 
test  the  steam  consumption  indicated  ou  the  average  day's 
load  at  least  25  per  cent,  less  than  ； ihe  consumption  of  the 
turbiues  originally  installed.  The  turbine  was  constructed  on 
the  Rateau  system,  with  a  Curtis  riug  for  the  high-pressure 
impulse  end.  The  generator  embodied  all  the  latest  improve- 
ments ill  modern  power  plant  design.  The  field  is  energised 
from  an  exciter  directly  coupled  ou  the  end  of  the  niaiu  shaft. 
The  windings  are  kept  cool  by  means  of  an  external  electrically 
driven  fan.  The  end  windings  are  specially  braced  to  resist 
displacements  arising  from  short  circuits.  The  overload 
capacity  is  25  per  cent,  for  six  hours  and  50  per  cent,  for 
10  minutes.  A  series  of  exhaustive  tests  were  taken  on  site, 
when  it  was  found  that  the  makers'  guarantees  were  fully  inet， 
as  shown  by  the  following  results,  which  are  corrected  to 
1751bs.  steam  pressure,  150。  Fall,  superheat,  and  28Aiii. 
vacuum. 

Per  cent,  load    125        200        75        50  2o 

Steaiu  consuinptioii  : ― 
(LIjs.  per  kilowatt-hour.) 

Guaranteed    15 '00 

Actual    13-45 

Owing  to  the  necessity  of  maintaining  125-volt  direct- 
current  supply,  which  was  mainly  used  for  exciting  purposes 
for  the  old  sets,  as  well  as  the  operation  of  switches  and 
auxiliary  motors,  it  was  decided  to  have  the  field  of  the  exciter 
on  this  generator  separately  excited  with  125  volts.  This 
ensured  better  regulation,  especially  in  the  event  of  any  slow- 
ing down  of  the  generator,  due  to  temporary  short  circuits. 
The  field  circuits  are  also  so  arranged  as  to  be  self-excited  if 
necessary. 

Two  new  boilers  were  installed  of  the  Babcock  and  Wilcox 
water-tube  type,  but  of  larger  capacity  than  those  originally 
installed.  These  boilers,  each  giving  an  evaporation  of 
33,0001bs.  of  steam  per  hour,  have  a  grate  surface  of  144  sq. 
ft.,  7,322ft.  heating  surface,  and  1,435  sq.  ft.  heating  surface 
in  superheaters.  The  flues  and  econoniisers  were  placed  behind 
the  boilers;  a  steel  stack  was  erected  coiiiniou  io  both  boilers, 
also  an  exhaust  draught  system  with  motor-driven  fan. 
Special  chain  grate  stokers  suitable  for  handling  the  lower 
grades  of  fuel  are  used,  and  the  boilers  are  guaranteed  to  give 
their  contract  evaporation  with  the  euergy  absorbed  by  the 
inechanical  draught  not  exceeding  30  b.h.p. 


Ill  the  original  design  of  the  power  liou^e  it  was  iulended, 
after  the  lirst  boiler  house  was  full,  to  extend  the  boiler  house 
adjoining  the  main  building,  and  install  additional  boilers, 
flue's,  econoinisers,  as  well  as  erecting  a  new  stack.  Ou  look- 
ing into  the  (question,  however,  it  was  found  that  the  present 
coal  bunkers,  which  have  a  capacity  of  1,200  tons,  and  the 
conveying  plant,  would  also  have  to  be  extended,  ajid  it  was 
decided  that  these  boilers,  as  well  as  two  similar  additional 
sets,  could  be  placed  in  a  building  directly  opposite  the  first 
set  of  boilers,  and  in  a  position  where  the  saine  bunkers  and 
conveyers  could  serve  the  new  units.  This  also  brought  the 
boilers  nearer  to  the  turbines,  and  effected  cjuite  a  large  saving 
iu  the  original  estimate  for  boiler  extensions. 

The  condensing  system,  due  to  the  poor  vacuum  obtain- 
able witli  long  lengths  of  exhaust  piping,  and  the  high  tem- 
perature of  water  from  the  cooling  towers,  next  received  very 
careful  consideration  by  the  engineers  and  management,  and 
it  was  decided  to  install  a  system  of  surface  condensing  for  the 
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new  plant.  The  distance  between  the  power  house  and  the 
river  Clyde,  also  the  difference  of  levels  between  the  power 
house  and  the  river,  presented  many  obstacles.  Wayleaves 
had  to  be  secured  for  the  pipe  line  over  an  entirely  different 
route  than  that  of  the  pipe  which  supplied  the  cooling  towers, 
and  a  new  pump  house  and  pumping  equipment  had  to  be 
designed.  Contracts  were  eventually  entered  into  with  Messrs. 
G.  and  J.  Weir,  Ltd.,  Glasgow,  for  all  machinery  connected 
with  the  new  condenser  plant.  Consideration  was  given  to 
the  steadily  increasing  output  of  the  power  house,  and  it  was 
decided  to  construct  a  pipe  liue  of  sufficient  capacity  to  supply 
condensing  water  for  four  5,000  kw.  sets  or  their  equivalent. 
The  condenser  is  of  the  Weir  u iiifliix  type,  having  a  capacity 
of  80，0001bs.  of  steam  per  hour  with  7,000  gallons  of  water 
per  minute  and  a  cooling  surface  of  6,000  sq.  ft.  The  air 
puDip  ill  the  power  house  is  of  the  Weir  dual  motor-driven 
type,  and  two  puiiipiug  units  have  been  placed  iu  the  puinp 
house  at  the  river.  These  latter  consist  each  of  an  Allen 
rotary  circulating  pump  direct  coupled  to  a  3-phase  400-volt 
25-period  】iiotor，  having  a  nominal  output  of  350  li.p.,  but 
with  a  guaranteed  overload  of  100  per  cent  for  six  hours.  It 
was  found  that  650  h.p.  was  required  to  drive  each  of  these 
pumps  and  supply  sufficient  water  for  the  condenser,  and 
advantage  is  taken  of  the  difference  in  levels  already  indicated 
to  obtain  a  certain  amount  of  power  from  the  head  of  return 
water.  A  water  turbine  is  direct  coupled  to  the  other  end 
ol  the  pill  up  shaft  and  llie  main  motor,  circulating  puiu]), 
and  water  turbine,  are, erected  on  one  comniou  bedplate.  The 
pipe  line  is  first  filled  by  the  motor  on  its  overload,  and  as 
soon  as  there  is  sufficien  I  head  in  the  return  pipe  the  valves  of 
the  water  turbine  are  opened  gradually,  when  the  full  volume 
of  return  water  is  flowing.  A  saving  of  over  40  per  cent,  is 
effected  iu  the  po、ver  required  to  operate  the  circulating 
pumps.  In  practice  it  has  been  fouud  that  these  pumping 
units  are  capable  of  doing  more  work  than  originally  specified 
― viz.,  to  supply  one  condenser  for  a  5,000  kw.  set  on  over- 
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lead.  It  has  been  found  quite  practicable  to  operate  the 
condensers  for  two  turbo-generators  of  5,000  kw.  each  at  or 
near  full  load,  with  one  of  these  pumping  sets.  The  pipe  line 
can  be  filled  and  the  water  turbine  put  in  operation  within 
20  minutes  of  starting  up.  To  give  some  idea  of  the  econo- 
mies effected  here,  it  may  be  mentioned  that  in  daily  operation 
under  the  old  system  of  barometric  condensing,  using  water 
towers  for  cooling,  there  were  running  continuously,  in  addi- 
tion to  the  pump  for  the  make-up  water  at  the  river,  four 
circulating  pumps,  two  for  hot  water  and  two  for  cold  water, 
the  pumps  aggregating  225  li.p.  These  pumps  were  steam- 
driven  by  direct-current  high-speed  engines,  and  were  taking 
approximately  751bs.  of  steam  per  horse-power.  By  shutting 
these  down  and  utilising  the  new 
plant  100  li.p.  to  125  li.p.  more 
was  used,  but  this  is  electrically 
driven  and  does  not  take  more 
than  the  equivalent  of  151bs.  of 
steam  per  kilowatt  hour.  The  re- 
sults actually  obtained  with  tlie 
new  turbo-generator  and  the 
pumping  and  condensing  plant 
have  shown  a  saving  of  30  per 
cent,  in  the  fuel  consumption  r.t 
tlie  Motherwell  power  liouse.  The 
air  pump  at  the  power  house, 
which  is  motor  driven,  takes  only 
12^  h.p.  when  the  turbine  is  run- 
ning full  or  on  overload,  and  no 

trouble  is  experienced  in  main- 

•   •  丄  Fig  3 

tainmg  a  vacuum  of  from  96  to  ■ ' 

96 J  per  cent,  of  the  barometer. 

The  first  5,000  kw.  set  with  the  condensing  plant  was  put 
oji  commercial  load  in  January,  1911.  As  tlie  demands  on  the 
power  house  were  still  increasing,  a  second  5,000  kw.  set  with 
similar  condensing  plant  and  to  the  same  specification,  was 
ordered  and  installed  before  the  end  of  1911. 

The  construction  of  the  Motherwell  pump  liouse  at  the 
Clyde  is  worthy  of  mention.  When  this  was  being  designed 
there  was  a  possibility  of  future  subsidence  through  mineral 
workings,  and  this  had  to  be  guarded  against.  Excavations 
were  made,  partly  through  rock,  and  a  solid  foundation  large 
enough  for  the  ultimate  size  of  the  buildings  was  constructed 
of  reinforced  concrete,  4  by  4  steel  angles  firmly  bolted  to- 
gether were  laid  crossways  about  18in.  from  the  bottom  of 
tlie  foundations.  Another  layer  of  similar  angles  was  placed 
about  the  same  distance  below  the  level  of  the  pump  house 
floor,  the  whole  being  embedded  in  concrete. 

The  water-circulating  pipes,  both  intake  and  discharge, 
were  laid  in  the  concrete  and  connected  to  the  puinps  and 
water  turbines,  so  that  in  the  event  of  any  earth  movement 
taking  place,  the  whole  foundation,  building,  and  plant  will 
】uove  in  one  solid  mass.  The  line  is  constructed  of  riveted 
steel  piping  42iii .  internal  diameter  both  for  intake  and  dis- 
charge legs.  These  pipes  rest  on  brick  and  concrete  piers  and 
the  line  for  the  most  part  is  placed  above  ground.  It  was 
necessary,  however,  to  cross  two  roads  and  two  lines  of  rail- 
way. At  these  points  the  pipe  line  is  underground,  but  both 
pipes  are  embeddod  in  concrete  :  these  form  anchors  for  the 
line,  and  occur  at  such  convenient  intervals  that  no  damage 
is  likely  to  take  place  from  subsidence  or  from  expansion  or 
contraction.  The  intake  at  the  river  was  first  provided  with 
— d  screens  as  well  as  "woven  wire  screens,  but  trouble  was 
experienced  by  reason  of  leaves,  twigs,  branches,  and  other 
material  coming  down  t he  river  wlieii  in  flood.  A  r*Miu)vable 
screen  composed  of  perforated  boiler  plate  was  placed  in  t lie 
intake,  and  scrapers  attached  to  a  sprocket  chain  and  driven 
by  a  motor  have  proved  efTectual  in  keeping;  tlic  waU'r  rlcai- 
of  foreign  material. 

At  Yoker  a  new  5,000  kw.  set  is  now  being  installed,  tlu' 
good  results  obtained  from  the  operation  of  t  hv  Motherwell 
plant  having  decided  tho  coinpaiiy  to  iiist  all  similar  genera- 
tors and  condensing  plant  there.  Tlio  iiis(;illat  ion  of  a 
】（、，000  kw.  unit  is  now  being  considemi  for  t  hv  next  exten- 
sion to  the  Motherwell  power  liouse.  I  u  a  short  time  the 
available  generating  plant  at  both  power  houses  will  consist 
of  the  following  : ― 


Motherwell,  four  units : 

Two  of  5,000  kw. 
Two  of  3,000  kw. 


Total    16,000  kw. 
The  two  smaller  machines  are  at  present  kept  as  reserves 
in  case  of  an  accident  to  either  of  the  other  two  sets. 
At  Yoker  there  will  be  three  units : —— 
One   of  5,000  kw. 
Two  of  3,000  kw. 


Total  11,000  kw. 
For  tlie  present  the  two  3,000  kw.  will  be  kept  as  a  reserve 
for  the  5,000  kw.  set.  The  boiler  capacity  at  present  at 
Yoker  is  six  boilers,  each  having  an  evaporation  of  1 6,0001bs. 
per  hour,  and  at.  Motherwell  eight  boilers,  each  having  an 
evaporation  of  16,000】bs.  and  two  having  an  evaporation  of 
33，000]bs. 

As  previously  ineiitioiied,  the  first  generators  that  were 
installed  were  separately  excited  and  the  exciters  driven  by 
independent  steam  engines  directlv  coupled  to  75  kw.  exciters. 
These  were  in  duplicate  in  each  power  house,  and  until  tlie 
beginning  of  this  year  it  had  been  necessary  to  keep  one  of 
these  sets  running  at  each  power  liouse  day  and  night.  It  is 
difficult  to  estimate  the  steam  consumption  of  those  sets,  but 
it  was  known  that  this  was  very  large  and  that  a  great  deal 
of  fuel  was  being  consumed  to  keep  them  running.  A  storage 
battery  has  now  be^n  installed  in  each  power  house  and  a 
motor-driven  exciter.  These  take  the  place  of  the  steam- 
driven  sets,  which  are  only  kept  in  case  of  accident.  Eacli 
battery  consists  of  60  Tudor  accumulator  cells  of  400-anipere 
hours'  capacity  ；  these  are  connected  in  series  with  a  reversible 
booster. 

At  the  present  time  there  are  upwards  of  96  route  iiiiles 
of  underground  cable  and  21  miles  of  overhead  lines,  all 
operating  at  11,000  volts,  with  84  sub-stations  and  switch 
houses.  The  company  have  for  their  own  distribution  pur- 
poses erected  14  of  these  sub-stations  and  switch  houses,  the 
remainder  having  been  erected  at  the  expense  of  the  con- 
sumers, the  company  supplying  the  equipment  (川〗 y.  All  the 
E.H.T.  distribution  is  at  a  frequency  of  25  cycles  and  almost 
all  the  low- tension  distribution  is  at  the  same  frequency,  the 
only  exception  being  the  Burgh  of  Clydebank,  where  lighting 
anci  small  730wers  are  distributed  at  50  cycles.  The  reason  of 
this  departure  from  the  standard  is  somewhat  interesting. 


Fig  4. 

Tlu'  C'lydt'hank  Electric  I'iirlitingr  Order  (1901)  was  trans- 
ferred to  and  taken  over  by  tlie  ('mnpanv.  and  at  the  time  of 
t he  t ransfereiK'e  the  Hurgh  st ipulated  t liat  t he  su|)j)lv  was  to 
1k'  in  tlie  form  of  direct  current -  Realising,  however,  that 
this  would  necessitate  a  rot  a  r  y  converter  at  Clydebank,  wit  h 
its  conso(|uent  attendance  and  oilier  charges,  the  iiiaiiage- 
iDeiit-  effected  a  compromise  with  tlie  Burgh  authorities  by 
agreeing  to  give  the  supply  in  the  form  of  alternating  current 
at  50  cycles,  25  cvcle  distribution  for  lighting  beini:  then  in 
its  experimental  stage.  This  was  accomplished  hy  installing 
phase-changiui;  plant  in  the  Yoker  power  liouse.  Tliis  plant 
consists  of  t  wo  units  of  150  kw.,  each  composed  of  one  11,000- 
volt  25-period  svnolirouous  motor  direct  coupled  to  a  3,000- 
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volt  50-period  generator.  Main  feeders  carry  the  3,000-voIt 
50-period  current  to  Clydebank  and  Dalmuir,  where  it  is 
transformed  through  street  transformers  to  400  volt  3-phase 
and  230  volts  between  phase  and  neutral.  The  phase-changing 
plant,  being  placed  in  the  power  station,  requires  no  attend- 
ance other  than  can  be  given  by  the  station  staff. 

The  main  E.H.T.  network  is  laid  out  on  the  ring  main 
system .  The  longest  ring  is  upwards  of  30  miles  in  route  length  ， 
and  embraces  Motherwell,  Hamilton,  Blantyre,  Cambuslang, 
Rutherglen,  Tollcross,  Shettleston,  Uddingstoii,  Bellsliill,  and 
Carfiii.  The  main  cables  in  the  neighbourhood  of  the  power 
stations  are  lead  covered  and  are  drawn  into  4-way  or  8-way 
sioiieware  conduits,  so  that  spare  ducts  are  available  for 
future  extensions.  The  reason  for  this  is  to  permit  of  the 
sectional  area  of  conductors  being  increased  in  proportion  to 
the  load,  and  without  having  to  make  excavations  each  time 
a  reinforcing  feeder  is  laid.  On  other  sections  further  re- 
moved from  the  generating  stations  the  cables  are  laid  in 
earthenware  troughs.  Stamped  steel  bridge-pieces  held  the 
cable  in  position  in  the  trough,  the  trough  being  tlien  filled 
up  with  bitumen,  and  the  whole  protected  with  a  hard  burnt 
tile  2 in.  thick.  This  method  of  laying,  while  it  probably 
gives  the  greatest  security  from  electrolysis  or  acids,  was 
found  to  involve  rather  too  much  capital  outlay,  particularly 
iu  outlying  districts,  where  the  cartage  and  transport  charges 
on  the  various  materials  amounted  to  quite  a  large  sum. 
During  the  past  two  years  armoured  cable  laid  direct  in  the 
ground  has  been  used  with  success  and  economy.  The  con- 
ductx)rs  in  cables  used  in  the  E.H.T.  main  circuits  are  3 -core 
0*15  sq.  in.,  constructed  for  operation  with  generators  having 
an  earthed  star-point.  Paper  insulation  is  used  throughout. 
On  some  of  the  less  important  sections  0*1  sq.  in.  conductor 
is  used,  and  on  some  branch  lines  for  smaller  power  supply 
0*035  sq.  in.  is  the  standard  practice.  Another  feature  of 
the  distribution  is  the  use  of  1 1,000  volt  street- disconnecting 
boxes.  These  are  employed  in  cases  of  smaller  power  sup- 
plies, where  the  revenue  to  be  derived  from  the  load  is  not 
sufficient  to  justify  the  expense  of  looping  in  the  main  ring 
cables  or  the  cost  of  erecting  a  switch  house.  These  boxes 
are  of  special  design,  the  distinctive  feature  being  that  each 
phase  is  brought  into  a  separate  porcelain  cell  to  permit  of 
the  disconnecting  link  being  oil  immersed.  Some  of  these 
have  been  iu  use  for  four  years  and  have  given  satisfactory 
service.  The  company  also  have  a  considerable  amount  of 
extra  high-tension  overhead  transmission.  Such  lines  are 
employed  in  sparsely  populated  districts.  These  serve  a  very 
useful  purpose  iu  development,  work  ；  isolated  works  are  thus 
secured  as  customers  which  otherwise  would  have  to  be  passed 
over  on  account  of  the  revenue  not  being  sufficient  to  meet 
the  heavy  cost  of  underground  mains.  The  general  design 
of  pole  is  as  shown  iu  Fig.  1，  which  represents  a  creosoted 
A  pole  having  a  malleable  cast  bracket  arms.  The  main  con- 
ductors are  set  30in.  apart,  with  the  telephone  and  relay 
conductors  carried  underneath.  The  insulators  are  of  the 
2 -part  design.  Single-part  insulators  were  first  tried,  but- 
had  to  be  discarded  on  account  of  unequal  expansion  and 
con ir action  during  hot  weather. 

Where  it  was  necessary  to  cross  highways  with  E.T.H. 
lines  a  pole  was  erected  on  each  side  of  the  road,  and  the 
wires  were  protected  by  an  earthed  cage  in  accordance  with 
the  model  description  of  the  Board  of  Trade  then  iu  force. 
Although  these  cages  were  of  ample  size,  and  】imde  of  the 
strongest  possible  iiiaterial,  much  trouble  was  experienced 
during  heavy  wind-storms  by  the  cages  swinging  and  niakiiig 
contact  with  the  conductors.  Within  the  last  year,  however, 
the  Board  of  Trade  have  been  induced  to  alter  their  specifica- 
tion , and  now  a  double  conductor  is  strung  across  the  high- 
ways on  separate  insulators  close  together,  and  the  two  con- 
ductors are  firmly  clamped  together  at  intervals  of  about  3ft. 
to  4ft/.,  so  that  in  the  event  of  a  conductor  breaking  the  strain 
is  taken  up  by  the  remaining  one.  This  system  of  road- 
crossing  has  now  been  adopted  by  the  company,  and  the 
cages  are  being  gradually  replaced. 

The  protective  system  used  is  that  generally  known  as 
the  Merz-Price  balanced  protective  gear.  The  pilot  wires 
required  for  these  are  laid  alongside  the  main  cables  in  the 


case  oi*  undei'grounci  work,  wliilst  for  overhead  work  tliey  are 
carried  as  separate  conductors  on  the  pole  line.  The  relays 
used  are  adjusted  to  operate  on  a  fault  current  of  60  anijjeres, 
and  by  this  means  an  ample  margin  of  safety  is  left  to  allow 
oi  one  or  two  brandies  being  tapped  off  each  protected  sec- 
tion. Originally  eacli  section  of  overhead  line  was  provided 
with  lightning  arresters  at  points  where  the  overhead  line 
joins  under"rrouiid  cables.  Tt  was  found,  however,  that  these 
arresters  disturbed  the  balanced  protective  gear  whenever  the 
atmosphere  became  electrically  charged.  Trouble  from  tliis 
source  became  so  acute  that  it  was  decided  to  discard  the  use 
of  these  and  depend  entirely  upon  the  liglitnint:  arresters 
installed  on  the  sub-station  bus-bars.  Although  there  have 
been  many  severe  thunderstorms  since  this  change  was  made 
there  has  been  complete  ininninity  from  accident  or  interrup- 
tion. The  sub-station  equipments  as  now  installed  are  the 
result  of  a  gradual  process  of  evolution.  All  the  original 
sub-stations  had  four  single-phase  t.raiisfonning  units,  one 
of  these  being  kept  as  a  spare.  Gradually  3-phase  trans- 
foniiers  were  used,  and  latterly,  when  it  was  found  from 
experience  that  these  were  absolutely  dependable  even  under 
the  most  severe  conditions,  their  installation  has  becoiTie 
standard  practice.  All  the  transformers  are  oil-cooled,  and 
are  wound  for  operating  on  prinmrv  10,000  to  1 1,000-volt 
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Fig.  5. 

circuits  mesh  connected  and  with  tappings  so  a rrMiigecl  as  to 
give  a  pressure  of  between  400  to  440  volts  011  the  star-con- 
nected secondary  side.  The  star-point  is  brougkt  out  and 
connected  to  the  neutral  of  the  4 -core  low-tension  distribu- 
tion cables.  Lighting  circuits  are  connected  between  phase 
and  neutral .  As  a  general  rule  current  is  supplied  at  25- 
cycles  400-volt  3-phase.  In  some  cases,  however,  special 
conditions  have  had  to  be  met  and  current  furnished  at  a 
different  voltage  to  meet  these  conditions.  Bulk  and  large 
supplies  at  E.T.H.  10,000  to  11,000  volts  are  given  to  several 
of  the  company's  consumers,  notably  the  Coatbridge  and 
Airdrie  Electricity  Supply  Company,  Ltd.  ;  Messrs.  John 
Brown,  Ltd.,  Clydebank  :  Babcock  &  Wilcox,  Ltd.,  Renfrew  : 
Coltness  Iron  Ccmipany,  Ltd. ,  Newmains  :  Smith  k  McLean, 
Ltd,,  Gartoosli,  and  several  others.  In  the  case  of  tlie  biilk 
supply  delivered  to  the  Burgh  of  Wisliaw,  rotary  converters 
are  installed,  and  tlie  energy  is  metered  as  direct  current. 
Similar  current  is  also  supplied  to  the  Lanarkshire  Tramways 
Company  at  Wish  aw  and  Uddingstoii  sub-stations.  As  a 
rule  where  rotary  converters  or  motor-generators  are  used 
these  are  installed  by  the  customers  at  their  own  expense  and 
for  their  own  convenience.  The  general  arrangement  of  two 
typical  sub-station  equipments  is  shown  in  Figs.  2  and  3. 

Referring  to  the  growth  of  the  company's  output,  at  the 
beginning  of  1908，  12,400  h.p.  was  connected  to  their  mains, 
and  the  following  shows  subsequent  development  : ― 

January,  1909    19,500  h.p.  connected. 

，，         1910    27,000  ，，  ，， 

，，         1911    36,600  ，，  ，， 

，，         1912    46,500  ，，  ，， 

and  on  the  1st  May,  1912，  this  had  been  increased  by  some 
6,000  h.p.    The  46,500  li.p.  which  was  connected  to  the  com- 
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paijy's  mains  at  the  beginning  of  this  year  consisted  of 
43,500  h.p.  in  motors,  &c.，  and  the  equivalent  of  3,000  li.]). 
in  lighting.  About  2,200  h.p.  of  this  latter  represents  shop 
and  domestic  lighting  and  heating  (exclusive  of  lighting 
connected  with  bulk  supply),  and  the  remaining  800  li.p. 
represents  lighting  used  in  works  where  power  is  supplied, 
it  will  be  observed  that  with  such  a  small  proportion  of  light- 
ing (less  than  8  per  cent,  of  the  whole  load)  the  company 
liave  no  appreciable  lighting  peak  at  any  time  during  the 
yeai'.  Fig.  4  illustratey  the  connections  to  mains  month  by 
iijLontli  for  four  years  from  the  beginning  of  1908  to  the  end 
of  1911. 

The  diversity  factor  is  also  noteworthy.  The  highest 
peak  reached  by  the  combined  stations  during  1911  was 
12，500kw.，  this  being  only  27  per  cent,  of  the  kilowatts  con- 
nected at  that  time.  The  sum  of  the  highest  observed  loads 
on  the  stations  taken  separately  each  week  is  invariably  much 
higher  than  the  actual  demand  of  the  two  stations  when 
running  in  parallel.  The  difference  has  at  times  exceeded 
】，000kw.  One  reason  for  this  is  the  different  class  of  works 
being  supplied  from  each  power  house,  and  the  different  hours 
of  working,  stoppages  for  meals,  &c.，  between  the  districts. 
At,  Yoker  the  supply  is  largely  to  shipyards  and  engiueeriug 
works,  whereas  at  Motherwell  iron  and  steel  works  and 
collieries  are  the  largest  consumers.  The  night  load  at 
Motherwell  is,  as  a  rule,  not  less  than  20  per  cent,  below 
the  day  load,  and  the  week-end  load  is  never  below  one-third 
of  the  ordinary  day  load.  The  load  factor  on  units  generated 
at  Motherwell  is  frequently  65  per  cent,  and  over  during  a 
coinplete  week  of  168  hours,  whilst  at  Yoker  the  load  factor 
on  similar  conditions  is  frequently  40  per  cent.  The  combined 
load  factor  of  the  two  stations  sometimes  reaches  58  per  cent, 
over  a  week.  It  is  remarkable  to  observe  the  similarity 
in  rise  and  fall  of  the  combined  outputs  over  the 
past  four  years,  and  Fig.  5  illustrates  the  monthly 
output  of  the  power  houses  from  the  beginning  of 
1908  to  the  end  of  1911.  The  particular  feature  is 
tlie  similarity  in  contour  of  these  lines.  Some  notes 
contrasting  the  operating  conditions  in  the  early  stages 
of  the  company's  career  and  those  existing  to-day  may  be 
of  interest.  By  referring  to  some  of  the  old  records  it 
was  found  that  at  the  beginning  of  1906  the  coal  consump- 
tion at  Yoker  was  351bs.  per  unit  generated,  and  at  Mother- 
well 491bs.  per  unit  generated.  In  the  beginning  of  the 
year  1907  there  was  a  maximum  demand  on  Yoker  of  480  kw. 
and  at  Motherwell  of  570  kw.,  and  even  with  a  40  per  cent,  load 
factor  over  the  week  the  coal  consumption  was  between  lOlbs. 
and  1  libs,  per  unit.  At  the  beginning  of  this  year  the  coal 
consumption  per  unit  generated  was  under  31bs.  per  kilowatt - 
hour  for  both  power  houses,  and  it  is  confidently  expected 
that  a  further  reduction  will  take  i)lace  wlien  the  new  Yoker 
plant  is  in  regular  coniiiiissioii,  and  the  lull  benefit  is  being 
derived  from  the  installation  oi  the  storage  batteries  and  the 
closing  down  of  the  reciprocating  engines  already  referred  to. 

The  company  appears  to  liave  good  prospects  for  the 
future.  There  is  no  reason  to  doubt  that  the  same  steady 
rate  of  progress  will  be  continued  for  some  time.  The  area 
served  is  a  good  field  for  the  investment  of  capital,  and  new 
works  are  continually  being  started,  besides  which  many 
steam  and  other  plants  wbicli  have  been  installed  in  collieries, 
iron  and  sloel  works,  shipyards,  &c.，  many  years,  are  gradu- 
ally becoming  obsolete,  and  there  is  a  growing  teudenry  in 
the  district,  as  iu  fact  all  over  Great  Britain,  for  power  users 
to  take  their  supply  (with  its  many  advantages)  from  a  power 
supply  authority. 

One  of  the  company's  largest-  bulk  coiisuiiiers  is  the  Coat- 
bridge and  Airdrie  Electric  Supply  Company,  Ltd.  Pre- 
vious to  1908  they  generated  their  own  current  by  steam, 
and  during  the  past  six  years  their  output  has  increased  by 
700  per  cent.  ，  their  revenue  shows  an  increase  of  nearly  300 
per  cent.,  whilst  gross  profits  have  increased  100  per  cent. 

Launch  of  a  Submarine  — Tliere  was  launched  on  the  17tii 
inst.  by  Messrs.  Vickers,  Ltd.,  from  t lioir  sliij)yard  h t  Barrow, 
a  new  submarine,  "E5,'，  built  for  the  British  ^lavy.  She  is  the 
largest  submarine  vet  ]>iit-  in  t  he  water,  ami  lias  all  t  lie  1  at  est 
improvements,  including  wireless  telegraphy  and  disappea ring 
gaus.    She  wi.l  have  iucreased  speed  aud  effectiveness. 


INDUSTRIAL  AND  TRADE  NOTES. 

British  Steam  Turbine  Builders.— Tlu-iv  an'  at  ihv  present  time 
close  on  40  finii.s  building  turhines  in  Great  Britain.  Of  those 
20  build  marine  turhiiievs  only.  Of  the  marine  turbines  built, 
all  the  types  but  two  are  reaction  turbines,  Imt  of  the  laud  tiir- 
l)inos  about  14  arc  impulse  iiiiicliiiu's  of  v:irious  (lesifj;iis.  Th'ri! 
arc  at  least  two  firms  specialising  in  small  turljines.  On  tlio 
Continont  thoro  are  also  ahout  40  firms  known  to  build  tmljim's 
About  ei<j;lit  a  re  reaction  turliines  aiirl  tlie  remainder  impulse. 

Oovan  Shipyard  Purchased  by  Belfast  Firm.— Messrs.  llarland 
and  Wolff,  Belfast,  hin  t'  acquired  the  site  of  Messrs.  Mackie  and 
Thomson's  sliiplniikling  yard  at  Govan,  and  have  coniplotod 
arrangements  for  takin^^  possession  oi  the  ground  at  an  early 
date.  The  yard  is  adjacent  to  that  of  the  London  and  GHisgow 
Shipbuilding  and  Engineering  Company,  which  the  Belfast  firm 
purchased  three  montlis  ago,  and  the  intention  of  the  lunv 
management,  it  is  understood,  is  to  combine  the  two  ejitablish- 
ments  into  oiio  large  yard. 

A  Fast  Turbine  Yacht. 一 The  turbine  yacht  "  Winchester/' 
built  to  the  order  of  Mr.  P.  "NV.  Rouss,  of  New  York,  was  laum-lied 
oil  the  15th  inst,  by  Messrs.  Yarrow  &  Co.，  iScotstouii.  The 
vessel,  which,  is  of  special  dosigu,  measures  205ft.  in  lengtli,  by 
18ft.  6in.  ill  breadth.  Tho  propelling  machinery  will  consist  of 
Parsons  turbines,  driving  two  shafts,  steam  being  supplied  by  two 
of  the  latest  Yai row  boilers,  fired  with  oil  fuel.  The  trials  of 
the  vessel  will  be  watched  with  great  interest,  as  the  yacht  him 
been  designed  with  a  view  to  attain  a  speed  of  32  knots,  and 
will  therefore  be  one  of  the  fastest  pleasure  craft  afloat. 

The  Skilled    Labour    Market.— The    "Board    of    Trade  Labour 

Gazette  ，，  states  that  employment  sliowed  a  satisfactory  recovery 
ill  April  from  the  effects  of  the  recent  coal  dispute,  and  at  thu 
end  of  the  mouth  had  nearly  returned  to  the  good  conditions 
obtaining  in  February.  Compared  with  a  year  ago,  there  was 
an  improvement  in  most  of  the  principal  industries,  particularly 
ill  tlie  iron  and  steel  trades.  On  the  other  hand,  the  pig  iron 
industry  was  considerably  worse  than  a  year  ago.  Iu  the  394 
trade  unions,  with  a  net  membership  of  833,010,  making  returns, 
3U,222  (or  3-6  per  cent.)  were  returned  as  uueinployed  at  the  end 
of  last  month,  compared  with  11*3  per  cent,  at  the  end  of  March, 
1912,  and  2*8  per  cent,  at  the  end  of  April.  1911. 

International   Conference  on   Wireless  Telegraphy. — An  international 

conference  on  radio  tolej^raphy  will  a.sseinl)lo  in  London  on  J unc 
4th,  and  is  expected  to  last  tor  four  weeks.  The  object  of  the 
conference  is  to  make  regulations  tor  wireless  telegraphy  us 
carried  on  by  means  of  ship  to  shore  messages,  aud  its  sittiiij^s 
will  have  no  reference  to  long  distance  wireless  services,  iior  to 
the  scheme  of  British  Imperial  wireless  stations  which  is  now- 
being  carried  out.  Existing  regulations  will  be  brought  up 
to  date  in  view  of  the  great  develop uients  which  have  taken 
place  since  the  last  conference.  Tlie  main  object  of  the  con 
t'oroncH*,  which  will  l)t、  held  n t  the  Institution  of  Electrical 
En<j;inecrs,  is  to  secure  uniformity  ol  working  among  all  vessels 
lifcnsecl  tor  wireless  iiistallatioii  and  shore  stations. 

The  Engineering  Agreement.  ―  At  a  special  delegate  meeting 
of  the  A malf^ainated  S(H'iety  of  Kn^iiieers,  to  be  held  shortly, 
the  tollowin^  resolution  will  l)e  proposed  :  "That  the  Exe(uti\  e 
Council  shall  take  an  immediate  voto  of  the  nicmbers  in  favtmr 
of  giving  the  Engineering  Employers'  Federation  threo  inontli^' 
notice  to  end  the  terms  of  agreement  of  1907.  If  a  nuijority  aiv 
in  favour  of  emling  them  the  three  months'  notice  shall  be  n'lvvti 
hy  the  Executive  Council  to  the  Federation  at  cnce.  "  It  is 
stated  that  tht>  practice  l)y  en*xiiKvrin^  firms  of  displaciiif;  skilltHl 
artisans  and  training  iiiachino  operativos  whilst  nionibcrs  ot  thr 
union  are  uiunnployed  has  created  tho  desire  to  throw  over  1 1  jo 
agicemeiit,  and  that  pnictically  all  minor  wa^os  disputes  havo 
l>een  set  aside  iu  order  that  the  effort  to  auieiul  the  agreeiiicnt 
sluill  be  completed  before  this  special  dolej^atv  meeting  is  hold. 
Tlie  engineorijig  a^rocMiient  was  drawn  up  originally  at  the  (lost, 
of  tlie  great  dispute  of  1897-181)8,  which  lasted  for  oi<:lit  moiiths. 
It  htis  been  a  hum  id  ed  sovorai  timos,  Imt  tho  maiii  principK's  on 
which  it  was  at  hist  based  have  always  remained. 

Railway  Nationalisation. 一 On  Monday  la^t  a  deputation  from  tlie 
Aiiial;j;ani;itf(l  Stx  ifly  ot  l^ulway  Sor\  ;n»ts.  ； nul  tho  Hailw  ;iv 
dorks  Association  waited  upon  the  Pvinw  M  inistrr  i"  ro^iud  to 
tlio  nationalisation  of  railways.  Mr.  Asquilh  said  tho 
practical  (juostion  for  tho  pul>lir  to  consider  was  whothor  tlu  v 
would  be  hottor  off  if  the  change  took  placo.  Tlio  <|uestion  was 
ono  for  exports,  riuloulitodly  it  was  serious,  a tul  it  was  one  in 
ro^n I'd  to  which  tlioy  could  not  oxpcct  tlio  (； ov»»rnmont  to  niako 
lip  thoir  iniiulfs  until  tlu\v  liad  ca rotnlly  ('onsi 山 'ml  hoth  sides. 
Ho  should  like  to  havo  tho  opportunity  of  Iioa riii^  the  views  of 
iho  railway  companies.  Mr.  Astiuitli  poiiitod  out  that  the  paid 
up  capital"  ot  the  raihvavs  in  1911  totalled  £i ，324,OUU,UUU.  Tho 


May  24,  1912]  THE    MECHANICAL    ENGINEER.  663 


gross  roceipts  wore  £127,' 么 "50 ,000，  and  tlio  oxpeiiclitiirc 
£78/)(  K),( )( K),  in;ilviii<;  the  not  roooipts  ； i  little  in  oxooss  of 
£48,51N),( H W).  The  net  por('entaji;e  on  tlio  p;ii(l  up  capital  Wiis 
returned  at  3'0().  This,  tho  lii^liest  ii^uiv  for  tlio  past  ton  yoars, 
was  jiot  a  very  high  return  i'or  a  coninuu'cial  uiulortakiiig.  lentil 
the  Go\ornnient  had  carefully  sifted  the  material  tlioy  could  not 
do*iniatically  say  w  Inch  of  tho  two  systoius  was  the  Ix'tter. 
Frankly,  he  told  them  that  lie  (lid  not  think  tho  l)urdon  of  pi'ooi. 
lying  on  those  、vho  fiivourod  nationalisation  had  been  satisfied. 

Galloways,  Ltd.  t  A  Receiver  Appointed. —— The  affairs  of  Galloways, 
Ltd.,  the  well-known  Maiicliostor  firm  of  l)oilorma kors  and  eii- 
^inoers,  have  been  placed  in  the  hands  of  M  r.  Alfred  H.  Pow nnll, 
chartered  accountant,  Manchester,  w ho  will  act  as  m'eivei'  and 
imuiagei',  and  (、； u'ry  on  the  luisiness.  Tho  motion  was  made  on  the 
application  of  Sir  Frederick  Cawley,  】3art.,  and  Mr.  C.  L.  Agnew, 
on  behalf  of  themselves  and  all  the  other  debenture  holders,  who 
opposed  the  prospective  issue  of  £50,000  prior  lien.  It  is  under- 
stood that  every  effort  will  be  made  to  reconstruct  the  company, 
with  the  object  of  continuing  the  business.  The  iiutlioilstHi 
capital  of  the  company  is  £330,000,  in  shares  of  £10,  of  wliidi 
£150,000  are  5  per  cent,  cumulative  preference  and  £'180, 000 
ordinary,  of  which  £100, (XJO  of  preference  and  £104,760  of 
ordinary  have  been  subscribed  and  called  up.  There  is  also  4 
per  cent,  first  mortgage  debenture  stock  for  £1-30,000,  the  total 
authorised,  £.30,000  having  been  allotted  to  the  vendors  and  tlio 
remainder  issued  publicly  at  par,  secured  hy  a  first  mortgage  on 
the  company's  works  and  fixed  plant.  Mr.  C.  L.  Agnew  is  the 
chairman  of  the  company,  and  the  other  directors  are  Sir  Richard 
Mottram,  Messrs.  E.  N.  Galloway,  A.  Hewlett,  jun.,  C.  Price,  and 
R.  ¥.  Riddick.  The  present  company  took  over  in  1899  the  biisi- 
jiess  of  a  CO  nip  a  ny  of  the  sa  me  name  registered  in  189.5. 

The  Ratio  of  Profits  to  Wages. ― In  a  monograph  recently  issued 
by  the  Liberty  and  Property  Defence  League,  the  statements 
often  made  by  Socialist  agitators  with  respect  to  the  general 
ratio  ot"  profits  to  wages  are  refuted  by  putting  before  the  reader 
the  main  facts  and  fig  a  res  bearing  on  the  subject  as  shown  by 
an  analysis  of  definite  contemporary  statistics.  The  doctrine 
which  dominates  the  minds  of  the  leaders  of  the  new  labour 
movement  that  manual  labour  is  the  source  of  all  economic 
values,  and  that  employers  appropriate,  under  the  name  of 
profits,  from  65  to  80  per  cent,  of  that  which  rightly  belongs  to 
labour  is  characterised  as  being  as  crude  as  it  is  childish.  This 
is  the  doctrine  that  is  now  being  taught  in  a  "Labour  College," 
the  mair  object  of  which  is  the  education  of  Socialists  or 
syndicalists  for  the  business  of  popular  agitation.  It  is  shown 
in  this  monogrnpli  tliat  out  of  the  total  product  of  industry  for 
one  year  (1907),  the  net  vc  lue  of  which  was  approximately 
£1,450,000,000,  profits  (including  rent  of  both  lands  and  build- 
ings) amounted  to  approximately  24  per  cent,  of  the  total,  and 
wages  and  salaries  of  the  employed  amounted  to  approximately 
76  per  cent,  of  the  total.  These  figures  are  in  striking  contrast  to 
those  frequently  put  forward  that  profits  amount  to  77  per  cent, 
a nd  wages  and  salaries  23  ner  cent,  of  the  total. 

Business  Aspects  of  Engineering. ― A  lecture  on  thiy  subject  was 
delivered  on  May  IDtli  by  Mr.  Leslie  Robertson,  M.Iiist.C.E., 
he  fore  tlio  students  oi"  the  Faculty  of  Engineei'ing  at  Tlni\  ersity 
College,  Gower  Streot,  AV.C.  The  locturer  said  that  the  subject 
of  his  discourse  involved  the  application  of  conimou  sense  to 
technicality.  That  seemed  a  simple  matter,  but  the  difference 
between  pure  technicality  and  technicality  allied  to  oonimoii- 
sense  Mas  enormous.  The  able  technical  man  might  liope  to 
reckon  his  salary  iii  hundreds,  but  tho  able  business  in  an  who 
、vas  also  a  good  engineer  could  eominand  thousands.  He  reconi- 
niended  his  hearers  to  develop  any  commercial  aptitude  thoy  h;ul 
as  far  as  possible.  Engineering  was  never  a  matter  of  technicnl 
knowledge  alone  ；  it  was  impossible  to  divorce  it  from  business. 
No  man  could  carry  out  engineering  >^chemes  unless  he  wore 
entrusted  with  money.  Money  was  the  mainspring  of  all  enter- 
prise, and  all  work  must  he  considered  from  the  financial  point 
of  view.  An  engineer,  therefore,  wanted  a  wide  knowknl^o.  the 
1110 ro  so  as  he  never  knew  in  what  branch  he  would  practise. 
Circumstances  might  oblige  him  to  undertake  work  he  hud  never 
contemplated.  But  whatever  he  did,  he  would  be  the  better  for 
a  knowledge  of  affairs,  Mr.  Robertson  advised  his  hearers  to 
cultivate  business  methods.  ]t  was  most  desirable  they  should  l)e 
al)le  to  write  an  intelligible  letter,  and  give  a  clear  expression 
to  the  ideas  in  their  nniids.  A  kiio、vleclge  of  one  or  more  foreign 
languages  was  an  immense  advanta<2;e,  as  lie  had  proved  in  his 
own  experience.  Home  acquaintance  with  company  law  and  the 
ability  to  read  and  understand  accounts  were  essential. 

Bursting  of  an  Emery  Wheel  ：  Important  Appeal  Case. ― The  Court 
of  Appeal  gave  jmlgnK、iit  on  Monday  last  iu  an  appeal  hy  the 
defendants,  Charles  Churchill  &  Co.,  Ltd.,  against  a  judgment 
ot"  Mr.  Jiistico  A.  T.  La、vrencf>  in  favour  of  the  present  respon- 
dents, S.  Thomas  &  Sons,  Ltd.    In  February,  1910,  the  plaintiffs' 


torcmjiii  litit'd  otic  of  ihv  large  omory  wfieels  supplied  ])y  the 
(lHVii(l;uit.s，  and  after  it  h;i<l  rumiiiiK  altoiit  t("i  minutes  it 

siid'lciil.v  Ijiii  st,  injuring  a  wocknuin  w  hn  w  as  sitting  dow  ii  close 
Iiy.  As  ； I  result  of  tho  accident  the  plaintiffs  became  】iab】《，  to  pay 
coinixMisation  to  the  injured  work  man  uiidor  tho  WorUnicn'H 
Coinpciisatioii  Act,  and  they  sought  in  the  action  to  recover  tliat 
jimouut,  alleging  tliat  tho  dcffMidants  were  Iial)le  for  a  broacli  of 
warranty  to  l"»  implied  from  U"，  sale  of  tl"，  emery  、v1h 、(- Is  I'y 
rlcfViuLmts,  with  the  know  lr(l<ie  ol  tlio  purpasc  lor  u  liich  ilicy 
would  he  used  hy  the  piamtiil's.  Lord  .Justico  Vaii^lian  Williams 
'said  tlio  Court  was  of  opinion  tliat  tho  appeal  slioulc]  be  dismissed. 
The  rojil  fact  oi"  the  matter  was  that  in  this  case  the  (lofoiulaiit.s 
supplied  the  machinery,  and  it  was  not  denied  and  could  not  Ik3 
doii iecl  that  the  obligation  was  thereby  thrown  upon  tlioin  to 
supply  machinery  which  was  reasonably  fit  lor  tlu>  work  w  liicli 
thcv  know  the  machine  w^as  to  do.  After  the  \\ hool  had  l，（>(''i 
working  for  only  a  short  time  it  fiew  to  pieces,  and  injunnl  a 
workman  sitting  by.  The  moment  that  fact  was  proved  and 
accepted  as  clue  to  som(、  fault  in  the  wheel,  there  was  a  pririia 
facie  breach  of  an  luulouhtod  warranty  for  which  tlie  plaintiffs, 
unless  oontributorv  m'gliji('m(、  on  their  part  could  bo  proved, 
wore  entitled  to  claim  to  he  repaid  the  daman's  tli(\v  to  pay 
as  ('on】iK>ns;itioii  to  tho  injured  man  iukI*"'  tho  Workmen's  Coin- 
poiisatioii  Act.  Lord  J ustico  Fletcher  Moultoii  and  Lord  J  u-stice 
1^' a  rue  II  ； i  greed.    The  appeal  was  accord  dismissed. 

Opening  of  the  Immingham  Dock.— The  now  dock  at  Tmniin^liaiii, 
near  Grimsby,  Uiiilt  hy  the  H  u  in  her  Comni('n*i;il  Railu  ay  and 
Dock  Company,  and  leased  hy  tho  Great  Central  1  Railway  Com- 
pany, was  opened  for  mineral  traffic  on  the  lotli  iiist.  Jt  will 
not  J  however,  be  ready  for  passenger  traffic  for  a  few  mouths. 
The  area  covered  by  the  dock  and  sidings  is  I'OOO  acres.  There 
are  170  miles  of  running  lines  and  sidings.  The  central  })asin 
of  the  dock  is  l，100ft.  square.  The  south-wester ii  arm  is  l,2.')0ft. 
long  and  from  350 it.  to  JOOtt.  wide,  and  the  north-westtTii  a nn, 
to  he  iisod  as  a  tiniljer  pond,  is  of  the  same  size.  The  water  area 
is  45  acres.  The  southern  quay  is  2,3o()ft.  long.  Tlio  entrance 
lock  is  840ft.  long  and  90； t.  wide,  with  an  intermediate  pair  of 
gates  which  gives  an  outer  lock  320ft.  long  and  an  inner  lock 
520ft.  long.  The  height  of  water  over  the  sills  is  from  47ft.  to 
27ft.  Gin  for  sprinj^  tides,  and  from  43ft.  6in.  to  38ft.  Gin.  for 
neap  tides.  The  adjoining  graving  dock  is  740ft.  long  and  oOft. 
wide.  】t，  too,  is  divided  into  an  outer  dock  of  320ft.  and  an 
inner  of  420ft.  The  depth  of  water  on  the  sill 
of  the  graving  dock  is  23ft.  The  depth  in  the  general 
dock  is  from  30ft.  to  3oft.  The  graving  dock  holds  1,215,000 
cubic  feet  of  water.  Three  main  pumps,  with  suction  and  dis- 
charge branches,  20iii.  diani.,  can  empty  the  (lock  in  84 
minutes.  Each  pump  is  driven  direct  by  a  three-phase  motor 
ot*  330  b.h.p.,  running  at  415  revs,  per  minute.  Tliorc  a  re 
Jilso  two  14in -  centrifugal  ])nmps  for  draining  the  dock,  each 
driven  by  a  three-phase  motor  of  50  b.h.p.  The  hydraulic  and 
(electrical  power  is  generated  iu  a  large  power-house  near  the 
western  jetty.  The  equipment  consists  of  nine  Lancashire  boilers 
of  18()11)S.  p rossiire,  fitted  with  superheaters.  There  arc  four 
liydranlie  pumping  engines  of  the  horizontal  compound  surface 
(、mi(leiisiiig  type,  each  of  which  is  r;itefl  at  630  li.p.  TJiey  deliver 
7()U  gallons  each  minute  against  a  pressure  of  800 lbs.  to  the 
square  inch.  The  cylinders  are  24in.  and  44in.  diam.  by  36in. 
stroke.  There  are  two  accumulators  at  the  engine  house  and 
two  at  the  south  quay  r.oul  hoists ― one  at  each  end.  The  pressure 
pipes  and  return  mains  are  of  steel,  solid  drawn.  Rees-Roturbo 
pumps  are  \isecl  to  pximp  water  and  to  raise  it  to  the  tank,  which 
is  '55ft.  above  ground  level.  The  electrical  equipment  consists 
of  two  250  k、v.  and  one  500  k、v.  Curtis  turbo-generators,  to  which 
a  fourth,  of  1,5CX)  kw.,  is  being  added,  and  two  2-50  k\v.  rotary 
converters.  The  power  geru'rated  is  three-phase  at  G,G(JO  volts, 
50  cycles,  but  is  converted  to  direct  current  ou  the  three-wire 
system  at  460  volts  for  lighting  by  a  sub-station  in  tlie  power 
house.  There  is  also  a  sub-station  for  the  power  for  the  graving 
dock  and  another  for  supplying  lifiilit  to  the  sidings.  A  tliird 
sub-station  is  at  Grimsl)y  for  lighting  a  nd  power  tliere. 


Launch  of  a  New  Japanese  Battle-cruiser.  ― There  was  launclied 
from  the  Naval  Construction  Works  of  Messrs,  Vickers,  Ltd., 
at  Barrow,  on  the  17th  inst.，  the  Japanese  battle-cruiser 
" Kongo."  She  has  been  built  to  a  special  design,  her  dimen- 
sions being  ：  Length,  704ft.  ；  breadth,  92ft.  ；  draught,  27ft. 
6in.  ；  displacement,  27,500  tons  ；  speed,  28  knots  at  least. 
She  has  a  coal  capacity  of  4,000  tons,  and  oil  fuel  1,000  tons. 
She  will  be  propelled  by  turbines,  having  a  shaft  horse-power 
approximating  70,000.  She  will  have  eight  14in.  guns,  16 
Gill.,  and  16  smaller  guns,  with  a  large  number  of  submerged 
broadside  torpedo  tubes.  She  is  very  heavily  protected  with 
armour. 
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Etchells  iSc  llobcrts. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  publish edy  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  I9II. 

Kotary     fluid- pressure      macliiiies.       InteruatioiiaU'  Rotations 

Machinen  Ges.    4862.  ― 
Valves  for  fluid- pressure  engines.    Mercer.  8159. 
Rotary  engines.    Glasgow.  8227. 
Valve  gear  for  pneumatic  tools.    Kami.    101 46. 
Devices  for  arresting  the  motion  of  pit  cages,  lifts,  and  hoists 

, when  the  hauling  rope  breaks.    Alcock.    10209.  ' 
Apparatus  for  removing  boiler  scale.      Electric    Safety  Boiler 

Cleaner,  Ltd.,  and  Murray.  10250. 
Hoating  systems.    Williaiiison.  10274. 

CoiultMisers.    Heenan  &  Fronde,  Ltd"  Bliss  &  Clowoi  ih.  10294. 
llefrigoratincr  and  frec^zing  niaciiiiiery.    Heonaii  cV:  Ltd" 

and  Wheal.  10295. 
Method  of  ti't'atiiig  antimony  and  arsenic  ores.    Trifouuif  and 

Gardner.  10328. 
Foundry  moulding.    Byrnes.  10330. 
Solf-propolled  vehicles.    Ford.  103G2. 
Tube-rolling  mill.    Koch.  10556. 
Belts  and  pulleys.    Pryor.  10566. 
Ore-roasting  furnaces.    Bracq.  10642. 
Washer  for  locking  nuts.    Roots.  107G2. 
Means  for  locking  nuts.    Kirton.  10945. 
Drain  valves  for  steam  engine  cylinders. 
' 10963. 

Power  iiistallatious  for  the  propulsio  i  of  marine  vessels.  Miivor, 

and  Mavor  &  Coulson,  Ltd.  11100. 
Process  for  preserving  metals  from  rust.    Lemetre.  11432. 
Miners'  safety  lamps.    Prestwicli.  11480. 
Valves.    Foster.  118G9. 
Acetylene  generators.    Patrick.  12213. 

Metallio  multiple  packing  rings  for  pistons.  Wliidbourno  and 
Lishman.    12383.  ^ 

Belts  for  the  transmission  of  power.    Harris.    12oHl.  - 

Apparatus  for  feeding  fine  fuel  to  furnaces.    Weltoii.  12752. 

Power - driven  vehicles.    Nelson  &  Bil-by.  13158. 

Apparatus  for  automatic  analysis  of  &ases.    Binz.  loG91. 

iMeans  for  effecting  the  consumption  oF  smoke  in  boiler  furnaces. 
Thornton.    14383  ―, 

Lock  and  Wo('k  signalling  for  railways.    Neele  &  Reed.  14593. 

Bolt  fasteners.    Honil)y.  15079. 

Miicliiuos  for  cutting  metal  by  smootli   discs  I'otatmg  at  In^li 

speed.    Mars-Werke  Akt.-Ges.     I -'A  37. 
Valvoless    two-stroke     internal-conibii-stion    engines.  Johiisoji, 

Hurley,  &  Martin,  Ltd.,  Johnson,  and  Cantrill.  15298. 
Lul)ri ating  systems  for  fluid-pressure  engines.    Poppe.  15883. 
FeecVwater  heaters.    Marks.  16444. 

Burners  for  drying  moulds'     Deutsche  Luxomhurgischc  Berg- 

werks  und  Hutteii  Akt.-Ges.  17887. 
Safety  valves.    Lombard.  17900. 

Means  for  controlling  inlet  and   exhaust   in  intoriial-conibustioii 

engines.     Kloos.  18520. 
Rotary  gas  scrubhors  and  \vashors.    Chandler  &  Waller.  18562. 
Safety  couplings  for  railway  vehicles.    Bap;p;ot.  18686. 
Rotary  pumps  for  motors.    Mondizabal       Hortraml.  10119. 
Kotary  pumps.     Holtortson.  19377. 

Belting  for  niacluiuM-y .  Panzotta,  :m(l  Paiizotta  Tyre  Syiic'icate. 

2(1163.  ' 
Ball  Ijoarin^s.    Al"i (小 ola""、t  Sv(Misk;i   K villager  fahrikcn.    21  17". 
Two  stroke   internal  conilmstioii  t'ligim's.    1  lallott  S:  川：" knioiv. 

21. WJ.  ^ 
Liquid  level  jjiauuos  lor  tanks.    、V;ml(、u.  21G51 
Apparatus  ior   utilising  】m)tor    exhaust  ； ^iises    lor  geiiiMati"" 

steam.    Stradtinaiin.    200  in. 
Moclianisiii  lor  Imlancing  single  (yliiiilt'r  tMi^iiu\s.    I'ill.v.    -^'^"1  ■ 
Cliar^iiifi;  apparatus  ior  1 山 ist  luniiuvs.    Shirks.  27130. 
上, I'essure-regiilatoi's.    Sclineidor.  29190. 

1912. 

.Means  for  ct'iit  riiiji;  invmilar  :irlicl(vs    lor    tuniiii^    m    (  i 屮.、 

l:»th(、s.    Wiiiklo,  Winklo.  iV  Winklo. 
V'urnacos  ioi*  stt'ani  i^tMioratois.    ，'o('lim、r.  OoH. 
Y:d、i、s.    Lowo.    1 7fi7. 

DiH'rronlial  railway  axlos.    SeaUrook.    233* K 

ELECTRICAL.  1911. 

Aniotiiaiic  U'U'phono  oxcli;ni;i»'s.     \、，'l"'-、  A:  /wioliiscli.  I'C'MS. 

Controllers  for  i'l"(lri"  motors.    Hrowii.    1  ( »3() I . 

1  luandesceut  clottrir  lamps.    HuIkm's.    10133,  1043 J,  and  10 13.">. 


Apparatus  for  operating  electric  motor  controllers  from  a  dis- 
tance.   Hirst  &  Brook.  11045. 

(V)iitaot  f'oiid Victors  of  electric-traction  systems.  Duddoll  ami 
Partridge.    15597.  ^ 

Automatic  control  of  dynamos.    Grafton  cVr  Prior.  H)7. 

Spnrk  plugs.    Mackenzie.  10437. 

Telepliom>s.    Gwozdz.    19011 . 

Machines  for  generating  electricity  and  niachine.s  driven  I>y 
electricity.      Boyd.    191G0.       '  ^ 

I iK-andescent  electric  lamps.  Jahoda  &  Klt>kti'is('lit>  (ilulilanipi'ii 
Fabrik  "Watt"   Scharf  Loti  &  Latzko.  27388. 

Arc  lamps.    Siemens  Schuckertwerke.  27099. 

Method  and  device  for  polarising  nia^iioto  I'lfctrical 
Volkors.  2871.—). 

Electric  furnace.    Helfoiistt-i n.    291 2(). 

1912. 

Alternating-current  motors.    Bell.    910.  • 
Arc  lamps.    Way  &  ThorkHin.  43G-"5. 

Rectifier  for  high  tension  altcj'iiatin^  curronts.  Si，'mt'，is  and 
Halske  Akt.-Ges.  7467. 


LAUNCH  OF  THE  CRUISER  "SOUTHAMPTON." 

There  was  launched  from  the  yard  of  Messrs.  John  Brown  and 
Co.,  Clydebank,  on  the  16th  inst the  second-class  protected 
cruiser  Southampton.  "  The  "  Southampton  "  is  oue  of  the 
" Town  "  class,  450ft.  iu  length,  50ft.  in  breadth,  16ft.  in 
draught,  and  of  5,500  tons  displacement  in  normal  load  con- 
ditions. The  propelling  machinery  consists  of  two  sets  of 
Brown-Curtis  turbines  placed  in  separate  water-tight  com- 
partments. The  ahead  and  the  astern  turbines  are  incor- 
porated in  oue  casing.  Steam  will  be  generated  in  12 
water-tube  boilers  of  the  Yarrow  type,  fitted  with  super- 
heaters, designed  to  use  coal  and  oil  as  fuel,  arranged  in  three 
boiler-rooms,  and  worked  under  the  closed  stokehold  system  of 
forced  draught.  The  machinery  is  designed  to  develop 
25,000  h.p.,  and  to  give  the  vessel  a  speed  of  25^  knots  in 
normal  load  conditions.  The  armament  includes  eight  Gin 
guns.  All  the  vital  parts  of  the  vessel  are  prot-ect^d  by  a 
heavy  belt  of  protective  steel,  and  the  coal  bunkers  have  been 
so  arranged  as  to  give  further  protection  to  the  engines. 

METAL  QUOTATIONS. 

TUESDAY,  MAV  21st. 

Aluminium  ingot   67/-  per  cwt. 

，，         wire,  according  to  sizes,  &c  from  102/-  " 

，，        sheets        ，，  ，，    ，，  120/-  ，， 

Antimony   £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    SUI,  per  lb. 

"    tubes  (brazed)    10:d. ，, 

，，       ,，      (solid  drawn)   9d.  ，， 

，，       ，，     wire   8id.  ，， 

Copper,  Standard   £73/15/-  per  ton. 

Iron,  Cleveland   54/-  " 

，， Scotch    m/-  ，， 

Lead,  English    £17/-/-  " 

，， Foreign  (soft)    £16/10/-  ，， 

Mica  (in  original  cases),  small   6d.  to  2/ -  per  lb. 

，，  "  "       medium   2/6  to  4/-  ，， 

，，  ，，  ，，       large   4/6  to  8/0  ,， 

Quicksilver   £8/."»/-  per  bottle. 

yilver   2Sjd.  per  oz. 

Spelter   '.   £25/1 per  ton. 

Tin,  block   £208/10/- ，， 

Tin  plates    14/0  ,, 

Zinc  sheets  (Silcsian)  *   £29/-/-  ，， 

，，  (Stettin  ；  Vieille  Montagnc)   £2!»/*7/(5  ,， 


Crane  Boiler  Explosion  at  Millwall. 一 Tlie  boiler  of  a  travelling 
crane  employed  at  I  \iv  Millwall  J)rv  Docks  exploded  on  Satur- 
day niorning  last,  resulting  in  injuries  to  several  workineii. 
Tlie  orane  in  quest  ion  was  being  driven  alongsiile  I  he  dock 
wall  when  the  explosion  occurred.  Tlie  boiler,  wliicli  weighed 
from  3  to  4  tons,  was  torn  away  from  its  staging  on  the  rrane 
and  hurled  into  the  air  to  a  height  of  bet we^ii  3()0ft .  ami 
4U0ft .  It  crashed  through  about  80  telegraph  wires,  ami  then 
fell  lluough  the  roof  of  a  rarpent^r  s  shop,  about  450ft.  away. 
Three  men  were  injured  by  the  falling  debris.  The  driver 
of  the  crane  received  serious  injuries  to  tlio  fare  and  bo(ly， 
while  another  man  wlio  was  stamping  noa r  the  rrane  giving 
directions  as  to  its  movements  was  hurled  into  the  docks  by 
the  explosion  and  seriously  injured  by  the  fall. 
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METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Gas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO..  Ltd. 
Works  ：  PONDERS  END.  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E  C. 

The  "PERFECT"  VISE 


Dept. 


J.  PARKINSON  &  SON, 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::       ::  ::  •• 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar:  Member  of  the  Imtitution  of  Mechanical  Enixnter, 
Associate  Member  。/  the  Institution  of  Cwtl  h»g,ne,rs. 

Price  13/-  post  free. 

rf  、NTFNTS  —Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
CONlt-MS.  iaoiehS;^";;c^^，u'Yp'、，pn,.  Tomperatnre.  Measurement  ot  Speed, 
^nt  of  Pi.?5t;ipe;_p;fS，X;ietme》? 丄 aSre 丄 u^ftS^f  Power  lupuW'itli  Dynamometer. 
Seasm.ement+offPg=iw?fnPi;ii5  ^If^'indfcator    Indicator  Rigs  and  Accessories. 

Measurement  of  the  Quality  ot  ^Lt^am. 丄"^^^^"^^  。十 ，-        >1     Analvsis  of  Fluo 
Internal-combustion  Engines. 
The  Scientific  Publishing  Co..  53，  New  Bailey  Street,  Manchester. 


Vol.  29,  No.  749. 


Edited  by 

WILLIAM    H.  FOWLER, 
Wh.  Sc.,  M.Inst.C.E. 

I  elegrams :  "Scientific,"  Manchester. 

Telephone  No.  8628  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom  :  12/6  per  ami uni,  post  free. 
Anywhere  Abroad  :  ~ - 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ,，  Thick  ,， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53，  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Foreign  Travel  and  its  Value  to  the  Engineer. 

Whit- WEEK   affords   an   excuse ― if   any  excuse   other  than 
possessioi*!  of  the  time  and  means  b&  necessary ― for  a  holiday, 
ami  a  holiday  naturally  turns  one's  thoughts  to  travel,  its 
pleasures,  and  its  value.    Of  the  pleasures  of  travel  this  is 
scarcely  tlie  place  to  speak,  but  there  are  some  thoughts  on 
Ui&  value  of  travel,  especially  foreign  travel,  to  the  engineer 
which  may  profitably  be  discus&ed.    A  century  ago  the  Grand 
Tom'  was  almost  a  necessary  part  of  tlie  education  of  those 
who  aspired  to  the  highest  positions  in  the  State.    With  the 
rise  to  importance  of  the  manufacturing  class ― among  whom 
one  must  include  engineers ― the  value  of  the  Grand  Tour 
was  somewhat  obscured  by  the  obvious  financial  success  of 
many  whose  nearest  approach  to  a  Grand  Tour  was  the  annual 
inspection  and  stock-taking.     Even  in  those  vigorous,  if  some- 
what narrow,  times  there  were  some  of  the  manufacturing 
class  who  appreciated  and  sought  the  aid  of  foreign  travel. 
Among  such  may,  perhaps,  be  mentioned  Richard  Cobden, 
who  owed  much  of  his  public  and  business  successes  to  the 
influence  of  his  foreign  travels.      To-day  foreign  travel  is 
encouraged  by  universities  and  public  opinion,  but  there  seems 
to  be  lacking  any  clear  conception  as  to  what  foreign  travel 
is  capable  of  doing  for  a  man  and,  through  him,  the  nation, 
or  how  to  make  the  best  of  it.      There  is  a  pretty  general 
impression  that  the  man  who  undertakes  an  extended  foreign 
tour  in  his  capacity  of  engineer,  business  man,  or  student,  is 
in  for  a  "  good  time/'  but,  unless  lie  is  hoping  to  achieve  some 
specific  commercial  or  technical  object,  there  is  a  good  deal 
of  scepticism  as  to  the  value  of  it  all.    The  day  is  gone  past 
when  business  and  pleasure  could  be  kept  in  separate  water- 
tight compartments,  and  foreign  travel  ought  to  yield  much 
pleasure  in  anticipation  and  at  the   time,    but  even  more 
afterwards.      It  is  a  mistake,  however,  to  imagine  that  a 
foreign  tour  is  without  its  petty  irritations  and  greater  draw- 
backs.   Indeed,  one  may  go  further  and  say  that  for  the 
young  man  with  the  struggle  of  life  before  him  it  is  a  mistake 
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to  relieve  him  altogether  of  the  discipline  and  training  of 
having  to  face  unexpected  and  annoying  situations  and  of 
having  to  maintain  his  self-respect  and  his  dignity  unsup- 
ported in  the  presence  of  people  of  all  descriptions.  When 
a  man  has  formed  his  character  it  is  safe  to  do  all  that  fore- 
thought, introductions  to  people,  and  money  can  do  in  order 
to  relieve  him  of  unnecessary  distractions,  so  that  he  may 
devote  his  best  attentions  to  the  more  serious  problems  before 
him . 

This  distinction  between  the  green  young  man  and  his  elder 
goes  beyond  the  comforts  of  travel.  A  student,  for  instance, 
however  clever  he  may  be,  is  but  ill-fitted  to  appreciate  the 
details  of  a  manufacturing  process  or  tlie  factors  which  have 
produced  a  certain  organisation.  He  is  capable  of  recognising 
certain  broad  facts,  such  as  the  wide  adoption  of  electric  driv- 
ing, the  success  and  non-success  of  piece  work  in  different 
branches  of  the  trade,  and  the  tendency  to  sectionalise  into 
departments  and  to  specialise  in  many  ways.  The  mere  fact 
of  watching  for  and  recognising  such  iendencies  is  useful  in 
itself,  and  brings  to  his  notice  a  wide  variety  of  information 
which  is  useful  in  other  directions.  The  experienced  man  can, 
however  J  look  deeper  below  the  surface  than  the  student.  He 
knows,  say,  that  in  his  home  experience  a  certain  practice 
has  not  been  a  success.  In  the  foreign  works  it  is  a 
success,  and  he  naturally  notes  the  fact,  which  the 
student  would  probably  have  missed  from  sheer  ignorance 
of  home  conditions.  If  the  man  is  wise  and  thoughtful  he  does 
not  stop  at  merely  recording  a  difference  in  practice  between 
the  two  countries.  He  goes  further,  and  asks  himself  why 
one  method  succeeds  at  home  and  a  different  one  abroad. 
Possibly  he  never  thought  about  it  at  home,  but  he  now  begins 
slowly  to  realise  the  factors  which  determine  not  only  the 
foreign  practice,  but  also  that  in  use  at  home.  Thus  liis 
foreign  tour  not  only  extends  the  scope  of  his  outlook,  but  it 
deepens  it.  It  would  be  difficult  to  say  which  is  the  more 
useful  service,  but  eitlier  alone  would  be  sufficient  to  justify 
foreign  travel. 

It  may  be  thought  from  what  has  been  said  above  that 
only  experienced  men,  and  not  students,  should  travel.  That 
would  certainly  be  a  mistake.  Travel  helps  to  form  a  young 
man's  character ― and,  unfortunately,  sometimes  to  destroy  it 
— and  it  iends  to  make  him  more  observant,  more  thoughtful, 
and  more  receptive  than  he  otherwise  would  have  been.  If 
he  is  poor  material  to  begin  with,  it  will  not  make  liiiii  into 
a  great  success,  but  if  he  has  the  qualities  necessary  for  good 
work  these  powers  of  observation,  discussion,  and  recognition 
will  greatly  increase  his  value.  It  is,  however,  a  mistake  to 
expect  that  foreign  travel  will  convert  a  student  immediately 
into  an  expert;  wliether  in  Aiiance,  coinniert'e,  or  technical 
work.  Many  engineers  and  business  men  do  make  t his  mis- 
take, and  express  their  dissatisfaction  when  they  find  that  a 
young  engineer  on  his  return  from  a  tour  in  Germany  or  the 
United  States  is  unable  to  recite  a  catalogue  of  those  details  of 
office  and  workshop  practice  in  wliicli  lie  considers  English 
firms  defective. 

On  the  other  hand  it  is  certainly  true  that  the  man  of 
experience  is  specially  fitted  to  benefit  by  a  foreign  tour. 
Presumably  he  has  already  demonstrated  t  hat  he  is  made  of 
good  material.  His  experience  guides  him  in  liis  observa- 
tions, and  his  power  of  forming  a  judgment  slioiild  be  better 
than  that  of  a  younger  man.  Another  advantage,  which 
counts  for  more  in  some  countries  than  in  others,  is  that  his 
age  and  experience  secure  him  more  interviews,  und  better 
ones,  with  men  in  important  positions,  than  can  be  obtained 
by  a  student.  Thus  there  is  no  doubt  but  that  experienced 
engineers  need  more  opport unities  of  foreign  travel.  The 


giving  of  the  equivalent  of  a  scholarship  to  a  man  who  has 
been  actively  engaged  in  business  for  some  years  is  somewhat 
foreign  to  British  ideas,  but  it  is  difficult  to  resist 
the  conclusion  that  travelling  scholarships  for  men  of 
experience  would  con  fer  greater  benefits  on  the  indi- 
vidual and  the  nation  than  even  the  present  ones. 
Private  firms  can  help  in  two  or  three  ways.  They 
can  modify  their  foreign  business  arrangements  so  as  to  permit 
of  responsible  members  of  their  liome  staff  making  occasional 
trips  abroad,  they  can  send  men  out  specially  to  study,  and 
they  can  encourage  a  inaii  by  giving  liim  extended  leave  or 
holiday.  It  is,  of  course,  impossible  to  prescribe  any  definite 
rules  for  guidance,  but  it  is  worth  while  drawing  attention 
to  the  good  work  which  can  be  clone  by  an  experienced  】iian 
sent  out  by  his  firm  to  study  foreign  methods.  Foreign  com- 
mercial travellers  whose  business  it  is  to  canvass  for  orders 
are  widely  employed,  but  it  is  very  rare  to  find  a  man  sent 
out  to  study  the  requirements  of  a  market  and  the  existing 
methods  of  meeting  them,  so  that  he  may  return  to  the  home 
firm  and  organise  a  department  or  design  machinery  and  goods 
suited  to  the  needs  of  the  market.  As  a  rule  a  commercial 
traveller  is  not  of  much  help  to  a  firm  until  they  have  grasped 
the  requirements  of  the  】uarket  and  produced  the  class  of 
goods  suited  to  it;  and  without  the  assistance  of  a  technical 
man  acquainted  witli  the  market  the  firm  will  often  be  quite 
unable  to  do  this. 

It  is  a  mistake  to  construe  the  studies  of  a  foreign  tour 
in  a  narrow  sense.  We  are  not  now  dealing  with  those  cases 
where  a  man  is  abroad  for  some  specific  and  narrow  purpose, 
such  as  the  obtaining  of  a  contract  or  the  appointment  of  an 
agent,  but  rather  with  those  cases  where  tlie  issues  are  wider. 
Finam -、，  commercial  practice,  the  markets,  state  of  the  art, 
labour  supply,  politics,  social  ideals,  and  natural  resources 
all  matter.  It  is  not  possible  to  understand  the  labour  market 
without  studying  the  social  and  political  ideas  that  are  current 
and  those  that  are  coming  to  the  front,  nor  is  it  possible  to 
study  the  state  of  the  art  without  reference  on  the  one  hand 
to  the  natural  resources  and  markets  of  tlie  country,  and  the 
finance  and  business  practice  on  tlie  other.  It  is  not  so  long 
ago  that  history  as  written  was  a  catalogue  of  battles  and  royal 
intrigues.  Later  it  was  extended  to  include  tlie  doings  of 
Parliament,  and  still  more  recently  it  took  somewhat  mis- 
informed notice  of  invention  and  industry.  Similarly,  the 
study  of  industries  was  at  first  limited  by  the  walls  of  tlie 
workshop,  and  then  extended  to  include  the  buyer.  To-day 
it  has  gone  further.  Labour  receives  as  】nu('h  attention  as 
the  other  factors,  and  the  general  luoiilding  influences  of 
current  ideals  and  public  opinion  are  recognised  as  factors 
that  cannot  be  ignored.  The  only  limit  to  the  breadth  of 
one's  studies  abroad  should  be  placed  by  one  s  capacity  to 
assimilate  and  to  combine  into  a  t'omiected  scheme  or  mental 
picture.  Each  section  should  be  a  unit  with  its  own  clear-cut 
principles  and  self-contaiiml  logical  arrangement,  but  all 
should  be  linked  up  by  elementary  yet  coiiii>rehetisive 
principles  into  a  greater  scheme  in  whicli  each  unit  plays  its 
part,  whether  great  or  small. 


Institution  of  Electrical  Engineers. — The  summer  meeting  of 
this  Institution  will  be  held  at.  Glasgow  on  June  I'Jth, 
13th,  and  14th  next.  On  the  Wednesday  the  members  will 
meet  at  the  Technical  College,  when  a  j^aper  on  "  The  Trans- 
mission of  Electrical  Energy  by  Direct  Current  on  the  Series 
System,"  by  M r.  J.  S.  Ilighfield,  will  be  read  and  discussed. 
The  afternoon  will  be  devoted  to  the  inspection  of  works.  On 
t lie  Thursday^  a  lecture  on  "  Tlie  Mairnetiv^m  of  Permanent 
Magneto  "  will  be  delivered  at  the  University  by  Prof.  S.  P. 
Thompson,  F.R.S.  Works  will  again  be  visited  in  the  after- 
noon. On  the  Friday  there  is  to  be  an  excursion  on  the 
Clyde  in  the  morning  and  afternoon. 
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THE  PRESENT  STATE  OF  DEVELOPMENT  OF  LARGE  STEAM 

TURBINES, 

BY  A.  a.  CHRISTIE. 

{Concluded  from  page  64I.) 

Turbo-generators. ― A  discussion  of  tho  design  of  tiubo- 
generators  is  beyond  the  limits  of  this  paper.  In  general, 
European  builders  of  electrical  machinery  allow  less  overload 
capacity  than  is  usual  on  American  machines,  but  give  better 
guarantees  of  efficiency  and  regulation.  Practice  varies  widely 
in  regard  to  the  normal  rating  and  maximum  capacities  of  different 
turbines.  Some  European  builders  guarantee  theit  generators  to 
carry  normal  full  load  without  undue  heating  only  for  two  to 
six  hours.  Others  follow  the  practice  which  has  been  introduced 
in  America  of  rating  their  turbines  at  the  maximum  load  they 
will  carry  continuously.  Several  builders  still  offer  turbines 
which  will  carry  as  high  as  25  per  cent,  overload  continuously. 
Such  conditions  are  very  confusing  to  purchasers.  The  time 
seems  opportune  to  fix  a  standard  for  the  rating  of  steam  turbines, 
and  to  define  the  overload  capacity  which  may  be  expected  of 
this  type  of  engine. 

Commercial  Considerations. ― When  steam  turbines  are  to  be 
installed  at  high  altitudes,  the  effect  of  altitude  on  economy 
frequently  comes  up.  It  can  be  easily  shown  that  with  the  same 
boiler  pressure  and  the  same  absolute  pressure  in  the  condenser, 
the  steam  consumption  of  a  turbine  at  5,000ft.  elevation  should 
exceed  that  of  a  similar  turbine  at  sea  level  by  less  than  1  per  cent. 

Each  turbine  is  designed  to  operate  at  maximum  efficiency 
at  some  given  vacuum.  Owing  to  uncertainties  in  design  factors 
for  losses  and  to  slight  inaccuracies  in  construction,  the  most 
efficient  vacuum  may  vary  somewhat  from  that  for  which  the 
turbine  was  designed.  Theoretically,  the  steam  consumption 
should  decrease  as  the  vacuum  increases,  but  this  rate  of  decrease 
will  vary  for  each  type  of  tubine,  depending  on  the  blade  areas 
and  steam  velocities  of  the  low-pressure  section.  It  is,  therefore, 
essential  that  this  rate  of  change  be  determined  for  each  individual 
turbine  by  actual  test. 

In  the  purchase  of  steam  turbines,  operating  efficiency  and 
costs  should  be  considered  together  with  first  cost,  and  the 
machine  selected  should  be  the  one  on  which  the  ultimate 
operating  and  fixed  charges  are  a  minimum.  This  practice  is 
followed  in  Europe.  In  America  the  bargain-coimter  idea 
unfortunately  possesses  many  engineers,  and  manufacturers 
have  frequently  been  forced  to  sacrifice  efficiency  in  order  to 
meet  competition. 

In  Table  I.  some  data  are  presented  in  tabulated  form  regard- 
ing various  types  of  steam  turbines.  This  information  was 
gathered  during  personal  visits  to  the  various  works  and  also 
by  correspondence.  Designs  of  steam  turbine  details  are  con- 
stantly changing,  so  that  many  of  the  items  in  this  table  may  not 
correctly  represent  the  latest  practice  of  the  various  builders. 

Results  of  Tests. ― The  efficiency  of  a  steam  turbine  may  be 
expressed  in  terms  of  pounds  of  steam  per  kilowatt-hour  as  an 
efficiency  ratio  or  as  the  B.Th.U.  required  per  kilowatt-hour.  The 
steam  consumption  is  dependent  on  the  initial  steam  pressure, 
its  temperature  or  quality,  and  the  condenser  pressure.  These 
factors  vary  in  almost  every  test,  and  the  effect  of  a  variation 
in  each  is  not  the  same  for  all  classes  of  turbines.  Hence,  different 
turbines  cannot  usually  bo  compared  satisfactorily  on  the  basis 
of  their  steam  consumption  alone. 

If  the  steam  could  expand  freely  to  exhaust  pressure  in  a 
turbine  without  radiation,  friction,  eddy  or  windage  losses,  its 
expansion  would  be  adiabiitic  and  on  the  Rankine  cycle.  The 
" efficiency  ratio  "  expresses  the  proportion  of  the  heat  actually 
turned  into  work  to  that  available  from  such  an  adiabatic  expan- 
sion. In  other  words,  it  expresses  the  efficiency  of  the  actual 
turbine  as  compared  with  the  ideal  turbine,  and  is  independent 
of  the  type  of  turbine. 

The  B.Th.U.  per  kilowatt-hour  is  figured  above  the  heat  of  the 
liquid  at  exhaust  pressure.  This  is  not  a  satisfactory  standard 
by  which  to  compare  results,  for  it  is  largely  dependent  on  con- 
ditions beyond  the  control  of  the  turbine  builder.  For  instance, 
if  the  plant  does  not  contain  superheaters,  the  B.Th.U.  per  kilowatt- 
hour  will  be  high.    The  same  will  be  true  of  a  plant  which  has  a 
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warm  cooling-water  supply  for  condensers  and  consequently 
carries  low  vacuum.  Yet  the  turbines  may  be  designed  to  give 
M  high  efficiency  ratio  under  these  conditions.  In  fact,  they  may 
be  able  to  utilise  the  lioat  available  nioro  officiontly  than  tho 
turbines  in  another  plant  with  both  high  suporlioat  and  hi^h 
vacuum. 

Til  is  can  bo  soon  in  Table  II.  ，  in  which  ror-ont  tiirVjino  tests 
have  been  tabulated.  The  Brown,  Bovori  turbine  at  the  Dunstan 
power  plant  uses  14,980  B.Th.U.  per  kilowatt-hour  with  an  effi- 
ciency ratio  of  ()8'8  per  cent.  Yet  the  Westinghousc  City  Electric 
with  a  lower  steam  pressure,  lower  superheat  and  lower  vacuum 
has  an  efficiency  ratio  of  68' 9  per  cent.,  though  using  16,025 
B.Th.U.  per  kilowatt-hour.  The  Erste  Briinner  Vienna  turbine 
requires  1G,4()0  B.Th.U.  per  kilowatt-hour  with  718  per  cent, 
efficiency  ratio.  It  is  therefore  apparent  that  the  efficiency 
ratio  alone  will  express  in  the  best  manner  the  degree  to  which 
the  designer  has  approached  ideal  results  in  his  turbine. 

The  test  results  in  Table  II.  were  grouped  in  order  to  analyse 
the  relative  merits  of  the  different  types  of  turbines  on  the  basis 
of  efficiency  ratios.  The  Curtis-Parsons  machines  Imilt  by  Erste 
Briinner  hold  first  place  in  the  list,  but  are  followed  closely  by 
others  of  the  same  type  built  by  Brown,  Bovori  and  Westinghouse 
Machine  Company.  The  Parsons  turbines,  built  by  Allis-Chal- 
mers  and  Brown,  Boveri,  also  show  high  efficiencies.  The  second 
class  in  the  order  of  efficiency  includes  turbines  of  the  Curtis- 
Rateau  and  Curtis-Zoelly  types,  among  which  the  turbines  of 
the  A. EX!-,  and  British  Westinghouse  Company  show  remarkuhly 
good  results.  The  next  group  includes  simple  Zoelly  and  Rateau 
turbines.    The  last  group  comprises  straight  Curtis  types. 

The  superiority  of  the  Curtis-Parsons  over  the  Parsons  type 
is  probably  due  to  the  reduction  in  the  fluid  friction  and  rotational 
losses  occurring  in  the  first  cylinder  of  the  Parsons  by  the  use  of  a 
Curtis  stage  in  this  section. 

The  Parsons  low-pressure  sections  evidently  utilise  the  heat 
in  the  steam  only  slightly  more  efficiently  than  do  the  impulse 
turbines.  The  great  surface  areas  of  all  disc  type  turbines 
which  must  be  whirled  in  steam,  produce  losses  which  arc 
apparently  somewhat  larger  than  the  combined  whirling,  losses 
and  leakage  in  the  Parsons  drum  turbines.  Both  the  Zoelly 
and  Curtis-Rateau  types  appear  to  use  the  steam  more  effectively 
in  the  low-pressure  sections  than  the  Curtis  alone.  Many 
European  engineers  hold  the  opinion  that  where  high  economy 
is  to  be  obtained,  the  impulse  turbine  of  the  Rateau  or  Zoelly 
type  is  superior  to  the  Curtis,  though  its  manufacturing  costs 
are  higher.  The  Curtis-Rateau  construction  has  ail  the  com- 
mendable features  of  impulse  turbines  and  has  proved  very 
ecoaomical. 

The  results  shown  in  Table  II.  are  from  the  best  reliable  tests 
that  have  been  made  on  each  type.  Objection  may  be  raised 
that  these  results  do  not  represent  actual  operating  conditions 
as  under  varying  loads,  nor  the  average  economy  of  any  type  of 
turbine.  For  instance,  the  Curtis  turbine  usually  gives  a  very 
flat  water-rate  curve,  while  the  Parsons  type  is  more  convex. 
On  the  other  hand,  recent  tests  on  the  new  Curtis-Parsons  types 
have  also  shown  flat  water-rate  curves  at  various  loads.  It  was 
impossible  to  compare  the  various  types  from  this  standpoint  on 
account  of  absence  ot  complete  data  of  such  tests.  It  is 
interesting  to  note  in  Table  II.  that  the  best  results  have  been 
obtained  within  the  past  two  years,  and  that  these  show  a  consider- 
able increase  in  efficiency  over  the  earlier  tubiues. 

Low  and  Mixed  Pressure  Turbines. ― One  of  the  first  low- 
pressure  turbines  installed  was  described  by  Professor  Rateau  in 
his  paper  ou  "  Different  Appliances  of  Steam  Turbines."  The 
exhaust  steam  from  various  non-condensing  reciprocating 
engines  around  mines  was  conducted  to  a  regenerator,  from  wliich 
the  turbine  drew  its  steam  supply.  Many  low-pressure  turbines 
have  been  erected  since  1 904,  and  have  shown  very  economical 
results.  In  some  installations  it  is  usual  to  provide  iov  operation 
on  high-pressure  steam  when  the  supply  of  exhaust  steam  is 
insufficient  to  meet  the  power  demand.  Hence  the  mixed 
pressure  turbine  has  been  developed.  In  Europe  ii  Curtis  stage 
is  added  at  the  inlet  and  the  live  steam  passed  through  this  before 
entering  the  low-pressure  section.  The  whole  of  the  heat  con- 
tent of  the  live  steam  can  be  eHectively  utilised  by  this  method. 
Bleeder  turbines  are  also  being  built,  in  which,  after  partial 
expansion  to  some  fixod  pressure,  a  portion  of  the  steam  is  with- 
drawn from  the  casing  fur  lieatiug  or  industrial  purposes. 
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Low-pressure  turbines  are  frequently  installed  to  use  the 
oxluiust  steam  of  reciprocating  engines  without  regenerators. 
In  this  case  the  generators  arc  sometimes  tied  together  elec- 
trically and  the  turbines  are  only  fitted  with  an  overspeed  governor. 
Messrs.  Stott  and  Pigott  showed  the  results  that  could  be  obtained 
from  such  a  combination  in  their  paper,  "  Test  of  a  15,000  kw. 
Stoam  Engine-Turbine  Unit."  Sucli  turbines  arc  usually  in- 
stalled in  stationary  work  only  when  the  reciprocating  engines 
arc  already  in  service.  The  high-pressure  turbine  in  a .  new 
plant  requires  less  floor  .space,  ]ias  less  complicated  machinery,  is 
cheaper  in  first  cost  and  in  maintenance,  and  approaches,  if  it 
does  not  equal,  the  economy  to  be  derived  from  the  combination 
unit  in  every-day  service.  Nevertheless,  there  have  been  a 
number  of  combined  engine  and  turbine  plants  recently  installed 
in  England  which  have  proved  very  satisfactory.  It  is  probable 
that'  low-pressure  turbines  will  be  installed  in  the  near  future 
in  large  gas  engine  stations  to  utilise  the  waste  heat  in  the  gas 
engine  exhausts. 

Turbo-compressors. ― Turbo-compressors  have  some  decided 
advantages  over  reciprocating  compressors,  such  as  smaller  floor 
space,  absence  of  inlet  and  discharge  valves,  low  cost  of  upkeep, 
and  no  internal  lubrication.  Tiiey  are  being  manufactured 
quite  extensively  in  Em'ope,  and  have  been  introduced  in  America 
by  the  General  Electric  Company,  one  of  whose  turbines  was 
described  by  Mr.  R.  H.  Rice  in 】ns  paper,  "  Commercial  Applica- 
tion of  the  Turbine  Turbo-Compressor,"  read  at  the  Pittsburg 
meeting  of  the  Society.  Turbo-compressors  are  built  either 
with  curved  or  radial  impeller  blades,  which  discharge  the  air 
into  smooth  expanding  difEuser  channels  to  convert  the  velocity 
energy  of  the  current  into  pressure.  Usually  guides  are  provided 
to  direct  the  air  into  the  entrance  of  the  next  stage  without  eddies. 
All  passages  are  made  as  smooth  as  possible  witli  no  abrupt  bends 
or  turns,  and  all  walls  are  water-cooled.  The  air  is  prevented 
from  leaking  back  from  stage  to  stage  by  labyrinth  packings,  sucli 
as  are  used  in  impulse  turbines. 

European  builders  liave  installed  turbines  to  deliver  air  at 
as  high  pressure  as  1301bs.  per  square  inch  gauge,  and  are  prepared 
to  furnish  them  up  to  ISOlbs.  discharge  pressure.  Turbo-blowers 
liave*also  been  built  to  deliver  large  volumes  of  air  at  low  pressure 
such  as  are  required  in  furnace  work.  These  units  have  no  water- 
cooled  jackets.  Tlie  first  difficult  problem  encountered  in  the 
construction  of  turbo-blowers  or  compressors  was  the  provision 
of  a  suitable  governing  device  for  the  unit.  However,  several 
ingenious  and  satisfactory  airangemeuts  have  recently  boen 
developed,  and  it  is  probable  that  this  difficulty  will  .soon  be 
overcome  completely. 

The  efficiency  of  turbo-compressors  with  water-cooling  is 
defined  as  the  ratio  of  the  power  required  to  compress  the  given 
quantity  of  gas  isothermally  to  the  power  consumed  at  the  com- 
pressor coupling  in  the  actual  compression.  This  effioiciicy  in 
well-designed  units,  with  discharge  pressure  between  601bs.  and 
ISOlbs. ，  should  fall  within  the  limits  of  60  and  70  per  cent.  Tiie 
best  results  noted  up  to  the  present  time  were  obtained  i  ii  a 
turbo-compressor  built  by  Pokorny  &  Wittekind  for  the  Victoria 
Falls  Power  Company  in  South  Africa,  which,  cm  official  test, 
showed  an  efficiency  of  67-7  per  cent. 

When  there  is  no  water-cooling  provided,  the  efficiency  of  a 
turbo-blower  is  expressed  as  the  ratio  of  the  power  required  to 
compress  the  given  quantity  of  air  adiabatically  to  the  power 
actually  expended  at  the  compressor  coupling.  This  efficienf-y, 
depending  on  the  size  of  the  blower,  should  fall  between  70  and 
80  per  cent,  as  a  maximum.  An  efficiency  of  78  per  cent,  has 
baen  obtained  on  official  tests  of  a  Rateau  turbo-blower  built  by 
Kuhnle,  Kopp,  &  Kausch，  and  is  probably  the  best  result  obtained 
up  to  the  present  time  on  this  type  of  compressor. 

It  can  thus  be  seen  that,  in  so  far  as  efficiency  is  concerned, 
the  turbo-compressor  is  equal  to  the  average  reciprocating  com- 
pressor. It  seems  probable  that  tuvbo-comprossors  and  blowei-s 
will  be  used  to  an  iiicroasiiig  extent,  largely  on  account  of  their 
low  first  cost  and  operating  costs  as  compared  with  stoam  reci- 
procating units.  The  high  thermal  eflicioncy  of  the  gas-drivon 
blowing  engine  exceeds  that  possible  in  a  turbt)-coiupressor  unit 
so  that  the  former  、vill  continue  to  be  used  in  blastfurnace  work. 

Turbo-driven  Pumps. ― Tiip  stoam  turbine  is  an  ideal  source 
of  powor  to  drive  centrifugal  pumps,  especially  when  it  is  luvessarv 
to  lift  against,  higli  ]i，';i(U.      Tlio  ofticioiioy  of  such  tontrifugal 


pumps  usually  ranges  from  65  to  80  per  cent,  so  that,  in  spite  of 
the  high  efficiency  of  the  turbine  itself,  the  combined  set  will 
not  give  as  good  economy  as  a  high-grade  reciprocating  pumping 
engine.  However,  its  first  cost  is  low,  it  requires  no  internal 
lubrication,  takes  up  very  little  floor  space,  and  has  no  valves  to 
require  examination  or  renewals. 

Geared  Turbines. 一 Attempts  have  been  made  to  adopt  steam 
turbines  fur  direct  connection  to  coiitiimous-current  generators 
and  otiier  slow-speed  machinery.  A  steam  turbine  to  be  econo- 
mical must  be  a 】iigh--sj)ml  】】ia('hin(i，  and  lience  its  use  with 
slow-speed  macliinoiy  Jias  not  proved  entirely  satisfactory.  \h\ 
De  Laval  adopted  spur  gearing  as  a  means  of  reducing  speeds  on 
Ills  first  simple  impulse  turbines,  and  l>uildersof  this  typo  still  use 
this  const  ruction.  It  is  only  within  the  last  few  years  that  attempts 
have  been  made  to  apply  gearing  as  a  means  of  speed  reduction 
on  other  types  of  turbines.  The  Wcst.inghouse  Machine  Coinpaiiv 
arc  now  inanufacturing  direct-current  turbo-genera tojs  with  the 
Melville-Mac  Alpine  reduction  gearing  between  turbine  and 
generator.  This  gear  is  also  being  built  for  use  in  marine  work 
to  drive  slow-speed  propellers.  The  gear  wlieels  in  this  con- 
struction are  carried  on  a  floating  frame  so  that  the  teeth  may 
be  always  in  correct  alignment.  One  set  of  Kuch  gearing  sliowed 
under  test  an  efficiency  of  98-5  per  cent. 

C.  A.  Parsons  &  Co.  have  built  several  notable  reduction  gears 
for  steam  turbines  in  wliich  the  floating  fraiiio  idea  was  omitted. 
A  mixed -pressure  steam  turbine  of  750  l).h.p.  is  now  in  iisc 
driving  a  three-high  set  of  rolls  tlirougli  gearing  at  the  Caklerbanic 
►Steel  Works,  near  Glasgow,  tScotland.  A  flyvvlieel  is  placed  on 
tlie  same  shaft  as  tlie  driven  gear  and  thus  takes  the  shock  off 
the  turbine  whoii  a  billet  enters  the  rolls.  In  1909  the  Parsons 
Marine  Steam  Turbine  (Company  installed  a  geared  turbine  of 
1,000  li.p.  in  tlie  s.s.  "  Vespasian  "  of  4,000  tons.  Extensive 
experiments  wei'e  carried  out,  and  it  was  found  tliat  the  efficiency 
of  this  gearing,  wliicli  liad  no  floating  franif,  ranged  between  98 
and  99  per  cent.  After  a  year's  operation,  in  wliich  the  shij> 
covered  20,000  】niles，  tests  were  agaiu  made  on  the  *rearing  witli 
equally  good  results.  On  examination  wo  appreciable  signs  of 
wear  could  be  noted  on  the  gear  teetli,  wliicli  were  made  of  mild 
chrome  nickel  steel  and  wore  flooded  witli  oil. 

It  is  perfectly  feasible  to  adopt  the  steam  turbine  tlimugli 
gearing  to  belt  and  rope  drives  wlien  these  are  required  iu  huge 
powers.  Under  certain  conditions,  wliere  fuel  costs  are  lii^h 
and  water  for  condensation  is  plentiful,  sudi  an  installation  would 
prove  an  economical  investment  in  place  of  reciprocating  engines. 
Tlie  direct  turbine  drive  would  tluMi  come  into  coinpotitioii  with 
the  motor  drive.  Tiie  losses  in  line  shafting  can  be  gi'eat  ly  mlu(n*(l 
by  the  use  of  ball  or  roller  bearings,  so  that,  the  turbine  drive  may 
})rove  very  economical  in  some  instances  as  comparod  、vitli 
iiulividual  motor  drives. 

The  use  of  geared  turbines  iu  large  sizes  lias  been  in  tlie  nature 
of  an  experiment  until  quite  recently.  Judging  from  the  results 
obtained  in  recent  installationSj  their  commercial  success  seems 
now  assiim】.  hi  tlie  design  of  these  units  the  tendency  will 
be  to  simplify  details.  Tlie  success  of  the  Parsons  gears  on  tin* 
s.s.  Vespasian  "  should  encourage  designers  to  do  away  with 
any  special  devices  to  secure  alignment,  and  to  provide  simply 
accuratoly  cut  .m^ars  properly  meshed  and  running  in  a  flood  of  oil. 

Marine  Turbines. ― All  tlie  standard  typos  of  turbines  liave 
now  been  iKlopt(、(l  for  marine  service  in  driving  slicw  propollers, 
cither  direct-connected  or  througli  gearing.  The  design  of  direct- 
coimectcd  turbines  is  complicated  by  the  fact  that  the  speed  of 
s:-rew  propellers  must  necessarily  be  low  as  compared  with  the 
most  'favourable  speeds  for  economical  steam  turbine  operation. 
Hence  these  turbines  require  largo  spindle  diameters  and  massive 
construction,  and  yield  corrospondiiiirly  poor  steam  economies 
ospocially  at  slow  speeds.  These  units  aro  usually  built  with 
tl\p  power  divided  between  two  or  nioro  shafts  connected  to  high 
and  low  prossuro  cvlimlors.  AVith  poarod  oquipnionfs  tlio  tur- 
bines can  bo  operated  at  their  most  ofliciont  speeds,  while  the 
gears  can  bo  so  designed  that  the  propeller  also  runs  at  its  most 
cconomiral  spood.  Rovorsinii  is  ma  do  ]»ossiblo  by  suitable 
hladiug  in  the  low-pressure  ends  of  tlie  main  units  into  wliich 
live  stoam  is  admitted  wlion  desired.  Wlieu  the  turbine  is 
nmiiiuur  forward,  this  hladiug  revolves  in  vacuum  and  consumes 
but  little  powor. 

(Vnnl)iued  types  of  turbines  arc  also  boiuij  introduced  in  marine 
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instiillutions.  A  rocont  Curt  is  (losign  im-Iudcs  a,' drum  iin piilso 
section.  M.  Zorlly  now  uses  Curtis  stages  in  his  high-pressuic 
section,  but  with  steam  velocities  not  exceeding  l,30()ft.  per 
second,  obtiiined  by  converging  iiuiiiik's  only,  and  drum  im})ulse 
construction  on  the  low-pressure  emls.  Sevenil  other  Eiaopean 
buildoi's  huve  ulso  used  Curtis  stages  in  the  high-pressure  portion. 

: RiM'iproi'utin;^"  (Miuiues  oxh;iustinL»'  into  low-pj'cssiirt*  f  urldncs 
liiivo  been  installed  in  sovcrul  slii[>8,  the  must  uot';ibl<-、  。f  wliicli 


inexperience  witli  cloctiici*,]  machiiKM-y,  the  ossontii'.l  conditions 
of  opoicition  in  Jiuiiine  work  do  not  (liilci,  grciUly  from  those 
under  wliich  many  electrical  muchines  op(»ra.tc  sPvtisfactorily  in 
limd  practice. 

Turbo-driven  lighting  sot*5  and  other  iiuxilic'j  ics  arc  Innng 
used  in  increasing  numbers  on  sliipboard,  owing  largely  to  the 
high  edic'ieiK'ies  which  may  bo  obtainod,  to  the  small  floor  space 
n'qtiir('(l，  unci  to  tlio  light  wciglit  o!  the  units. 


Table  II. ― Economy  Tests  of  High-pressure  Steam  Turbines.    Efficiency  Ratios  based  on  E.IL  P.  Marks,  and  Davis 

Steam  Tables  Used, 


Maker  oi  Turbine 


Er8to  RruiiruM  M.  F  (J  . 
Erste  BraniKT  M,  F  G 
Erete  Brunni-r  M.  F.  G .  .  .  ■ 
Weslingbouso  Machine  Co. 
Brown  Bovcri  &  Ck\  -.. -.. 
Erste  Briinnor  M.  F.  G     -  ■ 

Brown  Bovcri  &  Cic.  

Brown  Bovcri  &  Cie.  

Westinghousc  Machine  Co 

Brown  Bo\  en  &  Cie  

Brown  Bovf-ri  &  Cie  

Westinghousr  Machine  Co 
Erste  B runner  M.  F.  G  . . . . 

BrowD  Boveri  &  Cie..  

Brown  Boveri  &  Cie  

Breitfield.  Danek  &  Co —.. 


Brown,  Boveri  &  Cie.  ■ 

Allis-Chalmers  

Brown  Bovcri  &  Cie.. 
Brown  Boveri  &  Cie. . . 
C.  A.  Parsons  &  Co. . - 
Allis-Chalmers  


A.  E.  G. 
A.  E.  G.. 


British  Westinghouse. . 

M.  A.  N  

Bergniann  

Bergmann  

A.  E.  G  

British  Westiughouse. 

A.  E.  G  

M.  A.  N  

Bergmann   


James  Howden  &  Son . 

M.  A.  N  

Escher,  Wyss  &  Co.. - . 

Esc  her.  Wyss  &  Co  

F,  Ringhoffer  

M.  A.  N  

Oerlikon  

Escher,  Wyss  &  Co.. . . 
Eacher.  W vss  &  Co.. . 

Escher,  Wyss  &  Co  

Escher.  Wyss  &  Co. , . 
Eachnr.  \V\  s9  4c  Co. . . 


British  Thomaon-HoustoD 

Gen  Elvc  Co  

British  Thomson- Houston 

A  E  G  

A  E  G...  

Gen  Elec  Co  

Rritisd  Thomscm-Houstpn 

Gen  Elec  Co  

Gen.  Elec  Co  

British  Tliotnson-Houskjn 
Gen  Elec  Co  


Steam  Pressure 
Lb.  Absolute 

ire  at 

deg.  fahr 

Condenser  Pressure. 
Lb.  Absolute 

[■am  per 

zed  per 
steam 

lable  per 
Steam 

Ratio 

Type 

1 

i    Date  of  T( 

Temperati 
Throttle. 

[ Vacuum  rt 
29.92"  E 

Lbs.  of  St( 
Kw-Hr. 

a 
cd 

Heat  Utili 
Lb.  of  £ 

Efficiency 

Ucfecence 

Curt  is- Parsons 

1910 

2128 

1500 

156.2 

m 力 

27.89 

0.995 

13.82 

16460 

247  0 

343.8 

71.8 

Per  iodise  lie  AI  ittcilungcxi 

Curtis-Part^ons 

6000 

960 

184.9 

28. 18 

0.854 

1 2.56 

15570 

271.5 

380.7 

7 1.3 

Zeit  D  V  D  Ing..  12/10 厂 10 

Curtis- Parsons 

1910 

7442 

960 

192.0 

584 

28.18 

0.853 

12.625 

15705 

270.2 

384.4 

70.3 

Period ischo  MittciluDgen 

Curtis-Parsons 

1910 

9173 

1800 

181.7 

433 

27.81 

1.032 

14.57 

16925 

234.1 

340.2 

68.9 

Trans  A.S.M.E..  vol.  32 

Curlis-  Parsons 

3053 

1360 

150.2 

505 

29.00 

0.456 

13.01 

15990 

262.2 

385.5 

68.0 

DingUrs  P.J..  6/17/'!： 

Curtis-Parsons 

1910 

1416 

1260 

128.2 

482 

27.60 

1.137 

15.18 

18060 

224.6 

326.5 

68.8 

Period ischo  Mitteilungon 

C\irtis-l*arsous 

1911 

1750 

1500 

176.4 

586 

27.08 

1.392 

14.23 

17500 

239.5 

354.8 

67.5 

Zeit.  1'  Q.O.  Turb..  5  30/' 11 

Curtis-Parsons 

mo 

3764 

1500 

161.2 

561 

28.77 

0.562 

13.04 

16290 

261.5 

391.4 

66.8 

Zeit.  F.D.G.  Turb..  5/30/'ll 

Curtis-Parsons 

9830 

750 

192.2 

475 

27.22 

1.322 

15.15 

17790 

225.2 

336.0 

67.0 

Trans.  A.S.M.E..  vol.  32 

Curtis-Parsons 

1911 

1495 

3000 

200.6 

563 

26.41 

1,720 

14.78 

17880 

230.7 

345.5 

66.8 

Data  from  Manufacturer 

Curtis-Parsons 

1911 

1271 

3000 

172.1 

568 

27.31 

1.278 

H61 

17880 

233.5 

354.3 

65.9 

Data  from  Manufacturer 

Curt  is- Parsons 

11466 

750 

191.7 

484 

28.07 

0.910 

14.45 

17210 

236.0 

360.5 

65.5 

Trans    A  S  M  F  "19 

Curtis-Parsons 

1250 

3000 

184.9 

573 

27.89 

0.996 

14.32 

17680 

238.2 

373.1 

63.9 

Zeit.  D.V.D.  Ing..  12/10/'10 

Curtis-Parsons 

1910 

3320 

1500 

180.9 

525 

29.02 

0.440 

13.50 

16680 

252.7 

401.3 

63.0 

Zeit.  F.D.G.  Turb.,  .5/30/'ll 

Curtis-Parson** 

5128 

1000 

171.2 

565 

28.52 

0.726 

14.35 

17830 

237.7 

382.9 

62.1 

Stodoia.  4th  ed..  p.  449 

Impulse-Parsony 

1909 

3585 

896 

160.7 

457 

28.32 

0,782 

16.08 

19070 

212.0 

352.4 

go.  2 

Zeit.  D.V.D.  Ing.,  12/10/'10 

Parsons 

1910 

6257 

1210 

203.7 

559 

29.02 

0.440 

n.95 

14980 

285.5 

415.0 

68.8 

Official  Test  Report 

Parsons 

1908 

4300 

1800 

186.4 

484 

27.96 

0.960 

14.02 

16690 

243.4 

355.7 

68.4 

Sibley  Jour,  of  Eng..  1/11* 

Parsons 

薦 i 

3500 

1360. 

156.4 

499 

28.84 

0.532 

13.71 

16720 

248.5 

378.6 

65.6 

Zeit.  D.V.D.  Ing..  12/10/'10 

Parsons 

3000 

1360 

165.0 

625 

27.02 

1.120 

14.75 

18433 

231.3 

359.5 

64.3 

Die  Turbine.  6/20/'ll 

Parsons 

5164 

1200 

214.3 

509 

28.95 

0.473 

13.18 

161 40 

258.7 

402.3 

64.3 

vStodola.  4th  ed..  p.  439 

Parsons 

1911 

3850 

1800 

164.7 

491 

27.91 

0.983 

1'5.40 

18410 

221.3 

348.3 

63.5 

Power,  l/2/'12 

Curtis-Rateau 

土  y  1 1 

6518 

1220 

198.7 

601 

29.28 

0.352 

11 .43 

14640 

298.4 

434.2 

68.7 

Official  Test  Report 

Curtis-Rateau 

1220 

200.2 

597 

29.  IS 

0.406 

11.64 

14848 

293.0  ！  427.7 

68.5 

Official  Test  Report 

广， 1  rt  i、-      Q  tPQ  " 

1911 

5066 

1  1500 

190.2 

552 

28.68 

f  0.649 

'13.00 

16100 

262.4 

391.3 

1  67.0 

Electrical  Review.  6/23/*ll 

1  1  r  t  1  u_  Arfio  1 1  \/ 
\„  U【 l(i;5-"<JCl  1  J 

3584 

1500 

178.3 

569 

27.54 

1.166 

13.99 

17190 

243.7 

361.3 

, 67.5 

Data  f roDi  Manufflcturcr 

V-  li  1  LIO    IXcl  tCttU 

1909 

1545 

1500 

188.5 

581 

28.59 

0.654 

12.97 

16230 

263.0 

396.3 

1  66.4 

Zeit.  D.V.D.  Ing..  12/10/'10 

1910 

2477 

1500 

140.0 

522 

28.81 

0.588 

13.93 

17135 

244.8 

373.4 

65.6 

Eler  Zfit    4/20 /'II 

Curlis~Rfi.tc&u 

1908 

4239 

1500 

188.3 

662 

29,11 

0.397 

11.97 

15620 

284.9 

439.0 

64.9 

SfjiHnln  4th  pd    n  404 

广 1 1  rt  1 15-  R  n  tf^n  1 1 

1911 

2930 

1300 

210.2 

568 

28.18 

0.894 

13.72 

16935 

248.7 

383.3 

64.9 

Electrical  Review,  4/28/'ll 

1   ^  1  1  f  t  t  C-  W  n  t  £^  Q  1  I 

1907 

3169 

1500 

184.7 

592 

29.11 

0.397 

12.74 

16230 

267.7 

425.】 

63.0 

Trans  A.S.M.E.,  vol.  32 

广 I  Iff  ic_7n*i|  1  ^ 

2507 

1500 

175.5 

460 

27.40 

1.234 

16.24 

19020 

210.0 

334.6 

62.8 

Data  t  roiD  AI 3  nuf scturcT 

,      V.  11 1  1 1  o  r\  (1 1'C  ill  u 

1909 

1562 

1500 

186.8 

555 

28.33 

0.780 

14.57 

17970 

234.1 

381,3 

61.4 

Data  trom  M  aDuf acturer 

Zoellv 

1909 

6383 

1000 

202.7 

520 

27.33 

1.269 

14.305 

17150 

238.5 

353.0 

67.5 

Engineer.  London.  10/29/ '09 

Zoelly 

1910 

1400 

3000 

180.7 

554 

27.40 

1.237 

14.21 

17310 

240.0 

356.2 

67  4 

Zeit.  D.V.D.  Ing,.  12/10/'10 

Zoelly 

1910 

2052 

3000 

193.9 

585 

28.39 

0.750 

13.04 

16290 

261.5 

392.6 

56.6 

Zeit.  F.D.G.  Turb..  2/20/'ll 

Zoelly 

1910 

4189 

1000 

179.7 

557 

28.66 

0.618 

13.30 

16520 

256.5 

391.3 

65.5 

Zeit.  F.D.G.  Turb..  2/20/'ll 

Zoellv 

1908 

3000 

1000 

170.7 

470 

27.60 

1.138 

15.52 

18278 

219.8 

339.2 

64.8 

Zeit.  D.V.D.  Ing..  12/10/'10 

Zoflly 

1910 

1250 

3000 

182.1 

582 

28.82 

0.540 

13.09 

16500 

260.2 

404.5 

64.4 

Zeit  D.V.D.  Ing..  12/10/'l0 

Rat<.'au 

1911 

3166 

1500 

213.9 

663 

29,25 

0.367 

11.44 

14970 

298.2 

450.6 

66.1 

Engineering,  10/20/'10 

Zoellv 

5118 

1000 

133.7 

549 

27  55 

1.161 

15.18 

1S530 

224.6 

341.6 

66.7 

Dmglers  P  J.,  7/15/'U 

Zu('ll\' 

1908 

5000 

1000 

166.4 

539 

26.38 

1.736 

16.13 

19350 

211.2 

330-4 

63.9 

Zeit   DVD.  Ing..  12/10/10 

Zo.lly 

3540 

1500 

155.1 

469 

28.21 

0.838 

15.07 

17940 

226.3 

349.5 

64.8 

Dmglers  P.J.,  7/15/'11 

Zorllv 

1910 

1641 

."iOOO 

221.0 

672 

27.91 

0.985 

13.0^ 

16775 

260.6 

406  5 

64.1 

Zeit  F  D.G  Turb..  2/20/11 

Zot'Ily 

1910 

123.3 

3000 

176  8 

451 

28.39 

0.750 

15.3o 

18156 

222.3 

357  8 

62? 

Zeit  F  DG  Turh..  2/20/'11 

Curtis 

1911 

2987 

1 漏 

154  7 

■m 

26  75 

l.oo7 

15  96 

18960 

213.7 

321  2 

66  5 

Engineerinp  10/20/*ll 

Curtis 

3464 

2100 

.5i;i 

28  75 

0.57  0 

13.62 

16620 

250.4 

393.4 

63.6 

Trann.  A  S  M  £.，  vol.  32 

Curtis 

1909 

2500 

1500 

126  5 

414 

28  47 

0.7  U 

15.92 

18590 

214.0 

336  1 

63.7 

Zeit  D.V  D   Ing.  T2/10/'10 

Curtis 

1906 

3000 

1500 

191  3 

590 

29  Oo 

0  427 

12.79 

16240 

266.6 

420  4 

63  4 

Zeit  DVD  iDg..  12/10/'10 

Curtis 

1909 

2236 

1500 

191  G 

634 

29  34 

0  284 

11  77 

I.")450 

289.8 

455.8 

63  6 

Zeit.  DVD  Ing  .  12/10/MU 

Curtis 

S880 

192  5 

化 7 

28.02 

0.933 

15.  Oo 

17965 

226.7 

359  5 

63.1 

Trans   A.S  M.E.,  vol  32 

Curtis 

1911 

1541 

1500 

149  7 

化 5 

27  97 

0.956 

17  46 

19720 

195.3 

320.2 

61.0 

EDginetnng.  l0/20/，ll 

Curtis 

10816 

750 

190.0 

525 

29  39 

0.260 

12.90 

16135 

264.5 

427.3 

61  9 

Trans.  A.S.M.E.,  vol.  32 

Ctirti? 

-》 095 

185  1 

-)54 

29  40 

0.2o5 

12.71 

16090 

268.4 

436.0 

61.6 

Trans.  A.S.M.E..  vol.  3C 

Curtis 

1911 

1221 

3000 

134  7 

448 

27  16 

1.353 

17  75 

20690 

192.2 

314.0 

61.2 

Enginoeriug.  10/20''11 

Curtis 

1910 

8775 

750 

194.0  ' 

451 

27  95 

。力 56 

15.95 

18720 

213.8 

350.8 

61.0 

Trao  A.S  M.E..  vol.  32 

RfifereDces'  Zeit   D  V  I)  Ing, ― Zoit^chrifl  flc?  \>reine!»  Deutscher  Ing 

is  the  '(  Olympic/'  unci  have  shown  very  satisfactory  results.  In 
this  case  the  engines  are  used  for  reversing'. 

' Many  schemes  have  been  proposed  to  install  turbo-generators 
of  central  station  type  on  sliipboard  and  to  operate  the  propeller 
shafts  by  means  of  large  slow-speed  induction  motors.  Marine 
engineers  object  to  this  arrangement  on  account  of  the  dangers 
accompanying  the  vise  of  such  electrical  machinery  and  auxiliaries 
in  inariue  service.    This  objection  seems  to  be  due  lurgoly  to 


eurc .  Zeii  F.D.G   Turb. 一 Zeitsclirift  fur  das  Gesamte  FurbiFionwesen. 
I    Klor  Zpil  ― Electroteohnische  Zeitochrift. 

Eecent  orders  for  turbine-driven  steamships  abroad  int  ludc 
some  interesting  equipments.  The  Canadiuu  Pacific  Railway 
has  ordered  two  boats  with  four  screws  and  with  Parsons  tur- 
bines. The  two  outside  screws  、vill  have  high  and  intcrmediitte 
pressure  turbines  respectively,  while  the  two  centre  screws  will 
be  connected  to  low-pressure  turbines.  Two  twin-screw  passen- 
ger boats  of  n.OOO  h.p.，  with  Parsons  turbines,  have  boon  ordered 
for  the  Soutluimpton-Havre  service,    Eiich  set  consists  of  a 
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high-pressure  and  a  low-pressure  turbine,  goared  individually 
to  its  owD  propeller  shaft.  The  Bjitisli  Government  has  ordered 
two  twin-screw  destroyers  also  to  use  Parsons  geared  turbines, 
totalling  14,000  h.p.  per  ship,  or  7,000  li.p.  per  gear.  The 
United  States  Government  has  placed  an  order  with  the  Westing- 
house  Machine  Company  for  a  gear  equipment  on  one  of  its  col- 
liers. Geared  turbine  equipments  arc  thus  making  rapid 
headway  on  account  of  the  high  efficiency  of  the  combination  and 
the  resultant  favourable  steam  consumption  obtained. 

At  the  present  time  about  90  per  cent,  of  the  marine  turbines 
built  have  been  of  the  Parsons  type.  Here  again  the  inefficiency 
of  the  Parsons  high-pressure  sections  has  become  apparenc,  so 
that  it  is  probable  that  a  construction  similar  to  Zofilly's  high- 
pressure  end  will  be  introduced  in  this  section.  8ir  Charles  A. 
Parsons  is  quoted  as  saying  :  ''  la  the  low-pressure  blades  oi  the 
' Mauretama  ，  the  leakage  was  practically  nothing,  and  their 
efficiency  was  about  85  per  cent/  Under  such  conditions  it 
does  not  seem  probable  that  much  higher  efficiency  can  be 
obtained  by  use  of  other  constructions  than  the  Parsons  reaction 
type  in  the  low-pressure  section.  It  is  reported  that  the  low- 
pressure  blading  of  Parsons  turbines  in  ships  of  the  United  States 
Navy  has  given  considerable  trouble,  and  also  that  the  turbines 
need  more  careful  handling  when  starting  up  than  do  impulse 
turbim's. 

Trend  of  Turbine  Development. ― The  cost  of  manufacture 
is  a  very  important  item  in  determining  the  future  development 
of  the  steam  turbine.  Types  such  as  the  original  Parsons  and 
the  Eateau,  while  inherently  of  very  high  efficiency,  have  too 
high,  manufacturing  costs  to  compete  with  the  newer  combined 
types.  The  writer  offers  as  his  opinion  that  the  combined  types, 
such  as  the  Curtis-Parsons,  the  Curtis-Rateau,  and  also  the 
Curtis-Rateau-Parsons,  previously  described,  will  very  soon 
supersede  the  simple  types.  It  is  probable  that  the  Curtis  turbine 
will  eventually  be  built  only  in  horizontal  units,  and  will  gradually 
be  modified  to  a  Rateau  or  even  a  drum  impulse  construction  in 
the  low-pressure  sections.  The  freedom  from  close  adjustment 
in  impulse  turbines  and  the  recent  improvements  in  blading 
materials  will  greatly  increase  the  use  of  this  type,  although 
Curtis-Parsons  turbines  are  said  to  be  cheaper  to  manufacture. 
In  actual  operation  it  is  an  open  question  among  engineers 
whether  the  reaction  turbine  has  a  higher  commercial  efficiency 
than  the  impulse  type,  and  hence  buyers  usually  consider  first 
cost  and  personal  preference  only. 

Turbines  will  probably  be  made  shorter  with  very  stiff  shafts. 
With  this  construction  many  of  the  earlier  blading  troubles  will 
disappear.  But  the  peripheral  speeds  will  also  be  increased,  and 
this  will  involve  the  development  of  suitable  blading  material  ami 
methods  of  holding  blades  that  will  satisfy  these  new  ro(|uiiv- 
ments.  Recent  results  seem  to  indicate  that  improved  efficiency 
may  be  looked  for  with  increased  blade  speeds. 

Several  impulse  turbines  have  been  built  recently  in  Emopt', 
where  the  expansion  was  not  complete  in  the  nozzle,  so  that  a 
portion  of  the  oxpansion  took  place  in  the  first  moving  blados. 
Some  large  Curtis  turbines  recently  installed  in  America  are  said 
to  have  Parsons  blading  in  the  last  stage.  These  developments 
would  indicate  a  movement  to  introduce  reaction  principles  in 
impulse  turbines,  and  further  illustrate  tlio  tendency  to  merge 
types,  ,  , 

The  hope  of  further  improvement  in  efTiciencv  lies  in  extensive 
study,  particularly  of  the  action  of  the  stcjun  during  its  passage 
through  the  moving  and  stationary  blades,  of  the  effect  of  form  of 
blades,  passages  and  casings,  and  of  various  forms  of  baffles  and 
balance  pistons  to  prevent  leakage.  Such  research  work  has  not 
been  carried  out  up  to  the  present  time  by  most  m;muf;u  tum's， 
largely  on  iiccoimt  of  the  extreme  care  and  heavy  expense  involved 
in  such  tests.  The  present  state  of  development  has  been  lar^^oly 
one  of  cut  and  try.  The  increasing  competition  of  the  gas  on no 
and  the  possible  development  of  a  satisfactory  gas  turbine  will 
force  manufacturers  to  develop  their  turbines  to  the  greatest 
degree  of  economy. 

With  regard  to  detail,  simplicity  will  be  the  leading  considera- 
tion. With  the  introduction  of  Curtis  high-pressure  stages, 
nozzle  govoruing  will  undoubtodly  bo  usocl  to  an  increasing 
extent,  though  the  results  (>l)t;iim、(l  by  Wostinghouso.  by  Zoelly. 
and  by  Bergmann  with  simple  throttling  governors,  raise  a 
question  as  to  whether  the  additional  roinplication  of  nozzlo 
governing  will  pay.    Oil  re  lays  will  pi (山; ihly  ivphice  all  other 


systems  of  governing  on  account  of  thoir  simplicity  and  reliability. 
The  simple  and  efficient  centrifugal  oil-pump  i^overnor  of  Suiter 
appears  to  be  an  improvement  of  considorablo  moment,  and  will 
probably  receivo  oxtensivo  use. 

With  the  development  of  suitable  gearing  for  steam  turbines, 
their  field  oi  application  has  been  greatly  increased,  and  liirbinos 
will  shortly  be  used  for  purposes  for  which  on^^ineers  to-day  \vould 
consider  them  utterly  unfit.  Low-pressure  turbines  will  continue 
to  be  installed  in  plants  where  reciprocating  engines  are  still  in 
operation  and  also  where  lar^^e  quantities  of  waste  heat  arc 
available.  The  low  and  mixed  pressure  types  of  turbines  will 
find  a  very  extended  use  in  connection  witli  heating  systems, 
evaporators,  &c. 

The  development  of  the  past  ten  years  has  been  truly  mar- 
vellous. No  great  gain  in  thermal  efficiency  seems  possible,  so 
that  future  improvements  will  be  largely  along  the  line  of  detail 
construction  and  modification. 

The  writer  wishes  to  express  his  thanks  to  manufac- 
turers of  steam  turbines  in  America  and  in  Europe,  wlio 
liberally  provided  him  with  the  information  on  which  this 
paper  is  based,  both  during  personal  visits  to  their  works  and 
by  correspondence. 


ELECTRIC  REVERSING  BLOOMING  MILL  EQUIPMENT.^ 

ay  BRADLEY  T.  MCCOKMICK. 

The  Algonia  Steel  Company,  of  Sauli  Ste.  Marie,  Ontario, 
Canada,  has  recently  put  into  operation  an  electric  reversing 
mill  equipment  operating  the  blooming  mill.  The  mill  is 
required  to  roll  75  tons  per  hour  from  ingots  20in.  bv  20in. 
into  billets  Sin.  by  8iu.  in  15  passes.  The  electrical  equip- 
ment, Fig.  1，  is  iu  a  separate  building  from  the  mill,  with  an 
opening  in  the  wall  to  permit  connection  between  the  mill 
motors  and  the  rolls,  while  in  the  mill  room,  in  a  position 
convenient  to  the  operator,  are  placed  the  operating  controller 
and  an  instrument  column  carrying  meters  showing  the 
current,  voltage,  and  speed  of  machines. 

The  rolls  are  driven  by  two  600  volt  direct-current  motors 
mounted  on  the  same  shaft.  Each  of  these  motors  has  a 
normal  rating  of  2,000  h.p.  at  75  revs,  per  minute,  and  their 
armatures  are  couiiected  in  series  across  1,200  volts.  The 
current  for  the  motors  is  supplied  by  a  flywheel  motor 
generator  set  consisting-  of  two  1,700  k\v.,  600  volt,  direct ^ 
current  generators,  with  their  armatures  also  connected  in 
series,  driven  by  a  25-cycle,  3-phase  indiu'tion  motor  of 
1 ,800  h.p.  capacity,  at  375  revs,  per  minute  synchronous  speed. 
A  15(.),00()lbs.  flywheel  serves  to  equalise  tlie  load,  so  that  tlie 
power  drawn  from  a  25-cycle  line  is  kept  practically  constant 
at  a  value  corresponding  to  the  average  power  required  by 
t  he  rolling-  mill  motors.  The  flywheel  motor  g^enerator  set  is 
shown  ill  Fig.  3. 

As  the  power  demand  at  the  rolls  rises  and  falls,  a  slip 
regulator  automatically  inserts  or  cuts-out  resistance  iu  the 
rotor  circuit  of  the  induction  motor,  thus  providing  sufficient 
speed  variation  of  the  motor  generator  set  to  enable  the  fly- 
wheel to  alternately  deliver  and  absorb  energy  in  such  a  way 
as  to  make  the  load  on  the  25-cyole  power  line  practically 
uiiiforin.  When  the  power  demand  of  the  roll  motors  exceeds 
the  average,  the  resistance  in  the  rotor  of  the  induction  motor 
is  increased.  This  decreases  tlie  speed  of  tlio  motor  generator 
set,  preventing  a  rush  of  current  from  the  alternating  current 
line,  and  at  the  same  time  allowing  the  flywheel  to  give  up 
part  of  its  stored  energy  to  carry  the  mill  motors  over  the 
peak  load.  When  the  power  demand  is  li^it,  the  resistance 
is  cut-out  of  the  rotor  circuit,  allowing  tlie  induction  motor  to 
speed  up  the  set  and  store  eners^'  in  the  flywheel. 

From  the  plan,  Fig.  1，  it  will  be  noted  that  under  both  the 
motor  generator  set  and  the  inill  motors,  pits  are  provided  in 
order  to  give  easy  access  to  the  under-side  of  the  uiachines 
where  the  leads  are  conuected  to  the  terminal  boards.  These 
pits  also  provide  a  place  for  locating  series  shunts,  resistances, 
&c.，  wbicii  would  be  very  unsightly  if  placed  above  ground. 
The  opening  under  the  motor  generator  set  is  connected  to 
the  one  beneath  the  motor  by  a  passageway,  and  is  reached 
by  a  stairway  leading  from  the  main  floor. 
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The  speed  control  and  the  reversal  of  the  mill  mot ors 
are  effected  by  varying  the  voltage  impressed  upon  their 
armatures  through  rlieostatic^  control  of  the  fields  of  the 
generators. 

The  excitation  for  both  the  mill  motors  and  the  generators 
is  supplied  by  a  40  kw.,  250  volt  induction  motor,  generator 
set.  Fig.  4  shows  the  complete  connection  diagram  for  the 
equipment.    The  direct-current  circuit  is  protected  by  a  relay 


Fig.  1.— Plan  of  Motor-Driven  Rolling  Mill  Equipment. 

in  series  with  the  armatures  of  the  generators  and  mill  motors. 
When  the  current  exceeds  the  setting  of  the  relay,  the  latter 
opens  an  auxiliary  circuit,  tripping  the  circuit  breaker  in  the 
field  of  the  40  kw.  exciter,  thereby  killing  the  excitation  on  all 
the  direct-current  】nacliines. 

Since  the  requirements  for  a  motor  drive  for  a  reversing 
mill  demand  frequent  reversals  from  full  speed  in  one  direc- 
tion to  full  speed  in  the  opposite  direction  in  a  very  short 
space  of  time,  it  is  of  the  utmost  importance  that  the  moving 
parts  should  be  so  designed  as  to  obtain  the  minimum  amount 
of  inertia.  To  accomplish  this  result,  the  rolling-mill  drive 
was  divided  into  two  units,  as  shown  in  Fig.  2，  mounted  side 
by  side  on  the  same  shaft  and  base.  Each  unit  has  a  normal 
rating  of  2,000  h.p.  at  600  volts  and  75  revs,  per  minute, 
with  a  maximum  rating  of  two  and  one -half  times  normal, 
giving  a  total  maximum  of  10,000  h.p*  available  at  the  rolls 
for  short  intervals.  This  corresponds  to  a  maximum  torque  of 
700,0001bs-  at  1ft.  radius.  ' 

The  motors  have  16  poles  and  are  of  the  iiiterpole  type. 
They  are  also  provided  with  compensating  windings  in  the 
pole  faces  of  the  main  poles,  in  order  to  reduce  the  distorting 
effect  of  the  armature  reaction  upon  the  field  which  would 
otherwise  become  quite  marked  on  the  peak  loads.  The  yokes 
are  of  cast  iron,  while  the  main  poles  and  interpoles  are  of 
laminated  steel  puuchings.  The  fields  are  wound  of  strip 
copper  on  edge  in  two  layers  with  a  duct  between  to  afford  an 
air  passage  for  ventilation.  The  fields  are  each  separately 
excited  from  the  250-volt  exciter  mains,  while  a  regulating 
resistance  in  series  with  each  field  circuit  gives  an  adjustment 
by  which  the  motors  may  be  made  to  equally  divide  their 
load,  ill  case  of  any  slight  difference  which  may  exist  between 
the  saturation  curves  of  the  two  machines.  The  motor  arma- 
tures are  connected  in  series  and  are  designed  for  a  normal 
pressure  of  600  volts,  but  by  varying  the  value  and  direction 
of  voltage  impressed  across  the  armatures,  the  motors  can  bo 


made  to  run  in  either  din'<,ti(m  at  any  speed  up  to  75  revs, 
per  iiiiimte. 

Ill  order  to  withstand  the  severe  mechanical  stresses  set  up 
by  tlie  rapid  reversals  of  rotation  and  the  shocks  transmitted 
from  the  rolls,  it  was  necessary  to  make  the  spider  and  commu- 
tator of  the  most  rigid  construction.  The  bearings  are  pro- 
tected from  end  thrust  by  a  thrust  collar  mounted  on  the 
bearing"  pedestal  next  to  the  rolls.  One  side  of  the  collar  is 
of  babbitt  and  the  other  of  steel.  Grease  is  used  for  lubri- 
cating and  is  fed  by  compression  grease  cups. 

The  generators  each  have  a  normal  rating  of  1,700  kw.  at 
600  volts  with  a  no-load  speed  of  375  revs  per  minute.  The 
armatures  are  connected  in  series,  giving  1,200  volts  across  the 
two  machines.  They  are  capable  of  carrying  an  overload  ot 
two  and  one-half  times  normal,  corresponding  to  the  overload 
of  the  mill  motors.  The  generators  are  also  of  the  compensated 
interpole  type,  but  the  magnetic  circuit  is  entirely  of  a 
laminated  steel,  in  order  that  the  field  may  respond  quickly 
to  variations  in  excitation. 

The  commutators  are  of  the  open  neck  type  and  are  con- 
structed in  such  a  way  that  the  air  passes  through  the  spiders 
of  the  inachhies,  coming  out  through  the  commutator  necks, 
and  blows  across  the  face  of  the  commutators.  No  other 
source  of  ventilation  is  necessary  to  cool  the  commutators.  As 
any  vibration  of  the  brush  rigging  is  very  objectionable  on 
commutators  of  such  high-peripheral  speeds,  the  brush 
mechanism  is  supported  on  a  separate  yoke  mounted  on  the 
base-plate. 

The  fields  of  the  two  generators  are  connected  in  series  and 
excited  across  the  250-volt  exciter  mains,  and  controlled  by  a 
rheostat  of  such  construction  that  the  excitation  can  be 
reversed  and  varied  by  small  steps  over  any  range  between  zero 
and  the  maximum.  This  rheostat  is  mounted  in  the  iwill  room 
and  is  under  the  control  of  the  man  operating  the  rolls 

The  induction  motor  has  a  rating  of  1,800  h.p.,  2,200  volts, 
3-phase,  25-cycles,  at  375  revs,  per  minute  synchronous  speed. 
It  is  of  the  wound  secondary  type,  in  which  the  current  from 
secondary,  or  rotor,  is  carried  out  through  slip  rings  to  the  slip 
regulator.  The  flywheel  is  12ft.  diam.，  and  is  made  of 
cast  steel  in  three  pieces,  carefully  】iiachined  on  the  rim  and 
held  together  by  fitted  bolts  passing  through  reamed  holes. 

It  can  readily  be  seen  that  the  requirements  of  the  bearings 
for  the  motor  generator  set  are  somewhat  more  severe  than  are 
usually  met  with  in  electrical  machines  of  the  ordinary  type. 
The  heavy  weight  to  be  sustained  by  the  bearings  on  either 
side  of  the  flywheel  requires  considerable  bearing  surface, 


Fig.  2.-2,000  H.P.  Mill  Motob. 

and  necessitates  a  large  bearing  diameter  with  correspond- 
ingly high  velocity  of  rubbing,  in  order  that  the  bearings  shall 
not  be  unreasonably  long.  The  combination  of  high-bearing 
pressure  and  pheripheral  speed  requires  the  most  careful 
design  to  secure  perfect  lubrication.  All  of  the  bearings  both 
on  the  motor  generator  set  and  on  the  mill  motors,  are  self- 
aligniiig,  and  are  provided  witli  water-cooling  and  three  dis- 
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iron  tank  witli  a  water  inlet  valve  at  tlie  toD  con- 
nected to  the  water  mains,  and  a  quick-opening  gale 
valve  at  the  bottom  for  an  outlet.  The  resistance 
element  is  immersed  in  water  and  consists  of  a 
hollow  iron  tube  of  Iielical  form,  with  the  taps  for  the 
various  starting  positions,  leading  out  through  the  top  of  the 
case.  During  tlie  starting  period  the  energy  absorbed  by  the 
resistance  is  transferred  to  the  water,  after  which  tlie  hot 
water  can  be  emptied  at  the  bottom  and  the  tank  refilled  ready 
for  starting  once  more.  The  steps  of  resislaiico  are  cut  out  by 
six  short -circuiting  swilehes,  of  tlie  iiiaiiually-operaled,  multi- 
ple lover  type,  mounted  on  the  switchboard. 

For  the  purpose  of  varying  the  slip  of  tlic  motor  genera  I  (u" 
set,  cast-iron  grid  resistance  is  used,  made  uj)  o t"  three  stejjs 
automatically  switched  in  and  out  of  circuit  In-  slip  regulators. 
Eacli  element  of  the  slip  regulator  consists  of  a  series  relay  and 
a  contractor  switch.  The  contractor  switch  is  operated  by 
direct-current  solenoids  on  the  250-volt  exciter  main  and  is 
actuated  by  the  opening  and  closing  of  the  series  relay.  When 
the  current  in  the  rotor  exceeds  a  certain  fixed  amount,  the 
series  relay  breaks  the  current  in  the  solenoid  of  the  contractor 
switch,  allowing  it  to  open  and  insert  resist  ajice  in  the  rotor 
circuit  of  the  iuductioii  motor,  thereby  reducing  the  current 
and  increasing  tlie  slip.  These  switches  are  interlocked  iu  such 
a  way  thai  they  will  operate  one  after  another  in  the  proper 
order. 

The  equipment  has  been  iu  operation,  rolling  steel,  since 
December  1 0th ,  1911，  and  the  results  obtained  indicate  that 
the  machines  are  well  within  the  requirements  and  that  the 
mill  motors  are  capable  of  being  reversed  with  sufficient 
rapidity  to  easily  meet  any  requirements  iu  rolling.  In  a 
rough  test  made  in  order  to  determine  the  length  of  time  re- 
quired to  reverse  the  motors,  22  reversals  were  luade  in  one 
minute  at  75  revs,  per  minute,  witli  the  voltage  on  the  250-volt 
exciter  mains  reduced  to  200  volts. 


il 


The  Driving  of  Textile  Mills. ― It  would  appear  from  the 
report  of  the  textile  section  of  the  Joint  Committee  appointed 
by  the  Textile  Institute  and  the  lustitutioii  of  Electrical 
Engineers  to  enquire  into  the  different  systems  of  driving  tex- 
tile mills,  presented  at  the  spring  meeting  of  the  Institute  re- 


sure,  when 
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ceiitly  held  at  Manchester,  that  such  strong  objections  have 
been  raised  respecting  the  constitution  of  this  committee  that 

it  has  been  decided  not  to 
proceed  further  with  the 
joint  investigation .  In  view 
of  the  large  amount  of 
preliminary  work  that 
has  been  accomplished  it 
would  have  been  a  pity 
to  have  discontinued  the 
investigation,  and  we  are 
pleased  to  note  that  the 
work  is  to  be  continued  by 
a  committee  of  the  Texile 
Institute  alone.  This  com- 
mittee will  be  a  standing 
one,  and  will  give  continu- 
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Fig.  1.— Diaguam  or  Connections  for  Uollikg  Mill  Eqvipmknt. 

The  rolaliii*;  parts  of  llio  i  no  lor  gonurator  set  rovolviiif:  at 
375  revs,  per  iiiinute  have  a  kinetic  energy  of  85，000，000ft  .-lbs. 
During  llie  jh* riod  thai  the  set-  is  being  brought  to  full 
speed,  the  resistance  iu  the  rotor  circuit  of  the  indiu  tion  mot  oi- 
ls required  to  absorb  this  amount  of  energy.  In  order  to  dis- 
pense with  a  bulky  cast -iron  grid  resistance,  a  special  water- 
cooled  resistance  was  used .    This  resistance  consists  ot  a  boiler 


ous  attention  to  all  impor- 
tant developments  in  each 
of  the  several  systems  of 
driving  textile  mills,  and 
its  reports  will  be  pub- 
lished  regularly   in  the 
journal  of  the  Institute. 
As  an  informal  starting 
point  there  will  he  read  at 
the    autumnal  Congress 
of  the   Institute,   to  be 
held  at  ilawick  on  Septemlier    lUlh,  13th,  and   14tli,  four 
papers  dealing  respectively  with  driving  by  steam,  electricity, 
u'as  eni^Mties,  ami  oil  eiiijiiies.      The  paper  on  steam  driving 
will  be  bv  Mr.  Storie  (Kochdale),  thai  on  electrical  driving 
l)v  Mr.  Crowlev  (Maiu-liesler),  that  on  gas  ensrine  driving  by 
.Air.  Wonastoir(J[aucliesler),  and  that  (、，，        n'L'""'  'Irivine 
bv  Mr.  Charles  Day  (Hazel  Grove). 


tinct  methods  of  lubrication,  ring-oiling,  oil-flooding^  and 
pressure  lubrication.  Under  ordinary  running  conditions  the 
pressure  lubrication  can  be  dispensed  with,  but  it  is  very  useful 
in  starting.  When  the  motor  generator  set  comes  to  rest  the 
oil  film  is  squeezed  out  of  the  bearings,  and  unless  this  film 
can  be  established  again  before  starting  a  torque  of  about 
60，0001bs.  at  1ft.  radius  would  be  required  to  move  the  set 
from  rest.    But  starting  tlie  oil  pump  soon  establishes  a  film 


Fig.  3.— Flywheel  Motob  Geneuator  Set. 

again  so  that  the  set  will  begin  to  revolve  on  the  first  step  of 
resistance  and  come  smoothly  to  full  speed  without  any 
abnormal  demand  on  the  power  station. 

A  small  motor-driven  oil  pump  furnishes  the  oil  for  both 
the  flooded  lubrication  and  pressure  lubrication  systems.  The 
overflow  from  the  bearings  passes  through  a  cooler  and  filter 
and  then  is  pumped  up  into  a  storage  tank  from  which  it  flows 
by  gravity  into  the  bearings.  Valves  are  provided  so  tliat  the 
oil  can  be  by-passed  around  the  cooler,  filter,  and  storage  tank, 
and  be  pumped  direct  into  the  bearings  under 
starting. 
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PROCESSES  IN  THE  PRODUCTION  OF  GEARS.* 

BY  WALTEK  BETTEKTON. 

One  of  the  most  important  problems  in  modern  automobile 
construction,  and  one  which  has  received  a  great  deal  of  atten- 
tion from  mechanical  engineers  during  the  past  few  years,  is 
that  of  obtaining  quietness  of  the  ruuniug  parts.  Next  to 
the  engine  itself,  tlie  gears  have  proved  the  greatest  offenders 
ill  this  respect.  The  demand  for  gears  which  are  accurate, 
interchangeable,  and  silent,  together  with  the  necessity  for 
producing  them  both  rapidly  and  at  a  low  cost,  has  caused  a 
great  deal  of  atteutiou  to  be  devoted  to  the  various  processes, 
tools,  and  appliances  used  in  their  manufacture.  We  thus 
find  that  there  are  being  placed  on  the  market  an  increasing 
number  of  machine  tools,  steels,  and  carbonising  materials, 
each  of  which  claims  some  advantage  over  its  predecessors ― 
such  as  increased  output,  greater  simplicity,  superior  generat- 
ing features,  and  better  hardening  results.  It  is  my  inteution, 
however,  to  deal  chiefly  with  tlie  processes  of  manufacturing 
gear-box  gears  by  means  of  a  complete  equipment  of  gauges, 
tools,  jigs,  &c -，  with  the  object  of  ensuring  interchaiigeability. 
To  a  very  large  extent,  fitting  is  thus  dispensed  with.  After 
the  filial  machining  operation  has  been  performed  the  parts 
should  be  ready  to  be  assembled.  When  a  replace  part  is 
wanted  it  can  be  supplied  from  stock ，  as  the  methods  here  to 
be  described  ensure  that  it  will  fit  into  its  correct  position 
without  trouble. 

There  is  probably  no  part  of  an  automobile  tliat  is  sub- 
jected to  greater  use ― and  abuse ― than  the  gears,  especially 
gear-box  gears.  Carrying,  as  they  do,  practically  all  the 
power  developed  by  the  engine,  and  receiving  at  the  hands  of 
a  careless  driver  the  strains  imparted  by  suddenly  applied 
load,  or  by  rapid  changes,  it  is  absolutely  necessary  that  the 
gears  be  made  of  the  highest  grade  materials,  and  that  the 
very  greatest  care  and  the  best  workmanship  should  be 
bestowed  upon  them.  As  a  saving  in  weight  is  an  important 
factor  to  be  considered  in  the  design  of  transmission,  the  gears 
must  be  made  as  small  and  as  light  as  possible,  and  yet  be 
sufficiently  strong  to  carry  suddenly  applied  loads  with  no 
danger  of  breaking.  Owing  to  the  methods  by  which  the 
speeds  are  changed,  and  the  clashing  and  bruising  which  this 
involves  upon  the  gears,  the  transmission  mechanism  must  be 
made  of  material  wliich  is  both  hard  and  tough.  Different 
kinds  of  steel  have  been  used,  and  each  has  been  treated  by 
various  methods  in  the  attempt  to  discover  the  perfect  gear 
material  ;  but  although  this  has  not  yet  been  found,  so  mucli 
progress  has  already  been  made  that  the  transmission  gear  of 
a  modern  well-made  automobile,  when  carefully  handled,  will 
last  nearly  as  long  as  the  car  itself. 

Of  the  various  kinds  of  steel  which  have  hitherto  been 
employed,  nickel,  nickel-chrome,  and  chrome-vanadium  seem 
to  have  more  advocates  than  any  others.  In  most  factories 
the  gears  are  case-hardened,  and  it  is  to  this  class  of  gear  that 
I  shall  confine  my  attention.  Gears  treated  in  this  way  have 
been  taken  out  of  cars  which  have  run  many  thousands  of 
miles,  and  in  some  instances  the  original  tool  marks  on  the 
face  of  the  teeth  have  been  still  visible.  Treatment  by  heat 
requires  that,  until  after  hardening  (full  details  of  which  are 
given  later),  sufficient  material  should  be  left  for  supporting 
the  gear  during  tlie  various  processes. 

Ill  this  paper  I  shall  explain  the  processes  in  the  manu- 
facture of  low  carbon  nickel  steel  case-hardened  gears,  such 
as  the  finished  gears  sliown  by  Figs.  1，  2,  and  3.  The  various 
processes  will  be  explained  in  the  order  in  wliich  they  are 
performed. 

The  composition  of  nickel  steel,  suitable  for  high-speed 
gears,  is  as  follows  : ― 


Per  cent. 

Carbon    '20 

Manganese    "65 

Silicon    not  exceeding  '30 

Phosphorus   not  exceeding  "04 

Sulphur   not  exceeding  "04 

Nickel    3-50 


Nickel  steel  with  3*50  per  cent,  nickel  rolls  and  forges  well, 
and  when  hardened  the  ratio  of  the  elastic  limit  to  the  ulti- 

*  Paper  read  before  the  Graduates'  Section  of  the  Blrmiugham  branch  of  ihe 
Institute  of  Automobile  Engineers,  April  25tl2, 1912. 


mate  strength  is  very  great.  Tlie  influence  of  nickel  on  steel 
is  that  it  increases  the  tensile  strength  and  the  elastic  limit. 

Nickel  steel  of  the  composition  just  mentioned  should  have 
an  elast,i(，  limit,  after  heat  treatment,  of  about  30  tons  per 
square  inch.-  The  influence  of  silicon  on  the  results  of  queiirh- 
ing  is  similar  in  many  ways  to  that  of  carbon.  It  is  dependent 
on  the  co-existing  amount  of  carbon  and  manganese,  and  it  is 
difficult;  to  obtain  silicon  in  steel  without  tlie  presence  of 
manganese.  Silicon  appears  to  increase  the  tensile  streiigiii 
and  diminish  (hicUliiy  ；  but  for  various  reasons  it  is  generally 
considered  objectionable.  Pliospliorus  is  the  least  desirable 
element  in  steel,  but  up  to  1  per  cent,  it  appears  to  increase 
the  tensile  strength.  Sulphur  tends  to  produce  hot-shortness 
and  difficulty  in  working,  but  in  the  presence  of  manganese 
the  effect  is  diminished. 

Gear  blanks  for  Fig.  1  should  be  cut  from  the  bar,  since 
it  has  been  proved  that  steel  is  not  improved  by  drop-forging, 
although  some  steels  are  less  sensitive  to  injury  than  others. 
An  investigation  into  drop-forgings  and  bar-cut  nickel  steel 
gears,  details  of  wliich  were  given  in  a  paper  read  by  Mr. 
John  A,  Mathews  before  the  Franklin  Institute,  showed  that 


Fig.  1.  Fig.  2. 


under  static  tests  the  bar-cut  gears  were  fully  25  per  cent, 
stronger  than  drop- forged  gears,  and  also  that  their  resistance 
to  shock  was  greater.  Gears  shown  in  Fig.  3  should  be  made 
from  a  drop-forging,  as  shown  by  Fig.  4,  although  when  only 
small  quantities  are  required,  it  would  not  pay  to  make  dies. 
In  this  case  ordinary  forgings  should  be  considered.  Geai* 
blanks  should  be  annealed  previous  to  machining. 

The  reasons  it  is  necessary  to  leave  so  much  extra 
metal  will  be  explained  in  die  order  in  which  they 
concern  the  various  operations  necessary  in  the  at- 
tempt to  get  a  perfect  gear  -an  er-'.l  wliich,  it  is 
needless  to  say,  is  seldom  if  ever  attained.  In  the 
case  of  a  gear  made  from  a  bar,  as  shovvu  in  Fig  2,  it  is 
not  necessary  to  leave  any  extra  metal .  Much  of  the  trouble 
due  to  distortion  in  heat  treatment  is  caused  by  the  forging 
operations  being  effected  at  too  low  a  temperature,  in  which 
case  the  metal  does  not  have  a  chance  to  flow  properly,  and 
is  merely  forced  into  shape  by  the  die.  This  sets  up  internal 
strains  that  will  be  released  wlien  the  part  is  annealed. 

We  now  proceed  to  rough  turn  the  part  all  over  for  the 
purpose  of  removing  the  outer  skin,  previous  to  the  second 
annealing,  leaving  plus  one-sixteenth  case  on  the  parts  re- 
quired to  be  hardened,  such  as  the  top  diameter  of  the  gear, 
and  the  sides  of  the  teeth.  For  the  bore  minus  ^in.  only  is 
required  in  gears  where  the  hole  is  to  be  a  running  fit,  or 
castellated,  and  has  to  be  hard.  Minus  ！ in"  however,  is 
necessary  where  the  gear  has  to  be  bolted  to  a  centre,  or  to 
another  gear,  in  which  case  the  bore  need  not  be  hard,  as  it 
is  only  used  for  locating  the  gear  centrally.    lu  rough  turn- 
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ing，  allowance  must  be  made  for  the  extra  metal,  and  sliould 
be  machined  as  shown  by  Figs.  5  and  6. 

When  making  gears  it  is,  of  course,  necessary  to  have  the 
steel  carefully  and  uniformally  an nealed.  The  process  of 
annealing  is  one  of  great  importance,  and  is  better  performed 
in  a  specially  designed  sealed  furnace,  constructed  as  a  muffle  ； 
so  that  tlie  required  heat  is  obtained  uniformly  by  radiation, 


Fig.  3. 

without  any  flame  to  impinge  on  the  steel.  In  addition  to 
softening  the  steel,  and  rendering  it  easy  to  be  machinecK 
annealing  lias  the  effect  of  bringing  it  to  a  more  uniform  and 
homogeneous  condition  by  eliminating  the  molecular  strains 
wliirli  are  set  up  by  rolling,  haininering,  and  stamping  ；  so 
that  when  the  steel  is  heated  preparatory  to  hardening,  equal 
expansion  should  follow ― also  equal  contraction  when  cooled . 

It  will  til  us  be  seen  tliat  should  the  steel  not  be  annealed 
uniformly  throughout,  the  risks  of  warping  while  liardeniiig 
are  considerably  increased.  The  object  of  rough  machining  is 
to  break  down  the  scale  preparatory  to  the  second  annealing, 
and  as  the  strains  set  up  by  the  rough  machining  are  released 
by  the  second  annealing,  the  metal  is  then  in  as  normal  a  con- 
dition as  possible.  This  minimises  any  tendency  towards 
warping  in  the  hardening,  which  is  one  of  the  great  troubles 
encountered  in  the  hardening  of  gears. 

At  the  present  time  there  are  many  compounds  used  for 
annealing.  Whereas  a  few  years  ago  tlie  ashes  from  the 
forge  were  considered  sufficient  for  properly  annealing  steel, 
to-day  many  special  preparations  are  manufactured  and  sold 
for  the  purpose.  The  more  common  materials  used  are 
])owdered  charcoal,  charred  leather,  and  hydro-carbonated 
bone-black.  Now,  as  we  shall  see,  these  same  materials  are 
used  for  carbonising,  after  which  they  are  of  very  little  use 
for  that  purpose.  Therefore  their  use  for  aiinealing  has  the 
additional  merit  of  economy  ；  in  fact,  they  can  be  used  re- 
peatedly, adding  each  time  a  little  that  lias  only  been  used 
for  the  carbonising  process.  Air-slacked  lime  may  also  be 
used  for  this  process.  The  piece  to  be  annealed  is  usually 
packed  in  a  wrought-iron  box,  using  some  of  the  previously- 
mentioned  material,  or  combinations  of  tliein ,  for  the  pack- 
ing. The  wliole  is  then  lieated  to  tlie  proper  temperature, 
which  is  about  1,750。  Fall.,  and  in  the  case  of  the  gears  in 
question  this  should  be  maintained  for  one  hour.  The  box  is 
then  set  aside  with  tlie  cover  on  in  order  to  cool  down  to 
atmospheric  temperature.  It  should  be  noted  that  the  anneal- 
ing temperature  ought  always  to  be  higher  tlian  that  for  car- 
bonising. For  certain  grades  of  steel  these  materials  give 
good  results  ；  but  for  all  kinds  of  steel,  and  for  all  grades  of 
annealing,  the  slow  cooling  furnace  gives  the  best  results, 
because  the  temperature  can  easily  be  raised  to  the  right 
point,  kept  there  as  long  as  necessary,  and  then  regulated  to 
cool  down  as  slowly  as  desired.  Gas,  oil,  or  electric  furnaces 
are,  of  course <  the  easiest  to  regulate. 

Gears  to  be  broached,  as  shown  by  Fig.  3,  should  be 
finished  bored  minus  '0】5  for  grinding  after  hardening  ：  also 
faced  on  tlie  one  end  true  with  the  bore  to  take  the  tlirust  of 
the  broaching  on  a  La  FoMite  Broaching"  or  similar  inat-liine. 

The  broaches  should  be  made  of  carbon  steel  oil  hardene-l, 
tempered,  and  ground,  and  should  be  treated  as  follows.  It 
is  necessary  to  treat  the  steel  with  some  carbonaceous  material 
luitil  it  will  harden   in  oil.      It  is   well  known   that  steel 


hardened  in  oil  is  less  likely  to  spring  than  if  hardened  in 
water.  The  tendency  for  steel  to  crack  is  almost  eliminated, 
and  it  has  a  maximum  of  toughness ― unless,  of  course,  the 
steel  has  been  improperly  treated  in  the  fire.  The  process 
consists  essentially  in  supplying  the  surface  of  the  steel  with 
an  additional  amount  of  carbon  by  some  material  that  will 
not  injure  the  steel.  No  form  of  bone  should  be  used  on  tool 
steel  for  this  process,  as  bone  contains  a  high  percentage  of 
phosphorus,  and  tlie  effect  of  this  is  to  make  the  steel  weak 
and  brittle.  Charred  leather  gives  the  best  results.  The 
over-all  length  of  the  broach,  suitable  for  the  gears  shown  in 
Fig.  3，  is  about  26in.,  the  cutting  portion  about  17in.  long, 
teeth  |in.  pitch,  cut  straight  and  backed  off.  The  pilot 
should  be  about  Sin.  long.  Teeth  should  never  on  any  account 
be  cut  spiral,  as  this  tends  to  twist  the  broach  while  in  opera- 
tion, and  consequently  the  castellatioii  would  not  be  true.  To 
produce  an  accurate  castellated  hole,  as  shown  by  Fig  3,  in 
nickel  steel,  it  is  necessary  to  use  about  ten  roughing  and  one 
finishing  broach,  especially  when  this  operation  is  to  be  per- 
formed to  very  fine  limits,  as  it  is  necessary  in  the  case  of  tlie 
gears  in  question.  The  last  four  teeth  in  eacli  broach  should 
be  parallel,  and  then  tapered  down  in  equal  progression.  On 
the  first  broach  it  is  necessary  that  the  pilot  should  be  round, 
and  on  the  same  diameter  as  the  hole  in  tlie  gear  to  be 
broached.  On  the  following  ones  the  pilot  should  be  a  slid- 
ing fit  in  the  hole  prod  need  by  the  previous  broach,  at  the 
same  time  locating  from  the  castellatioiis.  The  finishing 
broach  should  have  a  piece  at  the  rear,  and  about  3in.  long, 
the  exact  size  of  the  castellated  shaft  on  which  the  gear  is  to 
be  fitted  when  finished.  This  will  act  as  a  burnisher.  The 
broaches  are  pulled  through  the  work,  and  this,  in  iny 
opinion,  is  quite  a  good  feature,  as  it  tends  to  keep  them 
straight  while  in  operation.  The  cutting  portion  being  so 
long  enables  the  operation  to  be  performed  without  previously 
rougli-slotting,  which  is  invariably  clone  when  the  gears  are 
drifted  on  to  the  power  press.  After  broaching  the  gears 
should  be  turned. 

Castellated  gears  should  be  turned  on  a  mandrel,  locating 
off  tlie  castellatioiis,  finishing  the  parts  required  to  be  hard, 
such  as  top  diameter  of  gears,  which  should  be  plus  'OOSin. 
for  gear  cutting  purpose,  sides  of  teeth  and  fork  groove,  leav- 
ing metal  as  shown  by  Fig.  6.  In  the  case  of  Fig.  1，  the  top 
diameter  should  be  finished  turned  plus  '005ino  sides  of  teeth 
and  bore  minus  I  in.,  so  that  they  can  be  bored  out  again  after 


Kio. 


carbonising, 
required  to  be 
tlie  metal  after 
Fig.  5.  Gears 
bored  complete 
One  of  tlie 
the  teeth  after 


would  leave  the  hole  soft,  as  it  is  not 
hard,  and  is  more  convenient  for  taking  out 
hardening.  Metal  sliould  be  left  as  shown  by 
shown  by  Fig.  2  can  be  fiiiislied  turned  and 
at  this  operation. 

most  important  operations  is  the  cutting  of 
annealing.      The  method  I  am  going  to  de- 


May  31,  1912] 


THE    MECHANICAL  ENGINEER. 


675 


scribe  is  at  present  in  practice  and  giving  very  successful 
results.  The  teeth  should  be  roughed  out  on  the  liobbiiig  iiia- 
chine  (see  Fig.  7)，  and,  where  possible,  several  gears  should  be 
placed  on  the  work  arbor  at  one  setting.  A  great  deal  of  time  is 
saved  by  placing  several  gears  on  the  work  arbor,  which  should 


Fig.  p. 

always  be  steadied  at  the  top .  Suppose  six  are  to  be  cut  at 
one  setting :  this  would  mean  that  the  hob  would  only  have 
to  travel  into,  and  clear,  the  work  once  instead  of  six  times, 
which  would  be  necessary  if  they  were  cut  singly.  When 
putting  several  gears  on  the  arbor,  they  must  be  faced  exceed- 
ingly true,  or  the  arbor  will  be  bent.  This  is  especially  true 
when  the  hole  is  small  and  the  gears  large  in  diameter.  Plenty 
of  lubricant  should  be  applied  in  this  operation,  oil  being 
most  commonly  used .  The  liob  should  be  made  of  high-speed 
steel,  6-pitch,  Sin.  diain.,  5 -pitch,  3^in.  diam. 
On  account  of  the  accuracy  required,  single 
threaded  hobs  are  preferable,  as  this  does  away 
with  any  possibility  of  error  in  making  the  hob. 
For  the  roughing  operation  60ft.  per  minute  cut- 
ting speed  of  the  hob,  and  '020111.  feed  per  revo- 
lution are  considered  good  practice  for  a  nickel 
steel  6-pitch  gear. 

For  the  finishing  operation,  at  least,  'Olin. 
should  be  allowed  for  a  6-pitch  gear  and  other 
pitches  in  proportion.  If  the  finishing  cut  is 
merely  a  scraping  cut,  and  not  enough  stock  is 
removed  to  let  the  cutter  get  a  real  chip,  the 
cutter  may  glaze  over  the  work,  especially  if  the 
cutter  and  tlie  work  arbor  are  not  held  rigidly. 
The  gears  should  b&  finished  one  at  a  time, 
excepting  plate  gears,  in  which  case  several  can 
be  placed  on  the  arbor  at  one  setting.  For 
this  purpose  a  Fellows  Gear  Shaper  (see 
Fig.  8)  should  be  used.  The  cutter  can 
bo  made  far  more  accurate  than  a  hob 
or  a  rotary  cutter.  The  teeth  of  tliis  cutter 
can  be  ground,  after  hardening,  and  this  cor- 
rects any  inaccuracies  that  may  have  crept  in. 
On  the  cutter  arbor,  at  the  back  of  the  gear 
cutter,  should  be  placed  a  round  disc  made  of 
high-speed  steel,  hardened,  ground,  and  backed- 
off,  which  will  act  as  a  shaving  t'oo】，  and  will 
take  off  the  'OOSin.  left  on  the  top  diameter  as 
previously  stated.  This  will  make  the  outside 
diameter  true  with  the  pitch  line.  There  is  a 
special  reason  for  this,  which  I  will  explain 
later.  Tlie  teeth  should  be  cut  about  001  in. 
thin  at  the  pitcli  line  to  produce  a  running  fit. 
The  gears  should  now  be  tested  for  centre  dis- 
tance, for  which  purpose  a  plate  witli  two  pins 
to  locate  on  the  bore,  set  at  the  correct  centres, 
should  he  used. 

At  this  point  I  may  say  that,  by  the  courtesy 
of  Mr.  Ward,  of  the  Universal  Gear  Grinding 
Company,  I  have  had  the  opportunity  of  seeing 
in  operation  a  machine  for  grinding  gear  teeth, 
which  has  the  appearance  of  filling  a  long-felt 
want  in  the  automobile  industry.    If  it  is,  and 
I  believe  it  is,  what  the  makers  claim  for  it,  it 
would  not  be  necessary  to  finish-cut  the  teeth  as, 
with    the    exception    of    the    gear    shown     in    Fig.  3， 
they  could  be  ground  after  hardening.    This  would  obviate 
the  final  process  of  grinding  in  witli  emery  and  oil,  a  process 
which  at  present  is  so  unsatisfactory.    In  the  case  of  the  gear 
shown  in  Fig.  3，  the  grinding-wlieel  would  foul  the  large  gear 
when  grinding  a  small  one,  to  overcome   which  it  would  be 
necessary  to  re-design  the  gear  and  make  it  in  two  parts.  The 


inacliine  has  many  good  features,  the  main  one  being  tliat  the 
sliape  of  the  wheel  is  iiiaintaiued  by  three  diamonds  which 
dress  the  wheel,  and  which  are  controlled  by  one  former.  One 
is  used  for  trueing  up  tlie  top  diameter  of  the  wheel,  and  one 
oil  each  side  for  trueing  the  curvature. 

The  tootli-n)uii(ling  should  Ije  performed  on  an  automatic 
tooth-roiindiiig  niacliine.  Several  gears  should  be  mounted 
oil  the  same  arbor,  and  the  teetli  of  the  wheels  should  be 
rounded  in  succession  at  one  setting.  No  doubt  you  are  all 
quite  familiar  witli  the  reason  for  this  operation,  which  there- 
fore requires  little  explanation,  unless  it  be  to  say  that  it  is 
(lone  to  facilitate  the  cliaiigin^  of  the  gears,  ami  also  to  pre- 
vent the  teeth  from  being  chipped  when  engaging,  as  would 
occur  if  the  corners  were  left  square.  The  sides  of  the  teeth 
which  are  not  rounded  should  l)e  f razed  before  carbonising ― 
wliic'li  is  the  next  operation. 

In  carbonising,  great  care  should  be  taken  as，  to  a  very 
large  extent,  the  life  of  the  gear  depends  on  this.  The  result 
of  the  process  is  determined  by  four  factors,  namely  :  (1)  The 
nature  of  the  steel.  (2)  The  nature  of  the  carbonising 
materials.  (3)  The  temperature  of  the  carbonising  furnace. 
(4)  The  time  occupied. 

The  carbonisers  in  general  use  at  the  present  time  are 
animal  charcoal,  hydro-carbonated  bone-black,  charred  leather, 
and  a  few  other  compositions  sold  under  various  names.  Owing 
to  the  various  conrlitions  under  wliicli  tlie  operation  is  carried 
out,  experience  must  largely  guide  the  operator,  Tlieoretio- 


FiG.  7.— Gear  Hobbing  Machine. 
This  view  shows  the  differential  gearing  exposed.    In  tho  actual  machine  this  gearing  is  enclosed. 

ally,  the  perfect  carboniser  should  be  a  simple  form  of  carbon, 
and  charred  leather  gives  very  satisfactory  results.  Care 
should  be  taken  to  avoid  poorly  charred  leather,  or  that  made 
from  old  boots,  belting,  &c.  Good  charred  leather  should 
contain  about  88  per  cent,  of  carbonising  matter. 

As  it  is  essential  that  the  core  of  the  gears  should  be  left 
soft  in  order  to  withstand  the  high  speed  and  sudden  shocks 
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to  which  they  are  subjected,  it  is  necessary  that  the  carbon 
content  in  the  core  should  be  low.  For  this  reason  prefer- 
ence is  given  to  "20  carbon  steel.  The  cai'bouising  pots  are 
made  both  in  cast  and  wrought  iron,  the  former  being  cheaper 
in  first  cost,  but  the  latter  bear  reheating  so  many  times  that 
they  are  really  cheaper  in  the  end.    The  carboniser,  having 
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The  uext  operation  is  to  turn  out  the  carbon  from  the 
parts  required  to  be  soft.  In  the  case  of  tlie  plate  gear,  shown 
in  Fig.  1，  which  is  to  be  bolted  to  another  gear  or  centre,  as 
previously  stated,  the  hole  need  not  be  liard,  which,  for  this 
reason,  was  left  minus  ^iu.  at  the  previous  turning  operation. 
It  should  now  be  bored  minus  'OlSin.,  for  grinding  after 
hardening,  and  faced  down  on  both  sides.  This  refers  to 
both  plate  and  castellated  gears,  as  shown  in  Figs.  9  and  10. 
The  boring  operation  should  be  performed  while  the  gear  is 
lield  in  a  collet-chuck,  locating  from  the  top  of  the  teeth, 
which  were  trued  up  with  the  pitch  line  by  the 
shaving  tool  used  when  cutting  the  teeth,  as  pre- 
viously explained.  This  method  has  ben  found  to  be 
more  efficient  than  locating  with  balls  or  rollers  ou  the  pitch 
line.  The  ])enetraiiou  of  carbon  being  only  about  three- 
sixty-fourths,  it  is  now  removed  from  the  parts  which  liave 
just  been  turned.  Consequently  tliese  parts  will  not  be 
hardened.  This  metal  is  left  as  shown  in  Figs.  9  and  10,  until 
after  liardening,  in  order  to  prevent  it  from  warping,  which 
would  undoubtedly  happen  if  tlie  gears  were  finished  as  shown 
by  Figs.  1  and  3. 

Steel  of  the  composition  mentioned  in  this  paper  can  be 
hardened  as  follows.  Heat  from  1 ,450°  to  1 ,525°  Fah.,  quench 
in  water  ；  re-heat  to  about  1，400。  to  1,450^  Fah.,  quench  in 
water.  The  re-heating  must  be  conducted  at  the  lowest 
possible  temperature  at  which  the  steel  will  harden.  It  will 
be  found  that  this  is  sometimes  as  low  as  1,300°  Fall.  Then, 
as  a  safeguard,  re-lieat  to  a  temperature  of  between  250°  and 
500°  Fah.  in  accordance  with  the  requirements  of  the  case  ； 
cool  slowly  in  oil.  Parts  of  intricate  shape,  such  as  the  gears 
dealt  with  in  this  paper,  having  sudden  changes  of  thickness, 


Fig.  jo. 

sharp  corners,  and  tlie  like,  should  always  be  tempered  or 
drawn,  in  order  to  relieve  internal  strains. 

Another  method  of  hardening  is  as  follows.  Heal  from 
1,450。  to  1，5250  Fall.  ；  quench  in  hot  brine.  Re-heat  from 
1  ，權。 to  1，450。  Fah.  ；  quench  in  oil.  The  temper  need  not 
be  drawn  when  the  gears  are  quenched  in  oil.  The  final 
quenching  should  be  done  at  the  lowest  temperature  at  which 
the  piece  will  harden,  as  stated  in  the  first-mentioned  method. 

A  small  gas  m uftle  should  be  used  for  hardening  gears,  and 
indeed  for  all  kinds  of  hardening  work.  A  properlv  con- 
structed gas  muffle  can  be  regulated  with  the  greatest 
nicety,  and  in  hardening  this  is  most  important.  It  is  known 
that  when  steel  is  gradually  heated,  there  is  a  certain  jioint 
at  which  a  great  inolecular  change  takes  place,  and  tliat  per- 
fect hardness  can  only  be  obtained  by  quenching  at  this 
critical  point.  Tins  should  lie  between  1.300''  and  1,450。  Fall. 
When  steel  is  cooled,  whether  slowly  ("*  not,  it  bears  in  its 
structure  a  condition  representative  of  the  liipliest  tempera- 
ture to  wliich  it  was  last  subjected.  From  this  it  will  be  quite 
dear  that,  in  case-hardening,  as  in  all  other  methods  of 
hardening,  the  steel  must  be  cjuem'hed  on  a  rising  heat .  Stee】 
which  is  over-heated  previous  to  the  final  quenching,  is  very 
brittle,  and  liable  to  easy  fracture,  and  although  quendied 
and  subsequently  hardened,  the  metal  has  little  or  no 
cohesion  ami  readilv  wears  awav.  Steel  so  hardened  breaks 
with  a  very  coarse  crystalline  fracture,  in  which  the  limits  of 
llie  case  are  badly  defined.  If  quenching  takes  place  below 
the  critical  poiut  previously  ineTitioned.  the  steel  is  not  suffi- 
ciently hard.  If  above,  though  full  hardness  may  be  obtained, 
strength  and  tenacity  are  lost,  in  part  or  completely,  accord- 
ing to  the  degree  of  heat  by  whk'li  the  critical  temperature  is 
exceeded.  It.  may  be  asked  why  it,  is  not  suflicienl,  when  tlie 
pieces  are  healed  at  the  first  re-heating  to  about  1,500'  Fah., 
to  place  them  in  another  furnace  and  reduce  to  the  critical 
temperature,  and  quench,  instead  of  quenching  twice.  To 
this  the  answer  is  that  the  liigh  temperature  lias  already 
created  a  coarse  crystalline  couditiou  in  the  st«el  aud  that, 


FiG.  8.— Fellows'  Gear  Shaper. 

been  thoroughly  dried,  and  reduced  to  a  fine  powder,  a  layer 
of  not  less  than  l  ^in.  in  depth  is  placed  in  the  carbonising  pet 
and  well  pressed  down.  Upon  this  are  placed  the  articles  to 
be  treated.  Care  must  be  taken  to  have  sufficient  space  all 
round  each  piece  so  as  to  prevent  them  toucli- 
ing  each  other  or  the  walls  of  the  pot  ；  1  Un. 
is  sufficient.  Aliotlier  layer  of  carbonising 
material  is  then  put  in  and  well  pressed  down, 
taking  care  not  to  displace  any  of  the  gears. 
The  process  is  continued  until  the  pot  is  full, 
finishing  witli  a  layer  of  about  1  iin.  at  the 
top.  The  object  in  view  is  to  make  the  con- 
tents of  the  pot  as  compact  as  possible,  con- 
sistent with  a  sufficiency  of  carboniser  in  con- 
tact with  tlie  gears.  The  more  solid  the  pot 
is  packed,  the  more  complete  the  exclusion  of 
air.  The  lid  is  tlieu  put  on,  and  the  joint  all 
round  well  luted  with  clay.  The  pot  should 
be  placed  in  a  furnace  similar  to  that  used  for 
annealing,  and  heated  to  about  1 ,700''  Fah., 
which  heat  should  be  maintained  constant  six 
to  ten  hours.  The  length  of  time  occupied  is 
regulated,  firstly,  by  the  depth  of  casing 
required,  which  should  be  about  three-sixly- 
fourtlis  ；  and,  secondly,  by  tlie  dimensions  of 
the  gear.  At  the  close  of  tlie  carbonising 
period,  the  pot  is  withdrawn,  and  put  in  a 
dry  place  where  it  is  allowed  to  cool  to 
atmosplieric  temperature.  It  is  then  opened 
ami  the  articles  taken  out,  and  the  process  is 
completed  by  brushing  to  remove  all  adhering  iiialter. 
It  may  be  noted  here  that  the  case  should  only  be 
deep  enough  to  resist  wear  and  battering,  so  leaving  the 
maximum  load  to  fall  on  the  uncarbouised  section.  If  the 
？ se  is  so  deep  as  to  form  a  considerable  part  of  the  cross  sec- 
tjon  of  the  teeth,  the  teeth  may  break  unless  the  case  is  con- 
siderably tempered.  * 
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We  now  proceed  to  turn  out  1'lie  metal  left  for  supporting 
the  gear  while  undergoing  heat  treatmeni.  This  operation 
should  be  carried  out  while  being  held  in  a  collet-chuck,  and 
are  should  be  taken  that  the  outside  diameter  runs  true 
before  conirnericiiig  it.  Tlie  hole  having  been  bored  '015in.， 
after  carbonising,  is  now  soft.  The  metal  can  be  turned  out 
on  both  sides,  or  on  one  side,  as  the  case  may  be,  leaving  plus 
*005in.  on  the  face  of  the  web  for  grinding.  This  operation 
should  come  next,  and  it  is  inost  essential  in  order  to  get  a 
true  rumiiug  gear  when  in  position.  The  castellated  gears 
winch  were  finish  bored  minus  *015in.  before  carbonising  are 
now  hard,  this  being  necessary  as  they  have  to  be  a  sliding 
fit  on  the  shaft.  The  bore  which  locates  on  the  lands  of  Uie 
castellated  shaft,  is  all  that  requires  grinding.  Unfortunately 
no  method  has  yet  been  devised  for  grinding  the  castellations 
themselves,  -and  these  therefore  have  to  be  lapped  separately 
hy  hand,  which  is  most  unsatisfactory.  While  grinding  the 
bore,  the  gear  should  be  held  in  a  collet-chuck  off  the  top 
diameter  ；  hence  the  trueing  of  the  top  diameter  wit  h  the 
pitch  line  in  the  gear-cutting  process.  Gears  ground  in  tliis 
way  should  be  perfectly  true,  and  are  now  ready  to  be  tested 
for  centres  and  true  running.  It  sliould  be  clearly  understood 
that  the  web  of  the  gear  shown  by  Fig.  1  is  now  soft.  This 
brings  us  to  the  final  machining  operation,  that  is,  the  drilling. 
There  are  many  advantages  in  leaving  this  until  the  last. 
The  bore  is  now  the  correct  size,  this  being  absolutely  essen- 
tial for  locating  the  drilling  jig.  Furthermore,  in  the  grind- 
ing operation  the  bore  is  totally  ignored,  the  top  diameter 
being  the  most  important.  The  hole  lias  been  ground  true 
with  the  latter,  so  that  if  the  holes  had  been  drilled  previous 
to  the  liardeuing,  they  would  not  be  concentric  with  the  bore, 
and  would  not  match  up  with  the  gear  or  centre,  to  which 
it  has  to  be  bolted.  Another  advantage  is  that  the  holes  are 
now  soft  and  can  be  reamed  with  a  piece  to  which  the  gear  is 
bolted,  it  being  understood  that  these  would  also  be  left  soft 
in  tlie  parts  in  which  the  holes  are  required.  All  these  are 
important  points,  and  this  is  the  reason  for  leaving  the  drill- 
ing until  last.  The  gears  should  now  be  bolted  to  their 
respective  parts,  and  finally  run  in  under  belt  power.  The 
bearings,  in  these  special  cases,  are  set  at  the  proper  centres 
apart',  so  as  to  accommodate  tlie  various  gears  of  a  train,  thus 
wearing  in  the  gears  so  that  all  those  for  similar  parts  are 
absolutely  interchangeable.  Tlie  case  is  made  oil-tight,  and 
a  mixture  of  finely  powdered  emery  and  lubricating  oil  is 
forced  through  an  opening  in  the  top,  so  that  this  grinding 
material  will  come  in  contact  with  all  the  teeth  in  mesh  in  the 
train.  This  grinding  is  continued  until  each  tooth  has  been 
worn  perfectly  smooth  and  to  an  accurate  fit  with  the  teeth 
of  the  other  gears  with 
which  it  comes  into 
mesh.  As  a  further 
means  of  thoroughly 
running  in  the  gears  of 
the  transmission  to  a 
perfect  fit,  the  motor 
transmission  and  driv- 
ing shaft  are  installed 
in  the  chassis,  and  the 
motor  is  run  while  the 
various  speeds  of  the 
transmission  are 
thrown  into  mesh. 
During  this  run  an 
electric  dynamometer, 
by  means  of  which  a 
variable  load  may  be 
applied,  is  connected 
to  the  end  of  the 
driving  shaft.  The 
gears  should  now  be  as 
perfect  as,  with  the  best 

practice  yet  known,  it  ^     , ^-, 

f  .，  /  ,        ,  ,1  Fig.  12.— Scleroscopk. 

IS  possible  to  get  them. 

It  may  be  objected  here  that  the  leaving  of  extra  metal  for 
heat  treatment  is  rather  costly.  This  is  a  question  upon  which 
there  is  room  for  a  considerable  difference  of  opinion.  Per- 
sonally, I  am  of  opinion  that  if  the  method  of  leaving  metal 
which  I  liave  described  is  used  with  discretion  and  only  in 
tlie  case  of  very  intricate  gears,  the  most  satisfactory  results 
sln)ulcl  be  produced. 
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decalesceiit  and  recalesceiil,  or  critical  points,  are  well 
developed.  From  this  it  will  be  seen  that  the  absorption  oi 
heat  occurred  at  a  point  marked  1,375°  Fan.  on  the  rising, 
temperature  ；  and  the  evolution  of  heat  at  1,250°  Fah.  oii  the 
falling  temperature,  which  was  allowed  to  fall  slowly.  The  rela- 
tion of  these  critical  points  to  hardening  is  that  it  cannot  take 
place  unless  a  temperature  sufficient  to  produce  the  first  action 
is  reached  in  order  to  change  the  pearlite  carbon  to  harden- 
ing carbon  ；  and  also,  unless  it  is  cooled  with  sufficient 
rapidity,  to  eliminate  the  second  action.  The  temperature 
should,  of  course,  be  gauged  with  a  pyrometer. 

Sand-blasting,  which  serves  to  scour  off  any  roughness  or 
stains  which  have  been  left  on  tlie  surface  during  heat  treat- 
ment, &c.，  is  best  conducted  in  a  building  separated  from  the 
remainder  of  the  shop.  The  sand  should  be  kept  in  a  bin  in 
one  corner,  and  sucked  up  by  a  centrifugal  blower  and  forced 
by  air  pressure  through  a  blow-pipe,  which  terminates  in  a 
nozzle.  The  sand,  being  forced  out  by  the  air  at  a  high 
velocity,  may  be  directed  at  all  parts  of  tJie  piece  to  be  cleaned. 
This  is  one  of  the  most  efficient  methods  of  polishing  and 
cleaning  the  gears,  ami  it  does  not  injure  the  hard  surface  in 
any  way. 

The  gears  should  now  be  tested  for  hardness.  The  Sclero- 
scope  (see  Fig.  12)  appears  to  be  the  best  instrunieiit  for  doing 
this.  If  a  gear  shows  a  considerable  drop  in  hardness,  a  file 
should  be  used  to  deterniiue  whether  the  cause  is  due  to  the 
piece  not  being  hard  or  to  crystallisation.  If  the  parts  can  be 
scratched  with  a  file,  it  shows  that  it  is  not  hard  enough.  If, 
however,  the  file  will  not  bite  on  the  spot  where  the  sclerosoope 
reads  low,  then  it  is  positively  known  that  it  lias  been  over- 
heated and  is  crystallised. 

A  good  method  of  testing  the  teeth  is  the  drop  test.  By 
this  method  a  2】bs.  weight  with  a  56iii.  drop  is  directed  at  one 
iootlt.  The  number  of  blows  ne(,essary  to  break  the  tooth 
should  be  noted.  This  test  should  only  be  applied  occasionally, 
say,  on  one  out  of  each  batch  of  gears.  A  gear  which  has 
given  satisfaction  should  be  tested,  and  the  result  used  as  a 
standard  for  future  comparison. 


until  it  has  cooled  down  below  the  critical  point,  and  re-lieaied 
to  the  critical  temperature,  a  suitable  molecular  condition 
cannot  be  obtained.  As  a  further  means  of  illustrating  what 
is  meant  by  tlie  critical  point,  Fig.  1 1  shows  a  curve  plotted 
from  results  obtained  by  a  recording  pyrometer,  in  which  the 
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ROTARY  DISTRIBUTING  VALVE  FOR  TWO-STROKE  INTERNAL- 
COMBUSTION  ENGINES. 

The  accompanying  illustrations  show  a  design  of  rotary  valve 
for  distributing  the  charge  in  2-stroke  internal-combustion 
engines,  the  invention  of  Alfred  A.  Scott,  Morninglon  Works, 
Grosvenor  Road,  Bradford.  It  has  been  designed  with  a  view 
to  ensure  a  better  running  of  the  engine  under  throttle  and 
to  enable  the  engine  to  develop  its  full  power  by  preventing 
it  from  doing  useless  work  under  these  conditions.  Fig.  1 
shows  a  section  through  the  engine  ；  Fig.  2  shows  secfional 
views  of  the  valve  and  the  cylinder  heads  ；  Figs.  3  and  4  are 
views  of  the  inner  rotating  sleeve  of  the  valve  and  outer  con- 
trolling  sleeve  respectively  ；  Fig.  5  is  a  crank  diagram  illus- 


FiG.  1,— Internal-combustion  Engine  Fitted  with  IIotary 
Distributing  Valve. 

trating  the  action  of  the  ports  ；  Fig.  6  shows  diagrammatically 
the  location  of  the  ports  when  the  valves  are  in  the  positions 
marked  1，  2,  3，  4，  and  5  in  Fig.  5，  the  sections  through  the 
transfer  and  inlet  ports  being  shown  one  over  the  other  for 
convenience  ；  Fig.  7  shows  the  valve  in  the  same  positions  with 
the  controlling  sleeve  turned  into  its  half -throttle  position. 


Fig.  2.— Rotary  Distributing  Valve  for  Inteiinai/-combustion  Engines. 

The  valve  is  shown  by  way  of  exainple  in  connection  with 
a  2-stroke  engine  using  crank  case  compression.  The  cylinder 
A  is  provided  witli  the  usual  exhaust  port  13  and  a  transfer 
port  C  on  tlie  opposite  side  of  the  cylinder,  the  transfer  port 
being  in  conununication  by  means  of  the  rotary  throttle  valve 
with  the  transfer  port  D  leading  to  the  crank  case  chamber  of 
llie  engine.  The  pipe  E  is  attaclied  to  the  carburetter  and 
is  connected  to  the  sealing  S  of  the  valve  casing.  The  valve 
consists  of  an  inner  sleeve  F  aud  an  out^r  sleeve  G.    The  inner 


sleeve  F  is  rotated  at  engine  speed  by  means  of  a  chain  run- 
ning on  the  sprocket  wheel  H.  The  valve  F  has  ports  U  at 
each  end,  located  so  as  to  register  with  the  transfer  ports  C 
of  the  cylinders.  In  the  centre  the  valve  has  two  inlet  ports 
V  which  communicate  with  the  carburetter  alternately.  The 
valve  is  divided  into  two  compartments  by  a  diagonal  dia- 
phragm, so  that  while  one  half  of  the  valve  is  transferring 
the  mixture  to  one  cylinder  the  other  half  is  admitting  mix- 
ture from  the  carburetter  through  one  of  the  ports  V  to  the 
crank  case  of  the  other  cylinder.  With  this  arrangement  a 
single  inlet  port  K  in  the  valve  casing  is  sufficient  for  a 
2-cylinder  engine.  The  controlling  sleeve  G  is  arranged 
around  the  valve,  and  piston  rings  are  provided  in  tlie  valve 
to  prevent  leakage  between  the  two.  Similarly,  rings  are 
provided  in  the  sleeve  to  prevent  leakage  between  the  inlet 
and  transfer  ports.  The  sleeve  is  provided  with  ports  W 
adapted  to  register  with  the  transfer  ports  C  of  the  cylinder 
and  tlie  ports  U  of  the  valve,  and  the  sleeve  has  also  a  port  X 
which  registers  with  the  inlet  port  K  leading  to  the  carburetter 
ami  the  ports  V  in  the  valve.  The  port  X  is  provided  with 
a  series  of  bars  running  longitudinally  across  them.  The  time 
of  opening  of  both  the  inlet  and  transfer  ports  are  varied  by 
turning  the  sleeve  G  about  its  axis.  For  this  purpose  the  outer 
sleeve  is  formed  with  a  pair  of  lugs  M  on  either  side  of  the 
sleeve,  into  which  fits  a  pin  N  attached  to  a  rotatable  shaft  O. 
This  shaft  is  turned  by  means  of  a  crank  P  attaclied  by  a 
swivel  or  pin  to  a  controlling  rod  R. 

The  ports  in  the  valve,  controlling  sleeve,  an d  valve  casing 
are  so  arranged  and  dimensioned  that  in  normal  running  the 
inlet  port  opens  immediately  the  transfer  port    has  closed, 


Fig.  3. 


Fig.  4. 

BoTART  Distributing  Valve  for  Internal-combustion  Engines. 

the  inlet  port  closes  near  the  end  of  the  suction  stroke,  and 
the  transfer  port  does  not  open  until  the  end  of  the  crank 
case  compression  stroke.  Then  when  the  throttle  is  applied 
the  inlet  and  transfer  ports  both  open  later,  but  close  at  the 
same  time  as  on  open  throttle.  The  arrangements  of  the 
ports  and  the  action  of  the  throttle  can  be  seen  readily  by 
referring  to  Figs.  5-7.  In  Fig.  6，  position  1  shows  tlie  transfer 
port  just  opening  ；  the  exhaust  port  has  already  been  o\yen 
some  time  to  allow  the  burnt  gases  to  escape  as  far  as  possible 
before  admitting  the  fresh  mixture.  In  position  2  the  piston 
has  reached  the  lower  end  of  its  stroke,  the  transfer  port  is 
now  fully  open.  In  position  3  the  transfer  port  has  just  been 
closed  by  the  rising  piston,  although  the  ports  in  the  sleeve 
are  still  registering.  At  the  same  time  the  inlet  port  is  just 
opening,  so  that  no  negative  pressure  is  produced  in  tlie  crank 
case.  Position  4，  in  which  the  piston  is  at  the  top  of  its 
stroke,  shows  the  inlet  port  closing,  and  position  5  shows  it 
just  closed.  It  will  be  seen,  therefore*  that  suction  occurs 
from  position  3  to  position  5,  then  crank-oase  compression 
occurs  until  position  1  is  reached,  when  the  transfer  port,  is 
opened  and  the  compressed  charge  is  transferred  to  the 
cylinder  until  position  3  is  reached,  when  the  piston  cuts  off 
the  transfer  and  the  suction  in  tlie  crank  case  is  just  on  the 
point  of  beginning.  In  this  way  it  will  be  evident  that  a 
nnu'h  longer  effective  suction  stroke  is  employed  tlian  is 
usually  the  case  when  the  closing  of  the  suction  valve  neces- 
sarily does  not  take  place  until  a  considerable  time  after  tlie 
U]>])er  position  4  of  the  piston  lias  been  reached.  Further, 
the  suction  valve  is  opened  ini mediately  after  tlie  transfer 
port  is  closed,  so  that  there  is  no  negative  pressure  produced 
in  the  crank  case.  Fig.  7  shows  tlie  action  of  the  ports  when 
tiie  sleeve  has  been  retarded  and  is  in  the  half-throttle  posi- 
tion.   Ill  this  case  the  opening  of  the  transfer  port  is  delayed 
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and  does  not  take  place  until  the  crank  is  in  position  6，  a 
little  after  position  2,  but  since  the  transfer  port  is  always 
cut  off  by  the  action  of  the  piston  itself,  this  port  is  not  open 
any  longer  than  its  normal  working.  After  the  transfer  port 
has  been  closed  by  the  action  of  the  piston,  the  inlet  port 
between  the  carburetter  and  the  crank  case  is  not  immediately 
opened,  in  order  to  allow  the  pressure  in  the  crank  case  wliicli 
is  produced  by  throttling  to  fall  to  that  of  the  atmosphere 
or  slightly  below  before  the  crank  case  is  placed  in  conununica- 
tion  with  the  carburetter.  The  inlet  or  suction  port  does 
not  open  until  the  crank  is  in  position  7，  but  it  is  closed  at. 


cooling  water  per  brake  horse-power  hour  than  the  high- 
pressure  en  giiies. 

In  comparing  steam,  producer-gas,  and  oil  engines,  the 
author  iiieiitioned  that  builders  sometimes  abused  the  term 
" thermal  efficiency,"  which  was  simply  the  ratio  of  output  to 
input  in  terms  of  heat  units.  Thus  it  was  stated  that  steam 
plants  had  a  thermal  efficiency  of  6  to  20  per  cent.,  producer- 
gas  plants  an  efficiency  of  15  to  23  per  cent.,  while  oil  engines 
liad  a  tliennal  efficiency  of  30  to  33  per  cent,  for  the  high- 
pressure  type .  However,  the  cost  of  fue〗  per  heat  unit,  say  for 
coal  or  lignite  in  the  strain  or  producer-gas  plant,  might  be 
widely  different  from  the  costs  per  heat  unit  of  oil  for  the  oil 
engine,  so  that  suc-li  comparisons  stated  only  on  a  basis  of 
thermal  efficiency,  with  fuels  of  totally  different  character, 


Fig.  6. 


Rotary  Distributing  Valve  for 


approximately  the  same  time  as  on  open  throttle  on  account 
of  the  action  of  the  bars  X  arranged  across  the  port  in  the 
outer  sleeve.  These  bars  prevent  the  gases  from  passing 
between  the  inner  sleeve  and  the  casing,  as  is  shown  clearly 
in  position  5  of  Fig.  7. 


OIL  ENGINES. 

In  a  paper  on  "  Oil  and  other  Internal-combustion  Engines," 
read  before  the  Minnesota  Electrical  Association,  the  author, 
Mr.  E.  D.  Jackson,  divided  oil  engines  into  two  classes,  the 
instantaneous- explosive  type  and  that  in  which  pure  air  was 
first  highly  compressed  and  the  liquid  fuel  in  atomised  form 
injected  during  about  10  per  cent,  of  the  combustion  stroke, 
the  fuel  being  vaporised  and  burned,  without  explosion,  owing 
to  the  heat  of  compression.  In  tlie  first  class  of  engines  com- 
pression could  not  be  carried  beyond  601bs.  or  701bs.  per  square 
inch  owing  to  the  danger  of  pre-ignition,  unless  water  was 
injected.  Hence  the  term  "low-pressure  engine  was  given 
to  this  class.  In  the  second  class,  however,  since  only  pure 
air  was  compressed,  compression  was  carried  up  to  5001bs.  or 
SOOlbs.  per  square  inch,  equivalent  to  1,000°  Fah.  Low- 
pressure  engines  were,  of  course,  less  expensive  in  construction 
and  less  economical  of  fuel  than  the  high-pressure  engines. 

Comparisons  drawn  between  the  low-pressure  and  high- 
pressure  oil  engines  showed  that  the  fuel  consumption  of  the 
low-pressure  engine  was  from  50  to  100  per  cent,  greater  than 
that  of  the  liigh-pressure  engine  at  full  rated  load,  and  at  light 
loads  this  difference  became  still  greater.  The  low-pressure 
engines  had  limitations  as  to  the  gravity  of  the  oil  suitable, 
ranging  from  39°^  to  24°  Baume.  In  other  words,  the  low- 
pressure  engines  were  practically  limited  to  the  distillates, 
while  the  high-pressure  engines  might  be  operated  on  the 
crude  oils  within  the  limitations  that  had  been  given  The 
weight  per  horse- power  of  the  low-pressure  engines  averaged 
30  per  cent,  less  than  for  the  high-pressure  engines,  the  cost 
averaging  also  about  30  per  cent.  less.  The  speeds  of  the  low- 
pressure  engines  were  higher  than  the  speeds  of  the  high- 
pressure  engines.     The  low-pressure  engines  required  more 


Fig.  7. 

Internal-combustion  Engines. 

availability,  and  cost,  were  misleading  for  practical  considera- 
tions. 

Ill  comparing  liquid  fuels,  statements  as  to  relative  thermal 
efficiencies  obtained  with  the  different  fuels  were  also  likely  to 
give  false  impressions.  Thus,  when  gasolene  was  used  for  a 
liquid  fuel  in  an  internal-combustion  engine,  the  thermal 
efficiency  might  run  as  high  as  22  per  cent.,  as  shown  by 
Government  tests,  while  the  same  engine  using  alcohol  would 
show  a  thermal  efficiency  of  34  per  cent.  However,  gasolene 
at  a  thermal  efficiency  of  22  per  cent.,  costing  6d.  per  gallon, 
was  a  vastly  better  proposition  than  alcohol  with  a  thermal 
efficiency  of  34  per  cent,  and  costing  Is.  lOd.  per  gallon. 
Thermal  efficiencies  were  therefore  of  value  only  when  the 
comparisons  were  made  on  the  same  fuel  or  when  the  thermal 
efficiencies  were  multiplied  by  the  cost  factor  of  the  fuel.  The 
cost  of  a  complete  high-pressure  oil-engine  plant  of  500  li.p. 
rating  would  average  about  25  per  cent,  greater  than  a  simple 
Corliss  or  high-speed  compound  steam  plant,  running  con- 
densing, with  hand-fired,  water-tube  boilers.  The  first  costs 
of  a  low-pressure  oil  plant  would,  as  a  rule,  average  less  than 
for  the  steam  plant  above  described. 

The  high- compression  oil  engine,  with  its  high  fuel 
economy  and  high  first  cost,  was,  he  observed,  neces- 
sarily a  "  high-load-factor  ，，  machine,  viz.,  it  must  be 
operated  at  a  high  load  factor  to  obtain  better  econo- 
mic results  tliau  its  less  costly  and  less  economical 
competitors,  because  its  fixed  charges,  interest,  deprecia- 
tion, iusui*aiice,  and  taxes  were  relatively  much  higher 
than  its  fuel  costs.  The  high-pressure  oil  engine  therefore 
showed  its  best  results  when  used  for  industrial  purposes  such 
as  operating  factories,  mills,  &c.，  or  wherever  t  lie  re  was  a  high 
load  factor.  As  a  reserve  for  water  power  and  as  a  peak-load 
unit  it  frequently  could  not  show  the  economic  results  of  the 
low-pressure  oil  engine.  The  low-pressure  engine  more  nearly 
approached  steam  operation  in  its  economic  characteristics, 
with  its  lower  first  cost  and  lower  fuel  economy.  The  proper 
t'hoice  of  oil  engines  should  therefore  be  based  on  considera- 
tions of  first  cost  of  the  plant,  fuel  consumption,  price,  source 
and  stability  of  supply  of  the  oil  fuel,  load  factor,  and  per- 
centage of  load  at  which  the  engine  would  chiefly  run. 
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MACHINE  MOULDING.* 

BY  WILFRED  LEWIS. 

The  art  of  moulding  is  probably  as  old  as  civilisation,  and  it 
may  have  reached  a  liigli  state  of  development  before  any  of 
the  events  which  make  up  ancient  history  took  place.  In 
fact,  the  moulder's  skill,  as  exemplified  in  many  antique 
works  of  art,  has  been  one  of  the  great  civilising  forces  of  the 
world,  ami  it  may  be  questioned  whether  we  can  produce 
to-day  any  finer  examples  of  this  art  than  are  to  be  found 


Fig.       Power  Squeezes. 

among  the  relics  of  antiquity.  But  as  civilisation  has  pro- 
gressed the  demand  for  the  products  of  the  foundry  has 
increased  to  such  an  extent  as  to  call  for  new  processes, 
better  methods,  and  greater  efficiency.  The  printing  press, 
tho  steam  engine,  tlie  loom,  and,  more  recently,  the  internal- 
combustion  engine,  have  stimulated  the  activities  of  】riei]， 
augmented  their  productive  capacities,  and  so  enlarged  the 
possibilities  for  coniniercial  intercourse  that  it  is  difficult  to 
realise  liow  few  of  tlie  comforts  of  life  now  enjoyed  by  the 
masses  were  within  reach  of  the  well-to-do  or  even  the 
wealthy  members  of  society  as  it  was  constituted  200  or  even 
100  years  ago, 

Iniprovenients  in  machinery,  combined  with  power  for  its 
operation,  have  worked  wonders  in  the  output  of  labour,  but 
only  a  fraction  of  what  can  be  realised  from  the  same  amount 
of  human  effort  when  more  intelligently  directed  and  con- 
trolled. No  labour-saving  machine  can  produce  results  with- 
out lunnan  aid  in  one  way  or  another,  and  many  a  machine, 
good  for  its  purpose,  has  been  abandoned  to  tlie  scrap  heap, 
not  from  any  inherent  defect  or  inability  to  effect  a  saving, 
but  simply  as  the  result  of  awkward  or  iiiofficient  liaiidling. 
We  must  have  efficient  workmen  as  well  as  efficient  niaclii nes 
to  obtain  the  best  results,  and  foundries  need  both  ms  niucli 
as,  or  possibly 川 ore,  than  nn  v  ot  her  kind  of  opoi-at  ini;  jtlaiit 
to-day. 

Although  inodeni  iiuluslry  depends  up (川 the  foundry  tor 
a  large  part  of  its  products,  ami  the  ingenuity  of  inventors 
has  been  busily  engaged  for  generations  in  the  evolution  of 
labour-saving-  inacliinery,  very  littlo  of  lliis  efTort-  lias  hoeu 
devoted  to  the  iinprovenieiit  of  the  foundry  itself,  and  it  is 
only  within  comparatively  recent  years  that-  inacliine  inoul'l- 
ing  has  developed  imu'h  iniportance  as  an  art.     Tn  tlie  vea r 


1800  an  English  patent  was  granted  for  moulding  screws,  the 
patterns  for  which  were  backed  out  of  the  sand  by  lead  screws 
of  the  same  pitch.  This  was  simply  a  pattern  drawing 
machine  of  rather  ingenious  construction,  but  the  English 
records  do  not  touch  again  upon  machine  moulding  until 
1839，  when  a  very  similar  patent  appears.  From  this  time 
forward  more  interest  seems  to  have  been  aroused,  and  these 
patents  were  soon  followed  by  others  for  packing  sand  by 
meclianical  means,  including  hydraulic  cylinders,  stampers, 
and  rollers  of  the  road-roller  type.  Machines  for  moulding 
gears  and  pipes  also  appear  in  the  first  half  of  the  nineteenth 
century,  and  in  1843  we  find  an  American  patent  on  the 
moulding  of  cannon  balls.  Later,  in  1869,  the  first  jarring 
machine  patent  was  taken  out,  and  it  is  not  proposed  to  give 
a  history  of  the  art  of  machine  moulding"  from  patent  offi:  e 
records,  but  simply  to  point  out  that  the  art  began  in  a  small 
way  oil  bench  work  and  continued  chiefly  in  its  application 
to  small  moulds  that  one  or  two  men  could  handle  until  the 
end  of  the  last  century.  Larger  work  was  not  generally 
regarded  as  applicable  to  machine  moulding  until  the  jarring 
machine  began  to  emerge  from  a  long  period  of  obscurity  ami 
demonstrate  its  peculiar  fitness  for  rauiming  large  bodies  of 
sand.  Its  development  for  large  work  belongs  mainly  to  the 
present  century,  and  through  its  means  the  art  of  machine 
moulding  has  been  extended  to  embrace  nearly  everything 
moulded  in  sand.  But  there  are,  of  course,  exceptions  and 
peculiar  difficulties  which  will  always  depend  upon  the 
moulder's  skill  for  their  proper  execution,  witli  or  without  tlie 
aid  of  machine,  and  like  any  other  equipment  tlie  installation 
of  moulding  machines  must  depend  upon  the  saving  to  be 
effected  by  tlieir  use  an  J  the  outlay  needed  to  effert  that 
saving. 

This  leads  at  once  to  the  consideration  of  foundry  cents, 
the  analysis  of  which  sliould  point  the  way  to  their  reduction 
These  costs  are  made  up  of  many  important  elements  beyond 
the  scope  of  the  subject,  and  the  effect  of  one  item  only  need 
be  considered,  that  of  machine  moulding,  leaving  all  otlier 
items  to  be  treated  in  the  same  way  by  those  who  are 
interested  in  attaining  tlie  highest  efficiency  in  every  detail 
of  operation.  Machine  moulding  began,  as  has  been  said,  on 
small  work,  and  probably  one  of  the  best  knawii  appliances 
is  the  little  hand  squeezer.  This  is  a  very  simple  and 
effective  machine  designed  to  save  part  of  tlie  time  consumed 
in  ramming.  Fig.  1  is  a  little  power  squeezer  adapted  to  the 
same  class  of  work  as  the  hand  squeezer  which  saved  the  work 
of  ramming,  but  put  upon  the  operator  the  work  of  squeez- 
ing. There  tlie  man  still  did  the  work  but  witli  greater 
dispatch »  and  therefore  more  efficiently.    Here  the  machine 


*  Abstract  of  impor  i)n'sente4i  at  ,1  meetiim  of  the  Mocbiuiicnl  ami 
KiigiDoering  Section  of  the  Krauklin  Institute. 


Fig.  *2.-  Tai»ob  ViniiATon. 

does  the  sqiiceziii*^  and  the  operator  is  less  fal i^ued  an<l  can 
work  taster.  In  support  of  this  statemeiil  it  may  be  men- 
tioned that  270  nioi:l(ls  have  been  ])wt  down  by  one  man  in 
six  hours,  and  it  is  si  a  ted  ( iiat  tliis  daily  jierforniaiice  has 
m-eiitly  been  increased  to  IVJf)  iii  t  ho  foinulry  of  the 
American  Hardware  Corjioratioii,  where  nearly  100  machines 
of  tlio  same  type  can  be  seen  at  work.  Of  course  these  ]>er- 
lonnaiups  hy  expert  operators  are  not  to  be  expected  aloiij^ 
1 1 10  wiiolo  line,  w  lie  re  the  average  may  he  in  the  iieichbour- 
Ih)0(1  of  12 1 K)  inonKls  a  day,  but  they  show  what  is  possible,  if 
not  always  probable,  and  it  remains  to  be  seen  how  a  proper 
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day's  work  on  any  given  pattern  can  be  fairly  estimated.  We 
are  frequently  asked  to  say  what  our  machines  will  do  and- 
what  production  we  will  guarantee,  regardless  of  the  fact  that 
we    never    know    anything    about  the  man  operating  tlie 


Fig.  3.— Small  Poweb  Squeezing  Split-pattern  Machine. 

machine  and  seldom  very  much  about  tlie  patterns  to  be  used , 
the  cores  to  be  set,  or  the  precautions  found  necessary  to 
ensure  success  in  moulding  the  same  patterns  by  hand.  We 
know  in  a  general  way  the  type  of  machine  required,  but 
until  we  have  actually  made  moulds  and  poured  castings,  we 
are  at  a  disadvantage  and  cannot  safely  guess  at  results 
which  should  be  determined  from  a  careful  analysis  of  the 
experience  gained  in  moulding  by  hand.  The  foundryman 
contemplating  the  introduction  of  machines  has  had  the 
necessary  experience,  but  he  seldom,  if  ever,  lias  it  in  a 
shape  available  for  analysis.  Observations  should  be  made 
in  detail  and  the  time  required  for  each  and  every  step  taken 
in  the  production  of  a  mould  recorded. 

When  patterns  are  cast  in  an  aluminium  match  plate 
botli  cope  and  drag  can  be  squeezed  at  the  same  time,  the 
number  of  operations  on  the  machine  is  reduced  from  27  to 
25  and  the  total  time  from  2'10'  to  1'76  min.  The  snap 
flasks  used  are  of  the  usual  type.  The  machine  will  squeeze 
moulds  as  large  as  14in.  by  20in.,  but  the  best  production 
caa  generally  be  realised  on  smaller  sizes. 

Instead  of  the  aluminium  match  plate  patterns  may  be 
mounted  on  a  steel  plate,  and  when  split  or  flat  back  tliis  is 
a  very  convenient  method.  They  may  also  be  mounted  on  a 
paraffined  board  held  in  a  vibrator  frame,  and  when  so 
arranged  the  moulding  time  is  substantially  the  same  as  for 
the  aluminium  match  plate  mounting. 

Fig.  2  shows  the  Tabor  vibrator,  to  winch  a  large  part  of 
the  saving  effected  by  compressed  air,  with  or  without  a 
power  squeeze!',  is  due.  Power  squeezers  are  made  in  various 
sizes,  but  the  smallest  size  covers  by  far  the  largest  field.  ]  t 
has  been  imagined  that  by  increasing  t]ie  size  of  flask  and 
putting  in  more  patterns  greater  production  can  be  obtained, 
but  this  is  seldom  the  case,  and  as  previously  mentioned  the 
greatest  output  comes  from  medium-sized  flasks  easily 
handled  by  one  man.  Fig.  3  illustrates  a  small  power 
squeezing  split  pattern  machine  with  power  draft.  Machines 
of  this  type  can  be  used  with  or  without  stripping  plates,  and 
are  applicable  to  a  great  variety  of  work  made  in  solid  or 


snap  flasks.  There  is  less  h  indling  time  on  this  machine 
than  on  the  power  squeezer,  and  since  eacli  lialf  of  the  mould 
is  made  separately  the  strain  on  the  operator  is  not  so  great. 

It  is  also  possible  to  cope  off,  by  means  of  supporting 
stools,  pockets  of  lianging  sand  that  would  be  impracticable 
on  a  squeezer.  It  is  a  very  fast  machine,  but  no  illustration 
is  as  yet  available  to  show  where  it  gains  on  the  squeezer  by 
reducing  the  number  of  operations  required  and  the  total 
moulding  time.  There  are  some  jobs,  however,  which  can  be 
made  as  quickly  on  one  machine  as  on  the  other,  and 
although  this  is  a  much  higher  class  of  machine  than  tiie 
squeezer  it  does  not  follow  that  it  is  better  for  every  purpose. 
On  such  machines  the  cope  and  drag  are  frequently  made 
from  the  same  set  of  patterns,  and  it  is  therefore  a  matter  of 
first  importance  to  have  them  so  located  on  the  pattern  plate 
as  to  match  perfectly  when  the  mould  is  closed. 

Split  pattern  machines  have  been  on  the  market  for  many 
years,  and  their  value  is  recognised  and  appreciated,  but 
unfortunately  they  have  to  be  built  for  a  flask  of  fixed 
dimensions,  or  at  least  fixed  in  length  or  width  to  fit  the  flask 
pins  on  the  machine.  They  are  expensive  to  build,  rather 
inflexible  in  their  application,  and  within  the  last  few  years 
they  have  been  superseded  very  largely  by  roll-over  machines 
with  straight  pattern  draught  to  ram  by  hand  or  by  power. 
An  ingenious  hand-ramming  roll-over  machine,  with 
mechanism  for  rapping  the  pattern  carrier  and  dropping  the 
flask  from  the  pattern,  was  brought  out  by  Teetor  in  1889, 
in  which  plated  patterns  are  carried  in  a  roll-over  frame  to 
which  the  flask  is  clamped  and  rammed  in  the  usual  way  by 
hand.  When  rolled  over  a  support  beneath  is  brought  up  by 
a  hand  lever,  the  flask  is  undamped  and  the  pattern  rapped 
by  turning  a  hand  wheel  on  the  trunnion  shaft.  At  the 
same  time  the  pattern  is  drawn  by  lowering  the  flask.  A 
few  of  these  machines  can  still  be  found  in  use,  but  tlie  rap- 
ping mechanism  is  not  durable,  the  machine  is  rather  limited 
in  its  scope,  and  other  types  have  displaced  it  for  some  time. 

The  French  machine  of  Bonvillan  and  Roiiceray  is  a 
modification  of  tins  type,  in  which  tlie  outer  trunnion  is 


Fig.  4.— Moulding  Machink  with  Adjustable  S、vi 、(；  I'hamk  and 
Sliding  Head. 

omitted  and  power  is  added  for  squeezing  the  inoiil  l  and 
drawing  the  pattern.  It  has  a  number  of  attractive  features 
and  is  said  to  bo  very  successful  in  France,  where  hydraulic 
power  is  more  popular  than  it  is  here,  but  the  machine  has 
not  been  so  successful  in  the  United  States,  and  it  is  doubtful 
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that  water  can  compete  witli  air  as  a  working  fluid  for 
foundry  use. 

The  advantage  of  rolling  over  to  draw  a  pattern  is  well 
known,  arid  in  some  cases  it  is  an  absolute  necessity.  This 
has  led  to  the  development  of  a  large  number  of  roll-over 
machines,  nearly  all  of  which  drop  the  mould  away  from  the 
pattern  after  the  manner  of  Teetor.  The  one  exception  is 
shown  in  Fig.  4，  and  this  lifts  the  pattern  from  the  mould  in 
what  is  generally  admitted  to  be  the  logical  way.  Logical 
because  the  pattern  is  generally  lighter  than  the  mould,  and 
consequently  preferably  the  part  to  be  manipulated.  The 
machine  illustrated  is  shown  as  fitted  with  a  grate  bar 
pattern  having  140  deep  pockets,  into  which  the  sand  is 
thrown  by  hand  or  settled  by  jarring  the  swing  frame  against 
its  stops  before  ramming  in  the  usual  way  by  hand.  Throw- 
ing the  sand  by  hand  is  preferred,  because  the  jarring 
process  is  not  uniform,  and  naturally  varies  with  the  distance 
of  different  parts  of  the  pattern  from  the  turning  centre.  The 
flask  used  in  this  case  is  14in.  by  37in.  by  5in.  deep,  and  the 
time  required  for  a  complete  cycle  of  operations  was  5*81  min. 
The  cope  for  this  grate  bar  is  almost  flat,  and  requires  no 
machine.  It  could  be  made  by  a  helper  who  would  have  time 
enough  to  spare  to  assist  in  rolling  over,  and  probably  eight 
to  ten  moulds  an  hour  could  be  made  by  experienced  men. 
In  this  machine,  which  takes  a  flask  24in.  wide  and  has  Tin. 


Fig.  5.— Moulding  Machine  、vHir】i  bolls  ovek  and  Draws  the  Patteun. 

pattern  draught  the  swing  frame  and  sliding  head  are 
counterbalanced  by  helical  springs.  These  can  be  adjusted 
to  the  weights  to  be  carried,  and  tlie  pattern  is  drawn  by  a 
liand  lever  at  one  side. 

Since  the  weight  that  oan  be  conveniently  rolled  over  by 
hand  is  limited  to  three  or  four  hundred  pounds  heavier 
moulds  naturally  require  power,  and  in  Fig.  5  we  luive  a 
machine  which  rolls  over  and  draws  the  pattern  by  means  of 
a  cylinder  and  plunger,  using  compressed  air  on  hydraulic 
oil  or  water  to  effect  tlie  movements.  The  illustration  shows 
the  pattern  drawing  and  rolling  back  into  position  for 
another  flask.  In  these  machines  a  vibrator  is  attached  to 
the  swing  frame,  and  this  materially  assists  iu  making  a 
perfect  draw,  the  main  object  of  these  roll-over  machin'.'S. 
They  are  designed  to  save  pattern  drawing  and  finisl»iiii; 
"me,  and  where  patterns  are  of  such  a  cluiracter  that  t iie 
mar^'in  for  this  saving  is  small  the  time  study  will  show  it 
and  possibly  sugj^est  a  jan'ing  inacliiiie  instead.  But  moulcl- 
iiig  machines  do  much  more  than  save  time  in  moulding,  aiul 
are  often  worth  all  they  cost  in  the  saving  of  patterns,  the 
saving  in  metal  and  tlie  saving  in  machine  work  by  reason 
of  the  greater  unifonuity  and  tlosor  finish  of  the  castings 


produced.  An  important  feature  of  these  machines  is  the 
levelling  cradle,  of  which  a  number  of  types  have  been 
developed  to  set  the  flask  with  reference  to  the  pattern  board 
regardless  of  irregularities  in  the  bottom  board  upon  which 
it  rests. 

Such  machines  may  be  fitted  with  long  patterns  over- 
hanging the  swing  frame  for  a  considerable  distance  at  each 
end.  This  possibility  indicates  the  scope  of  tlie  machine  and 
the  advantage  of  rolling  over  about  an  axis  parallel  to  the 
length  of  the  flask  instead  of  about  a  normal  axis  as  is  done 
on  machines  of  the  French  type. 

Time  study  on  large  work  may  show  that  a  material 
saving  is  effected  in  finishing,  in  ramming,  or  in  both,  and 
where  ramming  time  is  the  principal  item  a  jarring  machine 
is  the  equipment  most  needed  to  reduce  costs.  Tliere  are 
quite  a  number  of  jarring  machines  on  the  market,  all  of 
them  covered  by  tlie  original  claim  of  Haiiisworth  in  his 
patent  of  1869，  which  is  so  refreshing  for  its  simplicity  and 
breadth  that  it  is  worth  quoting  ：  "  The  packing  of  sand,  for 
a  mould,  in  a  flask,  by  raising  tlie  same,  together  with  the 
pattern,  and  letting  them  all  drop  upon  a  hard  bed,  sub- 
stantially as  shown  and  described." 

There  were  no  permutations  and  combinations  of  elements 
making  an  extended  series  of  claims  calculated  to  exhaust 
the  patience  of  the  reader.  All  he  wanted  was  the  whole 
field,  and  he  secured  it  in  a  single  claim,  but  it  is  not  certain 
that  the  packing  of  sand  in  this  way  was  altogether  original 
with  Haiiisworth,  and  there  is  ample  ground  to  suspect  that 
groceries  of  all  kinds  have  been  packed  in  paper  bags  by  tlie 
same  jolting  process  before  the  memory  of  man  runs  other- 
wise, and  some  of  these  (dried  currants,  for  instance)  there 
is  reason  to  believe  have  always  contained  a  liberal  admixture 
of  sand.  The  packing  of  sand  by  jarring  is  therefore  in  all 
probaBility  as  old  as  the  hills,  but  since  the  broad  claim  of 
Hainswoith  no  longer  troubles  us  we  must  look  among  later 
improvement?  within  the  field  tliat  lie  covered  for  the 
development  of  the  art.  This  patent  seems  to  have  attracted 
very  little  attention  when  it  appeared,  and  no  further  inven- 
tions along  this  line  are  on  record  until  1878,  when  Jarvis 
Adams  gave  some  impetus  to  the  art ,  and  later  followed  it 
by  a  niuiiber  of  patents.  The  Adams  machines  were,  how- 
ever, rather  crude,  and  very  little  progress  in  the  art  was 
really  made  until  compressed  air  came  into  general  use  as  a 
iiiediuiu  for  1  lie  t raiisinission  of  power.  - 
(To  be  co7it7 Titled.) 


ELECTRICAL  METERS  ON  VARIABLE  LOADS. 

A  PAPER  on  this  subject  was  recently  read  by  Mr.  David  Robert- 
son at  a  meeting  of  the  Institution  of  Electrical  Engineers.  As  a 
result  of  his  investigations  the  author  has  arrived  at  the  follow- 
ing conclusions  :  (1)  Meters  in  which  the  main  control  is  fluid 
friction  are  quite  unsuitable  for  variable  loads.  ('2 )  Meiviuy 
meters  run  faster  than  they  ought  on  variable  loads,  and  iu 
some  cases  tliis  error  may  be  serious.  It  is  necessary  to  make 
tests  on  each  separate  type  to  make  certain  that  the  tluid  fric- 
tion is  kept  wit  hill  limits.  The  proportional  amount  of  fluid 
friction  at  full  load  should  not  exceed  four  or  five  times  the 
permissible  error  at  that  load.  (3)  Electricity  (ampere-hour) 
meters  of  the  c.oniniutator  type  generally  record  low  on  vari- 
able loads,  but,  except  when  the  load  is  such  as  to  allow  the 
meter  to  stop  frequently,  the  errors  are  the  same  as  on  steady 
loads.  The  proportional  solid  friction  should  not  exceed  the 
])erniissihle  error.  (4)  Energy  (watt  hour)  meters  of  tlie  com- 
mutator type  can  be  made  almost  "  dead  accurate  for  vari- 
able loads  which  do  not  often  allow  the  rotor  to  come  to  rest. 
The  compensating  coils  should  be  adjusted,  not  to  get  the 
niiniinuni  starting  current  without  creepiiii:,  hut  to  ^ve  a 
level  characteristic  above,  say,  quarter  loatl.  When  tlie  ad- 
justment is  not  right  the  variable  load  errors  are  about  the 
same  as  those  with  a  steady  load.  (5)  The  simplest  arrange- 
ments are  the  best.  Additions  made  with  the  object  of  im- 
proving the  steady  load  characteristic  may  cause  serious  errors 
oil  variable  loads.  (G)  Clock  meters  in  whicli  there  is  little 
(\ ampiug  of  the  pendulums  are  as  accurate  on  variable  as  on 
steady  loads  except  within  a  small  ranire  of  load  frecjuencv 
in  wliich  resonaiu-e  effects  occur.  Tins  type  of  meter  sliould 
not  he  employed  on  cyclic  loads,  such  as  flashing  signs,  unless 
the  load  freqiieiirv  differs  considerably  f rom  f liat  of  the  pen- 
<lulunis  (about  80  rydes  a  iiunute). 
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「  APPARATUS  FOR  STARTING  MULTI-CYLINDER  INTERNAL- 
^  COMBUSTION  ENGINES. 

The  accompanying  illustration  shows  diagrainmatically  a 
press  button  switch  for  starting  multi-cylinder  internal-coin- 
bustioii  engines,  the  invention  of  Robert  Bosch,  Hoppeii- 
laustrasse,  1 1-13,  Stuttgart,  Germany.  One  pole  of  the 
battery  A  is  connected  with  the  body  of  the  engine  and  the 
other  with  one  end  of  the  primary  winding  of  the  ignition  coil 
B，  which  also  serves  as  the  trembler  magnet.  The  other  end 
of  the  winding  B  is  connected  with  the  insulated  ends  of  two 
contact  springs  of  which  one  carries  the  trembler  contact  C 
and  the  other  the  switch  contacts  D  and  E.  The  latter  are 
between  two  stationary  contacts  F  and  G  which  are  carried 
in  the  frame  of  the  apparatus  but  insulated  from  it,  and  are 
connected  by  a  lead  with  the  body  of  the  engine  over  a  posi- 
tively operated  interrupter  H.  The  press  button  T  is  guided 
in  a  stationary  socket  K  connected  electrically  with  the  body 
of  the  engine  and  is  urged   into  the  normal   position  by  a 


Apparatus  for  Starting  Multi-cylinder  Inteknal-combustion  Engines. 

spring  M.  The  contact  pin  N  extends  through  a  perforation 
in  the  switch  spring  ；  the  lower  part  P  of  the  press  button  is 
of  too  large  diameter  to  allow  of  its  passage  through  the  per- 
foration. On  the  switch  spring  is  fixed  an  insulating  disc  R 
which  prevents  the  press  button  from  making  electrical  con- 
tact with  the  switch  spring  when  it  is  pressed.  The  trembler 
armature  S  is  insulated  from  the  spring  which  carries  the 
contact  C.  In  order  to  bring  the  trembler  into  action  when 
the  circuit  of  the  mechanical  interrupter  is  opened,  the  press 
button  must  be  depressed  far  enough  to  bring  contact  N  on 
to  contact  C.  Current  then  flows  intermittently,  being 
governed  by  the  vibrations  of  the  trembler  from  battery  A 
through  winding  B，  trembler  contact  C，  and  pin  N  to  K. 

The  distance  between  contacts  N  and  C  is  made  so  small 
that  these  contacts  are  closed  before  contacts  D  and  F  are 
opened.  If  therefore  tlie  interrupter  H  has  come  to  ？; est  in 
the  closed  position  the  trembler  will  not  be  operated  if  the 
push  button  is  depressed  merely  far  enough  to  close  contacts 
N  and  C,  but  not  far  enough  to  open  contacts  t)  and  F.  As 
the  depression  continues  contacts  D  and  F  are  opened  and  the 
trembler  starts,  but  the  trembler  is  again  short-circuited 
when  contact  E  engages  with  contact  G.  The  trembler  can 
operate  therefore  only  in  the  veiy  short  iiitej'val  of  time  in 
the  switch  spring,  under  pressure  of  the  press  button, 
moves  through  the  distance  between  contacts  E  and  G,  and 
this  distance  can  be  made  no  short  tliat  the  engine  during  that 
time  cannot  perform  half  a  revolution. 


Launch  of  a  Large  German  Liner.— There  was  launched  on  the 
23rd  iiist.  the  new  Hamburg- Aiiiericaii  liner  "  Imperator," 
50,000  tons,  from  the  slips  of  the  Vulcan  shipbuilding  yard. 
The  "  Iniperator  ，，  is  now  the  largest  vessel  afloat,  and  is 
4,000  tons  larger  than  the  "  Titanic/' 


AUTOMATIC  CONTROL  FOR  MOTORS  IN  STEEL  PLANT 
OPERATION.* 

HY  STEWART  C.  COHY. 

The  p robleiu  of  motor  control  in  iiid u.sirial  practice,  ami 
especially  in  steel  plant  operation,  is  one  in  which  tliere  is  as 
great  a  diversity  of  opinion  as  in  any  otlier  problem  tliat  pre- 
sents itself  to  the  imlust'rial  engineer.  In  this  paper,  it  is  the 
intention  to  take  up  some  of  the  reasons  for  the  use  of  auto- 
matic control  for  motors  as  opposed  to  manual  control,  ami 
also  some  of  the  tests  which  have  recently  been  made  at  the 
Youngstown  Sheet  &  Tube  Company  on  the  new  developments 
in  automatic  control  which  have  been  brought  about  by  llie 
use  of  the  series-wound  accelerating  switch,  and  the  deductions 
and  standards  that  have  resulted  from  these  tests,  in  ronim'- 
tioii  with  previous  experience  in  automatic  and  inaiiual 
control . 

The  development  of  automatic  control  has  been  carried  on 
for  some  time  for  use  on  both  alternating  and  direct-current 
motors.  In  steel  plant  operation,  this  is  conlined  for  the  most 
part  to  3-phase,  25-cycle,  220-volt  induction  motors  and 
220-volt  direct-current  motors.  In  alternating-current  con- 
trol the  practice  has  been  to  use  wound  rotor  induction  motors 
with  accelerating  switches  in  the  secondary  circuit,  and  reverse 
switches  to  reverse  two  phases  of  the  primary  circuit.  Within 
the  last  year  the  greatest  advance  has  been  in  the  control  of 
direct-current  motors,  due,  as  has  been  said  before,  to  the 
advent  of  the  series  wound  contactor  switch  for  accelerating 
work. 

The  series  switch  is  in  its  essential  features  a  switch  in 
which  the  moving  part  is  so  designed  that  after  a  certain 
definite  amount  of  current  has  been  reached  in  the  series  coi】， 
the  pull  on  the  moving  part  is  reversed  due  to  the  saturation  of 
a  portion  of  the  magnetic  circuit.  This  fixed  locking- out  point 
can  be  readily  changed  to  suit  conditions,  and  above  this  point 
the  more  the  current  is  increased  the  greater  is  the  lockiiig-out 
tendency.  After  the  switch  has  once  closed,  any  increase  in 
current  will  only  hold  it  closed  more  firmly,  and  the  current 
can  drop  to  about  one-tenth  of  the  normal  full  load  current  of 
the  motor  without  the  switch  dropping  out. 

However,  it  is  not  the  intention  in  this  paper  to  take  up 
the  question  of  the  design  of  the  series-wound  contactor  switch 
or  any  other  type  of  switch.  The  fact  is  self-evident  that  the 
series  contactor  eliminates  a  lot  of  small  auxiliary  circuits  and 
butterflies,  which  are  necessary  when  the  shunt-wound  con- 
tactor is  used  for  accelerating,  due  to  the  fact  that  the  shunt 
contactor  has  to  receive  its  operating  current  through  a 
butterfly  of  some  kind,  which  is  opened  and  closed  by  means  of 
a  series  coil.  In  other  words,  what  the  series  contactor  really 
does  is  to  remove  everything  from  the  circuit  excepting  the 
series  coil,  which  is  necessary  in  some  form  when  shunt-woiind 
accelerating  switches  are  used . 

In  considering  tlie'  problem  of  the  use  of  automatic"  or 
manual  controllers  in  steel  plant  operation  one  of  the  most 
important  considerations  is  found  in  the  fact  that  a  very  large 
proportion  of  the  operators  who  handle  the  various  controllers 
are  working  on  a  tonnage  or  piece  work  basis.  These  operators 
are  for  the  most  part  under  the  jurisdiction  of  the  various 
department  superintendents,  with  the  possible  exception  of  the 
crane  operators,  and  in  the  Youngstown  Sheet  &  Tube  Com- 
pany even  the  crane  operators  come  under  the  department 
superintendents .  It  is  quite  natural  that  the  department- 
superintendents  should  be  more  interested  in  tlie  tonnage  out- 
put of  their  departments  than  in  the  upkeep  of  electrical 
apparatus.  The  result  of  this  condition  is  that  the  various 
motors  are  driven  to  the  point  of  breakdown.  Now  it  is  an 
established  fact  among  operating  men  that  no  two  men  will 
handle  a  manual  controller  exactly  alike,  and  the  same  man 
will  handle  it  differently  at  different  times,  depending  on  con- 
ditions. This  results  in  some  men  not  giving  the  motors  all 
they  will  stand  safely  and  others  driving  them  to  the  limit  and 
beyond.  There  are  very  few  men  who  will  give  the  motor  just 
the  riglit  amount  of  accelerating  current  and  even  these  men 
will  exceed  the  safe  limit  without  knowing  it  at  times.  It  is  a 
recognised  fact  that  after  a  certain  amount  of  output  has  been 
obtained  from  a  motor  a  point  is  reached  where  the  saturation 
of  the  iron,  &c.，  produces  a  condition  where  the  increased  losses 
in  the  motor  itself  represent  practically  all  of  the  increase  iu 
the  in-put  to  the  motor.  The  fact  that,  by  the  use  of  auto- 
*  Paper  read  before  the  Aiuerioau  Institute  of  Electrical  Engineers,  April.  1U12. 
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matic  controllers,  the  point  of  maximum  acceleration  can  be 
obtained  at  each  operation  without  running  below  at  one  time 
and  above  at  another,  has  the  effect  of  increasing  the  output 
of  the  plant. 

Another  factor  that  causes  trouble,  when  manually- 
operated  controllers  are  used,  is  found  in  the  fact  that  one  man 
very  often  has  from  three  to  five  or  more  motors  which  he  has 
to  control  simultaneously.  In  our  blooming  mill  we  have  for 
instance  a  man  with  the  control  of  two  approach  tables  and  a 
screw-down  to  take  care  of.  Tt  is  a  physical  impossibility  to 
use  manual  controllers  in  a  case  like  this  and  get  speed  out  of 
the  mill  without  plugging  the  motors.  Exactly  the  same  con- 
ditions exist  on  nearly  every  crane,  and  more  especially  on 
charging  cranes.  The  result  of  this  condition  on  cranes  is  that 
the  crane  man  watches  his  hoist  controller  and  pays  little  or  no 
attention  to  his  trolley  and  bridge  control,  while  on  the  charg- 
ing cranes  the  condition  is  even  worse.  It  is  quite  a  usual 
tiling  to  see  a  bridge  controller  completely  reversed  before  the 
bridge  motor  has  lost  its  motion  in  the  direction  from  which  it 
is  being  reversed . 

The  effect  of  these  various  factors  on  overload  protection  is 
really  very  serious.  Whether  this  protection  is  obtained  by 
means  of  some  type  of  circuit  breaker  or  by  fuse,  the  use  of 
manual  control  results  in  a  condition  .where  the  overload  pro- 
tection of  the  circuit  is  invariably  set  at  a  point  greater  than 
the  safety  of  tlie  motor  controlled  would  warrant.  It  has  been 
the  practice  at  the  Youugstown  Sheet  k  Tube  Company  to  use 
automatic  controllers  on  reversing  motors  larger  than  50  li.p. 
This  control  has  been  accomplished  by  means  of  shunt-wound 
contactors,  with  four  single-pole  contactors  for  reversing  duty, 
and  from  three  to  five  of  the  same  type  contactors  for  accelera- 
tion. Within  the  last  year  a  number  of  different  applications 
have  been  made  of  several  makes  of  automatic  controllers  with 
series  accelerating  switches.  These  applications  have  all  been 
successful  to  a  marked  degree  and  have  been  of  great  value  in 
determining  the  type  of  control  apparatus  that  is  being 
installed  in  the  new  mills  now  under  construction. 

One  of  the  most  interesting  applications  of  the  series  accele- 
rating switch  was  on  the  blooming  mill  screw-down  motor. 
This  motor  is  a  100  h.p.  220-volt  mill  machine.  The  mill  has 
been  speeded  up  until  tliis  motor  carries  an  average  of  about 
150  h.p.,  and  in  order  to  keep  the  armature  from  throwing  the 
solder  out  of  the  commutator  necks,  a  fan  blows  air  through 
the  motor  continuously.  On  December  2nd, ,  1911,  a  con- 
troller of  the  following  description  was  put  on  this  work  as  a 
place  giving  the  hardest  possible  kind  of  a  test.  This  con- 
troller consists  of  two  double-pole  shunt  switches,  for  reverse 
work,  five  series  switches  for  acceleration,  one  lockout  coil  on 
the  third  series  switch,  one  single-pole  shunt  switch  as  a  line 
circuit  breaker,  mechanical  and  e】e('tri('al  interlocks  between 
the  reverse  switches,  and  overload  coil  to  open  contactor  type 
circuit  breaker  and  reverse  switches,  and  a  two-point  master 
controller. 

The  series  switches  on  this  board  are  now  set  to  close  at 
800  amperes.  The  current  is  reversed  in  the  motor  on  an 
average  20,000  times  a  day  and  on  account  of  the  speed  neces- 
sary in  operation,  dynamic  braking  can  not  be  used  for  stop- 
ping the  motor  with  success,  and  the  motor  is  plugged  across 
1  he  line  through  its  full  resistance,  which  is  proportioned  for 
the  work .  This  board  has  given  much  better  satisfaction  than 
was  even  hoped  for  and  aft^r  a  few  weeks'  operation  it  was 
found  that  the  lockout  point  was  unnecessary  and  it  has  been 
taken  off  entirely  since  then.  The  copper  tips  on  the  two 
reverse  switches  last  on  an  average  about  six  weeks  and  the 
cost  of  replacing  these  is  very  slight.  Tliere  has  been  very 
little  trouble  with  the  series  switches  and  an  entire  absence  of 
arcing  on  them.  Tliis  installation  proves  conclusively  to  our 
minds  the  value  of  the  series  contactor  where  speed  points  are 
not  needed. 

The  places  where  speed  points  are  needed  require  careful 
thought  and  study.  It  is  easily  seen  that  tables,  transfers, 
and  some  other  motor  applications  need  only  one  speed,  but 
when  we  take  crane  trolleys  ami  bridges  it  looks  at  fi rst  glance 
as  though  speed  points  were  essential.  However,  by  observing 
carefully  it  was  found  that  the  majority  of  craneinen  seemed 
to  be  working  only  on  the  last  points  of  their  manual  con- 
trollers and  as  ati  experiment  a  drum  reversing^  switch  with  a 
rotitroller  consisting  of  three  series  switches  was  put  on  a 
5  h.p.  motor  on  the  trolley  motion  of  a  15-ton  crane  having  a 


104ft.  span.  In  actual  practice  it  was  found  tliat  the  crane- 
man  could  "  inch  his  trolley  better  with  tliis  type  of  con- 
troller than  with  tlie  old  manual  type. 

These  were  two  of  the  most  interesting  points  covered  by 
the  tests  made  in  the  matter  of  results  obtained.  Other 
experiments  were  made  on  threading  machines  with  drum 
reverse  and  controllers  and  series  accelerating  switches.  These 
were  very  satisfactory,  as  dynamic  braking  could  be  readily 
used  in  this  case  with  a  great  increase  in  efficiency  of  operation. 
The  series  switch  was  also  found  to  be  of  great  value  in  ordi- 
nary starting  work  in  place  of  ordinary  hand  starters  for 
shears,  wet-pans,  fans,  &c.，  and  has  been  adopted  as  a  standard 
in  place  of  liand  starters  at  the  Youugstown  Sheet  &  Tube 
Company. 

The  main  points  embodied  ui  the  motor  control  for  the  new 
work  now  being  installed  are  as  follows  ：  All  mill  controllers 
are  to  be  automatic.  They  will  have  two  double-pole  si  unit 
switches  for  reverse  duty,  either  three  or  four  series  switches 
for  acceleration,  one  single-pole  shunt  switch  for  line  circuit 
breaker  with  electrical  and  mechanical  interlocks  on  the 
reverse  switches,  overload  coils  in  botli  sides  of  tlie  line 
arranged  to  open  both  the  line  circuit  breaker  and  the  reverse 
switch,  and  a  reversing  master  controller. 

For  crane  work,  each  crane  switcliboard  is  to  be  arranged 
with  a  knife  switch ,  a  double-pole  shunt  contactor  of  sufficient 
capacity  for  all  the  motors  on  the  crane,  one  overload  coil  in 
each  of  the  motor  circuits  and  in  the  common  return,  arranged 
so  that  if  any  one  trips  it  will  open  the  double-pole  contactor,  a 
safety  lock  and  a  re -set  switch.  The  controllers  for  the  trolley 
and  bridge  motors  are  all  to  be  automatic  and  a  duplicate  of 
the  mill  controllers,  witli  the  omission  of  the  overload  pro- 
tection and  the  single-pole  shunt  switch  for  circuit  breaker 
protection.  The  controllers  for  hoisting  duty  offer  the  least 
possible  use  for  the  series  switch,  as  it  is  necessary  to  use  shunt 
switches  to  get  the  speed  points  on  hoisting  and  tlie  divided 
power  and  dynamic  braking  circuit  for  lowering.  In  this 
type  of  controller  the  series  switch  is  used  in  the  same  capacity 
as  the  series  overload  coil  on  the  old  type  of  controller. 

For  sizes  less  than  15  h.p.，  the  reversing  drum  lias  been 
adopted  in  place  of  reverse  switches,  and  it  is  quite  possible 
that  the  ultimate  development  along  this  line  will  see  the 
reversing  drum  used  in  place  of  the  two  double-pole  shunt 
switches  for  considerably  larger  sizes  of  motors.  . 

A  summation  of  the  results  that  are  obtained  in  steel  plant 
operation  by  the  use  of  the  automatic  controller  follows : ― 
The  use  of  automatic  controllers  cuts  down  the  abuse  of 
the  motors  and  hence  lessens  the  number  of  burnt-out  arma- 
tures, broken  shafts,  &c.  Of  course,  one  point  nuist  be  borne 
in  mind  in  this  respect,  and  that  is  that  unless  the  automatic 
controller  is  made  as  simple  as  possible  and  the  ordinary 
motor  inspector  can  understand  it,  there  is  liable  to  be  a  loss 
of  time  in  the  end  due  to  the  greater  length  of  time  that  is 
taken  in  locating  any  trouble,  which  may  more  than  take 
up  the  amount  of  time  saved  by  the  reduction  in  the  number 
of  breakdowns. 

The  automatic  controller  saves  all  the  machinery  that 
receives  its  power  from  the  motor  as  well  as  the  】iiotor  itself. 

Tlie  automatic  controller  allows  tlie  motor  to  work  at  its 
】uaxiimuu  effit'iency  at  all  times,  and  this  in  conjunction  with 
the  reduction  in  time  】ost  in  breakdowns  increases  the  output 
of  the  plant. 


World's  Largest  Warship. ― The  super-Dreadnought  '-  Texas  '■ 
was  launched  a  few  days  ago  from  the  Ne\vj>ort  dockyard. 
The  vessel  has  been  constructed  for  the  U.S.  Navy,  and  is 
the  biggest  and  most  powerful  battle-ship  in  the  world.  Her 
displacement  with  the  stores  aboard  amounts  to  28,367  tons. 
Her  length  is  573ft.,  and  her  speed  21  knots.  Tn  view  of  the 
general  adoption  of  steam  turbines  in  tlie  principal  European 
navies,  it  will  come  as  a  surprise  to  many  to  learn  that  the 
27,000  li.p.  required  to  maintain  lier  speed  will  be  developed 
by  twin-screw  vertical  triple-expansion  engines.  This  decision 
was  arrived  at  by  a  oomniittee  of  American  naval  engineers, 
who  decided  that  the  reciprocating  engine  was  the  most 
economical  and  reliable  for  battle-ship  practice.  Tlie  "Texas" 
will  be  tlie  first  vessel  to  carry  14 in.  guns.  Slie  will  liave 
ten  distributed  in  her  five  turrets.  The  total  cost  of  the  vessel 
is  estimated  at  two  millions  sterling.  Her  sist<»r  sliip,  the 
New  York/'  will  be  launolied  at  Brooklyn  in  July. 
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THE  INFLUENCE  OF  CARBON  ON  THE  CORRODIBILITY  OF 

IKON.* 

BY  C.  CHAPPELL. 

During  the  past  few  years  the  subject  of  the  corrosion  of  iron 
and  steel  has  been  receiving  a  well-merited  and  rapidly-increasing 
attention.  Despite  this  fact,  however,  it  is  often  difficult  to  obtain 
reliable  information  as  to  the  specific  influence  exerted  upon  the 
corrosion  of  these  metals  by  varying  proportions  of  alloying 
elements.  Especially  is  this  the  case  with  regard  to  the  influence 
of  increasing  percentages  of  carbon  on  the  corrodibility  of  iron. 
In  view,  therefore,  of  the  prime  importance  of  carbon  in  the 
metallurgy  of  steel,  investigations  have  been  carried  out  to 
ascertain  the  nature  and  extent  of  this  influence. 

Two  main  elements  of  uncertainty  enter  more  or  less  into 
practically  all  the  experimental  results  that  are  available  in  con- 
nection with  this  question 一 the  lack  of  chemical  purity  in  the 
steels  employed,  and  the  negligence  of  precautions  to  ensure 
that  the  steels  shall  be  in  a  uniform  condition  of  treatment  before 
testing.  Special  attention  has  been  paid  to  these  two  features 
throughout  the  present  paper,  which  will  therefore  constitute  a 
basis  from  which  the  influence  of  other  elements  upon  the  corro- 
dibility of  steel  may  subsequently  be  individually  and  accurately 
determined. 

General  Scheme  of  Investigation. ― A  series  of  practically 
pure  iron-carbon  steels  has  been  prepared.  Suitable  bars  of 
each  steel  have  been  subjected  to  typical  heat  treatments,  and 
their  relative  corrodibilities  and  other  properties  have  been 
investigated  in  each  of  these  various  states  of  heat  treatment. 
By  these  means,  not  only  has  the  influence  exerted  on  these  pro- 
perties by  variations  in  carbon  percentage  been  determined, 
but  also  the  influence  of  variations  in  the  chemical  and  physical 
condition  in  which  the  carbon  exists  in  these  alloys,  within  the 
range  of  commercial  treatments.  Microscopic  investigations 
into  the  modus  operandi  of  the  corrosion  of  iron -carbon  steels 
have  also  been  made,  and  have  been  productive  of  much  interest- 
ing and  important  evidence,  despite  the  considerable  difficulty  of 
examining  corroded  surfaces  at  high  magnifications. 

Production  and  Composition  of  the  Steels. ― The  steels  were 
all  manufactured  by  the  coke  crucible  process  in  the  Metallurgical 
Department  of  the  University  of  Sheffield.  Six  ingots  were  made, 
ranging  from  361bs.  to  401bs.  in  weight.  The  carbon  contents 
ranged  from  0-10  per  cent,  to  0*96  per  cent.  The  materials 
employed  throughout  the  series  were  Swedish  bar-iron  and 
charcoal.  This  method  has  previously  proved  itself  by  far  the 
most  satisfactory  one  for  the  production  of  iron-carbon  steels 
of  a  high  degree  of  purity.  "  Killing  ，，  was  effected  by  aluminium 
in  every  case,  and  all  the  steels  gave  sound  ingots.  The  chemical 
analysis  of  the  steels  is  given  in  Table  I.，  together  with  tlie 
distinguishing  number  employed  throughout  the  research  for 
each  steel.  It  will  be  observed  that  in  no  case  do  the  total 
impurities  exceed  0-28  per  cent. 


Table  I. ― Analysis  of  Steels. 


Steel. 
No. 

Carbon. 

Silioon. 

Manganese 

Sulphur. 

Phosphorus. 

Alumiriiiiin. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

0.10 

0.019 

0.091 

0.030 

0-011 

0.02 

2 

0.24 

0-037 

0.07-2 

0.028 

0.015 

3 

0.30 

0-030 

0.094 

0-021 

0.012 

4 

0-55 

0.053 

0-100 

0-020 

0.017 

0-03 

•「） 

0.80 

0-048 

0-1  (iS 

0-028 

O-OK) 

() 

0-96 

0-018 

0-133 

0-027 

0.014 

0.02 

Treatment  of  Steels. ― Each  ingot  was  rolled  down  so  as  to 
give  about  4ft.  of  |in.  round  bar,  and  the  remainder  taken  down 
to  |in.  diam.  The  treatments  employed  are  briefly  described 
in  Table  11. ，  together  with  the  letters  used  to  denote  the  respec- 


tive treatments. 

Table  II. ― Treatments  and  Characteristic  Marks. 

Treatment.  Mark. 

Rolled    R. 

Normalised  at  900°  C.，  cooled  in  air    N. 

Annealed  at  950°  C.  for  20  hours,  very  slowly  cooled  in  furnace  A. 

Quenched  from  800°  C.  in  water    C. 

Quenched  from  800。  C.，  tempered  at  400。  C   D. 

Quenched  from  800。  C.，  tempered  at  500。  C   E. 
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Dktatls  of  Trkatmknts. 

Rolled. 一 Test  bars  were  turned  from  the  gin.  round  bars 
as  received  from  the  mill. 

Normalising. 一 This  was  carried  out  in  a  largo  gas  mu fflc  on 
tiie  ^iu.  size  bars.  These  were  put  in  at  800。  C.  ；  tlie  temperature 
of  the  muffle  fell  to  about  600°  C.，  and  was  then  gradually  raised 
to  90(r  ('.  The  bars  were  removed  after  20  minute's  a1  this 
teniperatu re,  and  allowed  to  cool  in  air. 

Annealing. ― This  treatment  was  carried  out  in  a  (； oal-fired 
annealing  furnace  according  to  tlie  dotails  given  in  Tablo  II. 
The  |in.  round  bars  were  employed  for  this  treatin^nt,  so  that 
the  decarburised  skin  could  be  completely  machiin  d  oil"  in  tin- 
lathe  in  proparin"'  tlie  test  pieces,  and  its  influence  thus  cliuiinated 
from  the  subsequent  tests. 

Quenching. ― The  bars  were  heated  in  a  Brayshaw  salt-bath 
furnace  to  800°  C.，  allowed  to  remain  at  that  temperature  for  15 
minutes,  and  then  rapidly  quem'hed  out  in  water  at  ir)。  C. 

Tempering. 一 The  quenched  bars  were  heated  up  to  the 
required  temperature  in  a  lead  bath,  maintained  at  that  tem- 
perature for  10  minutes,  and  then  cooled  in  air. 

It  must  be  noted  that  in  both  the  quenchod  and  tempered 
series  the  test  pieces  were  machined  to  slightly  over  the  finished 
size  before  treatment.    Any  influence  possibly  exerted  by  the 
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CARBON  PER  CENf  IN  STEtL 
Fig.  1.— Results  of  Corrosion  Tests  on  Carbon  Steels. 

molten  salt  on  tlie  surface  of  the  bar  was  subsequently  obviated 
by  the  entire  removal  of  the  surface  in  reducing  to  the  io(|uired 
finished  size. 

Corrosion  Tests. 

Method  of  Experiment. ― Test  bars,  4|in.  long  by  |in.  diam., 
wore  prepared  from  each  steel  in  all  states  of  treatment.  Each 
bar  was  drilled  at  a  distance  of  |in.  from  one  end,  with  a  hole， 
-lin.  diam.,  for  suspension  purposes.  The  suspension  was 
effected  by  means  of  thin  glass  hooks  passing  tlu'ough  the  centre 
of  the  corks  closing  the  jars.  Separate  jars  were  used  for  each 
test  piece,  and  free  access  by  the  air  to  the  interior  of  the  jar  was 
carefully  ensured  iu  each  case. 

The  test  bars  themselves  were  polished  in  the  lathe  to  a 
uniformlv  liigh  degree  of  polish  with  fine  emery  paper.  The 
importance  of  having  the  specimens  as  nearly  uniformly  polished 
as  possible  is  considerable,  and  must  be  insisted  upon  in  com- 
parative corrosion  testing.  The  author  has  frequently  found, 
during  the  microscopic  examination  of  corroded  surfaces,  that  the 
finest  scratches  from  the  polishing  block  are  often  productive 
of  more  vigorous  corrosion  than  occurs  in  any  other  portion 
of  the  specimen,  even  after  several  months'  immersion  in  sea 
water.  So  that  uniformity  of  polish,  as  the  nearest  practicable 
ideal,  should  receive  careful  attention  in  experimental  corrosion 
research. 
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After  polishing  the  bars  wese  accurately  weigliod,  immersed 
in  pure  etlier  for  at  least  an  hour  to  remove  all  grease,  dried  in  a 
vacuum  dessicator,  and  then  suspended  in  700  cubic  centimetres 
of  filtered  sea  water,  in  jars.  This  sea  water  was  obtained  from  1  he 
Irish  Sea,  and  its  analysis  is  given  in  Table  III.  The  room  in  wIucIl 
the  tests  were  carried  out  was  well  lighted,  but  situated  so  that 
110  direct  sunlight  entered  it.  Variations  in  temperature  were 
largely  atmospheric,  as  the  room  was  not  artificially  heated. 

Table  III. ― Analysis  of  Sea  Water  Employed. 

Specific  gravity  at  12。  C.,  1-0240. 

1,000  parts  by  weight  of  sea  water  contain  : ― 

Parts  by  weight. 


Sodium  chloride    27  *20 

Magnesium  chloride    2 '95 

Magnesium  sulphate    1  "84 

Calcium  sulphate   1  *20 

Potassium  chloride   0-77 

Calcium  carbonate   O  il 


After  91  days'  immersion,  the  bars  were  taken  out,  well 
washed,  cleaned  with  chamois  leather  until  all  adherent  deposits 
were  removed,  dried  thoroughly,  and  weighed  again.  The 
bars  were  then  re-immersed  in  the  same  jars  and  sea  water  as 
before,  for  a  further  period  of  75  days,  cleaned  thoroughly  again, 
and  re-weighed.  The  results  obtained  are  given  in  Table  IV., 
and  are  set  out  in  graphical  form  in  Figs.  1  and  2.  It  will  be 
convenient  to  consider  these  results  in  three  main  groups,  as 
indicating  the  influence  :  {a)  of  carbon,  (b)  of  treatment,  and 
(c)  of  time,  respectively,  upon  the  corrodibility  of  these  steels 
in  sea  water. 


Table  IV. ~ Sm'^WaterCorrosionlResults, 


Treat  men  . 

Steel 
No. 

Carbon 

per 
Cent. 

Weight 
before 
Immersion 
in 

Grammes. 

Weight 

after 
91  Days' 
Immersion 
in 

Grammes. 

Loss  in 
Weight 
after  91 

Days'  Im- 
mersion. 

Per  Cent. 

Weight 
after 
166  Days' 
Immersion 
in 

Grammes. 

Loss 
in  Weight 

after  166 
Days  Im 

mersion. 
Per  Cent. 

1 

0  10 

63-80;i8 

63-5700 

0-366 

63-3239 

0-752 

2 

0-24 

64-5852 

64-3112 

0-424 

64  0667 

0-803 

Annealed  J 

3 

0-30 

03  S254 

(；: V5fiOO 

0-415 

63-3140 

0-801 

(A).  1 

0  55 

63  0710 

(i3  4004 

0.425 

G3-1314 

0-848 

5 

0  81 

63-5256 

63  "2200 

0-481 

G2-9278 

0-541 

6 

0  % 

63-8870 

63-5926 

0-461 

63-3240 

0-881 

1 

010 

637760 

63  5058 

0-424 

63-2750 

0-786 

2 

0  24 

63-38fi8 

631120 

0-43.1 

628724 

0812 

Normalised  J 

3 

0  30 

64  -5350 

64-2545 

0  435 

64  0012 

0-827 

(N).  1 

4 

o':-)r) 

63-2248 

0-515 

62-9330 

0-974 

5 

081 

64  0H)0 

63(i424 

0-588 

63;J224 

1  088 

() 

0% 

64-48-12 

64  1544 

0-512 

G3-S12J 

1  042 

1 

010 

64-5524 

64-2950 

0  399 

64  0723 

0-743 

2 

0.24 

64-3982 

64-1500 

0-385 

()3  9100 

0-758 

Rolled 

3 

0  30 

64-5544 

64-3122 

0-375 

04  0570 

0-771 

(R). ' 

4 

0-55 

63G150 

63-3234 

0-458 

03  OfiOO 

0-872 

5 

0.81 

64-0097 

G3-7442 

0-50S 

r)3  4576 

0-955 

r> 

0  96 

64-2130 

63.9200 

0-456 

63-6457 

0-868 

1 

0-10 

64  1452 

63-8800 

0-413 

63-6534 

0-771 

2 

0  24 

65  1968 

64  84：50 

0  543 

64  -5008 

0-981 

Quenched 

3 

0-30 

65-0368 

64  (J895 

0-534 

1010 

(C). ' 

4 

0  55 

65-2292 

64  '8614 

0-564 

64-52.i2 

1088 

5 

0'81 

65-2700 

64-8705 

0 侧 

(； 4 -5400 

1124 

6 

0.96 

65-5850 

65  1800 

0617 

fI4  8552 

1-U9 

1 

010 

64-5094 

64-2920 

0-337 

64  0610 

0-699 

2 

0-24 

64  '5400 

64  2020 

0-384 

64  0244 

0-803 

Tempered  1 

3 

0-30 

65  1546 

64-8440 

0-477 

C4  r)255 

0  971 

(0)..  j 

0-55 

64-6986 

04-3364 

0  560 

64  0112 

1067 

0-81 

65  0828 

647130 

0  T ，(； iS 

f>4 ,3(;40 

1  111 

6 

0-96 

64  8880 

64-5042 

0-591 

64  1238 

1184 

010 

63-9120 

63-6589 

0-391 

63-4299 

0754 

2 

0-24 

64"-8710 

64  6128 

0-3<)S 

3 

0-757 

Tempered  J 

3 

0-30 

o 

64  5073 

0-447 

64-2745 

0-806 

0  55 

G5-0S28 

64  728« 

0  541 

64-4950 

0-903 

5 

0-81 

65  8320 

65  4：)78 

0  56S 

65  2200 

0-930 

6 

0-96 

66  0814 

657049 

0  570 

6；)  4500 

0  956 

(a)  Influence  of  Carbon. ― A  comparison  of  Figs.  1  ami  "2 
sliovvs  clearly  that  tlic  iiidiu'iice  exerted  by  increasing  percentages 
of  carbon  upon  the  corrodibility  of  iron  is  of  two  disthict  t.yp (、； s. 
dejHMulent  upon  the  treatment  employed.  In  tlie  normal imL 
rolled,  ami  aimealed  steels,  wliere  the  cooling  tlirougli  the  critical 
ranj^es  during  treatment  lias  boon  suHiciently  slow*  to  produce 
wcll-dofined  pcarlito,  the  corrodibilitics  f  ond  to  rise  witli  inm'ase 
of  carbon  up  to  0-81  per  cent,  carbon,  but.  without  exception, 
fall  a*;aiu  on  reaching  0*96  per  cent,  carhon.  This  points  very 
strongly  to  the  conclusion  tliat  the  comnlibility  rises  to  a  maxi- 
mum at  saturation  point  (0*89  per  cent,  carbon)  and  begins  to 
fall  on  tlie  appcariincc  of  firo  mm、ntik、  in  the  .stool.  Otlior 
evidence,  given  latvr.  also  supports  this  eoucluaiou. 


TJie  ratio  of  the  increase  of  corrodibility  to  tlic  carbon  per- 
centage is  more  satisfactorily  sliowii  in  tlie  166  days'  immersion 
results  than  in  those  taken  over  the  shorter  period.  From  the 
upper  set  of  curves  shown  in  Fig.  1  it  is  seen  that  the  increase 
in  corrodibility  after 】66  days'  immersion  is  continuous  witli  the 
rise  of  carbon  from  0-10  to  0-81  per  cent,  in  the  case  of  all  three 
treatments  considered. 

Ill  tlie  normalised  and  rolled  steels  this  increase  is  less  rapid 
in  the  low-carbon  range,  from  0  10  to  about  0-30  per  cent, 
carbon,  tlian  in  tlie  】ugli(T  range  up  to  the  saturation  point. 
Tliis  feature  is  noticeable  in  the  91  days'  as  well  as  in  tlie  106 
clays'  immersion  results. 

TJie  small  influence  exerted  by  carbon  in  the  low  percentage 
range  probably  accounts  for  the  inconclusiveness  of  many  of  tlie 
relative  corrodibility  results  obtained  during  the  wrought-iroii 
versus  mild-steel  contest.  Tlie  greater  quantity  of  slag  and  othor 
impurities  in  the  wrought  iron  may  easily  set  up  more  than 
sufficient  galvanic  action  to  counteract  the  decrease  in  corrodi- 
bility due  to  lower  carbon  contents. 
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Fig.  2.— Results  of  Cobkosion  Tests  on  Cabbon  Steels. 

The  aniiealed  specimens  are  somewhat  less  regular  in  tlioir 
behaviour  with  rise  of  carbon  up  to  tlie  saturation  point  than  is 
the  case  with  the  rolled  and  normalised  steels,  altliougli  tliis 
irregularity  diminishes  with  more  prolonged  imniorsion.  The 
presence  of  】】uissi\'e  cementite  in  Xos,  1  (A)  and  2  (A),  and  to  a 
slight  extent  in  No.  3  (A),  due  to  the  FcgC  lamiiife  of  the  pearlite 
partially  coalescing  together  in  the  process  of  aniioalinji,  may  be 
largely  tlie  cause  of  the  apparently  irregular  beliaviour  of  these 
low-carbon  annealed  steels. 

With  regard  to  tlie  decrease  in  corrodibility  observed  with 
rise  of  carbon  from  0*81  per  cent,  to  O  iHi  per  cent.,  intomstin;; 
confirmation  lias  been  obtained  from  exporiinonts  carried  out 
oil  a  series  of  iron-carbon  steels  containing  3  per  cent,  tungsten, 
liaving  the  composition  sliown  in  Table  V. 


Table  V. ― Amdysis  of  Carhon-Tuiujsten  Steeh, 


Mark. 

Carbon 

per  conl. 

Tungsten 
I)('r  cent. 

Silicon 
per  cent. 

Manganese 

per  cent. 

Sulphur 
per  cent. 

Phosphorous 
ppr  rent. 

uiiiuiiiuiiiv 

！) -24 

0.14 

3.25 

0-044 

0.005 

0-055 

0-010 

0-011 

!t2-2 

0-050 

0-071 

0-060 

0-010 

！ )21 

0.48 

3.11 

O-O(K) 

0-076 

0-050 

0-010 

920 

0-57 

3-17 

0-078 

0.080 

0-054 

O-OIO 

9or. 

0-8!) 

3.  OS 

0-039 

0-093 

0-040 

0.01-2 

i)64 

1-07 

3.0ft 

0-040 

0-055 

0.0" 

0-01-2 

0-014 

Till'  comxlihilit y  tosts  、vm'  l  anird  out  under  exactly  tlio  same 
cumliticm's  as  I  huso  proviously  dcscribod..  the  only  deviation  being 
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ill  tlie  case  of  steel  No.  9G5,  wliere  the  test  bar  was  only  3|in. 
long  instead  of  the  standard  length  (4|i!i.).  The  results,  after 
91  days'  iiiunersioii,  are  given  in  Table  VI. 


Tablk  VI. — Sea  Water  Corrosion  Results  on  Carbon-Tungsten 

Steels. 


]\lark. 

per  cent. 

Tungsten 
per  cent. 

IniiiKTsioii 
in  Grammes. 

Weight  after 
01  Days' 
lrniuer.sioii 
ia  Gramnies. 

Loss  ill  W('i,ul"  . 
]*er  coal. 

924 

0-14 

3.25 

05.3()18 

(； 5. 1'JK) 

0. 細 

922 

0.22 

3.24 

()5.:US(» 

("37'S 

021 

0.4S 

:m  I 

(if).  0550 

".—>•: 聽 > 

0.405 

920 

0.57 

:M7 

"4. 聊） 

().4I'J 

！ Mi5 

0.81) 

3.  OS 

4S.02S(» 

47-7750 

0.5:}U 

1)04 

1-07 

3-00 

03.7820 

":{•'「 康 

0.433 

These  results,  Avliich  are  graphically  .sliown  in  Fig.  3，  entirely 
('oi'K 山 oi'atc  tli.ose  obtained  with,  tlie  imn-cavbou  .steels.  The 
coii'odibility  steadily  rises  to  a  maximum  at  0-8!)  p(>i'  cent, 
carbon,  wlueh  is  practically  the  saturation  poiiil  iti  (his  werios 
of  steels.  The  a.pp(、am，i('('  ul"  froo  conuMititr  a|;ain  prudu (乂' s  a 
marked  dccrca.so. 

Comparison  witli  the  values  given  hy  (lu*  rolled  stet'Ls  in  tlu' 
iroii-caibon  seric-s  sliows  that  the  influence  exerted  by  the  3  per 
cent  ,  of  tungsteji  present  in  these  steels  is  very  small,  and  is  quite 
insufficient  to  warrant  any  definite  conclusions  as  to  tJie  influence 
of  tungsten  oii  tlie  cori'odibility  of  steel. 

The  que  t  id  ml  and  (nnpercd  steels  of  tlie  iroii-carbou  series 
show  a  continuous  rise  in  corrodibility,  with  increase  of  carbon 
throughout  the  whole  range  investigated.  No  indications  of  a 
maximum  corrodibility  at  the  saturation  point  are  found,  as  iu 
the  previously  described  instances. 

The  proportional  increase  in  corrodibility  is  very  rapid  in  the 
range  from  0  ■  10  per  cent,  to  approximately  0  -  40  per  cent,  carbon, 
but  beyond  this  point  the  rate  of  increase  relative  to  tlie  rise  iu 
cHrbon  percentage  becomes  very  small.  The  increase  in  this 
latter  range  is  remarkably  constant.  The  dissimilarity  between 
these  two  ranges  is  probably  due  to  incompleteness  of  the 
liardenite-ferrite  solution  in  the  low-carbon  steels  under  the  con- 
ditions of  quenching  which  were  adopted. 

The  behaviour  of  these  steels  in  the  liigher  carbon  range 
shows  clearly  that  variations  in  carbon  exert  much  less  influence 
when  the  carbide  is  evenly  distributed  throughout  the  steel ― 
either  in  solution  or  in  the  emulsified  form 一 than  wlien  it  is 
present  iu  tlie  more  concentrated  normal  pearlite  form. 

(b)  Influence  of  Treatment. ― The  influence  of  treatment  is 
almost  as  important  as  that  of  carbon  percentage.  On  the  whole, 
annealing  renders  the  steel  most  resistant  to  corrosion  in  sea 
water,  while  quenching  causes  it  to  corrode  most  rapidly. 
Normalising  decidedly  increases  the  corrodibility  of  the  steels 
as  rolled  iu  this  series.  Tlie  extent  to  which  this  may  prove 
to  be  a  general  rule  must  necessarily  be  open  to  modification,  and 
possibly  to  exceptions,  in  view  of  tlie  variations  in  these  treat- 
ments in  practice.  The  influence  of  tempering  appears  to  be 
considerably  affected  by  the  temperature  at  which  it  is  carried 
out.  In  the  case  of  treatment  D  (tempered  at  400°  C.)，  the 
corrodibility  is  but  slightly  less  than  that  of  the  quenched  steels, 
and  generally  higher  than  any  of  the  pearlitic  steels.  On  increas- 
ing the  tempering  temperature  to  500°  C.,  as  iu  treatment  E， 
the  corrodibility  is  reduced  in  all  except  the  very  low  carbon 
steels.  This  decreased  corrodibility,  with  rise  in  tempering 
t("npei'atm'e，  is  comparatively  slight  as  】neasiu'e(l  after  91  days' 
immersion,  but  after  longer  immersion  becomes  very  pronounced. 

The  influence  exerted  by  treatment  upon  corrodibility  may 
})2  the  result  of  changes  produced  in  tlie  physical  or  chemical 
condition  of  tlxe  carbide,  and  also  in  the  physical  condition  of 
the  steel  as  a  wliole.  The  information  available  regarding  tlie 
factors  involved  in  the  corrosion  of  steel  is  not  yet  sufficiently 
detailed  for  absolute  certainty,  but  it  is  nevertheless  probable 
tliat  the  main  factors  determining  the  corrodihility  of  pearlitic 
stoels,  and  whicli  may  be  influenced  by  treatiuent,  are  as  follows  : 
(a)  The  difference  of  electrical  potential  between  the  pearlite 
and  the  forrite  or  ccmentite  :  (/))  tlio  difTerenfo  of  electrical 
potential  betwoon  the  Fe^C  and  the  ferrito  in  tlie  pearlite  itself  ； 
(c)  the  state  of  division  of  the  FcgC  iii  tlie  pearlite  ；   (d)  the 


(lifTcrciiccs  of  potciitiul  exist! n<^  betwoon  various  parts  of  the  sf eel 
due  to  variations  of  internal  stress. 

Accurate  ditt'ei'entiatiori  of  tlio  relative  importance  of  I  lu*se 
factors  in  (let*M-miniii<r  flic  sum  total  of  tlie  influnicc  cx'Tlcfl 
by  a  given  treatmuiii  is  obviously  dilHcult,  as  the  sanu— '  treatment 
may  not  necessarily  influence  all  the  factors  similarly,  so  far  as 
their  iiifliUMice  upon  conodihilily  is  conceincd.  With  a  view, 
liowever,  to  obtaining  .some  evidence  upon  tliis  point  if  pus'sil 山'， 
determinations  of  the  electro-potentials  of  steels  Nos.  I  ami  :>  in 
all  slates  of  tmitiiif'nf  have  Ixhmi  inado,  after  several  weeks' 
iinnicrsioii  in  sea.  water.  The  irii'l  liod  employed  in  tlie.so  (k'U'r- 
iiiinalioiis  has  hccii  In  r"ml>m''  the  stcel-sca  wat(»r  eleiiiont 
with  a  caloiurl  elect  ixxtc  of  knmvii  ('f)iistant  ek'ctro-putrntial. 
The  electromotive  force  of  the  coiubiiiatioii  is  then  incasurod  hy 
comparison  willi  tluit  of  ； i  standard  cadmium  ('('II.  Tlie  com- 
parison is  carried  out  l)v  a  inodifkation  of  Pog^'onclorf's 
compt'iisatioii  metluKl,  ii  capillary  elect ro-nietor  being  ""i|)l"y('d 
to  dotoniiiiu'  the  point  of  l)alancc  between  th('  t  wo  (小 'rt ronmt iv<， 
forces. 

The  valu<\s  ul)t;iiii''(l  nuiy  Kc  laki-n  as  lieiii*^  at  any  rale 
rouj^lily  indicative  of  the  I'olativc  clcctio-potciitials  of  fli''  fci  rite 
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Fig.  3.— Kesults  of  Cokrosion  Tests  on  Cabbon-Tungsten  Steels. 


and  pearlite  constituents  respectively  in  tlie  various  states 
of  treatment  ；  and  also,  but  to  a  less  extent,  of  the  difference  of 
potential  between  the  components  of  the  pearlite  itself.  The 
results,  together  with  the  corresponding  differences  of  potential 
in  each  case,  are  given  in  Table  VII.,  and  are  arranged  in  the 
ascending  order  of  tJie  differences  of  potential. 


Tablk  VII. —— Electro-Potentials  in  Sea  Water,  <&c. 


Treat 
ment. 

Electro-potential  iu  Volts. 

Dift'erence 
of  Potenti'l 
in  Volts. 

Loss  in  Weight  per  cent, 
after  KiO  Days'  Iiiiiuersion 
in  Sea  Water. 

Steel  No.  5, 
0'81  per  cent. 
Carbon. 

Steel  No.  1， 
0- 10  per  cent. 
Carbon. 

Steel  No.  4, 
0-55  per  cent. 
Carbon, 

Steel  No.  5, 
0"81  ])er  cent. 
Carbon. 

A 

0-2150 

0.'2U)9 

-0-0010 

0.847 

(Mm 

R 

0.-21-29 

0.-2100 

+  0.0029 

0.87-2 

E 

o 

0.-2145 

+  0.0138 

N 

0.2234 

0.2088 

+  0-0146 

0-974 

l.(»8S 

D 

0.2216 

0.2037 

+  0.0180 

1.0(;  丁 

On  comparing  these  differences  of  potential  between  the 
constituents  with  the  corrodibility  values  iu  the  corresponding 
states  of  treatment  given  by  steel  No.  4  (see  Table  VII.),  in 
which  steel  both  ferrite  and  pearlite  are  present  iu  considerable 
quantities,  a  distinct  correlation  is  seen  to  exist  in  the  influence 
of  treatment  upon  both  values.  This  agreement  is  only  slightly 
less  complete  in  the  case  of  steel  No.  5,  failing  in  but  one  instance 
(Table  VIL).  、 

It  appears,  tlierefore,  that  in  unsaturated  .steels  containing 
any  appreciable  amount  of  pearlite,  say  from  0-40  per  cent, 
up  to  0 - 89  per  ccjit.  carbon.  tli(、  dominant  forces  govmiing  their 
coiTodibility  iu  sea  water  arc  the  two  factors  {a)  and  (6),  i.r"  tlie 
galvanic  action  between  the  pearlite  and  ferrite,  and  between  the 
components  of  the  prarlitc  itself. 

Tliese  two  factors  are  accentuated  iu  tempered  steels  by 
the  emulsified  nature  of  tlie  Fe.^Cj  which  facilitates  galvanic 
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action  in  the  pearlite  ；  and.  also  by  the  presence  of  residual 
quenching  stresses  wliich  are  likely  to  be  sources  of  differences 
of  electrical  potential,  and  consequently  of  galvanic  action. 
The  converse  of  these  supplementary  factors  operates  in  the 
annealed  steels,  where  the  resolution  of  the  pearlite  into  the 
laminated  variety  reduces  the  number  of  galvanic  couples  within 
the  pearlite  to  a  minimum.  The  influence  of  annealing  in 
removing  stresses  also  comes  into  play  in  reducing  the  liability 
to  corrosion,  although  a  comparison  with  the  corrodibility  values 
of  the  rolled  bars  shows  that  this  influence  lias  been  very  small 
in  the  case  of  these  steels.  The  wide  variations  in  steels  "  as 
rolled,"  however,  render  annealing,  nevertheless,  a  necessary 
safeguard  where  resistance  to  corrosion  is  required. 

Endeavours  to  ascertain  and  differentiate  between  the  forces 
at  work  in  the  corrosion  of  quenched  steels  have  not  been  pro- 
ductive of  sufficiently  clear  evidence  to  warrant  definite  state- 
ments. Attention  may  be  drawn,  however,  to  the  remarkable 
similarity  in  type  which  exists  between  the  corrodibility  curves 
of  the  quenched  and  tempered  steels  (Fig.  2)，  despite  the  funda- 
mental difference  produced  in  the  condition  of  the  carbide  by 
the  respective  treatments.  It  might  be  mentioned  in  this 
connection  that  the  electro-potential  of  steel  No.  5  after 
quenching  was  0  -  2040  volts.  It  will  be  seen,  by  comparison 
with  the  values  given  in  Table  VII.  for  the  same  steel  in  the 
tempered  condition,  that  a  very  drastic  change  in  potential  is 
involved  in  the  tempering  of  quenched  steels.  This  is  so  con- 
siderable as  entirely  to  preclude  any  possibility  of  this  similarity 
observed  between  the  corrodibility  curves  being  due  to  any 
similarity  in  the  electro-potentials  of  the  main  constituents. 
The  evidence  consequently  tends,  by  a  process  of  elimination,  to 
attribute  the  similarity  to  the  feature  which  is  common  to  both 
their  treatments,  that  is,  the  physical  influence,  more  or  less 
modified,  of  the  quenching  process.  On  the  other  hand,  this 
deduction  derives  little  or  no  support  from  the  results  given  by 
steel  No.  1，  where  the  influence  of  stresses  is  least  complicated 
by  the  presence  of  carbon,  and  which  should  consequently  be 
most  productive  of  corroborative  evidence  on  this  point. 

Moreover,  in  the  range  above  0-4  per  cent,  carbon,  in  which 
the  solution  of  the  carbide  may  be  presumed  to  have  been  fairly 
even  throughout  the  steel,  the  corrodibility  curves  of  the  quenched 
and  tempered  steels  are  practically  a  linear  function  of  the  carbon 
contents.  The  concentration  of  the  solution  in  carbon  would 
therefore  appear  to  exert  some  influence,  but  the  small  effect 
produced  by  variations  in  this  concentration  militate  against  it 
being  considered  a  very  important  one.  This  question,  therefore, 
is  one  that  requires  further  investigation. 

(c)  Influence  of  Time. ― Comparison  between  the  results,  after 
91  days'  and  166  days'  immersion  respectively,  shows  that  the 
iiifiueiice  of  time  on  the  rate  of  corrosion  varies  considerably  with 
different  steels  over  these  periods.  Tlie  most  striking  example  is 
that  of  the  E  steels,  where  the  ratio  between  the  rates  of  increase 
of  corrosion  and  of  time  falls  on  the  average  by  nearly  10  per  cent. 
(To  be  continued-) 


The  Institution  of  Water  Engineers.  ―  The  seventeenth 
summer  general  meeting  of  this  Institution  will  be  held  at 
Cheltenham,  on  Thursday,  Friday,  and  Saturday,  June  6th, 
7th,  and  Sth,  under  the  presidency  of  Mr.  J.  S.  Pickering, 
M.Inst.C.E.  The  following  papers  have  been  promised  for 
reading  and  discussion  at  the  meetings  :  "The  New  Water- 
works for  Skegness,"  by  Percy  Griffith,  M.Inst.C.E.  ；  "  The 
Rating  of  Water  Undertakings,"  by  Donald  Dinwiddy, 
F.S.I.  ；  "The  Rating  of  Water  Undertakings/'  by  Arthur 
Valon,  Assoc. M.Inst.C.E.  A  discussion  on  the  desirability  of 
standardising-  the  "  General  Conditions  of  Contracts  "  will  be 
introduced  by  Harold  W.  Woodall,  M.Inst.C.E.  ；  "  The 
Hinckley  Waterworks,"  by  E.  H.  Crump,  Assoc. M.Inst.C.E. ； 
" The  Gloucester  Waterworks  (Witcombe  Reservoirs),"  by 
11.  Read,  A. M.Inst.C.E.,  City  Engineer  ；  "  The  Use  of  Sul- 
I)ha,te  of  Copper  in  Purifying  Water  Supplies,"  by  Geo. 
Einbrey,  County  Analyst  of  Gloucestershire  ；  "  The  Self-Pollu- 
tion of  Water  by  Natural  Growths,"  by  Dr.  J.  H.  Garrett, 
M.O.H.，  Cheltenham  ；  "The  Geology  of  Cheltenham  witli 
Special  Reference  to  the  Water  Supply,"*  by  L.  Kiclia nlsoii, 
F.R.S.,  Ed.  F.L.S.,  F.G.S.  Further  particulars  may  be 
obtained  from  the  secretary,  Mr.  Percy  Griffith,  r)4，  Parlia- 
ment Street.  Westminster,  S.W.  " 


ELECTRIC  MOTOR  TESTING. 

One  of  the  benefits  atteudiiig  the  introduction  of  electrical 
distribution  of  power  in  industrial  plants  is  the  ease  with  whicli 
measurenierits  of  power  requirements  and  use  may  be  made. 
Another  benefit  of  wliicli  advantage  is  being  taken  more  and  more 
is  the  analysis  which  may  often  be  made  of  machine  action  by  the 
aid  of  recording  or  cuivo-d rawing  wattmeters.  An  outline  of 
some  of  the  methods  and  utilities  of  testing  motors  hi  service  in 
manufacturing  plants  is  given  in  an  article  by  Mr.  S.  P.  Goodale 
in  the  "  Electrical  World  and  Engineer."  Sucli  tests,  the  writer 
states,  are  of  interest  to  three  classes  of  people  :  (1)  Motor 
builders,  who  must  know  the  requirements  to  be  met  in  various 
industries  in  order  intelligently  to  plan  and  sell  their  products  ； 
(2)  central  stations,  whose  interest  is  of  the  same  general  order, 
and  (3)  manufacturers  who  desire  to  conduct  their  plants  under 
the  most  economical  and  advantageous  conditions.  In  general, 
similar  methods  will  meet  the  needs  of  these  three  classes. 

Obviously  the  equipment  should  comprise  as  few  pieces  of 
apparatus  as  will  serve  the  purpose  thoroughly.  The  most 
essential  meters  for  testing  motors  are  voltmeter,  ammeter, 
indicating  wattmeter,  recording  wattmeter,  and  watt-hour  meter. 
For  alternating-current  work  these  may  be  chosen  of  such  capa- 
city that,  with  the  aid  of  transformers,  one  meter  of  each  kind  、vill 
serve  for  any  range  of  motor  sizes.  Care  must  be  taken  to  choose 
meters  whose  own  power  requirements  will  not  overtax  the 


Fig.  1.— Test  Table. 


transformer's  capacity  and,  conversely,  to  choose  transformers 
of  sufficient  size  for  the  meters.  A  considerable  amount  of  care 
in  choosing  meters  best  adapted  for  the  conditions  to  be  im't  "  ill 
be  well  repaid. 

The  use  of  meters  in  testing  is  much  facilitated  by  the  provision 
of  a  permanent  stand  on  which  they  may  be  placed.  The  stand 
should  provide  ample  room  for  meters,  switches,  and  connections, 
be  of  sucli  size  and  shape  as  not  to  interfere  witli  its  location  near 
the  motors  to  be  tested,  and  be  easily  movable.  SAvitcliboard- 
type  meters  can  best  be  mounted  on  an  upright  panel  and  porta- 
bility secured  by  mounting  the  panel  upon  a  truck,  the  top  of 
Avliich  will  provide  room  for  the  trausformers.  If  available,  the 
portable-type  meters  are  more  desirable.  A  box  form  of  structure 
has  the  advantage  of  attording  better  protection  to  the  meters 
and  connections  and  being  well  adapted  for  sliipment,  but,  on  the 
other  hand,  it  is  more  complicated  and  inaccessible.  A  table  is,  in 
general,  the  most  convenient  and  adaptable  form  of  construction 
for  a  testing  stand.  Fig.  1  shows  side  and  end  views  of  a  table 
which  has  been  used  witli  much  success  in  testing  an  installation 
of  3-phase  550-volt  motors  ranging  in  size  from  3  li.p.  to  175  b.p. 
Witli  very  f(、、、'  clutnges  this  form  may  be  adapted  to  almost  any 
conditions  met  in  testing  motors  in  service. 

The  table  top  is  made  2ft.  by  4ft.  The  legs  are  set  in  some- 
Avliat  to  give  more  clearanco  wlien  movini;  tlio  set  through  narrow 
aisles.  An  upright  woodon  panel  is  bolted  near  one  end  of  the  top 
to  provide  for  a  recording  wattmeter  and  watt-liour  meter,  the 
a vailahlo  meters  being  of  a  switcliboard  type.  Flexible  meter 
loads  (not  slunvn)  project  through  the  table  top  and  arc  so  arnmged 
as  to  go  directly  to  the  proper  binding  post  without  any  crossing 
M'lion  the  meters  are  in  position. 

On  botli  sides  and  at  one  end  boards  are  nailed  to  the  table  legs 
aiul  extend  down  about  】3in.  Rigidity  is  tlius  scoured  as  well  as 
room  for  other  attachments  wliich  add  to  convenience  and  adap- 
tability.   A  m'taiigular  liolc  is  cut  out  of  tlie  boaixl  on  one  side 
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to  make  room  for  a  fibre  panel  A,  with  binding  posts,  to  which  are 
connected  the  leads  from  the  meters.  From  other  binding  posts 
on  the  same  panel  leads  are  carried  to  the  terminals  of  tlie  test  set. 
By  connecting  tlie  proper  binding  posts  with  suitable  jumpers  any 
desirable  scheme  of  connections  for  the  meters,  with  or  without, 
the  transformers,  may  be  easily  worked  out  and  changes  made 
when  necessary.  It  should  be  noted  in  passing  that  a  coiniectioJi 
panel  of  this  sort  may  be  made  so  complicated  as  partly  to  destroy 
its  value.  Its  use  should  be  limited  to  those  connections  which 
are  likely  to  need  changing,  and  so  employed  it  contributes 
markedly  to  the  convenience  and  ease  of  manipulation.  The 
meter  fuses,  B,  are  mounted  adjacent  to  this  connection  panel. 

To  facilitate  connections  to  the  motor  circuit  use  is  made 
of  fuse  blocks,  C，  mounted  on  the  end  board  of  the  table.  The 
fuse  clips  of  these  blocks  form  the  terminals  of  the  test  set.  Wires 
attached  to  the  caps  of  blown  fuses,  as  indicated  in  Fig.  1，  form  a 
connection  between  test  set  and  motor  circuit  exactly  resembling 


the  familiar  plugs  and  cord  used  on  telephone  switchboards.  If 
the  motor  is  protected  by  a  circuit  breaker  and  no  fuse  block  is 

Test  No.  52. ― Manufacturing  Company,  April  14： th,  1911. 


tracing  out  wiring  or  reliance  on  memory  and  is.  in  fact,  a  neces- 
sity when  the  use  is  intermittent. 

Protection  to  the  table  and  meters  and  provision  against 
a,ccid(^iital  contact  may  be  provided  according  to  the  circum- 
stances  of  use.  In  particular  the  connection  panel,  fuses,  and 
fuse  block  terminals  should  be  covered  in  such  a  way  as  to  afford 
coiupletc  protection  against  accidental  contact  without'  int("  fVring 
with  easy  access.  A  lunged  cover  would  be  suitable.  The 
permanent  wiring  is  protected  by  the  construction  used. 

It  is  very  convenient  and  quite  possible  to  be  ahh  to  move  tlie 
test  set  from  one  part  of  a  factory  to  another  without  rejiioviiig 
meters.  The  meters  should,  however,  be  rugged  in  construction 
and  much  care  be  taken  lest  shock  and  jar  from  moving  affoct  tlie 
delicate  bearings.  Most  portable  indicating  meters  are  provided 
with  a  device  to  lock  the  moving  element  in  place  while  the  meter 
is  being  handled,  and  this  feature  should  be  looked  for.  The 
moving  elements  of  recording  and  watt-liour  meters  may  be 
secured  by  blocking  with  folded  strips  of  paper.  Rubber-tyred 
wheels  are  effective  in  lessening  vibration,  though  l)y  no  moans 
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Motor  No.  1  (General  Electric  Company,  No.  64204) . 

55U  volts.  75  amp,  75  hp.  three-phase.  40  cycles,  Class  6-7  5-800 

Type  I,  Form  L. 

Location . ~ No.  1  Spinning  Room 
Load  ； ~ ■ 

1 5  Whitin  Spinning  -Frames, 

256  Spin..  No.  24  Warp  Yarn 
6  Fales  &  Jenks  Spinning  Frames, 

2U8  Spin  ,  No.  7  Warp  Yarn. 
4  Mason  Spinning  Frames. 

176  Spin..  No.  24  Warp  Yarn. 
Weather  ~ Cloudy  and  damp.     About  50°  F 

Room  Temperature  ― Rose  uniformly  from  69°  F   to  82°  F  Tempera 

tu re  at  motor  level  2  to  7  degrees  higher 
Humidity:  — 7«%  to  85%. 

Spin  Speed  (average).  8,000  Whitin  &  Mason,  5 ,000  Fales  &  Jenks. 

Spin    per  electric  horse-power,  56. 

Shat  tinfi  takes  electric  horse-power  (see  Remarks). 

Load  Factor  —79% 

Remarks  ― 

There  is  a  peculiar  fluctuation  in  the  power  taken  by  this  motor 
which  prevented  close  reading  of  mete rs  and  made  it  difficult  to  get 
Kood  graphic  curve  The  fluctuation  was  most  marked  with  shaft- 
ing only  running. 

Speed  variation  due  to  waterwhcels  being  overloaded  and  steam- 
driven  unit  used  at  times  to  bring  spee j  up 

Total  time  lost  in  making  repairs  to  frames  equal  to  1 J  frames 

stopped  for  entire  period 

No  second  -hand  in  room  during  test 

Supply  uf  roving  small  and  insufficient  , 
Load -factors  tor  Saturday  and  Monday  morninps  follow  inR  this  dat? 
were  6  7''o  and  7  2 广;、 respectively     Corresponding  loads  in  electric 
horse-power  were  76.2  and  80. 7 

Column  huadcd  •■Frames  in  Use"  shows  the  number  of  frames  cf 
each  make  in  u sc  at  each  interval  in  the  order  noted  under  "Load . ' 


conveniently  located,  it  will  be  necessary  to  use  some  other  form 
of  connection  to  the  motor  circuit.  For  this  purpose  Dossert 
connectors  are  both  neat  and  convenient. 

The  table  is  set  loosely  on  a  flat  truck  made  for  the  purpose 
and  prevented  from  slipping  by  cleats  on  the  truck.  Pieces  of 
felt  or  other  elastic  material  placed  under  the  table  legs  absorb 
vibration  and  jar  and  lessen  their  injurious  effect  upon  the  meters. 
The  flat  top  of  the  truck  forms  the  logical  place  for  transformers 
and  any  other  material  needed.  Fig.  2  is  presented  to  show  the 
arrangement  of  meters  and  switches  used.  A  indicates  the  volt- 
meter ； B,  ammeter  ；  C,  watt-hour  meter  ；  D,  indicating  watt- 
meter ； E,  recording  wattmeter.  One  3-pole  switch  is  provided 
to  cut  all  current  off  potential  leads  and  a  single-pole  switch,  for 
short-circuiting  each  meter  current  coil.  Two  two-pole,  double- 
throw  switches  are  used  to  reverse  the  direction  of  current  in  the 
series  coils  of  the  indicating  wattmeter  and  provide  for  entirely 
disconnecting  those  coils  when  using  the  wattmeter  alone  to 
determine  power  factor.  One  single-pole,  double-throw  switch 
permits  of  throwing  the  voltmeter  to  either  one  of  two  phases. 
These  switches  are  all  small  knife  type  and  in  addition  to  their 
other  use  permit  the  removal  of  meters  while  motor  is  in  use,  this 
being  sometimes  desirable.  They  are  mounted  in  such  location 
as  to  indicate  their  use  and,  are  wired  thu'ough  the  table  top. 
Knife  switches  are  preferred  to  snap  switches,  as  their  position  is 
apparent  at  a  glance.  A  sketch,  S,  showing  the  permanent  wiring 
of  the  table,  is  placed  where  it  may  be  readily  consulted  and  a  glass 
cover  is  used  to  keep  it  free  from  dirt.    The  sketch  will  save 


necessary.  The  provision  made  on  the  table  illustrated  is  in  tlie 
form  of  felt  placed  under  the  table  legs  as  before  mentioned, 
supplemented  in  some  cases  by  a  mat  of  cotton  placed  under  the 
different  meters. 

Relay-type  recoixling  wattmeters  deserve  special  considera- 
tion. TJiese  meters  are  usually  provided  with  adjustments  to 
control  their  sensitiveness  and  quickness  of  action,  changes  being 
needed  to  adapt  them  to  tlie  characteristics  of  different  circuit -、 
If  a  meter  of  this  type  is  used  it  should  be  mounted  so  that  the 
various  points  of  adjustment  are  accessible  without  removing 
the  meter  from  its  place.  It  is  a  peculiar  fact  and  one  worthy  of 
mention,  that  a  particular  meter  of  this  type  gave  notably  better 
results  when  subjected  to  the  vibration  in  the  factory  rooms  than 
when  located  on  the  station  switchboard. 

In  making  a  test  the  indicating  meters  should  be  observed  at 
regular  intervals,  five  minutes  being  a  common  and  convenient 
choice,  and.  the  readings  noted.  At  the  same  time  speed  of  the 
motor  should  be  taken  with  a  tachometer,  if  one  is  available,  or 
with  a  common  revolution  counter,  and  the  load  conditions 
should  be  noted.  The  temperatiUT  of  the  motor  should  be  taken 
at  regular  intervals,  which  need  not  correspond  with  the  intervals 
chosen  for  the  other  readings.  All  readings,  except  temperature, 
should  be  taken  at  as  nearly  as  possible  the  same  instant  after 
each  interval.    A  fair  approximation  is  made  possible  by  practice. 

The  duration  of  the  test  should  be  sufficient  to  admit  of  strik- 
ing a  fair  average  from  the  readings  taken  and  to  permit  of  a  good 
recording  curve.    In  general,  a  full  morning  or  afternoon  run. 
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giving  about  five  hours,,  will  furnish  excellent  results,  but  i" 
certain  cases  it  is  preferable  to  choose  the  time  covering  one  or 
more  complete  cycles  of  operation.  It  is  of  the  utmost  import- 
ance that  all  data  bearijig  on  the  test  should  be  taken  at  the  time. 
Nothing  is  more  exasperating  than  to  find  essential  information 
lacking  in  an  otherwise  full  and  complete  test  report.  Knowledge 
and  understand i no-  of  tlie  operations  and  functions  of  tlic  driven 
machinery  are  i needed  in  oixler  tliiit  iinj)orlaiil  facts  may  not-  be 
overlooked.  Tho  data  to  be  secured  include  luimber  ami  kind  of 
driven  nuicliiiies,  as  well  as  llieir  import aiil  specifications,  room 
temperature  and  conditions.  Anything  abnormal,  sucli  as 
scarcity  of  hHi>，  lack  of  raw  material,  poor  layout  or  condition  of 
iiuK'liiiicry,  inelUud  of  liolitin,^,  luck  of  supervision,  & c.，  has  a 


Fig.  2.— Aerangem ent  of  Meters  and  Switches. 


decided  effect  upon  ])roeliR*tioii  and  iiuist  be  noted  il"  full  utilisation 
of  tests  is  desired  or  looked  for.  Friction  and  .shafting  load  are 
important  items. 

Method  and  order  are  of  importance  in  setting  down  the  read- 
ings and  data  taken  and  will  facilitate  analysis  and  deduction  of 
important  points.  This  refers  particularly  to  the  test  report 
which  will  have  to  be  made  from  the  observed  readings  and.  data. 
The  first  step  in  making  up  the  test  report  will  be  to  determine 
a  form  to  be  used.  Tlie  readings,  corrected  to  their  true  value, 
may  then  be  set  down  in  definite  sequence.  A  form  found  satis- 
factory in  practice  is  shown  in  the  accompanying  table. 

The  corrected  readings  are  set  down  in  vertical  columns  oppo- 
site the  time  at  which  tliey  were  taken,  and  other  values,  such  as 
horse-power  and  power-factor,  figured  from  them.  At  the 
bottom  of  each  column  are  noted  the  maximum,  minimum,  and 
average  values  found  in  that  column,  thus  serving  to  show  very 
quickly  the  important  facts.  It  may  be  noted  that  the  quickest 
method  of  figuring  the  average  is  to  assume  a  figure  which  a 
glance  down  the  column  will  indicate  to  be  approximate  and  then 
to  add  or  subtract  the  difEerence  between  this  figure  and  the 
readings,  each  in  turn,  to  obtain  an  amount  which,  divided  by  the 
！ lumber  of  readings,  will  give  the  difference  between  the  assumed 
and  actual  average  value. 

The  heading  of  the  report  gives  sufficient  iufonnatiou  to 
identify  the  particular  test,  and  the  further  data  obtained  are  set 
down  at  the  right  of  the  readings.  Analysis  of  the  data  slioiild  bo 
carried  far  enough  to  deduce  the  facts  of  immediate  interest  and 
value,  the  character  of  these  being  determined  by  the  purposes  of 
the  test,  w]\ich  may  relate  more  particularly  to  the  behaviour  of 
the  motor  or  to  the  characteristics  of  the  load  or  other  matters  of 
interest.  Further  analysis  may  be  made  later  if  desirable  or  if 
additional  information  is  required. 

It  Avill  be  of  interest  to  glance  briefly  over  this  report  and  note 
what  information  it  contains.  As  tlie  heading  indicates,  it  is  one 
ol  a  series  made  in  a  particular  plant.  The  inotor  rating  is  ^uivcn 
ill  full,  and  it  may  be  noted  that  the  motor  records  in  tliis  plant 
cover  tlic  entire  history  of  this  motor.  The  excess  of  cm-rent  in 
proportion  to  power  dcvelopod  shows  the  motor  not  to  be  in  fir-st- 
class  couclition.  This  is  further  confirmed  by  the  existence  of  a 
fluctuation  in  power  consumed  so  rapid  and  violent  that  it  was 
only  with  tliHicultv  that  tlie  recording  wattinoter  could  1k>  ad- 
justed to  give  a  readable  curve.  As  tlie  action  was  even  more 
violent  wlioii  the  motor  was  running  light,  it  is  evident  tliat  the 
fail  1 1  lay  in  the  motor  itst^lf.  Tomporaturc  roadin.us  sliow  that  in 
spite  of  tlu、  d('fcM*t  tlu*  motor  was  still  u-sal)k、  and  couKI.  in  fart, 
luive  carried  a  larger  load  safely  provided  that  the  fault  was  not 
so  localised  as  to  tlirow  an  rxcossivc  strain  on  some  ])art icular 
part  of  the  wiiuliniis.  Tlie  averairo  voltaijo,  hoin>^  .slightly  high, 
indicates  a  supply  circuit  amply  large.  Neither  the  iiverajio  value 
nor  tlu、  oxtreinos  vary  enough  from  normal  to  have  an  injurious 
effect  upon  the  motor  or  its  operation. 


Spood  of  tlio  motor  varied  over  soniowliat  wide  liniils.  and.  in 
explanation,  we  find  a  note  to  the  cft'ect  that  a  steam-diiveii 
generator  was  used  at  times  when  the  water-power  was  insufficient 
to  f-arry  tlie  connected  load  to  sj^ccd,  and  it  may  easily  be  inferred 
that  tkc  steam-driven  unit  was  not  used  until  the  waterwlieels  had 
actually  gone  below  normal  speed.  The  variation  was  of  conse- 
quence ratlicr  as  afl'ectiiig  the  quality  ami  (juantitv  of  th('  piXKluct 
tJian  as  being  injurious  to  tlie  inotur. 

The  load  carried  by  tlie  motor  is  described  somewliat  briefly. 
As  several  make-s  of  spiiniiuo;  frames  wore  included,  it  would  be 
difficult  or  impossible  to  analyse  tlic  power  rcquireimMits  of  eacli 
separately,  but  an  average  showing  tlie  uiuubei-  of  spindles  driven 
per  lioi'se-power  Jias  been  computed.  This  is  the  usual  l)asi.s  of 
compari.sou  between  tlie  power  mjuii'f'mimts  of  various  spinuiiig 
frames.  Power  consumed  l)v  tlie  shafting  is  not  noted  because 
of  the  defect  mentioned,  wliicJi  made  an  accurate'  (If^tenuinatioii 
impossible.  It  would  be  an  important  item  to  know  both  in  m.dcr 
to  judge  wliether  the  amount  of  power  so  used  was  excessive  and 
also  to  determine,  at  least  roughly,  the  amount  of  power  lost  per 
frame  because  of  the  method  of  driving,  which  value  would  serve 
as  a  basis  of  comparison  with  individually  driven  frames. 

It  is  generally  preferable  to  include  losses  in  】iiut(jr  ami  slutftinij 
wlien  detenniniiig  tlic  ]>o\ver  requiieuieuts  of  a  u;iveii  installation, 
since  thus  all  power  which  must  be  paid  for ― whether  the  power 
be  generated  or  purcliased ― may  be  determined.  The  percejitairc 
of  electric  liorse -power  input  to  tlie  motor  corresponding  to  the 
motor  efficiency  will  determine  the  power  i(''iim('(i  by  the  driven 
macluiierv  alone  if  that  iiiforniatiou  is  required.  As  may  be 
inferred,  electric  liorse-power  input  to  the  motor  is  the  .standard 
unit  adopted  for  power  iu  the  series  of  test  records  of  which  this 
forms  one. 

The  load-factor  or  percentage  of  time  macliinery  was  in  use 
during  the  test  is  important.  It  is  derived  witli  fair  accuracy  by 
dividing  the  number  of  frames  iu  use  at  each  five-miuute  interval 
by  the  total  number  of  liaiues.  Tlic  load-factor  proper  for 
spinning  frames  may  be  taken  from  published  figures  or  calculated 
for  a  given  set  of  conditions  and  a  comparison  、vith  the  observed 
amount  shows  how  fully  macluuerv  is  being  utilised.  Special 
conditions  contribute  to  a  low  factor  in  the  test  shown  and  we  find 
noted  :  (1)  Several  machines  under  repair,  (2)  lack  of  oversiglit, 
(3)  lack  of  raw  material.  Load  factor  is  of  value  not  only  as 
indicating  the  efficiency  at  which  a  department  is  being  operated, 
but  also  as  indicating  whether  the  load  on  the  motor  may  not  be 
increased  by  a  more  intensive  utilisation  ofjthe  connected:  maclu- 
neiy.  In  connection  、vitli  other  tests  it  indicates  tlie  normal 
percentage  of  use  of  intermittently  operated  machinery,  a  figure 
of  use  when  detenniuing  motor  sizes  for  extensions  and  changes. 

Important  information,  not  otherwise  discoverable,  may  be 
noted  during  a  test  owing  to  any  abnormal  condition  being 
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Fig.  3.— Kecokding  Wattmetkb  Chakt. 


iniinotliatoly  indii-atiHl  by  the  meters,  whcioby  invest i.Lial  ion  may 
be  made  at  the  time  whvn  the  cause  is  most  evidont.  Doforts 
not  suspected  may  thus  bo  brought  to  notice.  The  recording 
wattmotor  cliart.  shown  as  Fig.  is  :，  most  valuable  portion  of  the 
tost  record.  While  it  is  tnio  that  inolors  may  ami  do  ha vo  in- 
horeut  faults  and  woaknosses,  they  arc,  on  the  other  hand.  f;i r 
inoir  ac'cunito  and  ivliahlo  tlui"  Innnan  "hservcrs.  Tims  thvy 
sorvo  to  ihork  tlio  results  obtaiiunl  by  ohstMvation.  A  further 
chock  is  aiiordod  by  the  use  of  a  watt-hour  meter  though  it  was 
not  availed  of  for  this  test. 

Tost  rocords  may  have  a  valuo  for  future  reference  exceeding 
their  immediate  use.    Teste  such  as  described  may  be  considered 
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as  standards  of  reference  to  be  supplemented  by  simpler  tests  from 
time  to  time.  Their  value  depends  lai-gely  upon  the  a-bility  of 
the  tester  and  his  recognition  and  record  of  importunt  facts  con- 
cerning the  motor-driven,  machinery  and  general  conditions. 
Familiarity  with  the  uses  and  peculiarities  of  meters  is  always 
desirable  and  of  ton  essential.  Curves  druwu  by  recording  meters 
vary  according  to  the  characteristics  and  adj  ustment  of  the  mct(M" 
and  may  be  misleading.  Accuracy  of  tho  meters  may,  and  should, 
be  assurod  by  frequent  checking  aud  calibnition.  Erroi'S  duo  to 
improper  use  must  be  guarded  against  by  the  tester. 

Having'  made  tests  to  serve  as  standards,  other  simpler  forms 
of  testing  may  be  employed  to  note  variations  and,  in  piirticuhir, 
to  note  a  falling  off  in  manufacturing  efficiency  due  to  defects  in 
machinoiy  or  labour.  A  very  excellent  method  of  continuous 
testing  is  found  in  the  use  of  a  recording  meter,  which  may  be 
connected  to  various  circuits  in  rotation  and  serve  to  show  varia- 
tions, whicli,  if  sufficiently  marked,  may  be  further  investigated. 
This  method  may  not  be  fully  and  economically  available  in  an 
installation  coniprising  a  large  number  of  small  motors  and  may 
be  supplemented  by  readings  taken  on  the  various  motors  with  an 
indicating  wattmeter  or  ammeter.  For  rapid  work  of  this  kind 
an  ammeter  is  fai*  more  convenient  tlian  ； i  Avattmetor  and  serves  to 
show  variations  quite  as  accurately.  Defects  in  individually 
driven  machines  may  be  located  when  an  inspection  of  the  machine 
(lisclosos  nothing  wrong. 

Electrical  meters  are  of  vuluo  for  otiicr  forms  of  testing.  The 
actions  and  operation  of  pai'tk'ular  machines  may  be  analysed  and 
the  structure  and  design  requiriuo  least  power  determined.  Tho 
effect  of  variations  may  be  studied  with  accurate  results ― that  of 
dynamometer  testing  is  in  practice  difficult  and  costly.  Miscon- 
ceptions exist  regarding  the  actions  of  machines  in  common  use. 
A  case  may  be  cited  in  the  spinning  frame,  familiar  to  all  cotton 
mill  men.  '.  Roughly  quantitative  tests  show  that  power  supposed 
to  be  consumed  by  the  weight  and  motion  of  various  parts  is  due 
to  the  resistance  of  the  air  to  the  motion  of  the  product ― yarn ― 
through  it.  In  an  ordinary  case  air  resistance  absorbs  an  average 
of  10  per  cent,  and  a  maximum  of  20  per  cent,  of  the  total  power 
required,  these  figures  being  conservative. 

These  amounts  are  hardly  negligible  and  yet  they  are  only 
r'omin'g  into  general  knowledge  among  spinners  tlirough  tests 
made  by  electricians.  It  may  bo  noted  in  passing  that  exact  tests 
on  spinning  frames  demand  a,  regulation  of  conditions  very 
difficult,  to  obtain,  and  that  tlie  difficulty  of  obtaining  exact  results 
is  added  to  by  tlio  lui'ge  niiinl)or  of  bearing  surfaces,  the  frictionaJ 
resistance  of  wliich  decreases  for  some  time  after  starting.  Tho 
variations  occurring  can,  however,  be  followed  more  closoly  with 
the  aid  of  electrical  meters  than  in  any  otlier  manner. 

Another  type  of  meter  deserves  mention,  although  it  may  bo 
considered  electrical  only  in  that  it  employs  electricity  to  over- 
come a  mechanical  difficulty.  The  meter  comprises  a  drum 
driven  by  suitable  clockwork  and  candying  a  paper  chart  (ruled  to 
correspond  with  time)  on  wliich  one  or  more  pens  rest  and  draw  a 
line  or  lines  which  ai'e  interrupted  or  changed  in  position  by  the 
action  of  electro-magnets  in  unison  with  tlie  starting  and  stopping 
of  a  particular  machine  or  machines.  The  meter  will,  therefore, 
indicate  during  what  times  the  machines  connected  to  it  were  in 
use.  Obviously,  it  might  have  been  employed  in  the  test  out- 
lined above  to  have  relieved  the  tester  of  a  part  of  his  observations 
and  have  given  a  more  accurate  result.  Its  value  is  considerable 
in  the  case  of  certain  intermittently  operated  machinery,  such, 
for  example,  as  looms,  pickers,  or  spinning  frames  in  a  textile 
plant.  It  would  be  of  more  utility  than  a  recording  wattmeter 
placed  in  the  foreman's  office  and  connected  by  him  to  different 
machiues  in  turn ― a  plau  wliich  has  been  suggested  as  a  feasible 
one. 

Although  tests  may  be  made  to  determine  the  conditions  under 
which  a  motor  is  being  operated,  it  should  be  remembered  that  the 
motor  is  entirely  secondary  to  the  driven  machinery.  It  is  only 
the  means  by  whicli.  power  is  applied  where  needed.  While  it  is 
important  and  essential  to  knoiiv  if  the  motor  is  being  operated 
and  is  operating  properly,  the  economically  important  facts 
deduced  from  tests  concern  the  driven  machinery.  When  only  a 
limited  range  of  information  is  called  for  the  tester  must  judge 
whether  further  information,  necessarily  acquired,  shall  be 
reported  and  to  whom.  At  the  present  time  it  is  rare  that  the  full 
】nTi(n'ent'  value  of  electric-motor  testing  is  recognised  or  utilised. 


LOCOMOTIVE  BOILER  CORROSION  AND  TREATED  WATER.* 

JJV  'J,  H.  FKANCIS,  CHKMIST,  C. (:.('.  ANJJ  ST.  1"  UY. 

DuHiNG  the  fall  of  1908,  the  writer  at  that  time  being  in 
charge  of  tlie  chemical  work  for  the  company,  locomotive 
boiler  corrosion  of  a  serious  nature  developed  on  the  Peoria 
and  Eastern  division  of  the  Big  Four  Road.  The  division 
referred  to,  as  relates  to  engine  service,  was  divided  at  Indian- 
apolis, " West  End  "  engines  working  between  Indianajjolis 
and  Peoria  (111.),  and  "  Kast  End  "  engines  between  Indian- 
apolis and  Springfield  (Oliio),  except  (hiring  unusually  busy 
periods,  when  engines  were  occasionally  irausi'erred  for  several 
runs  from  on©  district  to  the  other  ；  engines  from  botli  dis- 
tricts, however,  running  into  Moorefield  roundhouse  at 
丄 iidianapolis，  and  taking  water  before  leaving  Imliaiiiipolis  on 
their  runs  from  the  Moorefield  water  softener.  The  latter  was 
a  standard,  Davidson  type  continuous  system  macliine,  using 
lime  and  soda  ash  ia  tlie  usual  manner.  The  water  softener 
referred  to  had  been  in  continuous  service  10  months  prior 
to  the  first  evidence  of  corrosion  troubles^  aud  had  served  as 
the  exclusive  water  supply  for  the  yard  engines  working  in 
Moorefield  yards,  tlie  stationary  boilers  at  Moorefield  shops 
and  roundhouse,  and  the  road  engines,  as  before  stated - 

The  first  evidence  of  corrosion  in  boilers  of  road  engines 
was  reported  under  date  of  October  8th,  1908,  in  the  case  of 
freight  engine  6，  169  on  the  "East  End"  giving  up  her  train  on 
account  of  a  biirsted  flue,  which,  upon  examinatiou,  together 
with  entire  set  of  flues,  revealed  a  bad  case  of  pitting  and  cor- 
rosion. Following  this  experience^  in  rapid  succession,  and 
extending  over  a  period  of  several  months,  engine  failures  due 
to  pitted  flues  were  frequent,  a  total  of  3,335  flues  being 
scrapped  in  1909,  and  1^069  in  1910.  At  about  the  time  of 
the  first  case  in  question,  the  general  foreman  of  the  Moore- 
field sh ops  and  roundhouse  reported  that  an  occasional  nipple 
or  elbow  in  the  feed  pipes  of  the  stationary  boiler  plant, 
between  the  feed  water  heater  and  the  boilers,  had  to  be 
removed  on  account  of  being  honeycombed  by  pitting,  and  that 
this  trouble  had  developed  after  the  installation  of  the  water 
softener,  the  pipes  previous  to  the  installation  of  the  latter 
becoming  limed  up  badly  from  time  to  time. 

Within  a  short  time  after  tliis  report,  yard  engine  G,522, 
which  had  been  in  service  at  Moorefield  yards  and  using  t  reated 
water  from  Moorefield  water  softener  exclusively,  was  taken  to 
the  division  shops  at  Urbana,  111.,  where,  upon  being  over- 
hauled, it  was  found  that  the  entire  set  of  flues  were  pitted  so 
badly  that  they  had  to  be  scrapped.  In  the  light  of  the  above- 
mentioned  cases,  namely  J  road  engines  failing  on  account  of 
pitted  flues,  nipple  aud  elbows  in  the  feed  water  line  of  the 
stationary  boiler  plant  pitting,  and  a  yard  engine  turning  up 
with  an  entire  set  of  flues  useless  on  account  of  pitting,  it  is  not 
surprising  that  suspicion  pointed,  as  the  treated  (softened) 
water  had  been  used  exclusively  or  in  part,  toward  the  wat^r 
softener  ；  in  fact,  it  was  the  only  new  or  unusual  thing  to  be 
found  in  connection  with  the  water  service. 

Upon  investigation,  by  a  process  of  elimination  as  it  were, 
it  was  found  that  the  stationary  boilers  of  the  Moorefield  plant 
were  in  excellent  condition,  with  no  evidence  whatever  of  any 
pitting  or  corrosion  ；  that  the  yard  engine  in  question  liad  been 
ill  service  at  another  point  where  a  hard  water  had  been  used 
before  coming  to  the  Moorefield  yards,  and  that  the  road 
engines  affected  were  confined  to  those  which  were  in  service 
exclusively  or  most  of  the  time  on  the  "  East  End."  Samples 
of  boiler  waters  from  all  engines  coming  into  Moorefield  round- 
house were  then  called  for,  with  the  object  of  noting  by 
chemical  examination  what  difference,  if  any,  existed  in  the 
condition  of  concentrated  waters  of  East  End  '■  boilers  as 
compared  with  "West  End  "  boilers.  These  samples  were 
drawn  at  the  water  gauge  in  a  bucket,  allowed  to  cool,  bottled, 
tagged  as  to  number  of  engine,  East  End  or  West  End,  (lat«d， 
and  forwarded  to  the  laboratory  for  examination.  At  the 
laboratory  the  exaniiiiation  was  conducted  as  follows  : ― 

One  hundred  c.c.  of  the  sample  was  titrated ^vith  phenolp- 
tlialein  indicator  and  normal  ten  hydrochloric  acid,  tlie 
number  of  c.c.  of  acid  required  being  noted  and  the  titration 
completed  with  a  methyl  orange  indicatoi-  ；  the  number  of 
c.c.  of  additional  acid  required  with  this  indicator  being  noted, 

*  Paper  prepared  at  the  request  of  the  committee  on  water  service  of  the 
American  Railway  Kngin*'ering  Association,  and  submitted  at  the  annnal  meeting 
of  the  Association,  iu  Chicago,  March  19th  to  21st,  1912. 
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and  also  the  total  number  of  c.c.  of  add  required  with  botli 
indicators.  For  the  purpose  of  explanation,  we  will  call  this 
operation  the  "  first  step."  Another  100  c.c.  of  the  sample 
was  then  taken,  and  30  c.c.  of  a  10  per  cent,  solution  of  barium 
chloride  added,  with  plienolpthalein  indicator,  and  the  mixture 
titrated  with  normal  ten  hydrochloric  acid,  tlie  number  of  c.c. 
of  acid  required  being  noted  and  set  down  as  the  "  plienolp- 
thalein titration  of  the  second  step. " 

In  arriving  at  results  from  the  above,  the  following  pro- 
cedure was  observed .  If  the  acid  required  with  the  plienolp- 
thalein indicator  in  the  first  step  exceeded  that  required  by 
methyl  orange,  the  difference  was  charged  to  hydrates  and 
reported  in  equivalents  as  sodium  hydrate.  The  amount  of 
acid  required  with  plienolpthalein  indicator  in  the  second  step 
was  compared  with  the  amount  required  with  plienolpthalein 
indicator  in  the  first  step.  If  less,  the  difference  was  multi- 
plied by  two  and  charged  to  alkaline  carbonates  and  reported 
in  equivalents  as  sodium  carbonate.  The  total  acid  required 
by  sodium  hydrate  and  sodium  carbonate  was  then  deducted 

Boiler  Waters,  East  End  Passenger  Engines, 

(Corrosion  occurring.) 

(Note  absence  of  Sodium  Hydrate  in  appreciable  quantity,  and  presence  of 
Sodium  Carbonate  and  Bi-Carbonate. )  . 

Parts  per  100,000. 


Date. 

Engine 
Number. 

Sodium 
Carbon- 
ate. 

Sodium 
•Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate. 

Chlorine. 

October  30,  1908 

7077 

2-12 

0-80 

6-00 

27-00 

October  30，  1908 

7113 

2-12 

0-84 

8-00 

30-80 

October  30.  1908 

7071 

2-12 

0-40 

8-00 

43-00 

Nov.  2,  1908 

7071 

4-24 

4' 20 

2' 00 

35-80 

Boiler  Waters,  East  End  Freight  Engines. 

(Corrosion  occurring. ) 

(Note  absence  of  Sodium  Hydrate  and  pressure  of  Sodium  Carbonate  and 
Sodium  Bi-Carbonate.) 

Parts  per  100,000. 


Date. 

Engine 
Number. 

Sodium 
Carbon- 
ate. 

Sodium 
Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate. 

Chlorine. 

October  31，  1908 

6595 

2*12 

3-36 

1-00 

24-20 

Nov.  2,  1908 

6577 

2-12 

2-52 

5-00 

16-60 

Nov.  24，  1908  . . 

6571 

4-24 

1-68 

5-00 

35*20 

Nov.  24,  1908  .. 

6586 

5-30 

2-52 

3-00 

28-00 

Nov.  24，  1908  . . 

6597 

4-24 

2-00 

29-80 

from  the  total  acid  required  by  both  phenolpthaleiii  and 
methyl  orange  indicators  (the  total  alkalinity),  and  the  diffe- 
rence, if  any,  charged  to  alkaline  earth  carbonates  and 
reported  in  equivalents  as  calcium  carbonate. 

In  case  the  acid  required  with  methyl  orange  in  the  first 
step  was  greater  than  that  required  with  plienolpthalein,  the 
difference  was  charged  to  bicarbonates  and  reported  in  equiva- 
lents as  sodium  bicarbonate.  The  second  step  was  then  con- 
ducted the  same  as  before,  the  sum  of  the  sodium  bicarbonate 
and  carbonate  subtracted  from  the  total  alkalinity,  and  the 
difference  charged  to  alkaline  earth  carbonates  and,  as  before, 
reported  as  calcium  carbonate.  The  use  of  hydrochloric  acid 
instead  of  sulphuric  acid  in  the  titration  is  obvious,  on  account 
of  the  use  of  barium  chloride. 

By  way  of  comment  on  the  above  procedure,  no  claim  is 
made  for  scientific  accuracy,  because  the  steps,  as  outlined,  are 
not  absolutely  accurate.  They  are,  however,  sufficiently  so  to 
serve  the  purpose  to  which  they  were  put,  and  reference  for 
explanation  in  detail  will  be  found  in  "  Sutton's  Volumetric 
Analysis/'  under  '(  Titration  of  Alkaline  Salts."  Hcsides  tlie 
above  figures  on  the  samples,  we  also  titrated  for  the  chlorine 
content  with  standard  silver  nitrate  solution  in  the  usual  man- 
ner, save  th^l  we  first  carefully  neutralised  the  sample  with 
nitric  acid .  The  accompanying  tabulations  are  transoripts  of 
results  of  laboratory  examinations  as  per  above,  of  a  few  boiler 
water  sa】uples. 

It  will  be  noted  that  tlie  average  chlorine  content  of  all 
waters  on  the  East  End  is  about  1*39  parts  per  100,000,  and 
that  they  do  not  vary  a  great  deal.    Comparing  this  average 


figure  with  the  chlorine  content  of  East  End  freight-  engine 
No.  6,571  boiler  water,  reported  above  as  having  a  clilorine 
content  of  35  2  parts  per  100,000,  we  note  a  concentration  of 
about  25  times. 

Attention  is  called  to  this  observation  for  the  reason  that 
where  the  chlorine  content  of  water  supplies  within  a  district 
are  approximately  the  same,  by  comparing  the  average  figure 
with  that  found  in  concentrated  boiler  water  samples,  a  figure 
is  obtained  which  serves  as  an  index  to  the  concentration  of  the 
boiler  water,  and  may  be  used  to  check  up  engine  crews  work- 
ing under  instructions  as  to  blowing  down  of  boilers,  and  to 
check  up  roundhouse  practice  as  to  washing  boilers,  changing 
water,  &c. 

Technical  Analyses,  Water  Supplies,  East  End. 

Station  No.  1. ― Moorefield  treated  、、- ater.  Total  hardness  averaging  less 
than  5  grains  per  gallon  to  standard  soap  solution.  Total 
causticity  averaging  about  3  grams  per  gallon.  Sodium 
chloride  average,  3*  13  grains  per  gallon. 

Water  Stations, 


Station  No.  9.  Springlield,  Ohio,  treated  water,  averaging  same  as  Sample 
No.  1.  Machine  Standard  American  Continuous  System. 
Sodium  Chloride  average,  1  •  00  grain  per  gallon. 

Concerning  the  general  character  of  tlie  water  supplies  of 
the  East  End,  reported  in  the  analyses  above,  as  relates  to  the 
corrosion  experienced,  it  will  be  noted  that  noue  of  them  is 
" acid  water.  "  On  I  lie  contrary,  tliey  are  so-called  alkaline 
waters,  and  two  are  treated  waters,  showing,  as  a  result  of 
treatment,  a  slight  causticity.  Ordinarily  one  would  not 
expect  to  find  corrosion  following  the  use  of  such  waters, 
and  with  corrosion  occurring,  as  it  did,  with  their  use,  it 
is  quite  a  temptation  to  theorise  as  to  the  exact  rau&e  of  the 
corrosion.  By  way  of  comment  it  】iiay  be  stated  that  upon 
chemical  examination  of  corroded  or  pitted  spots  of  sections  of 
affected  flues,  taken  while  yet  moist  and  before  samples  had 
had  time  to  become  oxidised,  the  t'ontent  of  sucli  pitted  vesicles 
contained,  according  to  qualitative  analysis,  ferrous  ion  and 
sulphuric  aiiliydride,  while  on  surfaces  of  other  portions  of  the 
sections,  alkaline  eartli  carbonates  were  in  evidence,  most  of 
the  pitted  ami  corroded  spots  on  the  cleaner  flues  being  univer- 
sally on  the  under  or  lower  side. 

Til  searching  for  a  cause  for  the  corrosion,  no  attention  was 
paid  to  the  composition  of  the  flues  in  us?,  further  than  to 
establish  the  fact  that  the  flues  in  service  on  tliis  division  were 
no  different  from  flues  furnished  other  divisions  of  the  com- 
pany where  no  trouble  was  being  experienced  in  the  use  of 
mixed,  treat-ed  and  untreated,  waters. 

Attention  should  be  called  to  the  fart,  however.  tliat  many 
of  tlie  flue?  affertful  (not  all  of  tlienO  had  In^n  in  use  some 


Grains,  U.S.  Gallon. 
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21-93 

23 

94 

22 

68 

38 

73 

22 

77 
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20 

3 
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68 
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20 

72 
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22 
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18 
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32 

93 

20 

07 
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60 

78 

2 

12 

65 

1 
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1-08 
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35 

60 

99 
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81 
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15 

12 

12 

11-74 

13 
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19 
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80 

14 

93 

6-06 
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3 

36 

2 

95 
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26 

4 

63 
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27 

9 

47 

3 

91 

4 

37 

29 
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99 
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12 

65 

1 

60 

•40 

61 

•29 
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2 

25 

6 

31 

2 

61 
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Volatile   

Fixed  Solids   

Incrustiiig  Solids  

Non-Incrusting  Solids . . 

Composition  of  Incrust- 
ing  Solids,  Hypotheti- 
cal Combinations  : 

Silica   

Iron  Oxide  and  Alu- 
mina   

Calcium  Carbonate  . . 
Calcium  Sulphate    • . 
Magnesium  Carbonate 
Magnesium  Sulphate 
Magnesium  Chloride 

Composition  of  Non-In- 
crusting  Solids,  Hypo- 
thetical Combinations 
Sodium  Chloride  .... 
Sodium  Siilpliate     . . 

Total  Sulphuric  Anhy- 
dride   


22  08 
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time  prior  to  the  installation  of  water  softeners  at  eacli  end  of 
the  district,  and  as  a  consequence  were  heavily  covered  with 
hard  scale,  the  worst  corrosion,  when  appearing  in  the  form  of 
blisters,  in  contradistinction  to  pitted  points,  oi^curring  in  its 
most  active  form  immediately  under  the  edge  of  adherent  scale. 
An  analysis  of  a  sample  of  scale,  showing  : ― 

Per  cent. 


Silica    1'48 

Ferric  oxide    17.47 

Calcium  carbonate    9  32 

Calcium  sulphate    65.92 

Magnesium  oxide    5'62 

Ferrous  ion   Trace 


99-81 

Considering  the  ferrous  ion  and  sulphuric  anhydride 
found  by  qualitative  analysis  of  contents  of  pitted  vesicles,  as 
mentioned,  one  might  theorise  that  the  sulphates  of  the 
alkaline  earths  had  been  broken  down  under  the  influence  of 
carbon  of  organic  matter,  high  heat,  pressure,  &c.，  but  in  the 
examination  of  the  water  supplies  no  organic  matter  in  appre- 
ciable quantity  was  found.  Passing  by  the  exact  cause  of  the 
corrosion,  since,  under  the  conditions  under  which  it  took 
place,  any  explanation  would  of  necessity  be  hypothetical  in  its 
details,  the  remedy  for  counteracting  and  stopping  the 
trouble  was  based  on  the  information  obtained  in  the  chemical 
examination  of  the  boiler  waters  of  West  End  engines  as  com- 
pared to  those  of  the  East  End.    The  West  End  boilers  giving 


Boiler  Waters,  East  End  Passenger  Engines. 
(No  corrosion  occurring  at  this  time. ) 


Date. 

Engine 
Number. 

Sodium 
Carbon- 
ate. 

Sodium 
Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate. 

Chlorine. 

August  12,  1909 
Sept.  3,  1909 

7071 
7081 

3-8 
212 

4-40 
2-80 

1*00 

16-0 
13-0 

Boiler  Waters,  East  End  Freight  Engines, 

During  treatment  of  waters  at  Arcanum  (Ohio),  and  Troy  (Ohio),  as 

mentioned. 

Parts  per  100,000.       Total  of  59  samples. 

Date. 

Engine 
Number. 

Sodium 
Carbon- 
ate. 

Sodium 
Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate, 

Chlorine. 

July.  1909  

Total 

40 
Samples 
From 
0-85 

to 
7-42 

19 

Samples 

From 
0-84  to 
(v72 

5 

Samples 
None 
35 
Samples 
0-16  to 
8-40 

40 
Samples 
3-00 

to 
25-40 

Avof5'43 
19 

Samples 

From 
2-12  to 
9-54 

Av.  2' 81 

Av  14-24 
19 

Samples 

From 
12  00  to 
17-20 

Av.  of 
5-43 

Av.  of 
2-92 

Av.  of 
14-92 

no  trouble  and  being  quite  caustic  in  comparison,  it  was  con- 
cluded that  if  East  End  boilers  had  caustic  in  some  form  added 
by  the'  injection  of  the  same  into  the  raw  water  supplies, 
thereby  keeping  the  East  End  boilers  slightly  caustic  due  to 
" hydrates,"  that  the  trouble,  pending  the  installation  of 
additional  standard  water  softeners,  would  cease. 

This  recommendation  accordingly  went  out  from  the 
laboratory  in  December,  1908，  and  again  in  January,  1909, 
but  on  account  of  diversity  of  opinion  as  to  the  cause  of  the 
corrosion,  some  of  the  official  staff  believing  that  the  Moorefield 
treated  water  was  causing  the  trouble,  the  use  of  the  caustic 
was  not  begun  until  March  5th,  1909.  On  this  date  the  use  of 
caustic  soda  at  the  Arcanum  (Ohio)  water  station  was  com- 
menced, 9  grains  per  gallon,  in  the  form  of  solution,  being 
injected  into  the  delivery  line  from  the  large  pump  discharging 


into  the  wayside  tank.  The  apparatus  used  consisted  of  a 
boiler  feed  pump  having  a  plunger  1 丄 in.  (liar",  which  was 
attached  to  the  large  pump  in  such  manner  that  it  had  a 
stroke  of  3in.  with  each  stroke  of  the  large  pump.  This  small 
pump  was  connected  to  an  iron  tank  having  a  capacity  of 
about  200  gals.,  in  which  the  caustic  soda  solution  was  diluted 
to  the  desired  strength,  and  discharged  into  the  discharge  line 
of  the  large  pump.  It  is  advantageous  to  have  the  line  from 
the  small  pump  enter  the  discharge  line  of  the  large  pump  as 
near  the  tank  as  possible,  on  account  of  the  gradual  deposit  in 
the  pipe  occasioned  by  the  interaction  of  the  caustic  soda  with 
chemical  salts  in  solution  in  tlie  raw  water. 


Boiler  Waters^  West  End  Passenger  Engines. 
(No  corrosion  occurring.) 
  Parts  per  100,000. 


Date. 

Engine 
Number, 

Sodium 
Carbon- 
ate. 

Sodium 
Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate. 

Chlorine. 

October  28,  1908 
October  28,  1908 
October  29,  1908 
October  30,  1908 

l>  »0  GO  1— 1 
卜 CO  l>  l> 

00  O  00  o 
O  (M  O ② 

1— (  OJ  r-(  1— * 

1—  ' 

isii 

8S88 

1 

Boiler  Waters ^  West  End  Freight  Engines, 
(No  corrosion  occurring.) 
Parts  per  100,000. 

Date. 

Engine 
Number. 

Sodium 
Carbon- 
ate. 

Sodium 
Bi-Car- 
bonate. 

Sodium 
Hydrate. 

Calcium 
Carbon- 
ate. 

Chlorine. 

October  28，  1908 
October  29,  1908 
Nov.  24,  1908 

6591 

6584 
6589 

O  4^  00 

1-20 
1-60 
4-00 

o  o  o 

On  May  1st,  1909,  a  similar  outfit  was  put  in  operation  at 
the  Troy  (Ohio)  water  station,  and  four  grains  per  gallon  of 
caustic  soda  were  used  there.  Following  tliese  installations  at 
the  stations  named,  a  passenger  engine  which  had  been  over- 
hauled at  the  shops  and  given  an  entire  new  set  of  flues,  was 
caused  to  double  the  district  until  28,000  miles  had  been  made, 
when  several  flues  were  removed  for  examination.  These  were 
found  to  be  without  any  evidence  of  pitting  or  corrosion. 

During  the  treatment  of  these  waters,  as  mentioned  above, 
namely,  nine  grains  per  gallon  of  caustic  soda  at  Arcanum  and 
four  grains  per  gallon  of  tlie  same  at  Troy,  the  boiler  water 
samples  titrated  as  is  indicated  in  the  accompanying  tabula- 
tion for  East  End  passenger  engines. 

It  is  proper  to  explain  that  the  passenger  engines  on  the 
East  End,  on  their  runs  east,  took  water  at  the  Moorefield 
water  softener,  New  Castle  (Ind.),  Arcanum  (Ohio)  ；  and, 
going  west,  at  the  Springfield  (Ohio)  water  softener,  Troy 
(Ohio),  and  Lynn  (Ind.).  This  being  true,  they  received  a 
larger  amount  of  caustic  soda  in  proportion  to  the  total  amount 
of  water  used  than  did  freight  engines,  which  used  water  from 
all  water  stations. 

It  will  be  noted  that  out  of  59  samples,  35，  or  about  59  per 
cent"  of  them  showed  presence  of  sodium  carbonate  and  sodium 
hydrate.  Five  of  them,  or  approximately  8  per  cent.,  si i owed 
sodium,  carbonate,  but  no  sodium  hydrate.  And  that  19 
samples,  or  about  33  per  cent  . ,  showed  sodium  carbonate  and 
sodium  bicarbonate. 

It  was  believed  at  this  time,  by  reason  of  the  fewer  engine 
failures  on  account  of  flues,  that  under  this  treatment  the 
corrosion  was  under  control.  This  assumption,  however,  was 
likely  not  true,  as  it  afterwards  was  demonstrated  that  the 
corrosion  did  not  entirely  stop  until  a  causticity  due  to 
" hydrates  "  was  maintained  practically  all  of  tlie  time. 

The'  treatment  of  the  waters  at  Arcanum  and  Troy,  in  the 
proportions  already  stated,  was  continued  until  November  1st, 
1909，  when  it  was  reduced  one-half,  on  account  of  complaint 
on  the  part  of  enginemen  that  the  treatment  of  the  water  was 
causing  foaming.  It  developed  later,  however,  that  the  greater 
part  of  these  complaints  was  occasioned  by  an  effort  on  tlie 
part  of  the  enginemen  to  protect  one  of  their  number  who  had 
carelessly  allowed  the  water  to  run  low  in  a  boiler  and  burned 
a  crown  sheet.  This  reduction  in  treatment  lowered  the  per- 
centage of  boiler  water  samples,  showing  the  presence  of 
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sodium  hydrate  so  much  that  the  】najorit'y  of  the  samples 
indicated  the  presence  of  sodium  bicarbonate  instead. 

Within  four  months  after  tlie  reduction  in  the  treatment 
several  engine  failures  on  account  of  pitted  flues  again 
occurred,  and  on  this  account  the  treatment  of  tlie  waters  at 
Arcanum  and  Troy  was  increased  on  June  10th,  1910，  to  the 
figures  as  at  first  used，  following  which  a  systematic  patrol  of 
ihe  district  by  the  road  foreman  of  engines  quieted  the  com- 
plaints on  the  part  of  enginemen  concerning  foaming,  it  being 
very  clearly  demonstrated  that  these  complaints  had  been 
greatly  exaggerated.  Sampling  and  examination  in  the 
laboratory  of  boiler  waters  was  continued  as  before,  the  object 
being  to  raise  tlie  causticity  due  to  sodium  hydrate  until  all 
boiler  samples  showed  the  presence  of  at  least  a  slight  amount. 

This  feature,  was  not  finally  accomi^lislied  until  a  third 
caustic  soda  treating  station  was  established  at  the  Maxwell 
(Ind.)  water  station,  August  12th,  1910，  where  two  grains  per 
gallon  were  injected  into  raw  water  supply.  With  this  addi- 
tional installation  in  operation  no  more  trouble  was  experi- 
enced as  to  samples  of  boiler  waters  failing  to  show  the  pre- 
sence of  sodium  hydrate  in  appreciable  quantities.  This  point 
for  tlie  third  installation  was  &ele(*ted  by  reason  only  of  its  dis- 
tance from  the  other  installations.  The  daily  sampling  of 
locomotive  boiler  waters  and  chemical  examination,  as 
described,  was  continued  for  seven  】nontlis，  during  which  time 
more  tlian  90  per  cent,  of  all  samples  si  lowed  the  presence  of 
two  to  15  parts  per  100,000  of  sodium  hydrate,  along  wit  li 
about  an  equal  amount  of  sodium  carbonate. 

Under  this  treatment  the  corrosion  entirely  ceased  and  no 
more  trouble  on  this  account  was  experienced,  neither  was 
there  any  more  complaint  of  moment  on  the  part  of  engine 
crews  of  foaming  boilers,  the  engiuemen  apparently  having 
learned  better  how  to  handle  the  boilers  under  the  treatment. 
It  is  also  worthy  of  note  that  under  this  treatment  the  boilers 
became  and  remained  clean  and  practically  free  from  scale. 

To  recapitulate,  it  is  desired  to  call  attention  to  the  fact 
that'  between  November  1st，  1909，  and  June  10th,  1910，  wlieii 
the  treatment  was  reduced,  with  corrosion  reoccurring  as 
already  stated,  that  tlie  freight  engine  boiler  waters  did  not 
show  the  presence  of  sodium  hydrates  in  appreciable  amounts 
with  any  regularity.  They  did,  however,  show  the  presence  of 
small  quantities  of  sodium  carbonate  and  bicarbonate.  It  is 
desired  to  emphasize  this  point  because  of  the  fact  that  only 
after  a  sufficient  quantity  of  caustic  soda  had  been  added  to 
show  an  appreciable  amount  in  the  concentrated  boiler  waters, 
(lid  we  succeed  in  stopping  the  corrosion. 

It  is  also  worthy  of  note  that,  in  the  use  of  the  caustic  soda, 
wo  at  no  time  used  an  amount  so  large  as  the  equivalent  of  the 
lialf-bound  <;;irbonic  acid  of  the  alkaline  earth  bicarbonates  in 
the  waters  naturally.  Therefore  it  must  have  followed  that 
the  caustic  soda  so  used,  when  injected  into  the  raw  waters, 
became  sodium  carbonate,  and  that  it  was  finally  hydrolised 
within  the  boiler  and  partially  reconverted  into  "  hydrate."' 

The  question  naturally  arises  at  this  point  why  sodium 
carbonate  (soda  asli)  would  not  have  done  just  as  well  as  sodium 
hydrate,  since  it,  is  obvious  that  tlie  latter  when  added  to  the 
raw  water  first  be<:ame  sodium  carbonate  and  afterwards  was 
ill  part  reconverted  by  hydrolysis  into  "  hydrate."  In  our 
opinion  this  probably  would  liave  been  the  case,  since  it  is 
clear  that  sodium  carbonate  and  sodium  bicarbonate  are 
partially  liyd rolised  within  a  boiler.  This  point  is  again 
clearly  brought  out  by  reference  above  to  the  titration  of  West 
End  boiler  water  samples  from  passenger  engines.  These 
samples,  showing  from  seven  to  18  parts  per  100,000  of  sodium 
hydrate,  along  with  a  slightly  larger  amount  of  sodium  carbo- 
nate, and  being  accounted  for  only  by  the  fact  that,  in  addi- 
tion to  the  treated  water  taken  at  the  Moorefield  shops,  two 
raw  waters  on  the  West  End  carry  sodium  bicarbonate 
naturally,  one  of  them  about  four  parts  per  100,000  and  the 
other  eight  parts  per  1 00,000,  the  presence  of  the  sodium 
hydrate  occurring  on  account  of  the  partial  hydrolysis  of  the 
same  witluu  the  boiler  during  concentration. 

In  our  opinion,  the  features  worthy  of  note  coiu'erning  the 
above  experience  consist  in  part  of  the  troubles  which  may 
follow  tlie  installation  of  standard  water  softening  or  treating 
apparatus  where  all  of  the  waters  witliin  a  district  are  not 
treated  ；  also,  in  tlie  importance  of  chemical  laboratory 
examination  and  control  of  boiler  waters,  where  corrosion,  as 
described,  is  being  experienced,  the  features  of  sm'h  roiitrpl 


aiming  to  maintain  within  the  boilers  a  causticity  due  to  the 
presence  of  "  hydrates  "  in  an  appreciable  amount,  and  that 
whether  sodium  hydrate  or  soda  ash  be  used,  that  it  be  used  in 
sufficient  quantity  and  so  distributed  that  boiler  water  samples 
upon  chemical  examination  show  an  appreciable  amount  of 
causticity  due  to  "  hydrates."  This  plan,  in  our  opinion, 
ensures  a  sufficient  treatment  to  counteract  the  "  permanent 
hardness  "  of  all  waters  used,  therefore  controlling  ordinary 
corrosion  troubles,  and,  doing  so  without  using  an  undue  excess 
of  reagent,  thereby  guards  against  any  unnecessary  aggrava- 
tion of  foaming  troubles,  due  specifically  to  exressive 
treatment. 


INDUSTRIAL  AND  TRADE  NOTES. 

French  Railways.  ―  I  he  total  ItMif^tli  ol  lino  in  operation  in 
l''r:m<,e  at  the  close  of  1911  was  37,01C  miles,  of  which  708  miles 
u ort?  I'roii 卩 lit  into  、、- ("'kiiig  l:ist  year. 

United  States  Rail  Production  in  1911.  —  Accoicliiig  to  statistics 
prepared  by  the  American  Iron  and  Steel  Association,  the  total 
rail  production  in  the  United  States  during  1911  was  2,822,790 
tons,  as  rompared  witli  :V""，0:U  tons  in  1910，  a  (lofroa.S(»  of 
818/241  ions,  or  over  22  per  cent.  Of  tho  1911  production. 
1,138, (； 丄' }  tons  were  made  by  the  I^essonier  proooss,  :in<l  1 .07().92^ 
t"iis  ])}'  tlie  opoii  Ilea r til  process. 

Welsh  Tinplatc  Trade. -  - At  the  annual  joint  couiVnMico  (>" 
22n(l  i  nsi.  at  Su  iuisea  of  the  in:ist!*rs  and  inon  iit 
the  South  Will  OS  linplatt>  trade,  w  liicli  (Miiploys  28,(K)()  j)ooi)I*\ 
several  minor  claims  were  arrangod,  I, tit  in  vww  of  the  stoppage 
through  tlie  coal  strike,  tlie  j^eneral  claim  for  10  per  cent,  increast* 
was  not  pressed,  on  tho  Tindorstandin^  tliat  the  men  could  raise 
tlie  ma  iter  any  time  (Iming  tlio  year  on  <j;iviiio;  notice. 

A  Large  Crane. ― A  large  travelling  crane  has  just  been  completed 
i).v  JVlessrs.  C  owan,  Sheldon,  &  Co.,  Carlisle,  for  a  fVm'ign  dook- 
y;u'(l.  A  feature  of  the  criiiie  is  that  it  lifts  its  ni:ixiimini  load 
:it  tho  la  roe  radius  of  ]25ft.  and  travels  with  it  'suspended  at 
that  radius.  Tho  hoiglit  from  tJie  ground  level  to  the  top  ot  tlu* 
jif)  is  1 70rt.  Tho  primary  list*  of  the  r-raiie  is  for  placing  at  nimir 
； 1  ihI  fittin;j;s  (HI  hnttlo-sliips. 

Automatic  Telephony.  ~ -  Tho  automatic  t (小' plmne  systom  at 
l^^.psoiu  ouiiio  into  opei'iition  a  iow  clays  ago.  This  is  the  first 
puMic  oxporiment  with  tho  automatic  "'l(、phone  in  tho  Hritish 
Isles.  The  Htrowger  Automatic  System  is  the  one  adopted,  and 
is-  of  American  origin.  Undor  it  tho  meter  does  not  record  a 
fliarge  against  the  person  telephoning  until  the  required  snU 
s('ril">r  has  answered.  Tlio  uvw  systoni  Avill  slioitiv  he  installed 
also  at  ('atorliam  atul  for  tlio  (iov("'m""iit  dcpartnients. 

Apprentice  Engineers'  Institute. ―  Tho  Clyde  Moflol  Kiijrinoorinjx 
； nul  l^ilectrical  Instil ute  was  loi  niod  on  ^lay  13th  with  the  ol)ject 
ot"  assisting  a  pp  rent  ice  eni;iiietM*.s  to  develop  their  ideas  as 
mechanics  l)y  ]>rovi(lin'i;  tlu'in  with  a  suitaMe  workshop  Oipiippod 
with  modern  inacliiiiory.  Tli(»  i out  of  promises  and  tlio  initial 
oost  of  tlio  plant  is  ostiniatod  ahout  1 1  U  ).  This  sum,  it  is  expected, 
will  1)0  realised  b\-  donations  from  local  engineers  and  isliij)- 
I)uiIclors  added  to  tho  members'  subscriptions.  The  sohenie,  it  is 
:i nU('ip;it('(l,  will  l)e  in  optM  at  ion  al)out  the  beginning  of  Ai!gust. 

Humphrey  Pump  at  Wapping. ― For  the  purpose  of  oxperiinont 
and  doitioiistration  the  Hydraulic  Eiigiiun^ring  Company,  of 
l*iilaco  Chambers,  Westminster,  have  installed  at  tiie  pTUiipin«r 
station  of  the  London  Hydraulic  Power  Company,  Wappinp;,  a 
Hiunphrov  pump  of  the  4-c,v('lo  type,  which  is  boing  rim  with 
town  <>;as.  The  pump  has  a  21in.  ba nol  aiul  a  play  pipe  loin, 
din  111.    Tho  lift  is  2oft.,  and  tho  discharge  <:alis.  pt»r  mimjto. 

The  r:it(、  of  working  is  ahoul  13  cyclos  per  miiuitt*.  The  luiildors 
w  ill  be  gl;Kl  to  show  the  puiup  in  operation  to  those  interested. 

Mining  and  Smelting  Plant  in  New  Zealand.  ―  It  appears  that 
stoi>s  a IV  hoi n. Li.  taken  to  dcvt'lop  tlio  Oiiakaka  "(m  lit、l(l  at  GoldtMi 
Hay,  >i>lson,  N e \v  Zealand,  whicii  is  estimated  to  contain  con- 
siderably over  22,500,000  tons  of  iron  ore  of  first -class  quality. 
】t  is  intended  to  erect  blastl'urnacos,  at  a  cost  of  from  £75,000  to 
L 80. 000,  for  the  manufacture  of  pig  iron.  The  property  is  situated 
on  tlio  coast  at  a  point  wlioro.  it  is  stat^^d,  the  largest  ve^ssels  can 
lie  close  in,  and  tho  elovatiou  of  the  niiiio  will  ； illow  ordina ry 
qua  rryiiig  a  ml  transport  by  gravitation  to  furnaces  and  wharves. 
Coal  and  lime  are,  it  is  stated,  also  found  in  close  proximity. 

Railway  Electrification  in  Australia. 一 Th'、  Ageut-Genoral  for 
Vi'  t 山 a  is  askiiiu  lor  toiulc  rs  for  ciMlain  plant  in  connection  with 
tlie  electrification  of  the  Molbourno  Suburban  Railways.  This 
I  >  la  lit  includes  turbo-alternators  and  transformers,  siih-station 
ociuipineiit,  electrical  oquipiuent  of  coaches,  boilers  and  Iwilor- 
liousp  eqnipinont,  and  coiulonsinj^  plant.  The  c<»nMiItin;i  cMigi- 
iioers  a ro  Messrs.  Merz  iV  MtLi'llan,  28,  Victoria  Street ,  West- 
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minster,  S.W.  Tenders  are  to  be  delivered  not  later  tliaii  June 
4th,  1912.  t  )  tlie  Ao;eiit-(J(Mioial  For  V ictoriji,  Alelljom-nc  IM;i('('， 
Strand,  W.('"  from  whom  specifications  and  Forms  (>i.  t<'nd('r  may 
be  obtiiiued. 

Oil  driven  Cargo  Vessel. ― There  was  l;uint'h('(l  a  few  days  ago  by 
Messrs.  Kaylton,  Dixon,  <fe  Co"  Middk、slm)iigl"  the  '*Evoston,"  the 
first  oc'eau-gohig  cargo  vessel  hnilt  in  this  country  with  a  singlo- 
screvv  Diesel  engine.  The  vessel  has  a  gross  tonnage  of  3,150  tons, 
with  a  deadweight  capacity  of  about  3^100  tons.  Her  propelling 
machinery  is  designed  to  give  her  a  speed  of  about  10  knots,  and 
consists  of  ； I  Ca vels - Wostga rth  2- stroke  marine  Diesel  engine  of 
1,000  li.p.，  built  by  Mt\ssrs.  Richarclsons,  AVest<j;arth,  &  Co.,  and 
having  four  cylinders  20iii.  diaiii.  with  a  stroke  of  36in.  Steam 
from  two  large  donkey  boilers  is  used  for  the  steering  gear  and 
cargo-handling  machinery.  The  same  builders  have  just  com- 
pleted a  sister  ship  driven  by  ordinary  reciprocating  steam 
engines,  and  a  comparison  of  the  working  results  obtained  from 
the  two  vessels  on  service  should  yield  valuable  information.  Tlio 
fuel  consumption  of  tlie  oil-propelled  vessel  is  calculatod  at  foiu" 
tons  £1  day,  and  that  of  the  steam-driven  one  at  15  tons  a  day. 
Therefore  for  a  voyage  of  30  days  the  latter  must  carry  4-50  tons 
of  coal,  while  the  former  needs  only  120  tons  of  oil，  and  thus 
can  take  330  tons  more  cargo.  The  weight  of  her  machinery  is 
also  (38  tons  less. 

The  Miners'  Federation  and  the  Working  of  the  Minimum  Wage  Act. 
― As  、、- as  generally  anticipated,  the  decisions  of  some  of  the 
Wa^es  Boards  appointed  under  the  Minimum  Wage  Act  are  not 
meeting  with  the  approval  of  the  miners,  and  at  a  meeting  of 
the  Federation,  held  in  London  on  the  22nd  inst.  to  consider  the 
matter,  the  following  resolution,  as  drawn  up  and  recomniended 
l)y  the  Executive  Committee,  was  submitted  and  canned  :  ' '  This 
conference,  having  received  tlie  report  of  the  work  clone  liy  the 
various  district  boards  where  decisions  have  been  given  under  the 
Minimum  Wage  Act,  regrets,  notwithstanding  the  many  declara- 
tions of  the  Prime  Minister  and  his  colleagues  that  the  least  mini- 
mum rate  of  wages  to  be  paid  for  adult  underground  workers 
should  be  a  reasonable  living  Avage,  we  have  a  number  of  awards 
win  oil  fix  tlie  minimum  wage  tor  underground  adult  workers  at 
less  than  a  reasonable  living  wage,  and  also  that  in  some  cases 
chairmen  have  refused  to  take  into  consideration  the  average 
wa^e  caruecl  by  piece  workers  when  defining  the  action  of  Section 
2，  pa r .  2，  of  the  Minimum  Wage  Act.  This  conference  hereby 
records  its  strongest  protest  against  these  awards,  and  calls  upon 
the  Government  to  tak?  such  immediate  action  as  will  remedy 
tlie  defects  complained  of.  Tlie  conference  instructs  the  Execu- 
tive Committee  to  ask  for  an  interview  Avitli  the  Government,  and 
that  a  further  conference  he  held  without  delay  to  I'oceive  the 
rrpr>rt  of  the  deputation.''  It  was  then  left  to  tJv^  Executive 
Committee  to  fix  the  date  of  the  next  mt^etiiig. 

Reduction  in  Postal,  Telegraph,  and  Cable  Rates. ― The  Postmaster- 
CtMieral,  in  his  estimates  submitted  to  the  House  of  Commons  a 
few  days  ago,  presented  same  interesting  iiitormatiou  respecting 
tlie  work  of  his  department.  He  stated  that  the  GJovei'ument 
contemplated  making  ii  tube  railway  of  their  own  runiiiiig  east 
and  west  to  carry  mails  and  parcels.  Within  the  next  few  weeks 
lie  hoped  to  reduce  the  postage  rates  for  parcels  sent  abroad.  The 
tolegrapli  business  had  received  a  great  deal  of  attention,  and 
many  reforms  and  impro\'enients  had  been  effected.  He  proposed 
"、 introduce  shortly  two  reforms— one  consisting  of  night  tele- 
jyrams  at  very  cheap  rates  dispatched  during  the  night  when  the 
wires  were  not  busy.  It  would  come  into  force  on  June  1st. 
Tile  other  reform  was  an  extension  of  tho  time  for  the  issue  of 
reply  telegraph  forms  from  2  to  12  months.  Mr.  Samiiel  also 
referred  to  the  reduction  which  had  been  made  in  the  cablo  r;xtes 
and  to  the  proposed  wireless  telegraph  system  linking  up  the 
whole  of  the  Colonies.  He  was  also  ('(mtemplatiiig  the  estal)lish- 
nieut  of  a  triple  rate  system  l)et\veeii  this  conutrv  and  the  Om- 
tinent,  as  at  present  British  business  iiiou  were  at  some  disad- 
vantage compared  with  their  competitors  on  the  Continent,  wliere 
the  system  was  in  operation.  He  hoped,  also,  to  reduce  the 
charge  for  telophoiie  communication  to  i\、ris，  and,  in  the  course 
of  time,  that  good  cominunication  would  he  secured  between  Lou- 
don  and  Berlin.  The  trunk  telephone  system  had,  lie  said,  made 
t'liormous  progress  (liu  hijz;  tlio  past  few  years,  and  lie  proposed  to 
s])end  nearly  £1  ,()0(),()(KJ  during  the  current  year  on  further  work, 
including  an  underground  programme.  On  tlie  whole  telephone 
system  he  proposed  to  spend  £2,600,000,  and  felt  sure  that  the 
revenue  and  the  trade  would  respond  to  this  increased  expendi- 
ture. 

Railway  Accidents  and  Casualties. ^ The  Board  of  Trade  has  just 
issued  a  blue- book  containing  a  summary  of  accidents  and  casual- 
ties on  the  railways  in  the  United  Kingdom  during  the  three 
months  ended  December  31st,  1911.  The  number  of  persons  killed 
and  injured  in  the  course  of  public  traffic  was  285  and  2,201 
respectively,  as  compared  with  284  and  2,279  in  the  corresponding 
period  of  1910.  Includinjz;  accidents  in  whicli  no  personal  injury 
was  sustained  there  were  reported  five  collisions  between  pixs- 
.sonjj;er  trains  or  parts  of  passenger  trains,  IG  collisions  between 
l);isst、ngt、r  ti;iins  and  goods  or  mineral  trains,  lio;ht  oiigiiu、s，  iV'c. ； 
17  oollisioMs  l)otwoen  floods  t rains,  parts  of  goods  trains,  light 


f、iigine-s,  I'feo.  ；  two  collisions  hetwctMi  trains  and  vcliicles  standing 
ioul  of  tlu*  lino,  iiino  collisions  Ixdwooii  trains  and  buffer  stops  oj* 
\(^liicies  staiidiiifj;  aj^ainst  l)uffor  stops,  of  which  tliive  、vere  caus(?cl 
by  trains  running  into  stations  or  sidings  at  too  high  a  speed,  and 
six  were  due  to  other  causes  ；  three  cases  of  trains  coming  in  con- 
tact with  projections  from  other  trains  on  parallel  lines,  12  cases 
of  passeii<i;(*r  trains  or  parts  of  ])jissenger  trains  leaviii^^  the  rails, 
58  cases  oi"  goods  trains  or  pa rts  of  ^oorls  trains  or  light  eiiKi'i*'^ 
leaving  tlio  rails,  8f;  casivs  oi  tr;i  ins  nil)  ii i ii^  tiiron^li  ^atcs  at  U'\  <*I 
crossings  or  oUi'u'  obstnu't ions,  and  '20  easels  of  ftivs  in  tr;i ins  or 

Shipyard  Wages.  ―  A  conference  between  representatives  of  tlio 
Slii[)l)uildin«i;  Kmployers'  Federation  and  the  Shipyiird  Trjulc; 
【丁 iiions  met  in  Kd'iu  bur^h  on  tlio  *22jid  inst.  to  consider  various 
matters  of  importiuice  to  the  mcMi  en^;i<^(»d  in  tho  inclustj'v.  Tli<' 
outstanding  result  of  tho  day's  negotiations  was  that  tlie  ship- 
yard trades  will,  subject  to  a  recommendation  being  accepted, 
receive  another  advance  of  wages  three  months  henco.  This  of 
itself  is  evidence  of  the  continued  prosperity  of  the  shipbiiildint^ 
tr;i(le，  remembering  that  two  advances  wore  granted  last  year ― 
one  in  the  spring  and  the  otlier  in  the  iiutimin.  The  official  re- 
port  to  the  Press,  given  l)y  the  joint  secrotarios  of  the  Foderatioii, 
was  as  follows :  "In  the  terms  of  our  agreenidit,  tho  general 
position  was  discussed  with  respect  to  the  wages  question.  Thoit* 
w  as  an  agreement  arrived  at  to  mutually  recommend  our  resp(»c- 
tivc  constituents  that  an  advance  of  5  per  cent,  on  piece-work 
and  one  shilling  per  week,  or  a  farthing  per  hour,  whore  pay- 
ment is  made  by  the  hour,  come  into  force  three  months  fro 川 
this  day.  An  application  for  a  special  advance  of  4  per  cent, 
on  behalf  of  riveters  was  declined.  An  application  for  a  reduc- 
tion of  working  hours  to  48  per  week  was  discussed,  and  the 
omployers  intimated  that  they  could  not  entertain  it.  Tho  appli- 
cation of  Clyde  sawmillers  was  further  considered,  and  a  fornior 
offer  hy  the  employers  was  renewed,  but  the  workmen's  represen- 
tatives said  they  were  unable  to  recommend  its  aofeptaiico.  So 
far  as  this  latter  question  is  concerned ,  the  macliiiicry  niHlcr 
the  National  Agreement  is  exhausted." 


THE  PROPULSION  OF  SHIPS. 

At  a  recent  meeting  at  the  Institute  of  Naval  Archi- 
tects, Mr.  A.  E.  L.  Cliorlton,  of  Messrs.  Mather  &  Piatt, 
Ltd.,  dealt  with  some  of  the  questions  that  liad  been 
raised  as  to  tlie  utilisation  of  gas  power  for  the  propulsion  of 
ships.  One  of  the  main  difficulties,  he  said,  consisted  in  find- 
ing an  engineer  who  could  design  the  whole  plant  and  who  had 
had  the  proper  experience  both  with  producers  and  engines. 
His  own  practical  experience  had  been  gained  in  connection 
with  a  set  of  600  li.p.,  which  was  designed  and  built  complete 
in  every  respect.  The  engine  was  a  3-crank  2 -cycle  engine 
with  a  cellular  producer.  The  engine  exliaust  was  used  to 
raise  steam  in  a  donkey  boiler  for  the  auxiliaries.  This  steam 
was  used  with  a  small  dynamo  in  order  to  drive  the  auxiliary 
plant  electrically,  so  that  the  whole  auxiliary  power  was 
obtained  from  the  heat  of  the  exhaust  from  the  engine.  Each 
part  of  the  complete  plant  was  designed  by  the  same  people, 
consequently  each  part  bore  the  correct  relation  to  the  others. 
The  trials  indicated  a  number  of  difficulties,  but  tliey  were  all 
successfully  overcome.  Mr.  Chorlton  then  proceeded  to  detail 
the  minor  difficulties  to  which  he  alluded ― the  reversibility 
and  tlie  ignition ,  and  he  explained  the  means  by  which  they 
were  overcome.  To-day  ignition  presented  no  difficulty  and 
gas  engines  would  reverse  as  well  as  any  other  engine.  He 
emphasized  the  special  features  of  the  2 -cycle  engine,  and 
explained  the  great  advantages  of  the  new  type  over  the 
4-cycle  engine  which  was  at  one  time  invariably  used .  To  be 
able  to  reverse  a  marine'  engine  rapidly,  and  to  run  slow,  was; 
of  course,  essential.  A  gas  engine,  therefore,  would  have  to 
fire  at  the  first  and  every  stroke  at  all  speeds  to  fulfil 
these  conditions.  In  that  respect  the  4-cycle  engine  was 
at  a  disadvantage,  for  the  variation  in  the  resistances  of  the  gas 
and  air  passages  at  different  speeds  made  it  difficult  to  draw  in 
accurate  mixtures  at  all  speeds,  particularly  slow  ones,  that 
would  fire  satisfactorily  and  with  certainty.  With  2 -cycle 
engines  the  mixtures  were  invariable  at  any  speed.  His  firm 
had  installed  2 -cycle  engines  for  driving  mills  in  which  the 
engine  was  started  against  tlie  load  without  a  clutch.  That 
was  more  difficult  than  in  ship  propulsion,  because  there  was  a 
dead  weight  to  oppose  and  the  first  stroke  had  to  begin  to  drive 
the  mill.  He  expressed  the  opinion  that  too  much  attention 
was  just  now  being  given  to  tlie  Diesel  engine  to  the  neglect  of 
the  gas  engine.  In  view  of  the  fact  that  our  natural  fuel  was 
coal  and  not  oil,  it  appeared  foolish  to  neglect  the  engine  which 
used  such  coal  and  to  specialise  in  those  that  used  oil,  especially 
when  the  cost  of  coal  was  but  10s.  per  ton  against  60s.  or  more 
for  the  oil  ；  or,  taking  their  thermal  values,  3  to  1  in  favour 
of  coal . 
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NEW  PATENTS. 

Specifications  of  the  ]ollowin(j  art  now  pithl'ished,  and  ive  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester, 

MECHANICAL  1910. 
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Propulsion  of  sea-going  vessels.     Fox  S:  Zohrab.     52 4G. 
'I'urhines.    Corthesy.  10715. 
Valvos.    Money.  i0815. 

Hydra II lie  or  other  high-pressure  piston  valves.    Shields.  10838. 
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V  ;i  1 V  es .    1'，  a  rrer .    1 3(  )59 . 
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，，         w  ire,  according  to  sizes,  kc  from  1 02/- 
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，，       ，，      (solid  drawn)   Oil.  " 

，，       ,，      w'we   S§<1.  " 
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Iron.  Cleveland   ：>3/1<»\  ，• 
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Lt-ad.  English    £17/-/-  " 
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Tin,  block   £200/10/-  ,, 

Tin  plates    14/0  ，, 

Zinc  sheets  (Silesiun)   £29/-/-  ，， 

，，  (Stettin  ；  Vieille  MontAgne)   £2!»/7/';  ，, 
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Mill  Driving. 

Mill  d  riving  in  Lancashire,  and  to  a  less  extent  iii  Yorkshire 
ami  some  other  districts,  is  a  matter  of  great  interest  outside 
as  well  as  within  engineering  circles.  Five  years  ago  Lanca- 
shire was  plunged  into  a  series  of  discussions  as  to  the  relative 
merits  of  various  methods  of  driving  textile  mills.  The 
fiercest  recriminations  raged  between  the  advocates  of  the 
existing  reciprocating  engine  and  rope  drive  and  the  sup- 
porters of  electric  driving,  although  the  gas  faction  and  1  he 
Diesel  nieii  somewhat  vainly  endeavoured  to  obtain  a  lieariiig 
for  their  claims.  Two  technical  societies  essayed  to  solve  the 
problem  and  both  burned  their  fingers.  The  first  was  the 
Bradford  Engineering  Society,  which  appointed  a  co 画 liUee 
to  investigate  and  report.  The  report  was  generally  in  favour 
of  the  existing  method  of  driving  from  a  reciprocating  engine 
by  ropes  on  to  the  various  line  shafts  of  the  mill,  but  the  report 
lost  something  in  value  because  the  electrical  members  of  tlie 
coniinittee  refused  to  sign  it  and.  instead,  rather  questioned 
the  good  faith  of  those  who  did.  Whatever  the  merits  or 
demerits  of  this  dispute  it  was  certainly  most  unfortunate  from 
the  point  of  view  of  those  who  wished  sincerely  to  learn  the 
true  facts  aii(]  to  have  an  unbiased  expert  report  upon  them. - 
The  second  aUemi)t  was  made  by  tlie  Institution  of  Electrical 
Engineers,  which  induced  the  Textile  Institute  to  form  a  joint 
committee  of  investigation.  That  committee  has  recently 
been  disbanded  because  it  was  found  that  millowners  ami  mill- 
wrights objected  to  the  constitution  of  the  committee.  No 
doubt  the  objection  was  in  large  pa rt  due  to  a  natural  dis- 
inclination to  give  away  manufacturing  and  technical  informa- 
tion. Still,  tlie  re  can  be  no  doubt  that  the  constitution  of  the 
committee  was  improper.  It  is  not  a  right  thing  that  a  body 
of  men  who  are  seeking  to  carry  a  certain  position  slioulfl  rail 
a  judicial  enquiry  and  through  their  technical  institution  con- 
stitute themselves  lialf  of  the  jury  and  judicial  bench.  Such 
met  hods  are  rep iignant  to  honest  men. 

The  abandoiuueiit  of  the  Textile  Institute  ami  Electrical 
Eugineers'  comuiitlee  fortuuately  does  not  mean  the  complete 
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cessation  of  all  investigation  and  discussion  of  the  problems  of 
mill  driving.  At  its  autumn  meeting  the  Textile  Institute  has 
arranged  for  papers  on  steam,  electrical,  gas,  and  oil  methods 
of  driving.  Some  criticism  was  called  forth  by  the  name  of 
the  author  of  the  paper  on  steam  installations,  but  it  appears 
that  this  paper  is  not  a  defence  of  the  existing  system  and  that 
apparently  no  such  paper  has  as  yet  been  arranged.  It  is  to 
be  hoped  that  a  competent  defender  will  be  found,  as  a  trial 
with  life  itself  at  stake  in  which  the  accused  was  not  defended 
would  hardly  seem  desirable.  The  blame  for  the  unfortunate 
bickerings  which  have  marked  these  mill-driving  discussions  of 
late  does  not  rest  wholly  with  the  advocates  of  electrical  and 
other  now  methods  of  driving.  It  is  a  perfectly  natural  and 
legiliiiKite  thing  that  these  people  should  work  for  the  success 
of  their  own  meiliods,  and  they  have  made  sufficient  progress 
in  Mie  practical  application  of  these  methods,  especially 
elec'tric  driving,  to  justify  a  careful  review  of  the  position. 
Such  review  an  ay  take  the  form  of  a  discussion  between  rival 
advocates  or  it  may  take  the  form  of  an  enquiry  by  a  capable 
and  unbiased  committee.  Of  discussion  there  has  already 
been  a  respectable  amount  and  it  has  advanced  the  subject 
considerably  during  the  last  five  years.  Enquiries  so  far  have 
failed,  either  one  side  or  the  other  averring  that  the  particular 
ciujuiry  was  prejudiced,  and  we  seem  to  be  thrown  back  once 
agaiu  ou  verbal  discussions.  We  do  not  propose  to  review 
judicially  the  relative  advantages  of  the  various  methods  of 
driving  now  being  advocated,  but  it  may  be  helpful  to  briefly 
indicate  the  salient  features  of  the  present  position. 

The  accepted  method  of  driving  a  cotton  spinning  mill  is 
by  ropes  from  the  fly  pulley  of  a  reciprocating  engine  in 
second- mot i(m  pulleys  on  the  line  shafts  of  the  mill.  In  the 
case  of  a  weaving  shed  tliere  is  usually  only  one  main  second - 
motion  pulley  and  its  line  shaft  drives  a  series  of  cross  shafts 
by  bevel  gears.  The  advocates  of  gas  and  oil  for  the  iiiosl-  pa rt 
propose  io  rejilace  the  steam  engine  by  an  internal-combustion 
engine,  but  not  materially  to  alter  t he  rope  drive  and  the  mill 
gearing.  In  some  cases  it  is  proposed  to  employ  the  engines 
siin])ly  to  generate  electricity  and  then  to  drive  the  mill  on  one 
or  other  of  the  electrical  systems.  One  electrical  system  pro- 
posed merely  requires  the  present  steam  engine  to  be  replaced 
by  a  large  electric  motor,  but  this  system  has  not  received 
much  support.  Two  electrical  systems  have  received  a  good 
(leal  of  support .  One,  usually  called  the  group  system, 
involves  driving  the  several  line  shafts  of  llio  mill  by  separate 
motors,  but  not  modifying  seriously  the  mill  gearing  apart 
from  the  rope  race.  The  other  system  comes  as  near  to  a 
separate  motor  for  each  individual  machine  as  is  practical.  In 
couiiectioii  witli  the  electrical  systems  there  is  some  discussion 
as  to  th*e  type  of  generating  plant  and  whether  or  not  the 
fulvantages  lie  with  a  supply  of  current  from  outside.  The 
j)i*ol)leni  of  the  source  of  supply  is  largely  a  matter  of  cost  and 
of  course  no  rigid  rule  can  be  laid  down,  but  in  general  a  mill 
ran  generate  more  cheaply  than  it  can  buy.  Here,  however, 
difficulties  in  raising  capital  may  suggest  an  outside  supply 
even  at  some  little  sacrifice  in  the  cost  for  energy. 

The  defendant,  in  the  case  is  of  course  the  reciprocating 
steam  engine  combined  with  the  rope  drive.  Four  lines  of 
attack  may  be  followed,  viz.,  cost,  quality  of  output,  quantity 
of  mill  output,  and  convenience.  On  tlie  question  of  cost 
there  seems  little  doubt  that  tlie  reciprocating  engine  can  at 
least  liold  its  own  with  the  turbo-eleotric  system,  and  before 
the  recent  advances  in  turbine  economy  were  made  there  was 
certainly  a  marked  advantage  iti  favour  of  the  existing 
arrangement.  So  far  as  cost  is  concerned  the  fiercest  struggle 
will  probably  be  with  the  gas  engine.  Cotton  mill  conditions 
in  Lancashire  are  uot  favourable  to  the  gas  engine,  but  even  so 


it  can  make  a  good  showing  ou  this  point  .  The  oil  engine  is 
generally  in  a  less  favourable  position.  As  a  matter  of  con- 
venience the  existing  system  is  probably  best  off  and  the 
electrical  system  with  outside  supply  in  the  next  best  position. 
Internal-combustion  engines  were  formerly  backward  in  this 
respect,  but  have  progressed  rapidly  during  the  last  year  or 
two. 

The  real  struggle,  however,  lies  between  the  steam  rope 
drive  and  the  electrical  drive  and  the  issue  turns  mainly  upon 
the  question  of  output.  The  advocates  of  electricity  claim 
t hat,  especially  if  current  is  obtained  from  a  turl>ine-(lriveii 
generator,  they  obtain  a  steadier  drive  and  tliat  as  a  result  a 
higher  spinning  or  weaving  spe^d  can  be  aclopt^l  with 
resultant  increased  output,  and  tliai  the  quality  of  the  product 
is  better.  The  defendants  of  the  accepted  system  deny  the 
justire  of  these  claims,  and  botli  sides  can  produce  some 
evidence  in  support  of  their  respective  contentions.  Nothing 
like  sufficient  evidence  is  available  to  justify  a  doginati** 
summing  up.  It  is  a  niatter  of  coiinnon  knowledge  that  good 
sj)iinii.iig  requires  steady  driving,  and  in  a  less  degree  the  same 
is  trU3  of  weaving.  There  is,  however,  a  limit  to  tlie  practical 
advantage  of  steadier  driving,  aud  the  question  remains 
unsettled  as  t  o  whether  or  not  that  limit  has  yet  beeu  reacherl 
ill  the  best  rope  drives.  Furilier,  it  remains  to  be  proved  tliat 
the  ele<;trica】  system  does  in  fact  give  an  appreciably  steadier 
drive  than  its  rival,  assuming  good  examples  of  each.  The 
problem  is  really  very  complex  and  cannot  be  settled  by  a  few 
isolated  tests,  however  accurate  and  unbiased.  It  is  a  big 
subject,  and  its  importance  justifies  a  careful  and  extensive 
research  roveriug  the  whole  of  the  iiiechanical  aspects  of  tlie 
driving  of  the  various  cotton  inacliiues,  from  the  prime  mover 
ill  the  ejigine  house  to  the  producing  uiechanism  of  the 
machine.  Not  until  t his  aspect  of  tlie  problem  is  uiulerstood 
rail  wc  liope  to  make  substantial  progress  with  any  form  of 
drive  or  tu  make  a  liiial  choice  between  rival  syst'Cms. 


DIESEL  LOCOMOTIVE. 

In  the  course  of  a  lecture  delivered  before  the  American 
Society  of  Mechanical  pjugineers  Dr.  Rudolph  Diesel  furiiishe<l 
some  particulars  of  the  locomotive  propelled  by  Diesel  oil 
engines  wliicli  Messrs.  Sulzer  Eros.  ，  of  Winterthur,  have 
recently  completed.  Of  the  Diesel  locomotive  nothing,  he 
said,  liad  been  published  yet.  From  the  early  days  of  his 
invention  he  was  of  the  opinion  that  the  special  features  of  the 
Diesel  engine  would  be  of  even  greater  iwiportaiu'e  for  trans- 
port purposes  than  for  stationary  work.  The  first  autoiiiobilp 
engine  for  trucks  was  made  in  the  year  】S99，  aud  Dr.  Diesel 
looked  forward  to  the  development  of  this  branch  within  a  few 
years.  He  liad,  lie  said,  worked  for  the  past  five  year?, 
together  witli  Sulzer  Bros.,  at  Wiuterthur,  and  Adolph  Klose, 
of  Berlin,  on  the  construction  of  a  Diesel  locomotive,  and  the 
first  express-train  locomotive  of  1,000  Ii.p.  to  1,200  h. p.  was 
finislied  a  few  weeks  ago,  and  is  now  on  the  testing  bed  in  the 
Winterthur  shops.  Five  years  was,  lie  observed,  a  very  long 
time,  but  the  locomotive  was  the  most  difficult  piobk""  of 
construction  that  could  be  taken  up  in  the  way  of  modern 
engine  building ；，  not  only  on  account  of  the  difficulties  in 
starting  and  manoeuvring  with  this  s】)e('ial  kind  of  】notor，  but 
also  oil  account  of  the  excessive  limitatious  as  to  space  ami 
weight.  Compared  witli  this,  the  development  of  the  revers- 
ing marine  motor  had  been  relatively  sini])le. 

The  arcompanying  illustrations,  for  whicli  we  are  indebted 
to  '*  Engineering  News/'  show  the  design  of  this  locomotive, 
the  car  of  wliicli  was  made  in  the  locomotive  works  of  A. 
Borsig,  at  Beilin,  It  is  1  (>  (i  met  res  】oiij^  over  tlie  buffers  and 
has  two  4-\vheel  trucks,  and  two  pairs  of  driving  wlieels.  Tlie 
latter  are  not  directly  coupled  to  the  Diesel  engine,  but 
indirectly  by  means  of  the  iackshaft  3,  wliich  is  the  crank  shaft 
of  the  Diesel  engine  4.  The  Diesel  enpne  is  an  ordinary 
•2-stroke  cycle  engine  with  four  cylinders  coupled  in  pairs  at 
an  angle  of  90  and  driving  the  jacksliafl,  the  cranks  of  which 
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are  at  an  angle  of  180。.      This  arrangement  gives  complete 
balancing  of  the  moving  masses,  the  first  and  most  important 
condition  when  placing  such  engines  on  a  movable  platform. 
Between  the  working  cylinders  are  placed  two  scavenging 


The  driver  can  operate  the  machine  equally  well  from 
either  end  of  the  locomotive,  as  the  engine  is  arranged 
for  running  in  both  directions.  He  has  a  direct  view 
of   the  track.      Doors  and  platforms  lead  from  the  engine 


air  pumps  5  driven  by  levers  from  the  connecting  rod. 
Beyond  the  engine  in  the  roof  of  the  car  is  placed  the  muffler 
6.  On  the  right  of  the  main  engiue  stands  an  auxiliary 
engine  7.  This  latter  consists  of  two  vertical  2-stroke  cycle 
Diesel  cylinders  coupled  to  horizontal  air  pumps  8  driven 
by  these  cylinders.  The  cooler  for  the  air  compressed  by  these 
pumps  is  shown  at  9.  These  air  pumps  serve,  according  to  a 
special  and  patented  process,  to  increase  the  power  of  the  main 
engine  when  starting,  manoeuvring,  and  going  up  grade  in 
such  a  way  that  auxiliary  compressed  air  and  auxiliary  oil 
fuel  are  conducted  into  the  main  cylinders,  by  which  ineaus 
the  indicator  diagram  is  enlarged,  which  makes  the  engines  as 
elastic  as  a  steam  engine.  In  the  ordinary  running  of  the 
locomotive,  the  main  cylinders  work  like  ordinary  Diesel 
engines  without  the  help  of  the  auxiliary. 

To  the  right  of  the  main  engine  is  placed  a  battery  of  air 
reservoirs  10，  which  help  the  action  of  tl\e  auxiliary  engine 
and  which  can  be  refilled  by  the  auxiliary  engine  at  times  when 
the  latter  is  not  in  use  to  help  the  main  engine.  Two  pumps 
11  and  12  provide  for  the  water  circulation  in  the  cylinder 
Jackets  ；  13  indicates  an  apparatus  for  the  cooling  of  the 
jacket  water  by  evaporation,  and  14  the  tanks  for  fresh  water 
and  for  fuel  ；  15  is  a  small  donkey  boiler  for  the  heating  of  the 
train.  The  passages  16  under  the  roof  lead  the  fresh  air  to 
the  suction  pipes  of  the  different  motor  and  pump  cylinders. 
The  whole  plant  is  contained   in  a   closed  engine  room. 


to  the  traiu.  The  total  weight  of  the  locomotive  ready  for 
service  is  85  tons. 


Errata. —— In  the  paper  on  "  Processes  in  the  Production  of 
Gears/'  reproduced  iu  our  last  issue,  the  weight  of  the  drop 
test  for  gear  teeth  is  given  on  p.  677,  line  6  from  bottom, 
first  column,  as  21bs.  This  should  read  101bs,，  wliich  has  been 
adopted  as  a  standard. 

The  British  Acetylene  and  Welding  Association. ― The  aunual 

meeting  of  this  association  was  held  iu  London  on  May  21st. 
Mr.  Kenueth  S.  Murray,  of  the  British  Oxygen  Company, 
Ltd.,  was  appointed  president  of  the  association,  and  occu- 
pied the  cliair.  The  association  is,  we  understand,  making 
arrangements  to  establish  classes  in  the  various  tecbuical  col- 
leges and  important  engineering  centres  as  a  means  of  instruc- 
tion regarding  oxyacetylene  welding.  In  additiou  to  this  it 
is  the  intention  of  the  association  to  keep  closely  iu  touch 
with  the  developments  in  acetylene  welding  and  iu  metal- 
cutting  which  are  constantly  taking  place.  It  is  also  the 
intention  of  the  association  to  hold  periodical  meetings  iu 
order  to  read  and  discuss  any  papers  of  interest  that  may  bear 
on  these  subjects. 
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Views  of  Locomotive  PitoPKLLED  by  Diksel  Engine. 
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THE  TROLLEY  VEHICLE  SYSTEM  OF  RAILLESS  TRACTION.* 

BY  HKNUY  C.  ADAMS,  A.M.INST.C.E.,  M.l.M.K.,  A.M.I.K.K. 

The  trolley  vehicle  system  of  railless  traction  is  a  compara- 
tively recent  development  so  far  as  this  country  is  concerned, 
and  the  literature  on  tlie  subject  is  by  no  means  voluniinoiis,  so 
that  some  brief  description  of  it  in  its  various  forms  should 
prove  interesting.  Briefly  the  system  】nay  be  described  as 
consisting  of  ]nec'haiiically-])ropelled  vehicles  adapted  for  use 
upon  roads  and  moved  by  electrical  power  Irausmitted  thereto 
from  some  external  source.  The  power  is  obtained  from  bare 
overhead  conductors  erected  and  fixed  in  a  manner  souiewliat 


Fig.  1.  I'  lu.  2. 


Fig.  3. 

Figs.  1  and  ti.— Details  of  SiKGLii  "Schikmann    Tkollev  Head. 
Fig.  3.—**  ScHiEMANN  "  Double-Contact  Trolley  Head. 

similar  to  that  now  so  familiar  in  connection  with  tlie  side- 
swivelling  trolley  electric  tramway  systems,  except  tliat  as 
there  are  no  steel  rails  to  take  the  return  current, 
a  second  overhead  wire  is  necessary  for  the  purpose. 
The  vehicles  are  fitted  with  trolley  poles,  or  other 
coniiections,  for  ('(— mipleting  the  circuit  between  the 
overhead  wires  through  the  motors  on  the  car.  The 
system  of  double  overhead  wires,  one  positive  and  the 
other  negative,  was  introduced  in  America  some  25  years  ago, 
and  was  known  as  Short'  s  system .  It  was  adapted  for  use  by 
ordinary  electric  tramcar.s,  tlie  current  being  collected  by  a 


l'，I(;.   1.   -DlllVINti  WUEKLb  OF   "  SCHIKMANX  "   VeHK  LI;. 


4-\vlicele(l  trolley  running  on  the  wires  and  conveyed  lo  ； iiul 
from  the  cars  by  a  flexible  cable. 

The  four  principal  methods  of  applying  1  he  Irulley  omnibus 
system  abroad  are  the  "  Max  Scliieniaini/'  "  Mercedes-StolK  " 
Lloyd-Kohler,  "  and  the  "  Filovia,"  wliich  wiU  be  described 
】ater.  There  are  in  addition  several  British  coinpanios  at 
work  who  have  devised  many  iniproveinents  on  ilie  original 
mot  hods  and  liave  adapted  the  system  to  British  ideas.  Instal- 
lations liave  been  working  abroad  for  some  years  in  Vienna, 
Dresden,  Bremen,  Draiiuneiu  Spezia,  California,  and  about 
30  other  places  ；  1  here  being  50  miles  in  Italy  alone.  11  was 
first  defniitely  suggested  in  tins  country  in  November,  1902, 
when  the  Stroud  District  and  Chelt onhani  Trjuiiwa yj;  Bill  was 


Abstract  of  ptipur  luud  before  tUu  Society  of  Eugiuecrtf,  March  itb.  1913. 


deposited  in  Parliaiiieiit .  Tn  1 903  a  coiiiprelKMisive  scheme 
WHS  designed  for  lin king  up  Tuubriflge  Wells  with  Tollbridge 
and  ()1  lier  surromuling  places.  The  Dundee  Corporation 
obtained  powers  for  1  lie  installation  of  this  system  in  their 
Order  of  1907  and  the  approval  of  the  Board  of  Trade  to  the 
plans  has  been  obtained.  The  next  towns  to  take  the  matter 
lip  were  Leeds,  Bradford,  and  Sheffield.  In  September,  1909, 
trial  trips  with  an  experimental  car  were  run  at  lleiidon. 
Bills  were  deposited  in  Parliament  in  November,  1909,  on 
behalf  of  the  Leeds  ami  Bradford  Corporations  respectively, 
and  they  eventually  received  the  Royal  As&ent  in  July,  1910. 
Ill  November,  1910,  1  here  were  15  Bills  deposited  in  Parlia- 
ment,  and  of  these,  powers  were  obtained  at  Abeixlaro, 
Brighton,  Cliiswick,  Halifax,  Noi'Uiamptcm,  and  liotlierhani. 
Eleven  Bills  were  deposited  in  November,  1911，  seeking  powers 
to  install  this  system  of  traction. 

Tlie  subject  is  being  discussed  with  a  view  to  its 
installation  in  many  towns  all  over  the  country,  while 
to  come  nearer  home  the  London  County  Council 
and  the  Metropolitan  Electric  Tramways  Company  have 
decided  to  investigate  its  possibilities.  Tlie  Leeds  and 
Bradford   schemes    were   completed    and   opened   to  traffic 


Fig.  5.—'*  Mercedeb-Stoll  "  Ccuuent  CoLLtc^Toii. 
oij  Jum、  20th,  1911 .  while  the  lines  at  I>，m(lr(、  an<l 
Rolherliaiu  have  reeeuUy  been  toiupleted.  AUIiougli  t lie 
Bradford  system  was  installed  as  recently  as  last  June  pro- 
posals for  extensions  are  already  on  foot,  owing  to  t ho  report 
of  the  general  】naiiager  detailing  the  success  of  t  lie  short  lcn»;lli 
at  present  in  operation.  Negotiations  are  also  in  progress  for 
I  lie  installation  of  the  systeni  at  tlie  eml  of  ot  lier  of  t  lie  t  ram- 
way  routes  on  the  outskirts  of  Leeds. 

This  brief  reference  to  tlie  progress  of  the  syslein  up  "》《l;i"' 
is  vSiiftic'ieut  to  show  that  il  has  long  passed  t lie  oxperinHMital 
stage  aud  that  t hose  engineers  who  have  kept  in  toiuU  with  it 
in  its  various  phases  have  now  sufficient  data  lo  eun ble  the 川 1(、 
give  reliable  advire  a iid  to  larry  into  efTocI  srheiiies  wliich 
would  prove  iinaiicially  satisfartorv  and  generally  advan- 
tageous to  the  coininunily.  There  are  many  localities  wlioro 
additional  means  of  transport  a  re  urgently  required,  but  1  lie 
|)robal>le  Iraftir  is  not  suflicient  to  warrant  (ho  (»ut】a.v  net  essa ry 
to  consl ni<  (  an  elect rir  t  ramwav.  N(nv  that  people  liavr 
become  iircustoined  (o  the  appearance  of  I  lie  overhead  work 
most  of  the  objection  to  trainwavs  centres  around  1  lie  t rack, 
and  its  omission  in  tlu、  t roller  oiniiihns  svst em  considerahlv 
farilit ales  negotiations  for  tlie  adoption  of  llie  latter.  Tlie 
noise  of  the  trams  is  also  an  objection  to  their  use  under  certain 
circmiLstaiucs.    A  Iriu  klciiis  system  ran  be  iusl ailed  witliuut 
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tliero  heiiit)-  any  necessity  for  expenditure  in  road  wideiiiiigs,  so 
I'requeutly  required  in  t.  ram  way  sclienies.  In  fact  t  his  inelJiod 
of  traction  can  he,  and  is,  employed  in  i-oads  wliich  are  ")o 
narrow  even  for  a  sini^le  line  of  t  I'ainway  w  1 1 1 1  passi  ii^-[)la('e 
loops. 

Until  recently  the  only  alternative  to  a  tramway  was  tlie 
seli'-])ropelle(l  motor  omnibus,  and  although  at  the  present  time 
in  TiOiuloii  the  most  recent  additions  to  the  service  leave  little 

t ()  he  desired  in  rMialiilitv,  ('() 出 fort,  speed,  and  economy,  there 


Fig.  6.—"  MERCEDEs-SxoLr, Cars  on  Terminal  Curvk 

is  no  doubt  tliat  the  same  result  has  not  been  obtained  with 
the  smaller  fleets  tried  from  time  to  time  in  provincial  towns. 
It  does  not  follow,  however,  that  success  is  impossible,  and 
better  results  may  be  obtained  with  a  general  adoption  of  the 
latest  improved  type  of  omnibus.  The  engine  and  fuel  wliicli 
all  self-propelled  vehicles  have  to  carry  add  considerably  to 
their  weight,  and  consequently  to  the  dead  load  to  be  carried, 
which  involves  an  increased  consumption  of  power.  The  extra 
load  also  increases  the  wear  of  the  tyres,  an  important  item  of 
expense.  It  is  cheaper  to  generate  power  in  bulk  for  a  whole 
fleet  of  vehicles  than  to  do  so  separately  for  each  individual 
vehicle,  but  in  the  former  case  it  is  necessary  to  add  the  cost 
of  transmitting  the  power  along  the  routes.  There  is  the 
other  aspect  of  the  case,  namely  that  if  the  generating  plant  at 
tlie  central  station  breaks  down  the  whole  system  is  stopped, 
whereas  if  the  motor  of  a  self-contained  vehicle  breaks  down, 
only  that  vehicle  is  put  out  of  service  ；  the  former,  however, 
is  a  iniicli  more  remote  contingency  than  the  latter.  Tlie 
inotor  omnibus  and  the  trolley  omnibus  ran  be  steered  with 
equal  facility  in  crowded  r.arrow  streets. 

In  addition  to  those  places  where  there  are  now  no  regular 
means  of  transport,  the  railless  system  of  traction  is  specially 
fitted  to  form  extensions  beyond  the  termini  of  existing  tram- 
way syste 贈.  In  these  rases  tlie  trolley  omnibuses  would  not 
only  feed  the  tramways  but  would  create  a  traffic  of  their  own, 
so  that  ultimately,  when  the  time  was  ripe,  tramway  tracks 
could  be  laid  down  if  desired,  ami  provided  the  ('ontingeiicy  has 
been  anticipated  in  tlie  design,  the  overhead  work  could  be 
re-arranged  at  very  little  cost  to  meet  the  requiremeiits.  It  is 
important  where  the  railless  routes  are  an  extension  of  tlie 
tramway  system  that  the  trolley  on  tlie  omnibus  should  he  of 
such  a  pattern  that,  provision  being  made  for  the  return 
current,  it  can  be  used  to  obtain  power  from  the  overhead 
tramway  wires,  because  in  the  majority  of  instances  it  will  be 
found  that  such  routes  are  at  some  distance  away  from  the 
tramway  depot  to  \vlii(、h  the  oiiniibus  will  have  to  return  each 
iiiglit. 

The  "  Max  Schieniann  "  system  is  the  oldest,  being  brought 
out  in  1900  and  now  in  use  at  some  14  places  abroad,  inchulino- 
Drammen,  Monheim,  Wurzen,  Mulliausen,  and  California^ 
The  positive  and  negative  overhead  wires  are  placed  parallel 
about  6in.  apart  and  17ft.  above  the  surface  of  tlie  ground. 
The  current  is  conveyed  between  the  omnibuses  and  the  wires 
ill  alternative  ways.  In  one  (iietliod  two  trolley  booms  are 
fixed  on  to  J)  of  tlie  cars,  one  behind  tlie  other  ；  the  collectors 


hoi  lit;  uiuler-rn  nnin^  and  making  a  sliding  contact,  ami  foniiffl 
ii.s  shown  ill  detail  in  Figs.  1  and  2.  Tn  the  other  met liod  one 
trolley  boom  only  is  employed,  fitted  witli  a  special  li 山 ricalt'd 
double  sliding  contact  collector  as  shown  in  Fig.  3. 

Tlie  cars  are  driven  by  a  single  inotoi*  from  1  h  ii.p.  to 
25  h.p.  running  at  】，200  revs,  per  in  in  ute  and  placed  under  tlie 
driver's  seat,  whence  power  is  transmitted  to  the  rear  axle, 
through  spur  gearing,  by  a  shaft  longitudinal  with  the  velucle. 
Tlip  axle  revolves  and  drives  the  wheels  tlirough  interlorki'ig 

movable  fingers  ；  tlie  wheels  are  fitted 
wit li  bearings.  The  controller 
is  act iiatcd  l)y  a  liaiid  lever  and  gives 
t liree  nimiing  speeds,  the  resistances 
')eing  carried  in  a  ivawe  under  the 
body  of  the  vehicle.  The  tyres  are 
of  solid  rubber,  single  on  the  front 
wheels  and  twin  on  the  rear.  Fig.  4 
shows  a  part  elevation  and  part  sec- 
tion of  tlie  rear  wliee]s  ami  driving 
gear. 

The  cars  on  tlio  California  route 
maintain  a  speed ,  under  favourable 
conditions,  of  25    miles    per  hour, 
while  up  the  maxinuim  gradient  of 
I  in  8 A  a  speed  of  8  miles  per  hour  is 
maintained.       At  Municli  the  cars 
are  allowed  to  travel  as  fast  as  20  to 
30  miles  per  hour,  and  this  speed  is 
obtained  by  simply  raising  the  line 
voltage  from  500  to  between  600  and 
700  volts.     The  traction  coefficient 
of  one  of  the  early  24  -passenger  cars 
was  found  to  be  55]l)s.  to  6f)ll)s.  per 
ton  on  a  level  road. 
The  、'  Mercedes-Stoll  "  system  is  in  use  on  nine  routes  in 
Austria,  Hungary,  and  Bohemia,  four  of  the  routes  being  in 
the  neighbourhood  of  Vienna.    The  first  line  was  opened  in 
'i^uly,   1907.      It  is  now  being   installed  also   at  Fribouig 
(Switzerland),  Paris,  New  York,  and  Berlin,  as  well  as  in 
Australia  and  South  Africa.      The  English  company  exploit- 
ing this  system  is  tlie  Trackless  Trolley  Limited.       In  this 
system  the  positive  and  negative  overhead  wires  are  placed  side 
by  side  at  a  distance  of  r2in.  apart  and  about  '2】 ft.  above  the 
surface  of  the  ground.      The  current  collector  consists  of  a 
^niall  ^-wheeled  trolley  as  shown  in  Fig.  5.      The  wheels  are 


氣- 


Fki.  7.— Side  Elrvatiox  of  '*  Lt.oyi)-Kuhi,er  "  Current  Collector. 

fitted  with  ball  bearings  and  are  grooved,  one  pair  running;  on 
the  positive  wire  and  the  other  pair  on  the  negative.  A 
weighted  peiululum  is  suspended  from  the  frame  which  not 
only  keeps  tlie  wheels  pressed  down  on  tlie  wires  hut  throws  the 
centre  of  gravity  of  the  collector  so 】mv  that  the  pull  of  the 
car  through  the  cable,  acting  as  it  does  on  the  short  leverage 
of  the  link  under  the  frame,  does  not  (lispW'e  the  collector. 
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Fig.  8- 


' Lloyd-Kohleb  ' 
Collector. 


CUERKNT 


Even  if  by  some  means  the  collector  left  the  wires  it  would  be 
prevented  from  falling  into  the  road  by  the  safely  hooks  fitted 
to  each  wheel.  The  collector  only  weighs  25lbs,  and  is  easily 
placed  on  the  wires  by  one  man.  It  should  be  added  that  the 
company  have  designed  an  ordinary  double  under-running  pole 
attachment  to  the  car  for  use  in  localities  where  there  are 
objections  to  the  over-running  trolley  ；  this,  however,  adds 
about  4cwt.  to  the  dead  weight  of  the  vehicle.  The  cable  is 
a  twin  one  and  is  looped  wliere  it  joints  the  frame  so  as  to 
allow  for  extension  to  absorb  any  sudden  jerk  from  the  car. 
This  extension  is  effected  by  means  of  a  spring  fitted  into  the 
weight  of  the  pendulum  and  connected  to  the  cable  by  a 
flexible  wire.    About  1 0  yards  of  the  cable  at  tlie  car  end  is 

coiled  on  a  drum  having  a 
spiral  spring  which  automati- 
cally winds  the  cable  up  or  lets 
it  out  as  required  so  that  the 
vehicle  possesses  a  very  wide 
range  of  movement.  A  ball- 
and-socket  joint  is  fitted  be- 
tween the  cable  and  the  collect- 
ing trolley  which  enables  the 
car  to  describe  circles  under- 
neath the  trolley  so  that  when 
a  single  set  of  wires  is  used  the 
direction  of  travel  can  be  re- 
versed without  it  being  neces- 
sary to  interfere  with  the 
trolley  or  the  connecting  cable. 

In  order  to  permit  the  cars 
to  pass  each  other  when  only 
one  set  of  overhead  wires  is 
employed  a  connecting  link  is 
fitted  in  each  cable  so  that 
after  the  slack  is  wound  in  the 
car  can  be  disengaged  from 
the  overhead  collector.  When 
desirous  of  passing,  the  two  vehicles  are  drawn  up  opposing 
each  other  Avith  the  front  axles  approximately  in  line  ；  each 
driver  draws  down  the  sliding  rod,  separates  his  cable  and 
hands  the  loose  end  of  the  hanging  cable  across  to  his  colleague 
who  connects  it  up  with  his  car.  It  is  said  that  this  exchange 
can  be  effected  in  8  seconds.  After  having  performed  the 
operation  each  vehicle  can  proceed  in  its  original  direction. 
The  connecting  link  on  the  cable  can  be  seen  in  Fig.  6  to  the 
left  of  the  trees  just  above  the  sliding  rod  of  the  right-hand 
omnibus.  This  connector  is  so  formed  that  it  would  separate 
automatically  if  by  any  means  the  cable  fouled  any  passing 
obstruction  or  the  car  was  driven  to  too  great  a  distance  from 
the  overhead  wires.  This  last  illustration  also  shows  a  ter- 
minal curve  which  enables  the  direction  of  the  vehicles  to  be 
reversed  at  the  end  of  a  route  in  a  wide  sweep  without  back- 
ing them.  In  the  centre  of  the  rear  wheels  of  the  left-hand 
omnibus  the  motors  which  form  the  most  distinguishing 
feature  of  the  design  of  these  vehicles  can  be  seen.  The  stan- 
dard power  of  these  is  20  h.p.  each,  they  run  at  200  revs,  per 
rninut©  and  are  specially  designed  to  resist  the  road  shocks. 
A  car  speed  of  14  miles  per  hour  is  attained.  The  field 
magnets  of  the  motors  are  fixed  on  tlie  axle  and  form  the  nave 
of  the  wheel  J  the  rest  of  the  wheel  being  mounted  on  ball  bear- 
ings. There  is  thus  no  loss  of  power  in  transmission.  The 
cover  hermetically  closes  the  motor  and  protects  it  from  dust, 
as  well  as  fixing  it  securely  on  the  axle.  Tlie  motors  fixed  on 
tlie  18-passenger  cars  running  on  the  Gnuuul  line  in  Northern 
Austria,  which  was  opened  in  July,  1907，  have  now  run  over 
100,000  miles  without  any  attention,  saving  tliat  necessitated 
by  external  physical  damage,  and,  according  to  tlie  report  of 
the  superintendent,  are  still  working  in  a  faultless  manner. 

Cars  designed  for  use  with  trailers  are  fitted  with  two  extra 
motors  on  the  front  wheels.  There  is  no  transmission  gear, 
and  the  weight  of  the  motor  being  direct  on  to  tlie  wheel  the 
springs  in  ay  be  inade  fairly  light  and  flexible  as  they  only  have 
to  support  the  bare  chassis  and  body,  together  with  the 
passengers.  The  controller  is  of  the  tramway  pattern  of  the 
usual  drum  type  ；  it  is  reversible,  and  for  reversing  purposes  a 
separate  reversing  barrel  is  employed  inside  the  cout roller 
itself  and  operated  by  a  separate  key,  but  so  interlocked  with 
the  main  barrel  that  it  caunot  be  reversed  unless  the  main 


barrel  is  in  the  open  position.  The  drum  of  the  controller  is 
insulated  throughout  with  mica,  and  is  provided  with  six 
speeds  forward  and  three  rheostatic  braking  points.  The 
contacts  on  the  drum  are  renewable  and  of  hard-drawn 
copper  ；  the  fingers  are  of  the  usual  type  supported  from  brass 
carriers  which  are  in  turn  supported  by  an  iron  bar  and 
insulated  therefrom  with  mica.  A  powerful  blow-out  coil  is 
provided  to  act  for  all  contacts  ；  there  is  also  an  arrangement 
for  cutting  out  either  motor  as  occasion  may  require,  and  this 
is  so  arranged  that  it  is  impossible  for  the  driver  to  short- 
circuit  the  line  with  the  controller  in  parallel  position  after 
one  motor  is  cut  out.  The  resistances  are  of  the  usual  standard 
type  and  of  two-minute  rating.  The  brakes  act  on  the  rear 
driving  wheels.  The  tyres  are  of  solid  rubber  with  single 
treads  on  the  front  wheels  and  twin  treads  on  tlie  rear  wheels. 
The  weight,  loaded,  of  a  car  holding  26  passengers  is  4  tons 
10  cwts.  The  line  voltage  varies  from  450  to  GOO  on  the  diffe- 
rent routes  in  operation. 

The  "  Lloyd-Kohler "  system  is  in  operation  at  Bremen, 
Germany,  upon  two  routes,  one  between  Arsterdam  and 
Arsten,  and  the  other,  which  is  run  in  the  summer  only,  from 
the  centre  of  the  town  to  a  public  park  on  the  outskirts.  Each 
route  is  approximately  2  miles  long.  It  lias  also  been  installed 
on  a  route  8^  miles  long  at  Ludwigsburg,  and  also  at  Breslaii. 
Further  schemes  are  now  under  consideration.  The  overhead 
wires,  in  this  system,  are  placed  one  above  the  other  at  a  dis- 
tance apart  of  11  in.  The  upper  one  is  negative  and  would 
therefore  act  as  a  guard  wire  to  prevent  any  falling  telegraph 
or  telephone  wires  coming  in  contact  with  tlie  lower  or  positive 
wire.  The  current  collector  is  shown  in  Figs.  7  and  8.  Its 
weight  is  carried  by  the  upper  wire,  on  which  the  2-wheeled 
trolley  forming  the  upper  part  of  the  collector  runs.  A 
short  metal  horn  is  formed  on  both  sides  of  eacli  wheel  to  pre- 
vent the  carriage  slipping  off  the  wire.  The  lower  part  of  the 
apparatus,  which  is  the  actual  collector,  consists  of  a  stirrup 
and  two  aluminium  sliding  bows  permitting  the  whole  thing  to 
swing  laterally  over  a  considerable  arc,  as  can  be  seen  from 
Fig.  9，  which  shows  the  extreme  positions  the  trolley  wheels 
and  bows  may  take  up.  There  is  no  danger  of  it  falling  to  the 
ground  as  the  clearance  between  the  stirrup  and  the  lower  wire 
is  so  small  that  the  collector  cannot  rise  sufficiently  for  the 


Fig.  9. 


-DlAGIlAM  SHOWING  RANGE  OF  MOVEMENT  OF 

" Iji.oTn-K6HLER  "  Collector. 


wheels  to  leave  the  upper  wire.  Tlie  bows  are  hinged  at  their 
connection  with  the  central  stir  nip  and  are  thus  free  to  move 
vertically.  They  are  drawn  up  by  】neans  of  two  springs  to 
each  bow,  to  make  contact  with  the  wire.  The  cable  is  a  twin 
one  and  passes  through  a  liiiiged  metal  loop  arrangement 
attached  to  the  collector  to  relieve  the  latter  from  any  sudden 
jerk  from  the  car  when  starting  or  stopping.  The  two  arms 
are  drawn  up  towards  each  other  by  a  light  spring.  At  the  car 
end  the  table  is  wound  on  a  drum  as  already  explained  in  the 
Mercedes-Stoll  system,  to  give  a  wide  range  of  movement  and 
allow  the  car  to  pass  freely  in  and  out  through  other  traffic. 

The  passing  of  two  vehicles  travelling  in  opposite  directions 
is  effected  by  exchanging  collectors  in  the  same  manner  as  iu 
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the  Mercedes-Stoll  system,  except  that  the  cable  post  is  so 
arranged  that  by  pulling  down  a  handle  placed  immediately 
above  the  driver's  seat  the  upper  part  of  the  post  with  the 
collector  is  brought  within  easy  reach,  thus  facilitating  the 
exchange,  which  occupies  from  15  to  20  seconds  from  the  time 


us' 
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Fig.  10.— Details  of  Brush  Chassis. 

the  cars  stop  to  the  time  at  which  they  are  in  readiness  to 
proceed.  Where  the  traffic  is  sufficient  to  justify  two  sets  of 
overhead  wires  the  cars  can,  of  course,  run  past  each  other  in 
opposite  directions  without  stopping,  but  if  at  any  time  one  of 
tlie  cars  broke  down  an  overtaking  'bus  would  not  be  delayed 
but  could  pick  up  the  collector  previously  used  by  the  first  car 
and  proceed  at  once.  There  is  no  obstruction  to  the  use  of 
the  positive  wire  by  an  electric  tramcar  with  ordinary  under- 
running  trolley  boom ,  travelling  in  the  same  direction  ；  and 
in  special  cases  where  tli-e  route  of  a  tramway  crosses  the 
trolley  omnibus  route  the'  overhead  work  can  be  designed  with- 
out difficulty  to  admit  of  through-running  iii  the  cross 
directions. 

The  details  of  a  chassis  specially  designed  by  the  Brush 
Electrical  Engineering  Company  for  US6  with  this  system  and 
having  a  carrying  capacity  of  about  3  tons  in  addition  to  the 
body  are  shown  in  Fig.  10.  The  wheels  are  of  cast  steel  and 
run  on  ball  bearings  mounted  on  the  axle-  casing  ；  they  are 
fitted  with  solid  rubber  tyres,  4in.  single-  on  the  front  wheels 
and  4iu.  twin  on  the  rear.  The  tyr^s  are  guaranteed  to  run 
12,000  miles.  Power  is  transmitted  to  the  rear  axle  through 
a  propeller  shaft  running  inside  a  tube,  which  is  anchored  to 
the  frame,  thus  taking  the  torque  from  the  rear  axle.  A 
universal  joint  is  provided  at  the  front  end  of  the  shaft  to 
compensate  the  rise  and  fall  of  the  rear  axle.  At  the  back 
end  of  the  shaft  a  hardened  steel  worm  is  fitted,  running  on 
ball  bearings  and  gearing  with  a  phosphor-bronze  worm  wheel 
mounted  on  the  differential  box.  The  propeller  shaft  is  con- 
nected to  the  motor  shaft  by  means  of  an  intermediate  shaft 
and  couplings. 

The  motor  is  of  the  drum  armature  4-pole  type,  series 
wound,  and  capable  of  giving,  at  400  volts  direct  current,  an 
output  of  25  b.h.p.  at  the  road  wheels  for  one  hour  continu- 
ously, with  a  temperature  rise*  of  not  more  than  135°  Fah. 
The  bearings  of  the  motor  are  of  ball-bearing  type  and  adapted 
for  grease  lubrication.  A  thrust  bearing  is  provided  to  take 
tlie  weight  of  the  armature  when  the  vehicle  is  on  a  gradient. 
The  main  control ― from  starting  to  full  speed ― is  operated  by 
the  foot  pedal  on  the  left-hand  side  ；  the  reverse  and  ekcti'ic 
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brake  are  operated  by  hand  lever.  These  are  interlocked  in 
such  a  way  that  the  current  must  be  cut  off  by  the  pedal  before 
the  reverse  and  brake  control  handle  can  be  used.  This  allows 
the  driver  to  have  both  hands  on  the  steering  wheel  while  con- 
trolling the  speed  of  the  vehicle. 

The  controller  is  of  the  drum 
type  made  up  of  two  parts,  one 
for  starting  and  regulating  the 
speeds  and  the  other  for  reversing 
and  applying  the  rheostatic  brake 
in  either  direction.  It  is  placed 
under  the  driver's  seat  and  has 
running  notches  for  one-third, 
two-thirds,  and  full  speed,  in 
addition  to  the  speed  control 
which  the  three  notches  of  the 
starting  resistances  give.  Two 
mechanical  l)rakes  are  fitted,  one 
operated  by  tlie  foot  pedal  on  the 
right-hand  side,  and  the  other  by 
a  hand  lever.  They  both  act  on 
separate  brake  drums  attached  to 
the  hubs  of  the  rear  wheels.  The 
weight,  unloaded,  of  a  vehicle 
seating  24  pasengers,  complete,  is 
'      '   ——     7  0'  -  ―    3  tons  12  cwts.   Fig.  11  shows  the 

latest  type  of  vehicle  and  also  the 
overhead  construction  at  a  turnout. 

The  vehicles  at  Bremen  are  of  the  single-deck  type  and 
have  a  seating  capacity  of  16  with  ample  standing  capacity  ； 
they  are  each  fitted  with  one  motor  of  18  b.h.p,  normal,  and 
35  b.h.p.  maximum,  running  at  650  revs,  per  minute  on 
550  volts.  The  power  consumption  is  600  watt-hours  per  car 
mile.  The  maximum  authorised  speed  on  the  first  two  routes 
mentioned  is  \i\  and  15^  miles  per  hour  respectively,  but  the 
mean  speed  from  end  to  eml  only  averages  9.V  and  10  miles 
per  hour. 

The  "  Filovia  '，  system  is  in  use  in  Italy  to  a  large  extent, 
there  being  as  already  stated  over  50  miles  installed,  all  of 


Fig.  11.—*'  liLOTD-KoHLKR  *'  Vehicle  and  Overhead  Construction. 

which  have  been  constructed  bv  the  Societii  Trazione  Elettrica. 
This  growth  of  the  system,  which  was  first  installed  in  1902,  is 
doubtless  largely  due  to  the  Government,  which  grants  a 
subsidy  up  to  £60  per  annum  for  each  mile  of  line  equipped 
with  railless  traction  in  districts  not  already  provided  witli 
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tramway  or  railway  services.  Further  than  this,  in  the  case 
of  tlie  Int'elvi  Valley  line  from  Lake  Como  to  St.  Fed  el  e  the 
(iovenniient  pay  a  subsidy  of  £320  per  annum  for  the  carriage 
of  the  mails.  In  tins  system  tlie  double  overhead  wires  are 
placed  side  by  side  at  a  distance  of  13iin.  apart  and  17ft.  or 
18ft.  above  the  grouiul,  but  1  ho  curreiit  is  collected  by  a 
special  4-wheele(l  truck  making  contact  witli  t  he  under  side 
of  the  wires  and  carried  at  the  end  of  a  single  boom  of  tlie 
rigid  type  fixed  on  top  of  tlie  vehicles,  ami  which  contains  the 
twin  cables.  Tlie  upward  pressure  of  the  collector  on  the 
wires  is  about  121bs.，  while  a  ball-and-socket  joint  between  the 
boom  and  the  collector  affords  tlie  necessary  flexibility  for 
sideway  movement  of  the  cars,  which  can  run  at  a  distance  of 
1  Oft.  froTM  tlie  wires.  A  speed  of  '」（）  miles  j)er  hour  or  more 
can  be  obtained  with  safety. 

The  cars  are  of  tlie  single-deck  type,  generally  sweating  20 
to  24  passengers  and  weighing  2  tons  13  cwts.  when  empty  ami 
4  tons  loaded.  They  are  fitted  with  two  】iiotoi's，  one  to  each 
wheel  ；  to  meet  the  conditions  obtaining  in  this  country,  they 
are  of  15  h.p.  eacli  and  drive  through  a  flexible  coupling,  spur 
reduction  gear,  and  a  roller  chain.  The  gear  ratio  from  the 
motors  to  the  road  driving  wheels  is  1275  to  1.  Tlie  speed 
attained  is  18  miles  pei*  hour  on  the  level  and  about  half  of 
this  on  a  gradient  of  1  in  20.  The  current  varies  in  different 
schemes  from  500  to  650  volts.  On  the  Ivrea  Cuorgne  line, 
15i  miles  long,  tlie  generating  station  is  located  half-way 
； iloiig  the  route  and  the  whole  length  is  fed  with  current  at, 
650  volts  til  rough  the  trolley  wire.  The  controller  is  placed  in 
a  horizontal  position  under  the  driver's  platform  ；  it  is 
actuated  by  pedal  levers  and  fitted  with  】iiagnetic  blow-out 
and  gives,  five  speeds  forward  and  reverse.  The  cars  are  fitted 
with  an  electric  brake  and  two  mechanical  brakes,  one  acting 
by  expansion  on  drums  on  the  inside  of  the  wheels  and  con- 
trolled by  a  hand  lever,  and  the  other  acting  on  the  motor 
countershaft  and  controlled  by  a  foot  pedal.  On  the  Lake 
Como  line,  wliich  has  an  average  gradient  of  1  in  IGh  over  the 
length  of  5.1)  miles,  with  a  niaxinnim  of  1  in  7  7，  and  where  the 
whole  of  the  downward  journey  is  done  witliout  using  any 
current,  the  brakes  are  cooled  by  water  carried  in  a  tank  on 
the  roof  of  the  vehicles.  Tlie  wheels  are  of  steel,  running  in 
ball  bearings  and  fitted  with  single  solid  rubber  tyres.  I u 
some  cases  the  lines  are  fed  by  uii  overhead  cable  carried  on 
t lie  same  poles  as  support  the  trolley  wires. 

(To  be  conttn ued.J 


THE  SCHURS  OIL  BURNER. 

The  oil  ljurner  si  town  in  the  acfoinpaiiyiiig  sectional  view  lias 
been  designed  specially  for  use  in  connection  with  furnaces  for 
heating, ,  welding,  aiiuealiiig,  case  hardening,  and  similar 
operations.  One  of  tlie  special  Features  of  this  burner  is  tlie 
use  of  two  distinct  atomising  points.  The  first  a  breaks  the 
oil  and  steam  or  air  into  a  fine  spray,  passing  througli  a  self- 
contained  superheating  tube  h  in  tlie  body  of  the  burner. 
TTero  all  1  he  coiHlensatioii  is  vaporised,  and  it  is  pointed  out 


SniuiiK  Oil  Ruunkr. 


that  as  a  result  popping  and  consequent  loss  of  eflu'ieiu'y  are 
prevented.  After  superheating  the  spray  passes  a  second 
atomising  point  r，  wliicli  acts  as  a  carburetter  and  delivers  an 
oil  gas  flan»e  of  extmm'lv  high  ieinperature.  The  volume  of  air 
taken  in  through  the  holes  <l  in  the  hood  tends  to  secure  perfect 
combustion,  since  the  flame  passing  the  inner  end  of  the  lioles 
causes  a  siu'tioii  that  mixes  the  air  with  the  flame  and  thus 
prevents  smoke  while  at  the  same  time  the  heat  and  tlie 
economy  of  fuel  consimiption  are  increased.  The  nianufac- 
tiu'ers  of  tlie  burner  are  the  Sclnirs  Oil  Burner  Coni]);my, 
1.007,  North  Main  St reet,  Los  Angeles,  California. 


ELECTRIC  MOTORS  FOR  AUXILIARY  DRIVES  IN  STEEL  MILLS. 

In  a  paper  on  this  subject  recently  read  by  Mr.  B.  Wilev  at  a 
meeting  of  the  American  Institute  of  Electrical  Engineers,  the 

lor  said  that  the  application  of  motors  for  d riving  the 
auxiliary  apparatus  in  steel  mills  bad  been  a  gradual  process 
'luriiio[  the  past  20  years.  These  motors  were  required  to 
operate  in  hot  and  dirty  places  and  in  tlie  majority  of  cases 
with  a  gear  drive.  The  mills  were  usually  operated  for 
24  hours  per  day,  six  days  a  week,  and  tlie  work  was  of  an 
extremely  severe  nature,  requiring  frequent  starting  and 
stopping,  rapid  acceleration,  and  sudden  stops.  These  several 
applications  required  motors  ranging  from  5  h.p.  to  150  li.])., 
with  speeds  of  from  approximately  800  to  A  hi)  revs,  per  mimite. 
Motors  designed  for  industrial  purposes  were  available  only  in 
a  few  types,  and  these  were  not  very  suitable  for  tlie  severe 
requirements.  The  solution  of  the  problem  was  to  】i】o(lify  the 
series-wound  (lire<'t-ciirrent  motors  used  for  street  railway  work 
for  tlie  sizes  about  25  h.p.  and  the  lighter  types  were  used  for 
these  smaller  sizes.  Changes  were  made  in  the  frames,  the 
windings  were  made  suitable  for  250-volt  circuits  ami  tlie  full 
load  speeds  were  modi  lied.  While  these  motors  gave  good 
service,  the  cost  of  maintenance  was  high,  and  for  tlie  most 
severe  reversing  service  the  reliability  was  often  questionable. 

About  1905  a  careful  review  of  the  situation  was  made  in 
consultation  with  a 】najoi'ity  of  electrical  engineers  of  the 
industry  to  ascertain  the  features  which  should  be  included  in 
a  mill  type  direct-current  motor,  and  thus,  by  combining  the 
skill  and  experience  of  the  manufacturer  and  the  mill  engineer, 
a  satisfactory  design  of  motor  had  been  developed.  In  this 
motor  duplication  of  parts  had  been  followed  to  a  large  extent 
to  simplify  tlie  construction  and  maintenance  of  the  motor. 
Cast  steel  should  be  used  for  tlie  frame  and  this  part  arrangf^l 
for  easy  inspection  of  parts.  Tlie  armature  should  be  so 
designed  that  the  shaft  .could  be  removed  witliout  disturbing 
the  windings  or  the  commutator,  and  its  flywheel  effect  should 
be  low  to  itiiniiiiise  the  power  required  for  aci-elerat ion  ami 
reversing.  The  tonuiuitator  should  be  of  liberal  design  to 
overcome  grounding,  whirli  was  one  of  the  most  serious 
troubles  in  the  older  types.  Coiinnutation  and  tlie  capacity  of 
the  motor  from  the  standpoint  of  healing  were  the  two  prin- 
cipal factors  to  be  taken  into  consideration  in  detennining  tho 
proper  size.  The  advance  in  the  art  of  electrical  engineering 
in  tlie  steel  industry  ensured  a  more  accurate  selection  of  motor 
size  for  various  applications,  and  the  recently  developed  types 
of  controllers  provided  special  protection  against  uniie<-essarilv 
severe  conditions  being  imposed  on  the  motors. 

The  steel  industries  had  followed  the  lead  of  industrial 
plants  and  used  alternating  current  on  account  of  the  economy 
of  transmission  and  the  wide  range  of  practical  sizes  of  gene- 
rator units  as  compared  with  direct  current.  On 
accoiuit  of  the  slow  motor  speed  sometimes  required,  25  cycles 
liad  been  adopted  as  a  standard -  Tliis  power  had  been  utilised 
as  directly  as  possible,  and  for  this  reason  alternatiiig-t  u rreiit 
motors  were  preferable  for  the  auxiliary  drives  except  wliere 
very  rapid  acceleration  and  frequent  reversals  were  required. 
Here  the  direct-cu rrent  series-wound  motor  was  best  suited, 
l)ut  these  situations  were  few.  The  sizes  of  motor  were  the 
same  as  for  direct-current,  5  h.p.  to  loO  h.p.,  and  tlie  speeds 
ranged  from  750  to  375  revs,  per  minute.  The  general  features 
of  this  motor  should  be  tlie  same  as  the  dirert -current  one  and 
the  perfoniiaiire  should  be  such  that  high  staiiinj^  torque  was 
obtained  with  comparatively  low  starting  current .  A  rareful 
study  of  tlie  requirements  and  the  motor  rharat-teristirs  was 
necessary  to  obtain  the  best  starting  conditions  with  tlie 
alternating-current  motor  aiul  was  a  imicli  more  important 
feature  than  for  the  (lirect -current  motor.  Generally  tlie 
torque  of  the  alteniat ing-onrreiit  motor  was  proportional  to 
the  current  with  properly  regulated  resistance  steps.  Tlio 
pta rtin^  torque  of  the  direi't -current  series  motor  was  in  a 
somewhat  greater  proportion,  twice  the  full  load  current 
giving  two  and  oiie-lialf  tiines  t he  full  load  torque,  and  it  was 
not  necessary  to  govern  tlie  tutting  out  of  the  resistaiuo  so 
accurately  to  ensure  a  continued  high  torque,  although  these 
I'oiulitions  could  be  provided  for  in  the  i'a5;e  of  tlie  alteniatin^- 
current  motor  bv  employing  magnetic  cont rollers.  The 
inherent  features  of  the  alteniating-current  motors  were  that 
t  hey  protected  the  driven  niadiines  from  abnormal  shock  as 
wo  11  as  jMoterted  the  motors  tliemselves  from  nietlianual 
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abuse.  The  series-wound  motor  had  liigli  speed  at  light  load, 
which  was  a  desirable  feature  for  the  hoist  of  a  crane  motor. 
The  speed  of  the  alternating-current  motor  varied  but  little 
with  change  of  load,  and  as  a  result  a  soniewliat  larger  motor 
was  required  to  give  a  speed  which  would  be  equivalent  to  the 
average  light  load  and  the  full  load  speed  obtained  with  tlie 
direct-current  motor. 

Motors  designed  witli  liberal  starting  torque  would  give 
satisfactory  acceleration,  and  the  proper  application  of  the 
alternating-current  mill  motor  to  give  satisfactory  service  was 
not  only  a  question  of  motor  characteristics,  but  more  particu- 
larly included  a  thorough  understanding  of  the  conditions  to 
be  met. 


BOOK  REVIEWS. 

Steam  Boiler  Construction.  Rules  of  the  National  Boiler 
and  General  Insurance  Company,  Ltd.,  with  Notes  on 
Material,  Construction,  and  Design  of  Steam  Boilers  and 
Similar  Vessels,  by  Edward  G.  Hiller,  B.Sc,  M.Inst.C.E., 
M.I.Mech.E.,  Chief  Engineer.  Manchester  :  National 
Boiler  and  General  Insurance  Company,  Ltd.  1  65  pp. , 
8|in.  by  5^ in.,  price  Is.  ；  full  cloth  Is.  Gd.  net. 

This  is  a  new  edition  revised  to  date  of  a  most  useful  s-et  of 
practical  rules  and  hints  on  boiler  construction  issued  by  the 
(Jliief  Engineer  of  the  National  Boiler  Insurance  Company, 
Ltd.,  Manchester,  which  we  had  the  pleasure  of  praising  ou 
its  first  appearance.  In  the  edition  now  issued  advantage  lias 
been  taken  to  considerably  extend  the  scope  of  the  book,  and 
it  constitutes  about  the  cheapest  shillingsworth  of  notes  on 
boiler  construction  that  we  have  seen .  There  is  hardly  a  line 
ill  it  that  an  intelligent  engine  or  boiler  attendant  cannot 
understand  or  wliich  he  would  not  find  it  to  his  advantage  to 
be  familiar  witli,  and  we  have  every  pleasure  in  ('om mending  it 
nob  only  to  them  but  to  every  steam  user  as  well . 

*      5f  * 

Heat  Engines,  by  Herbert  A.  Garratt,  Assoc. M.Inst.C.E., 
M.I.N. A.,  Principal  of  the  London  County  Council 
School  of  Engineering  and  Navigation.  London  : 
Edward  Arnold,  232  pp.,  7|ia.  by  5|in.,  price  6s.  net. 

This  is  an  attempt  to  summarise  in  elementary  form  the 
leading  principles  of  the  various  types  of  prime  movers  which 
derive  their  source  of  energy  from  heat.  It  deals  briefly  witli 
reciprocating  steam  engines  as  well  as  with  turbines  and  the 
various  forms  of  internal-combustion  engines  whether 
operated  by  gas,  oil,  or  petrol.  As  a  preliminary  to  the  part 
devoted  to  reciprocating  and  rotary  steam  motors,  one  or  two 
chapters  are  devoted  to  the  combustion  of  fuel  and  the  con- 
struction and  working  of  boilers,  while  there  is  also  a  useful 
chapter  at  the  end  discussing  the  principles  of  heat  engine 
testing  and  another  deals  briefly  with  refrigerating  apparatus, 
which  may  be  regarded  as  a  sort  of  heat  engine  reciprocal. 
The  work  is  clearly  written  and  is  designed  to  meet  more 
especially  the  needs  of  teachers  and  classes  working  to  the 
syllabus  of  the  Board  of  Education  examinations.  The'  limits 
of  space  and  number  of  subjects  dealt  witli  prevent  exhaustive 
treatment  of  any  section,  but  so  far  as  it  goes  it  is  good,  and  the 
work  is  one  which  may  be  commended  to  the  attention  both 
of  teachers  and  students. 

*    *  * 

Gas  and  Oil  Engines,  a  concise  account  of  the  inosfc  important 
types,  by  Alfred  Kirschke.    London  :  Scott  Greenwood 
.        and  Son,  160  pp.,  55  illustrations,  7 丄 in.  by  4^in.^  3s.  net. 

In  view  of  the  copious  literature  already  existing  on  gas 
and  oil  engines  in  this  country,  this  little  book,  excellent 
though  it  is  in  its  way,  seems  hardly  called  for.  The  text  is 
almost  entirely  descriptive  and  some  of  the  illustrations  wliich 
represent  large  engines  and  plants  are  so  diminutive  as  to  be 
scarcely  intelligible,  while  the  20  or  30  pages  of  logarithms  and 
similar  tables  at  the  end,  in  view  of  the  extent  to  which  siicli 
information  is  provided  in  every  pocket  book,  scarcely  seems 
called  for.  Apart  from  these  blemishes,  however,  the  descrip- 
tion is  written  from  an  independent  standpoint,  and  for  those 
who  desire  a  brief  glance  of  gas  and  oil  engine  practice  as  seen 
througli  German  eyes  the  book  may  possess  a  certaiti  value. 


Annual  Tables  of  Constants  and  Numerical  Data,  Chemical,  Physi- 
cal, and  Technological  (Vol.  1，  1910).  Loiuloii  :  J.  and 
A.  Cliurcliill,  1  I  in.  by  8^in.,  727  pp.,  price  24s.  net. 

To  the  ordinary  】ay"mn  the  contents  of  this  volume  would 
probably  not  prove  attractive,  but  to  tlie  patient  scientific 
worker  engaged  on  research  in  the  laboratory  the  mass  of  con- 
stants and  numerical  data  here  collated,  and  relating  to  almost 
every  element  or  compound  that  enters  into  chemical  or 
physical  investigation,  must  prove  invaluable.  The  work  is 
the  outcome  of  a  National  Committee,  and  when  we  say  the 
British  collaborators  include  Sir  Win.  Ramsay,  Prof.  Dixon, 
Prof.  Frankland,  James  Swinburne,  Sir  Edward  Thorpe,  and 
other  eminent  scientists  the  standard  of  excellence  will  be 
manifest. 


BOOKS  RECEIVED. 

University  of  Illinois  Engineering  Experiment  Station,  Bulletins 
Nos.  54,  55,  and  56.  Published  l)y  the  University,  Illin(»is, 
U.S.A.,  price  20  cents  each.  No.  54,  on  Mechanical  Stresses 
in  Transmission  Lines,  by  A.  Guell.  No.  55，  on  Starting 
Currents  of  Transformers  with  special  reference  to  Trans- 
formers with  Silicon  Steel  Cores,  by  Trygye  D.  Yeriseri.  No. 
56，  Tests  of  Concrete  Reinforcements  for  Structural  Steel 
Columns,  by  Arthur  N.  Talbot  and  Arthur  K.  Lord. 

Iowa  State  College  Engineering  Experiment  Station,  Bulletin 
No.  25  on  Electric  Power  on  the  Farm,  by  Adolph  Shane. 

Technologic  Papers  of  the  Bureau  of  Standards,  No.  3.  Tests  of 
the  Absorbtive  and  Permeable  Properties  of  Portland  Cement, 
i'c"  by  Rudolph  J.  Wig  and  P.  H.  Bates.  Published  by  the 
Department  of  Commerce  ar d  Labour  Government  Printing 
Office,  Washington,  U.S.A. 

Engineering  Index  Manual  for  1911,  a  summary  of  technical 
literature  published  by  tho  Engineering  Magazine,  Long  Acre, 
London,  W.C.  * 

Pattern  Making*  a  practice  1  treatise  by  Joseph  G.  Horner, 
A.M.I.M.E.  4th  edition  with  numerous  illustrations.  London  : 
Crosl)y  Lockwood  &  Son,  price  7s.  6(1.  net. 

Testing,  Fault  Localisation,  and  General  Hints  For  Wircmcn.  by 

J.  Wright.     London:   Const; 山 le  &  Co.,  price  Is.  net. 


PROCESS  FOR  COLOURING  ALUMINIUM. 

The  colouring  of  metallic  aluminium  lias  always  been  an 
unsatisfactory  process,  and  heretofore  it  may  be  said 
that  no  good  process  for  accomplishing  it  has  been  known. 
According  to  "  The  Brass  World/'  a  process  for  colouring 
aluminium  has  recently  been  patented  by  Salamoii  Axelrod,  of 
Oberschoneweide,  Germany.  This  process  is  very  simple  and 
consists  of  treating  the  aluminium  surface  with  a  solution  of  a 
cobalt  salt  and  then  heating.  The  heat  changes  the  colour  of 
the  surface  and  gradations  ranging  all  the  way  from  a  steel 
grey  to  a  brown  and  finally  black  are  obtained,  depending 
upon  the  temperature  to  which  the  article  is  heated.  The 
cobalt  salt  used  is  preferably  cobalt  nitrate  (cobaltous  nitrate) 
and  should  be  either  neutral  or  alkaline.  The  aluminium 
article  to  be  treated  is  dipped  into  this  solution  or,  if  desired, 
the  solution  may  be  applied  with  a  brush.  The  cobalt  nitrate 
is  dissolved  in  water  to  make  tlie  solution  for  applying,  but  the 
proportions  to  be  used  are  not  given.  After  the  cobalt  nitrate 
solution  is  applied  to  the  aluminium,  heating  is  carried  out. 
This  may  be  done  either  by  a  muffle,  by  a  blowpipe,  or  other 
couveuient  methods.  The  exact  temperature  to  be  used  is  not 
stated,  but  is  rather  low,  for  aluminium  melts  at  practically 
a  very  low  red  heat.  If  the  heat  applied  to  the  aluminium 
thus  coated  with  the  cobalt  nitrate  is  low,  then  a  steel  grey 
colour  is  obtained.  A  liiglier  heat  produces  a  brown  colour, 
and  one  still  higher  produces  a  dead  black.  Tlie  black  thus 
produced  on  the  aluminium  by  the  proper  heat  is  stated  by  the 
inventor  to  be  very  d arable  and  will  not  rub  off  by  friction  like 
other  superficial  colours  obtained  by  other  methods.  The 
black  is  also  stated  to  be  permanent.  The  iiu'entor  claims 
that  zinc,  tin,  aud  other  metals  may  be  coloured  by  the  cobalt 
nitrate  or  other  cobalt  salts  in  the  same  inaiuior. 
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MACHINE  MOULDING.* 

HY   WILFKI-:!)  LKWIS. 

(Concluded  from  page  682.) 

At  the  present  time  nearly  all  jarring  jjiachine  builders 
contemplate  the  use  of  compressed  air,  whereas  originally, 
and  until  about  the  beginning  of  the  present  century,  they 
were  operated  mainly  by  liand  or  by  cams  on  a  power  shaft. 
The  development  of  the  jarring  machine  is  an  interesting 
study,  but  no  attempt  will  be  made  to  follow  it  through  all 
its  ramifications  ；  a  few  examples  only  representing  the  last 


Fig.  6.— Shockless  Jarring  Machine 

ten  years  will  be  considered.  In  the  machine  first  built  the 
jarring  table  was  struck  underneath  by  a  heavy  plunger 
actuated  by  compressed  air.  The  blow  raised  the  table  a 
short  distance  from  its  support,  upon  wliich  it  fell  back, 
striking  a  second  blow.  Some  of  tliese  machines  are  still 
in  use,  but  it  cannot  be  said  that  they  are  very  efficient  or 
successful,  and  they  were  superseded  five  or  six  years  ago  by 
the  Tabor  jarring  machine  now  in  common  use. 

This  is  a  plain  inacliiiie  with  the  jarring  cylinder  formed 
in  the  table  mounted  upon  an  upstanding  plunger.  By  this 
construction  the  table  is  given  enormous  strength  and  stiff- 
ness, and  the  central  blow  of  impact  is  (distributed  equally 
in  all  directions.  The  plunger  is  part  of  a  heavy  piece  of 
cast  iron  forming  the  anvil,  which  in  turn  rests  upon  a  large 
mass  of  concrete.  Originally  the  main  valve  was  operated 
directly  by  tappets  attached  to  the  table  adjustable  for  any 
desired  leugt.h  of  stroke,  ami  later  it  was  modified  to  operate 
through  the  ineHium  of  a  pilot  valve.  To  avoid  unnecessary 
intensity  in  the  blow  struck  by  the  table  upon  its  anvil  a 
few  layers  of  leather  or  other  non-resilient  material  are  intro- 
duced as  a  cushion.  These  reduce  the  wear  and  tear  and 
noise,  without  having  any  material  eft'ect  upon  the  action  of 
the  machine  on  sand.  The  plunger  base  rests  upon  concrete 
to  form  an  anvil. 

As  to  the  mass  of  concrete,  it  may  be  said  from  the 
operating  standpoint  the  more  the  better,  but  this  must  be 
l""ite 山 of  course,  with  regard  to  the  cost  and  the  natural 
bed  beneath.  In  a  general  way,  about  two  cubic  feet  of 
concrete  for  every  square  inch  of  area  in  the  jarring  ryliiuler 
is  reconuneiuled,  but,  if  there  is  a  rock  bottom  beneath  tlie 
use  of  very  little  concrete  is  advisable,  or  just  enough  to  level 
up  under  the  cast-iron  】）lmigei'  base.  Some  biiiUlers  rermn- 
me，i(l  more  concrete  lliai»  tins,  some  less,  and  in  addition  to 
the  concrete  a  heavy  wooden  cribwork  is  frequent Iv  put  in 
beneath  to  prevent  the  transmission  of  the  shock  of  impart 
into  the   ground.      This  is  in    acconhmre    witli  the  usual 

•  Abstract  of  vavov  lUfsontotl  nt  a  meeting  of  the  Mechanical  ami 
Lnguiceniic  Srclion  of  the  Krauklin  Institute- 


practice  under  steam-liam mer  anvils,  and  it  may  have  some 
beneficial  effect,  but  it  does  not  eliminate  the  whole  trouble, 
and  the  wooden  crib  is  scarcely  worth  its  additional  cost.  It 
is  not  generally  safe  to  set  up  finished  moulds  with  hanging 
sand  ill  the  neighbourliood  of  a  jarring  machine  of  this  type, 
and  in  some  foundries  the  jarring  machine  has  been  put  out 
of  service  for  days  or  weeks  pending  the  completion  of  large 
floor  work.  In  fact,  the  damaging  effect  of  lar^^e  jarring 
machines  is  too  well  known  to  need  confirniation,  ami  to 
reduce  this  to  a  niiiiiiiium  the  drop  of  the  table  has  been 
decreased  wliile  the  foundation  has  been  increased. 

But  there  is  a  limit  to  the  relief  afforded  by  reducing  the 
drop,  because  upon  this  the  ramming  effect  primarily 
depends.  The  shorter  the  stroke  the  less  the  ultimate  density 
attained  and  the  less  the  efficiency  of  the  machine.  This 
can  be  demonstrated  in  a  practical  way  by  ramming  up  a 
deep  mould  on  short  strokes  until  the  sand  ceases  to  pack  any 
further.  Increasing  the  length  of  stroke  very  considerably 
alters  the  effect  of  the  next  blow.  The  sand  will  pack 
further  im mediately,  and  tlie  conclusion  in  favour  of  the 
long  stroke  as  more  efficient  in  pai'king  sand  is  inevitable. 

With  the  object  of  eliminating  ！ ground  shock,  and  yet 
retaining  the  use  of  any  stroke  desired,  the  Shockless  jarring 
machine,  Fig.  6，  has  been  designed.  It  requires  no  founda- 
tion other  than  a  base  to  sustain  the  static  load  upon  it,  and 
it  is  more  efficient  in  operation  than  a  plain  machine 
mounted  on  a  wooden  crib  whose  anvil  weighs  twice  as  much. 


Fig. 


-SBOCKLiESS  JAHRIMi  MaCUINK.    bbCIlONAL  HILEVATION. 


The  )>riiuMple  upon  whioh  it  operates  will  be  understood  from 
tlie  sectional  elevation  shown  in  Fig.  7.  The  plunger  base 
fornunp  the  anvil  is  mounted  for  convenience  in  an  anvil 
cvlituleM'  ami  rest s  upon  a  number  of  long  <oinpression 
springs.  AVlieii  air  is  admitted  to  the  ja rring  (vlimler  the 
entire  weight  of  the  anvil,  table,  and  load  is  carried  upon 
these  spriiiLjs,  and  t liev  are  therefore  compressed  and  in 
readiness  to  expaiul  when  tlie  air  is  exh;uiste<l  and  the  table 
falls.  At  the  beginning  of  this  nioveinent  the  loaded  table 
is  i"i|、olle(l  dowiiwa rd  by  the  same  force  tliat  moves  the  anvil 
upward,  and  all  Ijoui^li  some  of  the  force  of  the  springs  is 
cxhnustod  as  tlio  ;uivil  rises  1  he  loaded  tahle  and  tlie  anvil 
acquire  subst antially  oiiual  nioMKMila  wliich  neutralist'  vnch 
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other  when  impact  takes  place.  To  compensate  in  a 
measure  for  the  loss  of  spring  pressure  as  the  anvil  rises,  the 
exhaust  from  the  jarring  cylinder  may  be  carried  into  the 
anvil  cylinder  before  being  discharged.  This  is  accom- 
plished by  a  combination  valve,  consisting  of  a  large  main 
valve  of  the  steam-hammer  type  in  connection  with  a  small 
pop  valve  sucli  as  is  used  on  small  power  squeezers  and  split- 
pattern  machines.  These  valves  are  attached  to  the  anvil  or 
plunger  base,  and  the  pop  valve  is  opened  aiu]  closed  by 
tappets  oil  the  jarring  table.  When  the  table  drops  the  poj) 
valve  opens,  admitting  pressure  beneath  the  main  valve, 
which  rises  and  puts  the  jarring  cylinder  in  coniiTuniication 


Fig.  8.— PowEii  lioLL-oVEit  Machine  in  Combination  with  Jakking  Machine 

with  the  air  supply,  at  the  same  time  opening  the  anvil 
cylinder  to  exhaust.  When  the  limit  of  stroke  is  reached 
the  pilot  valve  opens  to  exliaust  and  the  main  valve  drops 
to  the  position  shown.  The  air  from  the  jarring  cylinder 
rushes  into  the  anvil  cylinder,  expanding  to  much  lower 
pressure,  which  is  nevertheless  very  effective  in  the  large 
anvil  cylinder  and  causes  the  loaded  table  and  anvil  to  collide 
with  greater  force  and  effect  upon  the  sand.  The  supply  of 
air  to  these  valves  is  controlled  by  an  air  cock  at  the  opera- 
ting stand,  and  the  table  runs  automatically  as  long  as  the 
air  is  turned  on.  At  the  same  time  the  stroke  of  the  table 
is  controlled  by  another  lever  adjustable,  if  desired,  while  the 
machine  is  running.  The  purpose  of  the  pilot  valve  is  to 
provide  a  controlling  means,  easily  manipulated,  that  will 
give  the  delayed  action  required  by  the  main  valve.  This 
always  presents  full  openings  during  the  table  movement  up 
or  down,  and  the  ample  lap  on  the  ports  gives  time  for 
expansion  in  the  jarring  cylinder  under  light  or  medium 
loads  after  the  air  supply  has  been  cut  off.  Of  coarse,  under 
full  load,  or  thereabouts,  there  can  be  no  appreciable 
expansion  in  the  jarring  cylinder. 

Fig.  G  is  taken  from  a  photograph  of  a  13in.  shockless 
machine  with  4ft.  by  6ft.  table.  A  niachiiie  of  this  type  will 
ram  any  mould,  large  or  small,  in  a  minute  or  less  time,  and 
the  saving  to  be  effected  by  its  use  on  large  work  is  practi- 
cally the  whole  of  the  ramming  time  by  hand.  It  will  not 
ram  small  work,  such  as  that  on  which  time  study  was  first 
given,  as  quickly  as  a  squeezer  or  split-pattern  machine,  and 
such  a  jarring  machine  for  half  moulds  weighing*  less  than 
1,000  pounds  is  not  often  recommended,  but  for  large  deep 


work  particularly  it  is  by  far  the  best  rnacliine  for  packing 
saiul.  It  is  not,  however,  every  pattern  that  can  be  rammed 
ill  this  way,  and  care  must  always  be  taken  to  avoid  pro- 
jections on  the  pattern  which  interfere  with  the  proper  llow 
of  sand.  This  sometimes  necessitates  the  use  of  a  core  not 
required  for  hand  ranimiiig,  but  the  patterns  when  mounted 
for  jarring  require  fewer  repairs,  and  the  cost  of  adaptation 
to  the  jarring  process  is  soon  recovered. 

In  regard  to  efficiency,  nothing,  of  course,  can  be  better 
than  an  anvil  bedded  on  rock,  and  therefore  of  practically 
infinite  weight,  but  even  a  rock  bottom  does  not  prevent  the 
transmission  of  ground  waves,  ami  wlieii  a  wooden  crib  is 
used  to  cushion  the  blow  the  anvil  yields  to  tlie  impact  and 
softens  the  effect.  The  advantage  of  the  uprising  anvil  will 
therefore  be  demonstrated  and  its  action  illust rated  by 
reference  to  two  cars  on  a  horizontal  track.  Let  these  cars 
be  of  equal  mass  or  weight  and  let  them  be  separated  a  given 
distance.  Now  block  the  wheels  of  one  t.-ar  and  draw  the 
other  to  it  by  a  uniform  force.  Assuming  tlie  impact  to  be 
inelastic  the  two  cars  will  move  on  together  at  half  Iho 
velocity  acquired  by  the  moving  car  at  the  time  of  impact. 
The  shock  of  collision  is  the  same  on  both  cars,  one  gains 
what  the  other  loses,  one-half  of  the  velocity  of  impact ,  arul 
Uie  square  of  that  change  in  velocity  repipi^ents  tlie  ramming 
effect  If  tlie  stationary  car  had  been  of  infinite  mass  the 
moving  car  would  have  lost  all  of  its  velocity  and  suffered 
four  times  the  ramming  effect. 

Or,  we  may  say,  to  invert  the  comparison,  when  otie  car 
strikes  another  of  the  same  weight  the  raniniing  effect  is  one- 
quarter  of  what  it  would  be  if  the  car  ran  into  a  stone  wall, 
or  encountered  a  mass  so  much  superior  as  to  have  substan- 
tially the  effect  of   infinite    mass   in  rlierking  its  velocity. 


Fig.  9.— Gbindeh  Fbame  Mould,  made  on  Macetine  shown  in  Fig.  ti. 

Now,  if  both  cars  are  free  to  move  and  are  drawn  together 
by  the  same  force  as  in  the  first  instance,  the  same  amount 
of  kinetic  energy  will  be  developed,  but  it  will  be  divided 
between  the  two  cars  and  totally  absorbed  by  inelastic 
impact,  each  car  sustaining  one-lialf  the  shock  instead  of  one- 
quarter.  Therefore,  when  both  cars  move  together  the 
shock  of  impact  is  twice  as  great  as  when  one  car  waits  to 
receive  a  blow  from  the  other  one.  Furthermore,  the 
highest  efficiency,  or  the  greatest  shock,  is  realised  between 
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any  given  pair  of  cars  for  any  given  amount  of  work  done 
when  both  cars  are  actuated  by  the  same  force  and  acquire 
equal  momenta  in  equal  times.  This  is  true  for  cars  of 
unequal  weight  as  well  as  for  the  cars  of  equal  weight  just 
considered,  and  it  can  be  shown  when  one  car  is  made 
heavier  than  the  other  to  act  as  an  anvil  that  when  both 
cars  are  freo  to  move  the  shock  on  the  lighter  car  is  greater 
than  it  wouM  be  against  a  car  of  double  the  weight  standing 
to  receive  the  blow.  It  is  not  claimed  that  the  sliockless 
jarring  macliine  is  always  twice  as  efficient  as  a  plain 
machine  having  the  same  weight  of  anvil  mounted  on  a 
wooden  crib,  although  it  is  sometimes  more  than  twice  as 
efficient.  It  is  simply  maintained  that  the  shockless  jarring 
inachine  is  more  efficient  than  a  plain  machine  having  an 
anvil  twice  as  heavy  mounted  on  a  wooden  crib.  But  the 
efficiency  of  a  jarring  machine  does  not  depend  altogether 
upon  the  weight  of  its  anvil,  solidity  of  construction  con- 
tributes something  and  the  length  of  stroke  still  more. 
Instances  could  be  cited  where  production  lias  been 
increased  five  times  by  the  installation  of  a  jarring  machine, 
and  still  greater  gains  have  been  made  from  machines  wliich 
combine  tlie  jarring  and  pattern  drawing  features  just 
described. 

Fig.  8  shows  sucli  a  power  roll-over  machine  in  combina- 
tion with  a  jarring  machine.  Fig.  9  shows  a  grinder  frame 
mould  made  on  the  same  machine.  This  half  mould  was 
made  by  two  men  in  ten  minutes,  and  a  complete  mould, 
including  core  setting,  could  probably  be  made  in  half  an 
hour.  Originally  two  men  made  two  moulds  a  day  by  hand. 
With  the  aid  of  a  jarring  macliine  they  made  five'  a  day,  and 
it  appears  from  the  time  taken  on  a  combination  macliine 
that  twenty  a  day  might  be  expected. 

Although  the  foregoing  is  not  a  complete  summary  of  the 
art  of  macliine  moulding  and  many  types  of  machines  have 
necessarily  been  omitted,  the  point  to  which  particular  atten- 
tion may  be  called  is  the  harvest  awaiting  the  introduction 
of  scientific  management  in  the  foundry  and  its  bearing  upon 
the  proper  selection  and  use  of  moulding  machines. 


STANDARD  METHODS  RECOMMENDED  FOR  TESTING 
DRY  CELLS. 

The  methods  of  testing  must  in  the  first  place  be  of  benefit 
to  those  interested  in  dry  cells,  and  the  users  may  be  divided 
into  three  classes :  the  average  ultimate  consumer,  the  large 
user,  and  the  manufacturer.  No  standard  methods  of  testing 
can  be  devised  which  will  be  suitable  at  once  for  all  of  these 
classes,  and  the  .most  serious  obstacles  are  encountered  in 
formulating  methods  suitable  to  the  first  class.  This  is  un- 
fortunate, since  by  far  the  larger  proportion  of  the  dry-cell 
output  is  so  distributed  that  the  user  is  interested  in  one,  two, 
six,  or  perhaps  twelve  cells  as  supplying  his  yearly  require- 
ments. This  very  large  number  of  users  should  have  a  test, 
the  cost  and  labour  of  conducting  which  should  not  be  out  of 
proportion  to  the  low  values  of  the  articles  tested.  There 
appears  to  be  no  adequate  means  of  meeting  this  urgent 
demand  for  simplicity  of  equipment  and  method. 

Tlie  large  users  of  dry  cells,  such  as  telephone  exchanges, 
engine  manufacturers,  installers  of  alarm  and  signal  devices, 
railroads,  &c.，  who  purchase  cells  in  large  quantities,  are 
especially  interested  in  testing  methods.  Various  methods 
of  testing  have  been  evolved  by  these  users  as  a  basis  for  pur- 
chase specifications  and  as  a  means  of  judging  the  relative 
merits  of  the  various  makes  of  cells  on  the  】narket.  To  them 
the  matter  of  elaborateness  of  tests  is  of  less  importance  than 
to  the  small  user.  Of  even  greater  importance  is  tlie  test- 
ing of  dry  cells  by  the  inamifacturer,  wlio  iiuist  necessarily 
adopt  】ne。iods  whicli  will  give  him  the  necessary  information 
concerning  his  product,  no  matter  how  elaborate. 

The  methods  of  testing  which  the  committee  is  recom- 
mending are  those  which  are  particularly  suited  to  the  second 
(、lass — the  large  users.  These  tests,  if  extensively  adopted, 
will  be  of  indirect  benefit  to  the  small  consumer,  and  will  be 
of  iinitual  advantage  to  the  large  users  ami  manufacturers. 
Tt'  has  been  suggested  to  this  committee  that  the  inetliods  for 
testing  should  include,  aside  f roni  electrical  iiieasurenient , 
methods  of  physical  and  chemical  analysis,  such  that  judg- 
ment  may  be  made  thereby  of  the  merits  of  a  cell,  and  that 

*  AbHi'ftct  of  a  renort  by  the  committee  on  dry-cell  tests  of  (be  American 
K  ectro-cheniical  Society. 


what  constitutes  a  satisfactory  product  should  be  described  in 
these  terms,  so  that  they  might  form  a  basis  of  specification. 
There  is  a  striking  similarity  between  the  various  cells  on  the 
market  as  far  as  materials  used  and  general  structure  are  con- 
cerned. Exceedingly  slight  variations,  however,  wliich  intro- 
duce large  variations  in  the  quality  of  the  product,  are  not 
capable  of  detection  by  physical  and  chemical  examination, 
and  what  is  of  even  greater  importance  in  determining  the 
quality  are  the  iiietliods  of  assembling,  sucli  as  methods  of 
mixing,  grading  as  to  size  of  the  particles  which  constitute  the 
cell  mixture,  and  methods  of  tamping,  factors  which  cannot  be 
easily  determined  by  physical  or  <，lie】nira】  inspection  of  the 
resultant  product. 

The  art  of  dry-cell  manufacture  cannot  be  considered  as 
having  been  worked  out  to  a  finality  ；  improvements  are  being 
made  and  will  contiinie  to  be  】nafle.  One  maker  may  dis<'Over 
a  simple  inethod  of  neutralising  the  effects  of  an  impurity  on 
liis  product  which  may  have  a  detrimental  influence  in  aiiotlier 
product,  and  a  judgment  based  upon  the  detection  of  such 
impurity  would  thereby  work  an  injustice.  Tlie  tests,  there- 
fore, should  be  such  as  determine  the  ability  of  tlie  cell  to  pro- 
duce results,  and  these  can  be  determined  only  by  tests  involv- 
ing electrical  measurement.  The  dry  cell,  in  all  of  its  multi- 
tudinous uses,  is  】nerely  a  source  of  electrical  energy,  and  its 
ability  to  deliver  tliis  energy,  in  tlie  quantity  and  at  tlie  times 
desired,  constitutes  the  pi'im'ipa]  measure  of  value. 

Dry-cell  tests  may  be  conveniently  divided  into  three  main 
groups  ：  (1)  Tests  to  determine  whether  or  not  a  cell  is  in  good 
condition  before  being  placed  in  service.  (2)  Tests  to  deter- 
mine the  actual  or  comparative  service  capacity  of  fells. 
(3)  Tests  to  determine  tlie  rate  of  deterioration  of  cells  on  open 
circuit.    This  classification  is  followed  in  this  report . 

Tests  to  Determine  the  Condition  of  a  Cell  before  Use. 

Electromotive  Force, ― The  electromotive  force  of  a  cell  may 
\)e  read  by  connecting  a  voltmeter  directly  across  tlie  teniiiiials. 
In  new  cells  of  various  types  tlie  electroiiiotive  force  niav  varv 
from  15  to  1*6  volts.  If  a  cell  of  the  type  now  iu  general  use 
gives  an  electromotive  force  less  than 】45  volts  it  is  an  almost 
certain  indication  either  of  serious  deterioration  due  to  age,  or 
of  ilie  external  sliort-circuitiiig  of  tlie  cell,  or  of  some  defe<  t 
such  as  an  internal  short-circuit,  whicli  will  soon  render  the 
cell  unfit  for  service.  It  is  seldom  necessary  to  measure  tlie 
open-circuit  voltage  of  cells,  since  they  are  seldom  deficient  in 
this  respect.  It  is  a  test  which  may  be  considered  as  secondary 
in  nature,  and  should  l)e  applied  when  it  is  suspected  that  tlie 
cells  are  below  standard,  for  example,  when  cells  are  re<'eivecl 
with  wet  packets,  when  the  t-enniiials  are  corroded,  when  the 
electrolyte  leaks  from  under  tlie  seal,  or  wlien  tlie  cells  are 
abnormally  low  in  short-circuit  current. 

An  accurate  or  carefully  calibrated  voltmeter  should  be 
used,  the  resistance  of  which  is  sufficiently  liigh  to  render  the 
current  flow  through  it  inappreciable.  A  two-soale  Weston 
instrument  of  300  olnns  resistance  with  3-volt  maximum  deflec- 
tion and  1,500  ohms  with  15  volts  maximum  deflection  lias 
been  found  very  satisfactory  for  both  cells  and  batteries. 
Cheap  pocket  instruments  are  often  so  inaccurate  as  to  make 
their  indications  of  open-circuit  voltage  worse  than  useless. 
The  effect  of  temperature  on  electromotive  force  is  very  slight. 

Short-circuit  Current. ― The  short-circuit  current  of  a  cell 
»nay  be  obtained  by  connecting  an  aninieter  directly  across  the 
terminals  of  the  cell.  The  short-circuit  current  of  a  cell  is  of 
value  only  when  coupled  with  a  familiarity  witli  the  brand  of 
cell  in  question.  If  the  reading  is  iionnal  for  that  brand  of 
cell,  it  is  reasonably  certain  that  the  particular  cell  is  in  good 
condition,  and  that  it  will  probably  give  as  good  service  as 
others  of  the  same  make.  This  applies  only  to  cells  of  tlie 
same  brand  and  make.  That  the  short-ciiTuit  current  of  a  cell 
of  a  new  and  unfamiliar  brand  is  as  liigli  as  tliat  of  another 
brand  is  no  indication  whatever  of  the  equality  of  the  service 
capacities  of  tlie  two  cells.  The  sliort-ciivuit  current  bears  no 
relationslii])  to  service,  and  when  measured  without  reference 
to  temperature  or  other  conditions  may  be  entirely  meaningless 
aiu]  misleading. 

The  ammeter  for  reading  short-circuit  current  should  be 
(leadbeat.  and  witli  its  leads  should  have  a  resistance  of 
0  01  ohm  to  within  0002  ohm.  Two  30in.  lengths  of  No.  12 
lamp  cord  make  very  convenient  leads.  The  】naxii】iuni  swing 
of  the  needle  should  be  taken  as  the  sliort -circuit  current  of  the 
cell.      The  ainnieL^r  sliould  be  connected  across  the  brass 
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terminals  of  the  electrodes.  Low  readings  are  likely  to  be 
obtained  if  the  ammeter  is  applied  to  the  carbon  electrode 
directly.  In  order  to  avoid  high  contact  resistance,  the  ter- 
minals of  the  cells  and  of  the  ammeter  leads  should  be 
brightened.  It  has  been  found  very  convenient  to  fit  the 
ammeter  leads  with  small  terminals  of  lead.  The  contact  on 
the  cell  terminals  is  greatly  improved,  hihI  with  such  leads  it  is 
unnecessary  to  brighten  the  contacts.  For  accurate  measure- 
ment of  the  short-circuit  current  of  a  new  cell,  instriuneiiis  of 
the  pocket  type  should  be  avoided.  The  effect  of  teinperaturc 
oil  the  short-circuit  current  is  quite  pronounced.  The 
amperage  of  cells  is  raised  about  one  ampere  for  each  ilf  C. 
rise  ill  teiiiperatu re.  This  value  varies  considerably  witli  diffe- 
rent cells,  ami  is  suiiiewlmt,  greater  at  tlie  lower  ieinperature 
and  less  at  the  higher.  At  very  low  teinperatures  the  effect  is 
very  pronounced,  aiul  it  is  often  noted  that  cells  received  in 
extremely  cold  weather  read  but  one  or  two  amperes.  On 
bringing  them  to  room  tenipe rat  vire,  however,  tlie  sliort-cimiit 
current  becomes  normal  and  t lie  rell  is  not  impaired  by  llie 
freezing. 

Internal  Resistance. 一 Tins  value  is  usually  (leteruiiiied  hy 
apnlyiiit^  the  formula 

i{  二—、 V — r^j 

where  V  is  t  he  uixmi -ciiruil  voltage  of  i  lie  cell,  (  '  tlie  cloyed 
circuit-  volt. age,  and  (J  the  ciirreiit  to  wliicli  the  cell  is  subjected 
ill  order  to  make  the  determination.  The  value  obtained 
varies  with  the  current  flowing,  the  age  of  the  cell,  and  the 
temperature.  For  these  reasons  we  advise  against  the  use  of 
this  test.  It  indicates  nolliiiig  in  regard  to  the  service 
capacity,  nor  does  it  give  an  exact  value  of  the  actual  internal 
resistance  of  the  cell . 

Service  Capacity  Tests. 

In  general  there  are  but  two  reasons  for  desiring  a  service 
t^st  upon  dry  cells  :  (1)  to  ascertain  what  life  may  be  obtained 
from  a  brand  of  cells  iu  a  certain  service  ；  (2)  to  ascertain 
which  one  of  several  brands  will  give  the  longest  life  in  that 
particular  service.  With  the  former  object  in  view  the  know- 
ledge is  best  obtained  by  actual  use  of  the  cells  in  connection 
with  the  appliance.  In  some'  cases  this  is  the  only  feasible 
way  ill  which  the  definite  information  sought  can  be  obtained. 
The  great  majority  of  tests  are  carried  on,  however,  with  the 
second  object  iu  view.  Where  the  amount  of  testing  is  large,  it 
is  impossible,  even  were  it  expedient,  to  use  the  actual  appli- 
ances for  testing  cells,  and  it  becomes  necessary  to  devise  special 
testing  methods  and  apparatus  such  that  results  obtained 
therefrom  shall  be  comparable  to  the  results  obtained  from  the 
cells  when  placed  in  actual  service . 

It  has  been  suggested  that  cells  of  various  makes  be  tested 
by  connecting  them  in  series  and  discharging  them  simul- 
taneously through  any  suitable  resistance,  thereby  assuring 
that  the  cells  are  discharged  at  the  same  rate  aud  under  iden- 
tical conditions.  There  are  several  objections  to  this  method 
and  we  therefore  advise  against  the  testing  of  cells  in  this 
manner. 

In  interpreting  the  results  obtained  from  a  test  of  various 
grades  of  cells,  we  wish  to  caution  against  drawing  definite 
conclusions  from  the  outcome  of  a  single  test  or  of  a  small 
number  of  tests.  Wlien  tlie  matter  of  choosing  a  brand  is  of 
niucli  importance,  it  is  necessary  to  run  a  series  of  tests  over 
a  period  of  six  months  or  a  year.  In  this  way  a  very  good  idea 
may  be  obtained  of  the  average  service  results  which  may  be 
expected. 

Service  Tests  Eecommended. 

Telephone  Service. ― Discharge  three  cells,  cormected  in 
series,  through  20  ohms  resistance  for  a  period  of  two  minutes 
each  hour,  during  24  hours  per  day  and  seven  days  per  week, 
until  the  closed-circuit  voltage  of  the  battery  at  th©  end  of  a 
period  of  contact  falls  to  2'8  wits.  Tlie  following  readings  are 
taken  :  (1)  Initial  open-circuit  voltage  of  the  battery. 
(2)  Initial  closed-circuit  voltage  of  the  battery.  (3)  Closed - 
circuit  voltage  at  the  end  of  the  first  discharge  period. 
(4)  Closed-circuit  voltage  at  the  end  of  a  discharge  period  after 
three  days,  and  weekly  thereafter.  Report  the  results  as  tlie 
number  of  days  during  which  the  closed-circuit  voltage  remains 
above  the  limiting  value  of  2*8  volts. 

Ignition  Service. ― Discharge  six  cells  connected  iu  series 
through  IG  olinis  resistance  for  two  periods  of  one  hour  each 
per  day,  seven  days  per  week.    The  periods  should  be  11  liuury 


apart,  but  in  cases  where  tlie  cinnuts  are  not  automatically 
(■(Mitrolled,  tlie  first  and  the  last  hour  in  the  working  (lay  inay 
be  clioseii  for  t he  discharge  perio^ls  and  the  discharge  oin it t od 
on  Sunday,  without  materially  afTcriiiig  the  results. 

The  following  readings  are  taken  ：  (1)  The  initial  open- 
circuit  voltage  aiul  short-circuit  current  of  the  battery. 
(2)  The  initial  closed-circuit  or  working  voltage,  aud  the 
initial  impulse  of  current  which  the  batlery  is  capable  of  forc- 
ing tlirou^li  a  ()'5-olim  coil  c.ojinectefl  in  series  willi  an 
ainirieler,  ajid  in  parallel  with  the  1 6-olim  coil.  (3)  Closed - 
circuit  voltage  aud  impulse  current  tlirough  the  0'5-ohm  coil  at 
tlie  end  of  the  first  period  of  closure,  at  t  he  end  of  the  sixtli 
period,  at  the  end  of  tlie  period,  and  after  every  ritli 

period  thereafter. 

The  test  is  considered  completed  when  the  impulse  current 
at  the  end  of  a  period  falls  below  four  amperes.  Report  the 
results  as  the  niuiit)er  of  hours  of  actual  discharge  to  the  liiiiit- 
iug  value  of  impulse  current.  Particular  care  should  be  taken 
to  keep  the  temperature  of  ignition  test  batteries  as  nearly 
constant/  as  possible,  as  tlie  service  obtainable  is  greatly  influ- 
enced by  til  is  factor. 

Flashlight  Batteries. ^Dis<  li;irge  the  battery  to  lie  tested 
t  il  rough  a  resistance  of  4  ohms  for  evary  cell  in  series  (8  ohms 
for  a  L'-cell  battery  and  12  ohms  for  a  3-(*ell  battery),  for  a 
period  of  five  niimiies  once  each  day  until  the  closed-circuit 
voltage  at  the  end  of  a  discharge  period  falls  to  075  volt  per 
cell  (1*5  volts  for  a  2 -cell  and  '2'2^)  volts  for  a  3 -cell  battery). 
The  following  readings  are  taken  :  (I)  Initial  open-circuit 
voltage  and  short-circuit  current.  (2)  Initial  closed-circuit,  or 
working  voltage.  (3)  Closed-circuit  voltage  at  the  end  of  the 
first,  third,  and  seventh  periods  of  closure,  and  after  each 
seventh  period  tliereafber. 

Report  the  results  as  the  muiiber  of  minutes  during  wliicli 
the  battery  was  discharged  tlirough  the  resistance  to  the  given 
end  point.  In  case  the  circuits  are  not  operated  mechanically, 
the  results  are  not  materially  changed  if  the  batteries  are  dis- 
charged only  on  working  days'.  Four  ohms  per  cell  is  chosen 
for  the  resistance  in  circuit,  since  the  tungsten  bulbs  generally 
used  with  a  3- cell  battery  have  a  resistance  of  approximately 
12  ohms. 

Miscellaneous  Service. ― In  addition  to  the  telephone  and 
ignition  services,  which  are  by  far  the  most  important  services 
in  which  dry  cells  are  used,  there  are  numerous  other  services, 
among  which  may  be  mentioned  the  operation  of  automobile 
horns,  sewing-machine  motors,  small  fans,  toys,  massage 
vibrators,  cigar  lighters,  bells,  buzzers,  In  the  aggregate 

these  miscellaneous  services  consume  enormous  numbers  of 
cells,  but  they  are  so  numerous,  and  there  are  such  variable 
conditions  prevailing  in  each  kind  of  service,  that  it  would  be 
useless  to  attempt  to  develop  standard  tests  covering  tliein.  It 
is  not  difficult  for  anyone  particularly  interested  in  any  special 
service  to  arrange  a  suitable  test  for  himself.  Care  should  be 
taken  to  make  the  conditions  of  test,  viz.,  munbei'  of  cells, 
resistance  iu  circuit,  period  of  drain,  <l'c.，  approximate  those  of 
the  service  in  question. 

Rate  of  Deterioration  on  Open  Cikcuit. 

The  voltage  and  short-circuit  current  of  the  cells  for  test 
are  read  initially  in  order  to  eusure  that  the  cells  are  in  good 
condition.  The  cells  are  then  stored  iu  a  dry  place  of  uornial 
room  temperature.  The  following  readings  are  taken : 
(1)  Initial  voltage  and  short-circuit  current.  (2)  Short- 
circuit  current  at  the  end  of  four  weeks,  eight  weeks,  and  each 
eight  weeks  thereafter.    (3)  Voltage  at  the  end  of  six  months. 

The  cells  are  kept  on  the  shelf  until  the  short-circuit  current 
has  fallen  below  10  amperes.  This  point  is  arbitrarily  chosen, 
as  it  represents  a  point  below  which  it  would  be  difficult  to 
market  the  cell.  For  practical  purposes,  the  results  are 
expressed  as  the  number  of  months  during  which  the  short- 
circuit  current  remains  above  this  cut-off  point.  Much  more 
iiieaiiitig,  however,  is  attached  to  the  rate  at  which  the  current 
falls,  generally  reported  as  the  d rop  in  amperage  for  a  given 
period  expressed  as  a  percentage  of  the  initial  amperage.  This 
is  especially  true  wlien  investigation  of  the  quality  of  cells  is 
the  object.  For  practical  purposes,  however,  the  first  rat  in 
given,  I.e. J  months  to  10  amperes,  is  perhaps  preferable. 

The  results  from  this  test  are  largely  indicative  of  iiarease 
in  iiitermi]  resistance,  and  bear  no  definite  relation  to  the 
service  、vliu'li  the  cells  may  give.    However,  this  iuforuiatioii, 
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coupled  with  familiarity  with  a  l)ran(l  of  cells,  becomes  a  very 
good  indication  of  its  quality.  It  also  serves  to  indicate  any 
serious  defects  of  manufacture. 

The  ammeter  for  reading  short-circuit  current  should  l)e 
cleadbeat,  and  with  its  leads  should  have  a  resistance  of 
0  01  ohm.  Particular  attention  should  be  given  to  the  tempe- 
rature at  which  cells  are  stored,  as  the  rate  of  deterioration  is 
influenced  to  a  marked  degree  by  the  temperature  of  the  cells. 

The  ideal  method  for  an  open-circuit  deterioration  test 
would  be  the  (leterniiiiation  of  the  decrease  of  service  capacity 
due  to  storage  over  definite  periods.  This  practice,  however, 
would  entail  much  labour  and  expense  where  the  amount  of 
testing  to  be  done  is  large. 

The  Adaptability  of  Tests  to  the  Needs  of  Consumers. 

The  question  may  arise  in  the  mind  of  the  consumer  as  to 
what  extent  the  cells  he  purchases  should  be  tested.  It 
obviously  would  not  be  practical  for  the  small  consumer  to  con- 
duct tests  oil  the  same  scale  as  those  carried  on  by  a  consumer 
using  many  barrels  of  cells  per  year.  It  is  impossible  to 
formulate  any  set  rules  for  sampling  and  testing  for  any  con- 
sumer or  group  of  consumers,  as  the  amount  of  testing  done 
must  be  regulated  by  tlie  relation  of  the  cost  of  testing  to  the 
value  of  the  cells'  purchased.  However,  we  present  here  sug- 
gestions as  to  the  adaptability  of  these  methods  to  several 
roughly  classified  groups  of  consumers. 

The  Small  User. 一 In  this  class  may  be  included  the  great 
percentage  of  consumers.  We  advise  that  every  cell  piircliased 
be  read  for  short-circuit  current.  Although  this  reading  gives 
no  direct  indication  of  the  service  capacity  of  tlie  cell,  yet,  if 
the  reading  is  normal  for  that  brand,  it  may  be  reasonably 
certain  that  the  cell  is  in  good  condition.  It  would  be  imprac- 
tical for  the  small  user  to  provide  himself  with  an  expensive 
ammeter,  as,  for  his  purpose,  a  good  make  of  pocket  instru- 
ment will  give  readings  sufficiently  accurate. 

The  Small  Dealer. ― This  class  comprises  those  dealers  who 
may  dispose  of  from  a  few  hundred  to  a  thousand  or  more  cells 
per  year.  The  dealer  is  particularly  interested  in  keeping  the 
quality  of  his  stock  up  to  the  standard.  As  cells  are  received  a 
representative  sample,  say,  10  per  cent,  chosen  at  random 
tlirougliout  the  lot,  should  be  read  with  a  reliable  ammeter. 
If  the  readings  are  normal  it  would  scarcely  profit  to  make  any 
further  tests .  For  his  protection  all  cells  should  be  read  with 
the  ammeter  before  being  delivered  to  customers. 

Telephone  Companies. 一 The  small  telephone  company  con- 
suming less  llian  10  barrels  of  cells  per  year  could  install  a  stan- 
dard telephone  test  of  small  capacity  by  fitting  suitable  elec 
trical  contacts  on  a  clock  and  connecting  these  with  a  tele- 
graph relay  in  such  a  way  as  to  cause  the  latter  to  open  ami 
close  the  dry-cell  circuits.  We  would  advise  that  such  a  test 
he  maintained  by  each  company  and  that  periodical  tests  (at 
least  four  per  year)  be  made  on  tlie  shipments  of  cells  received 
and  also  on  small  lots  of  other  brands  purchased  from  time  to 
time  for  the  purpose  of  test.  The  small  company  should  also 
test  a  representative  sample  (say  10  per  cent.)  of  all  consign- 
iiieiits  received  wit  li  a  good  ammeter. 

The  large  telephone  rompaiiy  using  many  barrels  of  cells 
per  year  can  well  afford  to  install  an  apparatus  for  carrying  on 
the  test  suggested  in  this  report.  We  would  advise  tliat  a 
battery  of  three  cells  from  each  consignment  received  be  placed 
upon  the  telephone  test.  In  addition  tlie  short-circuit  curriMit 
and  open-circuit  voltage  should  be  read  upon  ； i  representative 
sample  of  all  cells  received. 

Gas  Engine  Manufacturer. —- To  the  gas  engine  maiiufarturer 
it  is  important  that  tlie  batteries  furnished  with  his  engine  be 
the  best  cells  obtainable  from  an  ignition  standpoint.  As  the 
apparatus  necessary  for  carrying  on  the  ignition  test  is  quite 
inexpensive  and  as  the  test  requires  very  little  attention,  the 
inaiuifacturer  of  such  engines  purchasing  a  considerable 
miiuber  of  cells  should  conduct  the  ignition  test  not  only  as  a 
cliec'k  upon  the  cells  he  is  receiving,  but  as  a  basis  for  judging 
the  merits  of  the  different  grades  of  ignition  cells  on  the 
market.  An  ignition  test  upon  six  cells  from  every  fifth  barrel 
received  with  a  niaximum  of  two  tests  for  a  single  consigiiinont 
of  cells,  would  probably  be  sufficient.  Before  being  sent  out 
witli  an  purine  the  short-circuit  current  on  all  cells  should  be 
read  and  t  liose  reading  abnorniallv  low  (5  ann>eres  below  tlio 
average  for  1  lie  brand  and  i^rade)  should  be  rejected. 
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COOLING  OF  WORM  GEARS. 

An  arrangement  for  maintaining  a  low  temperature  in  con- 
nection witli  wonii  gears  by  means  of  efficient  cooling  by 
forced  circulation  of  the  lubricating  oil  or  of  water  or  air 
through  the  oil,  thus  avoiding  the  use  of  abnoniially  large 
gears  or  casings,  has  recently  been  patented  by  B.  J.  Shillito 
aiul  R.  Wall  work,  Union  Bridge  Ironworks,  Roger  Street. 
Maiicliester.  Tliis  is  shown  diat^M-arnniatically  in  the  accom- 
panying illustration,  ami  comprises  a  pump  or  fan  in  com- 
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Arrangement  for  Cooling  Worm  Gkars. 


bi nation  with  a  radiator  for  the  purpose  of  circulating  the  oil 
in  the  gear,  or  of  circulating  water  or  air  through  the 
oil,  and  thereby  lowering  tlie  temperature  of  the  oil  and  also 
the  gear.  Referring  to  the  illustration,  A  is  the  worm  gear 
easing  containing  the  oil,  B  is  a  rotary  punip  or  fan  on  the 
end  of  the  shaft  of  the  worm,  and  C  is  a  radiator.  The  oil  is 
drawn  from  the  casing  A  by  the  pump  B  through  the  pipe  D 
and  forced  through  the  radiator  C  and  pipe  E  back  into  the 
casing  A.  In  the  case  of  water  or  air,  the  same  is  circulated 
by  tlie  pump  or  faji  tliroii;^li  the  radiator  ami  throui^h  piping 
arranged  in  the  oil. 


OIL  ENGINES  FOR  MARINE  WORK. 

At  a  recent  meeting  of  the  Institution  of  Automobile 
Engineers  a  paper  on  "  The  Importance  of  Design  in  Motor 
Engines  for  Marine  Work  "  was  read  by  Mr.  R.  G.  L.  Mark- 
hani.  The  author  divided  motors  for  marine  purposes  into  three 
general  types :  (1)  The  high-speed  light  petrol  engine,  wit  li  a 
sub-division  in  which  refined  paraffin  was  used  as  the  fuel  ；  ('2) 
the  heavier,  slower-running  type,  using  heavier  petroleum 
fuel  and  generally  known  as  the  semi-Diesel  type  ；  and  (8) 
the  Diesel  type  proper,  suitable  for  high  ])o\vers  and  large 
vessels,  where  weight  was  not  of  importance.  For  the  light 
type  of  engine  the  cuiiditions  to  be  observed  were  first  that 
there  should  be  as  complete  prevision  ami  ])rovisioi!  against 
breakdown  as  was  luimauly  possible  ；  and,  secondly,  extreme 
accessibility  so  that  a  breakdown  might  be  remedied  as 
quickly  as  possible.  All  accessories,  such  as  carburetter, 
piunps,  and  it;iiition  gear,  should  be  so  niomited  that  they 
were  readily  accessible,  and  no  one  part  interfered  with  aness 
to  another.  The  piston  should  be  accessible  from  the  crank 
case  without  tlie  need  for  taking  off  a  cylinder.  In  the  second 
class  of  engine  simplicity  and  substantial  const  ruction  became 
of  far  greater  importance  than  in  the  first  or  light  class,  since 
t  lie  men  who  liad  to  look  after  tliem  were  of  the  tvpe  who  did 
not  treat  them  with  the  care  the  designing  st  a  IT  ini^ht  think 
desirable.  In  regard  to  the  Diesel  type ― that  was,  machinery 
for  ocean-going  ships— there  appeared  to  be  no  reason  for  de- 
parting from  the  general  features  of  design  found  in  the 
present-day  steam  engine.  These  had  been  evolved  from  vears 
of  ex])erieiu'e,  and  the  prejudices  of  the  marine  eiit^iiieer  were 
in  favour  of  their  contimiaiue,  while  good  reasons  could  be 
quoted  against  many  of  the  innovations  proposed  bv  firms 
who  were  in  the  first  pi  are  ])urely  i:as-en"'ine  builders,  ami 
who  had  had  no  previous  ex])eriei)ce  of  ina riiio  motor  build- 
ing. A  Diesel  engine  should  ho  of  tlie  ordinary  steam-engine 
type,  so  far  as  possible,  with  piston  rod  and  crossheads, 
aiul  tlie  ]>iston  should  l)e  capable    of  taken    out  in 

such  a  way  as  not  to  iiocessitate  the  breaking  of  a  large  mim- 
lier  of  joints. 
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THE  INFLUENCE  OF  CARBON  ON  THE  CORRODIBILITY  OF 

IKON.* 

BY  C.  CHAPPELL. 

{Concluded  from  page  688.) 

In  order  to  obtain  some  data  as  to  the  influence  of  time  in  a 
specific  case  uiuler  tlie  conditions  of  test  employed,  a  series  of  six 
bars  of  steel,  No.  1  (R),  were  immersed  at  the  same  time  under 
standard  conditions,  and  removed  at  intervals  of  21  days  after 
each  other.  The  results  are  given  in  Table  VIIL,  and  plotted 
in  Fig.  4. 

Table  VIIL ― Injluence  of  Time  on  the  Rate  of  Corrosion. 


Mark. 

Carbon 
i       per  cent. 

Length  of 
Immersion 
in  Days. 

Weight  before 

Immersion 
in  Grammes. 

Weight  after 
Immersion 
in  Grammes. 

Loss  in  Weight 
per  cent. 

Corrodibiiity 
Ratio. 

Alternating 
1      Stress  Test. 
Reversals. 

1.0 

0.10 

0 

_ 

23H 

1.1 

0-10 

21 

65-5060 

65 • 4455 

0.093 

100 

208 

1,2 

0-10 

42 

66-0786 

65-9017 

0-177 

】i»o 

234 

1.3 

0.10 

G3 

66-9738 

60.7950 

0.'2"7 

287 

234 

1.4 

0.10 

84 

66-5420 

60-3000 

0-364 

392 

224 

1.5 

O'lO 

105 

6fi.4796 

6().1767 

0-456 

490 

232 

1-6 

0.10 

1-20 

65-4132 

05.0519 

0.553 

594 

228 

1-7 

0.10 

166 

238 

In  this  low-carbon  steel  the  corrodibiiity  is  practically  directly 
proportional  to  the  length  of  immersion  throughout  the  period 
covered  by  the  test. 

In  view  of  Longmuir's  interesting  experiments  on  the 
mechanical  deterioration  of  steels  resulting  from  corrosion,  the  bars 
employed  in  this  "  influence  of  time  "  series  were  tested  after 
immersion  on  Dr.  Arnold's  alternating  stress  testing  machine. 
The  usual  standard  conditions  of  test  were  employed.  Similar 
tests  were  also  carried  out  on  the  same  steel  before  corrosion  and 
after  166  days'  immersion.  The  results,  wliicli  are  included  in 
Table  VIIL,  show  that  no  appreciable  change  has  been  pro- 
duced in  the  mechanical  properties  of  the  steel  with  five  months' 
immersion  in  sea  water. 

Notes  on  the  Nature  of  the  Deposits  on  the  Bars. ― The  de- 
posits in  general  consisted,  in  the  iirst  place,  of  a  coinplete  outer 
layer  of  a  light  brown  colour,  which  was  flocculent  in  nature. 
This  was  easily  removed  on  washing,  and  constitutes  the  usual 
" rust."  Underlying  this  was  invariably  found  a  layer  of  darker 
brown  colour,  which  was  less  flocculent  and  more  adherent,  but 
could  usually  be  removed  with  comparative  ease.  Beneath  this, 
on  the  surface  of  the  bar  itself,  was  found  a  thin  layer  of  a  very 
dark  bluish-black  colour.  This  was  usually  found  in  two  forms. 
Sometimes  it  was  very  loosely  adherent,  and  washed  off  fairly 
easily  with  rubbing,  together  with  the  dark  brown  layer  mentioned 
above.  The  <|uei»clied  and  tempered  steels  were  usually  evenly 
and  completely  covered  by  a  layer  of  tl'is  form,  but  the  steels  in 
the  other  states  of  treatment  were  only  partially  covered  by  this 
deposit.  The  other  form,  which  was  found  in  the  majority  of  the 
steels,  and  usually  in  addition  to  the  previous  one,  was  mainly 
concentrated  at  the  lower  end  of  tlie  bar,  where  it  was  very  firmly 
adherent,  and  involved  considerable  difficulty  in  its  removal. 
This  bliiis.li-black  deposit  tends  to  increase  with  a  rise  in  the 
carbon  percentage,  so  that  it  is  probably  largely  composed  of  the 
carbide  residue  resulting  from  the  disintegration  of  the  surface 
of  the  bar.  mixed  with  the  ferrous  liydroxide  wliioh  forms  the 
first  stage  in  the  passage  of  the  iron  into  tlie  ultimate  Fe^Og  or 
ferric  state  of  oxidation. 

Notes  on  the  Surfaces  of  the  Corroded  Bars. 一 The  normalised, 
rolled,  and  annealed  bars  invariably  showed  a  crystalline  appear- 
ance on  examination  after  the  removal  of  the  deposits.  These 
markings  were  especially  pronounced  in  the  annealed  steels,  and 
tended  to  become  finer  with  rise  of  carbon. 

This  type  of  surface  was  also  found  in  the  quenched  and 
tempered  steels  in  the  case  of  steel  No.  1，  and  to  a  slight  extent 
in  steels  Nos.  2  and  3  ；  but  in  the  liiglier  carbon  steels  the  surface 
shows  an  even,  amorphous  appearance,  with  few  or  no  signs  of 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May,  1912. 


crystallinity  ocrurrin^.  This  supports  tlio  explanation  previ- 
ously advanced  iiccoiuiting  lor  the  irregularity  <j|  the  coi  rodihility 
results  given  by  the  low-car bou  quenched  and  tempered  steels, 
on  the  score  of  the  iru'ompletoness  of  the  liardoiiitc-fernte  Holutiori 
ill  these  steels  under  the  coiulitions  of  quenching. 

Microscopic  Analysis.  T In*  m icroscopic  features  correspond 
quiic  norm.illy  to  the  stnicl  un's  (Iciiiaiided  in  puie  iron-f-arbon 
ste*'ls  by  the  respective  c'ail'uii  conlcnts  of  the  series.  Tliese  have 
l)fH'n  previously  described  by  Arnold  and  others,  so  that  detailed 
tk 實 ription  may  therefore  l>o  dispensed  with.  Tlie  main  feature 
is  ttie  strong  tiMidency  to  lauiiiiution  in  the  pourlite,  which  is  not 
only  found  in  the  annealed  steels,  but  to  a  considerable  extent 
in  the  rolled  steels  also.  Tlio  pearlito  in  the  normalised  steels  is 
mainly  of  the  dift'used  variety.  In  the  unquciiched  speciiiiens  of 
the  0-96  per  cent,  carbon  steel,  the  free  cementite  is  found  as 
specks  evenly  distiibuted  over  tlio  fieUl. 

Microscopic  Examination  after  Corrosion. 一 This  section  of  the 
work  has  been  confined  to  the  normalised,  rolled,  and  annealed 
steels.  The  ordinary  microsections  used  for  the  microscopic 
analysis  were  employed,  and  were  taken  from  the  treated  bars 
before  turning  down  to  finished  size.  The  edges  of  each  micro- 
section  were  coated  with  paraffin  wax  to  prevent  any  mill  scale 
exerting  galvanic  action  on  the  surface  which  was  being  examined. 


r/M£  IN  DAYS 

Fig.  4.— Influence  of  Time  on  Rate  op  Corrosion. 

The  sections  were  polished  exactly  as  for  the  usual  microscopic 
examination,  and  then  subjected  to  progressively  longer  immer- 
sions in  sea  water.  They  were  then  examined  under  tlie  micro- 
scope, after  the  removal  of  the  oxides  by  vigorous  rubbing  on 
selvyt  cloth. 

(fl)  Steels  Nos.  I,  2,  and  3  ：  Mild  Steels. 一 These  steels  are 
taken  together  because  structiual  steels  are  usually  found  within 
this  carbon  range,  and  it  is  in  connection  with  tliis  class  of  steels 
that  the  question  of  corrosion  becomes  most  important.  The  first 
feature  iu  tlie  process  of  corrosion  is  the  appearance  of  numerous 
(lark  spots  due  to  the  action  of  the  manganese  sulphide.  After 
about  two  hours'  immersion  the  corrosion  of  the  peailite  areas 
becomes  faintly  visible.  Tliis  pearlite  action  rapidly  increases  in 
vigour,  and  begins  to  extend  its  influence  to  the  immediately 
adjacent  ferrite.  Tlie  attack  next  develops  at  the  boundaries  of 
the  ferrite  crystals,  and  after  48  hours'  immersion  this  feature  be- 
comes very  marked.  So  far  as  can  be  seen,  this  action  along 
tlie  ferrite  boundaries  is  different  from  the  production  of  boundary 
lines  by  ordinary  etching  effects,  and  suggests  distinct  penetration 
along  these  ferrite  junctions.  This  may  account  to  some  extent, 
at  any  rate,  for  the  well-known  deteriorating^  influonce  exerted  by 
prolonged  corrosion  upon  the  mechanical  properties  of  mild  steel. 
With  further  progress  of  time,  selective  corrosion  of  various 
ferrite  crystals  sets  in,  some  crystals  corrodinu:  with  comparative 
rapidity,  whilst  others  remain  quite  untouched.  Tliis  selective 
action  is  quite  irrespective  of  the  influence  of  the  pearlite 
areas,  and  can  be  seen  commencing  even  after  48  hours' 
immersion.  Pitting  also  becomes  proiiouiict'd  in  the  ferrite 
after  four  or  five  days,  especially  in  the  regions  sunounding  the 
pearlite  areas.  This  action  together  with  the  corrosion  of  the 
pearlite  and  adjoining  areas,  and  tlie  selective  attack  in  the  ferrite 
portions,  continues,  until,  after  21  (lays'  immersion,  two  distinct 
types  of  field  begin  to  develop.  The  main  portion  consists  of  a 
dark  corroded  background,  containing  the  pearlite  areas  and  some 
of  the  ferrite.    Under  the  microscope  this  background  is  confused 
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ami  generally  iiulistiiK't  in  its  features,  with  the  ox(*c])tioii  of  u 
crystalline  structure  which  is  sometimes  evident  under  tlie  low- 
power  magnification.  The  remainder  of  the  field,  varying  from 
about  30  per  cent,  of  tlic  wliolc  in  the  case  of  tlio  0']0  per  cent, 
carbon  steel,  to  approximately  10  per  cent,  in  that  of  tlie  0-30  per 
cent,  carbon  steel,  consists  of  fairly  bright  and  comparatively  un- 
attackcd  ferrite  areas.  The  pits  previously  nientioiiod  are  much 
more  distinct  and  numerous,  and  show  distinct  signs  of  geometri- 
cal form.  Three,  four,  and  five  sided  figures,  suggestive  of  the 
various  sections  of  the  cube,  are  seen  distributed  over  tliese  fm'itc 
areas,  and  can  also  be  observed^  iiltJi.ougli  witli  gi'eatcr  difficulty, 
in  the  ferrite  portions  of  the  corroded  tackgi'ouncl. 

The  sections  were  then  examined,  after  20  weeks'  iininorsioii, 
so  as  to  obtain  information  reganliiig  the  stiucture,  after  a  period 
of  time  comparable  in  length  to  those  employed  in  the  corrodi- 
bility  determinations.  The  main  background,  consisting  of  llio 
most  deeply  corroded,  portions,  cannot  be  i-esolvcd  under  1h(， 
microscope,  except  in  some  areas  where  the  pits  in  the  ferrite  .show 
up  more  clearly  by  reason  of  their  sharp  geometrical  form.  Tlic 
bright  ferrite  areas  remain,  but  in  smaller  proportion  than  before, 
varying  from  20  per  cent,  to  5  per  cent,  of  the  whole,  with  rise  of 
carbon  from  0 •  1  per  cent,  to  0-3  per  cent,  respectively.  The 
proportion  of  these  bright  ferrite  areas  is  larger  in  the  annealed 
than  in  the  normalised  steels.  Careful  examination  fuithei- 
revealed  the  fact  that  the  surface  of  these  bright  ferrite  areas  was 
at  exactly  the  same  level  as  the  original  surface  of  the  specimen, 
as  represented  by  a  few  areas  which  had  been  preserved  from 
attack  by  a  covering  of  wax  accidentally  received  whilst  coating 
the  sides.  This  identity  of  level  was  conclusively  proved  by  the 
two  areas  both  b?ing  in  prefect  focus  at  400  diameters  magnifica- 
tion, with  the  same  adjustment  of  the  objective  lens.  Thus,  in 
very  mild  steels,  an  appreciable  proportion  of  the  ferrite  may 
remain  completely  uncorroded  even  after  very  prolonged  immer- 
sion in  sea  water. 

Intermediate  in  depth  between  the  bright  ferrite  and  the 
deeply  corroded  background  are  also  found  occasional  areas  of 
partially  corroded  fernte,  in  which  the  process  of  attack  has 
not  proc-eeded  so  vigorously  as  in  those  areas  found  in  the 
background.  The  pits  in  the  ferrite  constitute  a  most  striking 
feature,  on  account  of  the  extremely  sharp  development  of  tlieir 
geometrical  form  as  a  result  of  the  prolonged  immersion. 

On  detailed  examination  being  made  of  the  shape  of  tliese 
pits,  it  was  found  that  those  in  the  bright  ferrite  areas  were 
almost  exclusively  rectangular,  and  principally  square.  Indeed, 
the  total  number  of  non-rectangular  pits  was  not  usually  more 
than  10  or  15  in  the  whole  of  the  bright'fcrrite  areas,  whereas  a 
similar  number  of  rectangular  pits  could  often  be  found  in  a 
single  one  of  these  areas.  These  non-rectangular  pits  were  not 
usually  complete. 

The  pits  in  the  partially  attacked  fe-rritc,  wlucli  has  been 
previously  described,  Avere  found  to  contain  a  very  much  larger 
proportion  of  non-rectangular  sections  than  was  found  in  the 
iiiiattackod  ferrite  areas  ；  whilst  the  pits  in  tlie  deeply  corroded 
ferrite  in  the  background  showed  a  considerable  preponderance 
of  the  non-rectangular  sections,  so  far  as  they  could  be  clearly 
s^en  under  the  microscope. 

The  pits  in  any  particular  forrite  ci-ystal  were  invariably 
identical  in  shape,  and  in  the  directions  of  their  main  axes.  They 
are  evidently  controlled,  therefore,  by  tlio  internal  structure 
of  the  crystal  itself,  so  that'difierenccs  in'the  shape  of  the  pits 
in  respective  crystals  may  be  taken  as  indicative  of  differences 
in  tlie  relationship  existing  between  the  surface  exposed  to  attack 
and  the  axes  of  those  ferrite  crystals. 

In  view  of  the  previously  described  variation  in  llu*  genoial 
shape  of  the  pits  with  increase  in  corrodibility,  it  follows  that 
tlic  rolationship  between  tlio  crystullograpliic  axes  of  a  ferritr 
crystal,  and  the  particular  surface  of  it  which  is  exposed  to  attack, 
is  cceteris  paribus,  an  important  factor  in  detGrminin*z  its  rate, 
of  corrosion.  This  is  quite  in  UfcordHncc  、vith  previous  kiiow- 
Wgc  rc^ardiuij:  the  variation  of  the  solution  pressure  of  crystal 
fiices,  with  their  relation  to  the  (Tvstallop'iiphic  axes,  but  its 
I)rii'.'tical  importance  as  a  factor  in  the  corrosion  of  iron  and 
mild  st(、(、ls  has  not  pi-eviously  boon  rocoiiniscd. 

This  factor  has  an  important  bearing  on  the  conx)siou  of  stvrl 
castiujis,  Avhore  the  tiystals  on  the  exterior  tend  to  grow  per- 
，、、、mliniki'  to  th(、  surfaco  during  solidification.  Tlio  volatioii 
ot  the  exposed  surfaco  to  tlie  axes  of        n\s[nntivr  crvsials  is 


practically  the  same  in  every  case*,  so  tliat  dillVionces  of  potential 
due  to  this  factor  will  be  at  a  minimum,  and  the  resistance  of 
the  surface  to  corrosion  will  be  proportionately  greater  in  con- 
soquencc.  Othor  roasons  have  been  advanced  in  tlio  past  to 
account  for  the  generally  observed  resistance  of  castings  to 
conosion,  and  are  probably  to  some  extent  correct,  but  this 
additional  pliasc  of  the  (juostion  is  one  which  must  also  hv  kept 
in  mind. 

Concerning  the  much  debated  question  of  tlie  corrosion  of 
pure  iron,  it  may  also  be  remurkod  that  it  is  difficult  to  seo  how 
oven  the  puj-ost  iron,  in  tlii*  ordinary  form,  could  be  ])revonted 
from  passing  into  solution  when  immersed  in  a  conducting  li(]uid. 
DilToroncos  of  potcntiid  botwoon  tho  forrito  ^rmins  thcmsolvos 
a  IT  inevitiibU',  in  view  of  the  iinavoidiil)lo  variations  in  the 
oriontiition  of  the  crystals,  so  that  all  the  olements  of  galvanic 
action  would  consequently  exist.  Tho  autJior  Avould  venture 
to  sut^tiost  this  noAv  factor  ； is  an  addition  to  Dr.  Friend's  almtdy 
lengthy  list  of  the  "  various  factors  influencing  the  nite  of  cor- 
rosion of  reliitivoly  pim'  iron." 

(/j)  Steels  4,  5,  and  6.— Tli"  large  piup<，rti(m  of  pciirlile 
in  these  steels  causes  corrosion  to  take  ])liu-e  raj)iclly.  After  on** 
or  two  weeks'  immersion,,  it  is  pnicticully  imyxissihlo  to  distin*{uisli 
any  clear  foat  uivs  in  tlio  larger  portion  of  I  he  section  l>v  "u 、； ms 
of  the  microscope.  After  20  "weeks'  immersion  the  general  lield 
is  confused  and  indistinct,  sho  -ving  the  round  pits,  due  to  man- 
ganese sulphide.  Steel  No.  1  shows  ferrite  areas  containing 
geometrically-shaped  pits,  but  only  in  the  case  of  the  iinnoaled 
steel  are  any  of  these  ferrite  iiroas  bright  and  outstanding.  In 
the  annealed  specimens  of  steels  Nos.  '>  and  "，  Jiuiinly  in  tho 
latter,  a  similar  effect  is  also  observed  in  tho  pearlite.  wliei''' 
occasional  areas  are  found  distinctly  raised  above  the  genenil 
background. 

The  effect  of  derarboHisation  was  iiiaikodly  sliown  in  i\v 
microscopic  investigations.  The  decarbonised  edge  of  annoa! 
steels  was  invariably  much  less  corroded  than,  tho  remainder  ol 
the  specimen,  and  usually  roniainod  coiuparativoly  briglit.  A 
specimen  of  a  low-carbon  steel  couttiining  roaks  also  showed 
the  same  effect  after  corrosion  in  sea  water,  the  fringe  of  the 
roak  being  but  little  attacked.  The  decarbonised  surface  of 
annealed  steels  would  appear,  therefore,  to  be  of  cnnsidcrablw 
value  in  protecting  the  steel  from  corrosion. 

The  action  of  oxides  in  the  corrosion  of  steel  ailords  ])eeuliar 
microscopic  features.  Several  microsections.  、、itli  some  mill- 
scale  still  on  the  edges,  were  immersed  without  any  wax  coating 
on  the  sides.  The  resulting  effect  upon  the  surface  adjuininj: 
the  mill  scale  、viis  the  production  of  a.  large  uumber  of  roughly 
circular  pits,  which  extended  some  distance  away  from  the  mill 
scale  itself.  Tlio  presence  of  the  bluish-black  doposit.  \vhicli 
has  been  previously  described,  produces  idcntually  tlie  snmc 
effect. 

Solubility, ^Tho  solubilities  of  all  the  stools  have  been  deter- 
mlii'xl  in  several  acids,  and  also  their  electro-potentials,  after 
48  hours'  immn'sion.  Further  investigation  into  the  factors 
involved  in  the  solution  of  steel  in  acids  is  intended  before  any 
detailed  cominunR-a.tion  on  the  iuHueme  of  carbon  and  tivat- 
ment  on  solubility  is  made.  It  may  be  stated,  however,  that 
the  abscni-e  of  corrohition  between  the  corrodibilities  of  the 
steels  and  their  solubilities  in  1  per  t-out.  sulphuric  acid  solution 
is  very  marked.  The  so-called  acceleration  tests,  in  which  the 
relative  solubilities  of  steels  in  1  per  cent,  siilpluiric  aiid  solution 
are  taken  us  indicative  of  tlioir  relative  rorrodibilities  in  m»utral 
solutions,  arc  entirely  misleading  and  unreliiible, 

Sim  mauv. 

1.  Influence  of  Carbon  on  Corrodibility.  ―  (")  In  ntlK'il. 
nonn;ilisr(l，  an'l  ； inm'ak、(l  steels  the  corrodihilif  v  rises  witli  (；" 'Imn 
(•out outs  to  a  maxiimun  ;it  saturation  point  ((>*8i»  p、r  t  ent . 
C'iirbon)  and  fulls  with  fintlior  inrroaso  of  carbon  beyond  this 
point,  (b)  In  t|Uont'hed  :ind  tempered  stools  a  continuous  rise 
in  forrodibilit V  occurs  with  increaso  of  cji rbon  within  ihr  r;,n;:t、 
iuvostigated  (up  to  per  cent,  rarhon).  no  maximum  i'on，"li- 
bilitv  ut  satunition  point  boiui;  found  in  these  steels. 

二'.  Influence  of  Treatment  on  Corrodibility.  — Qiionchin^  m- 
rreasos  t  ho  rmrmlibilitv  to  a  niiixituuin  :  .mnoalinu  t，、nds  to 
rodiue  it  to  a  iniuiminn  :  whilst  normalising  jxivcs  intonuediato 
values.  Tho  influcmr  of  toinporini:  vftrios  with  tho  teinjK'rinjx 
IcmjJtMJituiv. 
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3.  Factors  Determining  Corrodibility,  ―  The  (、l(、(  tmniotive 
forces  between  tlu、  pe;ulite  and  fcrritc,  and  between  tlu*  com- 
ponents of  the  poarlite  itself,  are  the  principal  factors  det(、rmiuing 
the  corrodibility  oi  u nsiiturutod  po;irli1  ic  stools  al>(»v(、  （"4  per 
cent,  ciiibon.  I  a  mild  structuniJ  steels,  this  galv;i,ui('  ；!, ('li(m， 
due  to  differeut-es  of  potential  bot  woon  the  cnnstitinMits,  is  ； icconi- 
panied  by  ；  ilvjiuic  art  ion  botwotMi  the  iVri:it't、  (•.rvstals  tlienusclves. 
These  difiVreiu-es  of  oloctro-poteutial  between  tlio  fenite  crystiils 
are  the  result  of  differences  in  their  orientation.  The  stiito  of 
division  of  the  pearlite,  and  the  prosouro  of  intmial  stresses  in 
the  stool,  may  also  exert  a  consiclmi'l 山、 modifying  iiifluencc  on 
the  foregoing  factors. 

4.  The  influence  of  time  on  the  rate  of  corrosion  varies  with 
different  stools.  In  a  low-carbon  steel  it  is  shown  to  bo  pructically 
directly  proportional  to  the  length  of  immorsion. 

5.  The  influence  of  corrosion  on  the  resistance  offered  by  ； i 
low-carbon  steel  to  alternating  stress  is  not  approciuble  within 
a  period  of  five  months'  immersion. 

(>. Three  per  cent,  of  tungsten  produces  practically  no  fhunge 
in  the  corrodibility  of  carbon  steels. 

7.  Decarbonisation  increases  the  resistance  to  corrosion. 

8.  The  two  oxides,  FeO  and  Fe.  O4  (mill  scale),  both  exert 
a  microscopical  pitting  effect  on  steel  when  in  contact  with  it  in 
sea  water. 

In  conclusion,  the  author  would  state  that  the  work  recorded 
in  this  paper  has  been  carried  out  under  tlic  auspices  of  the 
Research  Committee  appointed  by  the  British  Assoc'i; 飞, tion  to 
investigate  the  influence  of  elements  on  the  corrodibility  of  iron. 
The  author  wishes  to  express  his  indebtedness  to  the  other  mem- 
bers of  the  committee —— Prof.  J.  0.  Arnold  (chairman),  Prof. 
W.  P.  Wynne,  Prof.  A.  McWilliam,  and  Mr.  F.  Hodson, 
for  facilities  and  assistance  afforded  in  the  carrying  out  of  the 
work,  and  to  Dr.  W.  E.  S.  Turner  (secretary),  whose  kindly 
counsel  and  help  in  many  difficulties  call  for  an  especial  tribute 
of  gratitude.  The  author's  best  thanks  are  dso  due  to  Mr.  ,].  H. 
Harrison  for  the  great  care  shown  in  the  preparation  and  treat- 
ment of  the  test-pieces. 


AN  ELECTRICALLY-DRIVEN  REVERSING  ROLLING  MILL, 

BY  WILFRED  SYKES. 

About  the  middle  of  1905  it  was  decided  by  the  Illinois  Steel 
Company  to  make  enquiries  regarding  the  possibility  of  instal- 
ling ail  electrically-driven  reversing  universal  plate  mill,  and 
the  engineers  of  that  company  made  some  preliminary  experi- 
ments with  a  view  to  determining  the  power  requirements  and 


the  probability  of  the  success  of  such  an  installation.  After 
sufficient  data  had  been  obtained,  so  that  a  power  curve  could 
be  given  to  the  manufacturers  of  electrical  machinery,  pro- 
positions were  invited,  and  in  the  spring  of  1906  a  contract 
was  let  for  the  complete  installation.  The  machines  and 
apparatus  were  designed  in  June,  1906，  and  the  complete 
equipment  was  delivered  by  the  end  of  the  year,  ami  started  in 
operation  at  the  beginning  of  1907. 

In  the  meantime  the  first  European  installation  at  Hilde- 
gradehuetts  was  started  in  operation,  and  before  the  plant  of 

*  Paper  read  before  the  American  Institute  of  Electrical  Engineers,  April,  1912. 


tlie  Illinois  Steel  Company  was  used  commercially,  a  second 
European  "laiit  was  started.  Tt  is  interesting  to  note,  how- 
ever, that  the  installation  of  t  he  Illinois  Steel  Company  was 
tlie  second  plant  of  tliis  type  to  l>e  ready  for  service.  This 
plant  has  beeji  in  operalioii  for  approximately  five  years,  and 
it  is  believed  that  a  des('i-ii)iion  of  some  of  tlie  details  (jf  I  he 
installation  and  the  results  obtained  may  he  of  interest.  The 
Illinois  Steel  Company  was  one  of  the  earliest  of  tlie  American 
steel  works  to  utilise  the  blast-fu niace  gases  in  gas  ens^inos  for 
supplying  power  for  operat  ing  its  mills,  and  t  lie  priiicipal 
reason  that  led  to  the  installation  of  this  pioneer  mill  was  the 
realisation  of  tlie  necessity  for  greater  economy  in  the  t^onera- 
tio)i  and  distribution  of  power  in  such  works. 

The  characteristics  of  the  universal  plate  mill  are  such  t  hat 
it  is  necessary  to  have  the  greatest  flexibility  possible  in  the 
driving  machine,  and  it  was  realised  that  by  installing  an 
electric  motor,  controlled  by  regulating  the  field  of  a  s])e('ial 
generator  supplying  it  with  power,  an  ideal  system  would  be 
obtained  enabling  all  classes  of  work  to  be  handled  in  the  most 
desirable  manner,  the  earlier  passes  being  liandled  at  low 
speeds  and  tlie  finishing  passes  at  high  speeds,  it  being  possible 
to  obtain  the  maximum  output  of  the  mill  011  account  of  tlie 
flexibility  of  the  speed  control. 

When  the  plant  was  installed  some  doubt  was  felt  as  to  tlie 
possibility  of  quick  reversing,  but  in  operation  it  was  soon 
found  til  at  the  electric  plant  was  capable  of  luindliiig  material 
more  quickly  than  similar  steam-driven  mills  and  more 
quickly  than  the  material '  can  be  handled  by  the  tables. 
After  the  plant  had  run  for  some  time  it  was  demonstrated 
that  the  electric  equipment  was  not  the  weakest  link  in  tlie 
chain.  The  following  brief  description  of  the  mill  and  elec- 
trical apparatus  will  show,  to  some  extent,  the  nature  of  the 
problem  involved  in  the  electrification  and  the  methods 
adopted  to  ensure  successful  operation. 

The  mill  is  of  the  2-lugh  universal  type,  designed  for  rolling 
plates  up  to  30iu.  wide  from  slabs  up  to  a  maximum  of  lOin. 
thick.  The  main  horizontal  rolls  are  24in.  diam.,  and  have  a 
face  of  34in.  The  vertical  rolls,  of  which  there  are  four,  two 
on  either  side  of  the  main  rolls,  are  14in.  diam.  and  have  a  face 
of  13in.  The  mill  was  designed  to  roll  plates  of  all  thicknesses, 
and,  on  account  of  its  flexibility,  is  used  to  a  very  great  extent 
for  handling  small  orders.  The  motor  generator  set,  for 
supplying  power  to  the  main  roll  motors,  is  erected  in  the  same 
room  as  the  main  roll  motors.  Apart  from  the  metliod  of 
driving,  the  mill  is  not  appreciably  different  from  similar 
steam-driven'  installations. 

The  slabs  are  heated  in  two  furnaces  and  are  carried  by  an 
approach  table  to  the  mill.    When  rolled,  the  plates  are  taken 
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in  two  hot  beds,  and  after  cooling  to  a  shearing  table,  where 
they  are  cut  to  size  and  are  then  ready  for  straightening  and 
shipment.  Tlie  mill  tables  are  operated  by  four  50  h.p.  mill 
motors,  the  control  being  located  at  one  side  of  the  mill,  close 
to  the  control  for  the  main  motors.  The  mill  and  the  motor 
room  are  spanned  by  a  300-ton  crane,  which  is  capable  of 
handling  all  parts  of  tlie  equipment,  with  the  exception  of  the 
flywheels  of  the  motor  generator  set . 

Ill  Fig.  1  a  general  view  of  the  mill  and  motors  is  given, 
which  shows  the  appearance  of  the  complete  equipment.  The 
motors  are  enclosed  in  a  separate  room  to  protect  tlieni  from 
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the  mill  dust.  In  llie  illustration  the  auxiliary  motors  for  the 
setting  of  the  rolls  are  shown,  tiiai  for  the  horizontal  roily 
being  mounted  to  the  left  of  the  mill  housings  and  that  for 
the  vertical  rolls  to  the  left  of  tlie  pinion  housings. 

The  setting  of  the  horizontal  rolls  is  varied  by  means  of  an 
electrically- driven  screw-down,  the  screws  being  operated  by  a 
50  li.p.  mill  type  motor.  The  setting  of  the  vertical  rolls  is 
controlled  l)y  means  of  a  30  h . p .  mill  type  motor,  the  position 


Fig.  2.— Motor  Genekatok  Set  Inhtallku  in  the  Plant  of  the  Illinois  Stejol  Company 


of  the  rolls  being  shown  by  the  usual  micrometer  type  of  indi- 
cators. The  main  rolls  are  connected  to  the  pinion  housing  by 
suitable  spindles,  arranged  to  allow  a  movement  of  about  12in, 
The  lower  pinion  is  driven  from  the  roll  motor  through  a 
coupling  of  the  usual  mill  type,  arranged  to  allow  for  consider- 
able wear  in  the  pinion  shaft  bearings.  No  flexibility  is 
allowed  for  in  tlie  drive  from  the  motor  to  pinions.  The  mill 
was  designed  for  a  maximum  speed  of  150  revs,  per  minute, 
but  it  has  been  found  in  practice  that  about  100  revs,  per 
minute  is  all  that  can  be  conveniently  used,  on  account  of  the 
t  oiiiparatively  short  plates  rolled. 

The  capacity  of  the  mill  varies  considerably  on  account  of 
the  material  rolled,  and  depends  more  on  the  product  required 
than  on  its  capacity  for  rolling,  and  therefore  definite  figures 
cannot  be  given  for  tlie  output  for  any  particular  product. 
The  performance  of  a  mill  of  this  type  cannot  he  compared 
with  that  of  a  blooming  mill  rolling  practically  one  size  of 
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results  obtained  indicat-ed  tliat ,  from  the  standpoint  of  control, 
this  system  gave  all  that  could  be  desired,  providing  the  proper 
provision  was  made  to  obtain  a  rapid  change  in  the  generator 
iield.  The  ordinary  solid  field  generator  can  not  follow  rapid 
cliange  in  the  excitation  on  account  of  the  eddy  cur- 
rents which  are  set  up  and  which  op])ose  any  change 
of  field  strength.  It  is,  therefore,  necessary  to  design 
the  inacliiiif*  with  a  coiiipletely  laminated  iiiagiietic  circuit  so 

as  to  overcome  this  characteristic 
of  the  ordinary  generator  when 
working  under  the  conditions  met 
witli  ill  such  service .  The  inipor- 
taiice  of  having  the  voltage  of  tlie 
generator  follow  tlie  changes  of 
excitation  quickly  is  very  great 
from  an  oporating  staiidpoiiit  and 
t  his  (  oiidition  has  been  very  well 
fulfilled  in  the  Illinois  Steel  Coni- 
j)any 's  installation. 

The  roll  motors  are  connected 
to  a  double  commutator  genera- 
tor wit  liout  any  st-arting  resis- 
tance, each  motor  beiiig  con- 
nccfced  to  one  commutator.  This 
geuei'ator  is  driven  hy  means 
of  a  3-pliase  induction  motor 
and  a  lOO-toii  flywheel  is 
mounted  ou  the  same  shaft.  The 
roll  motors  are  separately  excited, 
with  speeds  up  to  100  revs. 

The  direction  of 


the  excitation  being 

per  】iiimite，  and  the  polarity  is  not  changed, 
rotation  and  speed  of  tlie  roll  motors  is  controlled  by  changing 
the  polarity  of  the  generator  and  varying  its  field  strength, 
thereby  varying  the  voltage  applied  to  the  armatures  of  the 
roll  motors.  This  system  avoids  rheostatic  losses,  except  in 
the  field  circuit,  ami  enables  any  desired  speed  to  be  obtained, 
independent  of  the  load. 

The  load  on  the  generator  naturally  varies  rapidly  over  a 
large  range,  the  rate  of  change  being  at  times  3,000  li. p.  to 
4,000  h.p.  per  second  during  acceleration  and  8,000  h.p.  to 
10,000  li,p.  per  second  when  braking.  From  the  standpoint 
of  the  power  supply,  such  a  load  would  be  highly  undesirable, 
even  for  a  very  large  power  house,  and  could  not  be  handled  at 
all  by  gas  engine  driven  stations  of  moderate  capacity,  such  as 
usually  found  in  steel  mills.  In  order  to  equalise  these  fluctua- 
tions, the  flywheel  was  provided  to  deliver  energy  during  the 
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L^— Analysis  of  Poweu  Input  to  Uoll  Motous  \vhi;n  Kolling  Plati': 
(See  Kit;.  6) 

1  — lVr(;('nta;4f  of  lu't  rolling  work  to  total  input.  'J. ― Pcrtt'ii iHjie  of  HtceloiH- 
lion  work  U)  total  ini)ul.  3.— Percentage  of  friction  and  iron  loss  to  total  ii""U. 
I. ― IVrcfiilHi^c  of  copjH'i'  losses  to  total  iiiimt. 


The  equiunuMit  of  this  mill  had  to  be  sutVu'ient  ly 
large  to  handle  the  heaviest  slabs  that  can  be  rolled,  allhougli 
1  lie  work  is  coinpa rat ivelv  li^^tit  most  of  I lio  time  and  coiise- 
({uently  t  lie  tonnage  suffers. 

In  deciding  upon  the  system  to  be  used  for  driving  the  mill, 
and  the  control  of  tlie  motors,  the  experience  t luit  had  l>een 
gained  in  the  design  of  large  hoisting  plants  of  the  llgiier  type 
was  drawn  upon.  In  1903  exporiiuoiils  had  Ihhmi  made  to 
(letennine  the  possibility  of  rapid  roversing  atul  (lie  sensit ivo- 
ness  of  this  syst'Cni  of  control ,  on  a  large  hoisting  plant .  The 


.—Analysis  of  Poweu  Input  to  Koll  Motous  WHtN  lioLLiNu  Platl 
(See  Fig.  71 

IVrccntHiie  of  not  rolUnti  work  to  total  inimt.  2.— rercentH*ie  of  acceleia- 
tion  work  to  total  input.  3.— Pt'icenta^ie  of  trii'tion  and  iron  loss  tu  total  in] nit. 
4.— I'ercenliifie  of  copper  losses  to  total  input. 

periods  of  great  demand  and  to  store  energy  during  periods  of 
light  load,  and  so  that  t he  flywheel  may  give  up  some  of  the 
energy  stored  in  it  the  speed  must  be  reduced,  and  to  store 
energy  the  speed  must  be  increased. 

To  enable  t he  flywheel  to  assist  the  3-plia&e  】notm'  in 
driving  the  generator,  an  automatic  slip  regulator  was  pro- 
vided, whirh  intrcxluoes  resistance  into  the  rotor  when  the  cur- 
rent reaches  a  certain  value,  the  speed  being  thereby  mimed, 
and  a  portion  of  the  energy  stored  in  tlie  Hywlieel  is  used  for 
driving  the  generator.  When  the  load  ou  the  generator  is 
reduced,  the  resistance  is  aiitoinatir;ilIy  lut  out,  the  speed 
consequent Iv  iucreasiiig  and  energy  is  thereby  stored  in  the 
flywheel.  In  i)rartice  (he  inaxiiiniiu  load  on  t lie  line  fine  to 
the  reversing  set  is  a])j>r<>xiinately  one-fifth  of  the  inaxinuiin 
load  of  the  generator.      By  properly  setting  the  regulator  in 
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Fig.  6.— Test  Curves,  Showing  Input  to  Roll  Motors  and  Speed  when  RaLLiNG  Slab,  SJi 

(See  Details  Under  Fig.  3.) 


SECONDS 

； Ujin.  \9i5'in.  to  Plate  ^in.  x  12in. 


divided  into  two  units  with  the  object  of  reducing  the  arma- 
ture diameter,  and  consequently  the  inertia,  and  at  the  same 
time  to  facilitate  handling  the  heavy  current  which  at 
8,000  h.p.  is  about  11,000  amperes.  They  are  designed  for  a 
normal  armature  voltage  of  75，  and  220  volts  excitation. 

When  the  plant  was  designed  it  was  proposed  to  increase 
the  speed  from  100  to  150  revs,  per  minute  for  the  longer 
passes,  and,  so  as  to  ensure  that  the  flux  in  the  motor  fields 
would  follow  the  quick  changes  of  the  exciting  current,  the 
magnetic  circuit  was  laminated.  Experience  gained  from  the 
operation  of  the  plant  has  shown  that  this  refinement  was 
unnecessary  although  required  in  order  to  meet  the  original 
guarantees  for  acceleration  and  reversal  asked  for. 


the  maximum  current  with  a  weak  field  requires  that  the 
closest  attention  be  given  to  commutating  characteristics  of  the 
generator.  The  motor  for  driving  the  generator  and  flvwheel 
has  a  normal  rating  of  1,300  h.p. ,  and  is  designed  for  3-phase, 
25- cycles,  6,600  volts,  eight  poles.  It  is  of  the  wound  rotor 
type,  the  rotor  circuit  being  controlled  \Sy  an  automatic  slip 
regulator,  previously  referred  to,  and  is  of  the  usual  standard 
construction. 

The  flywheel  of  this  set  presents  some  interesting  features, 
as,  owing  to  difficulties  in  transportation  and  in  obtaining; 
reliable  steel  castings,  the  wheel  was  built  of  coniparativelv 
thin  punched  lainiiiations  on  a  steel  spider,  the  sheets  being 
bolted  between  cast-steel  end  rings.    The  peripheral  speed  of 


The'  two  armatures  of  the  machines  are  mounted  on  one 
shaft,  supported  by  two  bearings,  the  field  frames  being 
mounted  side  by  side  on  the  bedplate.  The  laminations  are 
supported  by  a  cast-iron  frame  which  is  split  liorizoiitally  to 
facilitate  repairs.  The  machines  are  of  the  coiiunutaLing  pole, 
compensated  type,  the  compensating  windings  being  embed(le<l 
ill  the  face  of  the  main  poles.  The  armatures,  whicli  are  7ft. 
6iii.  (liam.，  were  specially  constructed  to  stand  tlie  severe 
shocks  anticipated  with  tliis  class  of  work  and  to  be  capable  of 
withstanding  the  severe  stresses  due  to  the  rapid  reversing  and 
acceleration.  On  this  account,  very  great  attention  was  paid 
to  the  methods  of  supporting  and  lioUling  t he  a ririature  wind- 
ings, a  special  steel  ring  being  provided  to  support  and  fasten 
the  end  connections  rigidly  where  tliey  connect  to  the  com- 
mutator lu^s. 

Although  very  liigli  efficiency  in  the  motors  of  sudi  an 
installation  is  not  of  very  great  importance,  considering  the 
other  losses,  yet  it  is  desirable,  inasinucli  as  it.  affects  the  heat- 
ing of  the  machines,  and  a  well-designed  machine  will 
naturally  liave  liigh  efficientry. 

The  generator  of  this  set  is  of  the  (louhle-<  oiiiiiiutator  type, 
and  embodies  some  design  features  of  special  interest.  It  was 
decided  to  use  a  double-coni nmtator  type  machine,  so  as  to 
reduce  the  current  to  be  collected  from  a  single  commutator, 
thereby  allowing  a  single  comparatively  high  speed  machine  to 
be  used .  The  field  is  of  tlie  laminated  type,  so  built  that  it 
will  answer  changes  of  field  current  very  rapidly,  tliis  bein^ 
iie<*essary  to  obtain  quick  reversing  and  speed  changes.  The 
machine  is  of  the  cominiitatiiig  pole  compensated  type,  similar 
to  the  roll  motors,  the  diameter  of  the  armature  being  the 
same.  The  normal  full  speed  of  the  generator  is  about 
375  revs,  per  minute  and  the  minimum  speed  about  300  revs, 
per  minute.  At  375  revs,  per  minute  the  voltage  of  the  gene- 
rator with  full  field  is,  approximately,  600. 

The  generator  is  designed  for  a  normal  capacity  of  approxi- 
mately 3,000  kw.  and  a  maximum  capacity  of  about  6,400  k\v. 
Special  attention  was  given  to  the  design  of  the  generator,  to 
ensure  good  commutation  under  the  severe  conditions  of  opera- 
tion. The  f'onim utating  pole  and  com pensating  windings  are 
not  shunted,  care  being  taken  to  render  this  unnecessary,  so  as 
to  avoid  any  trouble  due  to  differeiice  in  the  self-induction  of 
the  windings  and  shunt  affecting  the  division  of  the  current 
with  rapid  changes  of  load.      The  necessity  of  coiiuniitatint^ 
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relation  to  the  work  to  be  done  tlie  input  to  the  motor  gene- 
rator can  be  maintained  practically  constant.  It  will  be  noted 
that  the  driving  motor  of  the  set  is  considerably  smaller  than 
the  generator,  which  is  due  to  the  fact  that  the  latter  must  be 
designed  to  carry  tlie  high  peak  loads,  and  as  the  heating  of  the 
armature  is  due  principally  to  the  copper  loss,  which  varies  as 
the  square  of  the  current,  a  mucli  greater  capacity  is  required 
to  deliver  a  certain  amount  of  power  than  would  be  necessary 
if  the  load  were  constant.  The  load  on  the  induction  motor 
(loes^not  vary  greatly,  and  consequently  it  is  designed  to  carry 
only  the  average  load. 

To  protect  the  generator  and  d riving  motor  against  exces- 
sive overloads,  due  to  stickers  or  cold  slabs,  overload  trips  for 
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the  circuit  breakers  are  provided  in  each  armature  circuit, 
wliich  are  arranged  to  open  the  circuit  at  a  load  corresponding 
to,  approximately,  8,0(J0  h.p.  The  primary  circuit  of  the 
induction  motor  is  provided  with  the  usual  instruments  and 
overload  protection.  Speed  meters  showing  tlie  speed  of  the 
rolls,  ami  double  reading  ammeters  are  ])rovided  on  the 
operating  pulpit,  for  the  guidance  of  the  operator.  It  lias 
been  found,  however,  that  the  electrical  equipment  is  capable 
of  performing  heavier  work  than  tlie  mill,  so  that  the  operators 
are  controlle<l  (luring  rolling  more  by  the  limitations  of  the 
mill  than  those  of  the  electrical  equipment. 

The  driving  motors  have  a  nominal  rating  of  2,000  h.p. 
each,  making  a  total  of  4,000  h.p.  for  the  set.    The  motor  was 


Fig.  5.— Typical  Tests,  showing  Poaver  Required  to  Koll  Plates  from 
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the  wheel  at  375  revs,  per  minute  is  15,500ft.  per  minute.  In 
order  to  facilitate  liaiuUing,  the  wheel  is  built  in  two  parts, 
each  weighing  100，00()lbs.,  the  total  weight  therefore  being 
100  tons.  The  flywheel  efTect  of  this  wheel  is  5,500,000ft. -lbs., 
and  under  normal  coiulitious  of  operation,  the  speed  of  the  set 
seldom  falls  below  320  revs,  per  minute,  and  the  input  does 
not  as  a  rule  exceed  about  900  kw.  The  energy  stored  in  the 
wheel  at  full  speed  is  250,000  h.p.  seconds,  and  the  amount 
given  up  when  the  wheel  slows  down  to  300  revs,  per  minute  is 
90,000  h.p.  seconds. 

A  view  of  the  complete  machine  is  shown  in  Fig.  2.  Tlie 
rotating  parts  are  supported  by  four  bearings,  the  flywheel 
having  a  bearing  on  either  side  and  a  separate  shaft.  The 
shafts  for  the  motor  and  generator  are  supported  at  one  end  by 
a  bearing,  and  at  (lie  other  are  bolted  to  the  flywheel  shaft. 
The  niaximuni  bearing  pressure  has  been  limited  to  approxi- 
mately 801bs.  per  square  inch.  Both  machines  and  the 
flywheel  are  mounted  upon  a  single  base  plate,  which  is 
securely  fastened  to  the  foundation  by  numerous  bolts.  All 
bearings  are  water-cooled  and  oiled  from  a  central  gravity  oil 
system  so  as  to  ensure  a  continuous  supply  of  oil  to  all  wearing 
parts.  Ill  order  to  facilitate  starting  the  set,  a  pneumatic 
barring  gear  is  provided,  conti'oUed  by  a  hand-operated  triple 
valve. 

For  controlling  the  excitation  of  the  generator,  a  special 
controller,  operated  on  the  principle  of  a  Wheatstoiie  bridge, 
was  designed.  The  current  handled  by  this  controller  is, 
approximately,  50  amperes,  with  niaxiniuin  excitation,  which 
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pointer  was  recorded  by  causing  a  spark  to  pass  from  the  end 
of  the  pointer  through  the  paper  to  an  insulated  plate.  In 
designing  these  instruments  provision  was  made  to  avoid  intro- 
ducing errors  in  the  readings  due  to  the  static  e fleet  of  the 
high-tension  current  for  tlie  spark.  Tlie  speed  recording 
instrument  for  the  roll  motors  had  a  centre  zero  so  as  to  record 
both  directions  of  rotation. 

The  speed  of  the  motor  generator  set  was  also  recorded,  to 
determine  the  amount  of  energy  given  up  or  absorbed  by  the 
flywheel  during  the  period  of  test.  The  instrument  used  was 
similar  to  that  adopted  for  the  recording  of  the  iiiotor  speed, 
except  that  provision  was  not  made  for  recording  tlie  speed 
in  both  directions.  In  order  to  obtain  a  large  reading  for  a 
comparatively  small  change  of  speed,  a  battery  was  connected 
to  oppose  the  magneto,  ami  the  】】ieter  recorded  the  difference 
ill  the  potential  of  the  inagneto  and  the  battery.  All  the 
instruments,  including  the  oscillograph  ami  the  speed  meters, 
were  provided  with  a  time-recording  device,  all  of  these  attach- 
ments being  controlled  by  a  single  contact-making  clock. 

The  input  of  the  motor  generator  set  was  rlelerniiiied  bv 
ineaiis  of  a  wattmeter  of  the  same  type  as  the  speed  meters. 
In  addition  to  the  above  apparatus,  provision  was  made  for 
recording  signals  from  the  mill.  In  the  mill,  records  were 
obtained  as  to  the  size  and  weight  of  material  rolled  ami  the 
reduction  per  pass,  and  at  the  same  time  readings  were  taken 
to  determine  the  temperature  of  the  metal.  These  tests  gave, 
sinuiltaneously,  rearliiigs  of  the  input  to  the  roll  motors  ami 
t  1h*  input  to  the  iiiotor  generator  set  at  the  speed  of  the  set 


INPUT  TO  ROLL  MOTORS 


Fig  7.— Test  Cukvks,  Showing  Input  to  Koll  Motoks  and  Si'kkd  wukx  Kolling  Slab.  3in.  x30|in.  xTSJm.  to  Plati.:  jjn.  x30m. 


can  be  readily  liaiidled  by  a  controller  of  tlie  face  plate  type. 
The  slip  regulator  for  automat ically  varying  llie  rotor  resis- 
tance, so  as  to  liniil  ilie  input ,  consists  of  a  munber  of  pueiima- 
tically-operatecl  switches,  arranged  in  groups,  their  operation 
being  controlled  by  two  relays.  One  of  these  relays  causes  the 
switches  to  drop  out  when  the  current  in  the  primary  of  the 
motor  readies  a  certain  value,  ami  so  long  as  t his  relay  is  ojxmi 
the  switches  will  continue  to  drop  out  successively.  When  tlio 
current  readies  a  normal  value  the  relay  closes  ami  no  further 
switches  are  opened.  When  the  current  falls  below  the 
noriiial,  t he  second  relay  drops,  and  causes  the  switches  to 
automatically  close  in  t he  proper  order,  and  in  this  way  tlie 
input  to  the  motor,  under  normal  operating  coiulitions,  is 
maintained  approximately  const  ant , 

After  five  yoa rs'  operation  of  t he  plant  it  was  decided  tliai 
it  would  be  advisable  to  nia  Ue  a  coniploto  sol  of  tests,  to  dot  er- 
mine not  only  its  operating  chararteristics,  but  also  whether 
such  an  installation  could  be  improved  upon  and  how  closely 
the  designed  capacity  approximated  to  t lie  act ual  o|)er- 
ating  conditions.  Owing  to  tlie  diflicult  y  in  obtaining 
suitable  apparatus  to  make  such  tests,  "lost  of  t  lie 
instruments  were  specially  clesi^nod  and  built  for  1  liis 
t est .  The  cu rreiit  in  1  he  nioi  ors  varies,  under  nor- 
mal conditions,  so  rapidly  that  ordinary  indicating  or 
recording  iiislruinents  were  not  suitable  and  it  was,  therefore, 
decided  to  use  an  oscillograph  for  roronliiig  the  direct-nirreiit 
voltage  and  current .  The  s]>eed  of  t ho  roll  motors  was 
recorded  by  lueans  of  a  special  fjraiihic  recording  meter,  (on- 
trolled  by  a  suitable  magneto,  driven  from  the  motor  shaft . 
Tlie  m'(ml"、g  iiist nniuMit  was  especially  desii^iuvl  so  as  to  l)t、 
i.'a]>able  ')f  following  rapid  chaui^t^s  in  spood,  and  to  avoid 
errors  usual  with  graiiliic  inyl iiinuMits.  It  was  deridod  (o 
avoid  the  use  of  a  pen  for  recording  and  the  position  of  lliu 


and  motors.  With  this  information,  together  w  ith  t lie  known 
characteristics  of  the  apparatus,  and  the  data  obtained  as  to 
t he  work  done  by  the  mill,  it  was  possible  to  obtain  a  rom- 
l)lete  analysis  of  t lie  power  requirements  and  operat ing 
characteristics.  While  it  is  not  possible  witliiji  the  s<ope  of 
this  paper  to  go  into  detail  as  to  these  tests,  a  few  charac- 
teristir  curves  are  given  which  may  be  of  interest. 

Fig.  6  shows  t  he  power  required  for  rolling  a  slab,  o.liii.  by 
11 丄, ill.  by  95in. ,  weighing  l，0801bs.,  to  a  plate  ^^in.  thick  by 
I '2'\n,  wide,  and  1 ,060in.  long.  From  these  curves  it  will  be 
s?en  t hat  t he  Jiiaxinuun  curreiil  was  app roximatelv  4 , ] 00 
amperes,  and  the  maxinuun  braking  current  about  2,350 
amperes.  The  niaxiniuni  speed  of  the  rolls  durinfj  tliis  test 
was  86  revs,  per  minute  during  the  sixth  pass,  whereas 
in  t  lie  first  pass  tlie  niaxiniinn  speed  was  50  revs. 
ptM*  minute.  The  total  time  required  from  bejjin- 
ning  to  end  of  the  test  was  58  sees.,  showing  a  niaxiiuuin 
ca pat-it y  when  rolling  this  size  material  of  approxiinMloly  'M) 
tons  ]>er  hour.  The  (emj>eralure  of  the  metal  va v'wd 山 uin"' 
the  test  from  1,9*J0、  Fah.'to  1.800'  Fall. 

In  Fig.  3  is  shown  an  analysis  of  this  test,  wliich  gives  tlie 
relation  between  tlie  total  input  to  the  roll  motors  ami  the 
various  items.  It  will  be  seen  tliat  the  percentage  of  not  roll- 
ing work  averages  about  5o  per  cent.  Tho  input  required  for 
acceleration  is  about  an  average  of  30  per  cent .  The  loss  due 
lo  friction  of  the  null  and  from  loss  in  the  motors  is  a|>proxi- 
mati'ly  10  per  cent.  The  reason  for  t he  very  large  drop  in  tl"' 
percentage  of  net  roll  work  in  tlie  last  two  passes  is  the  fact 
that  the  draft  was  coinparatively  lijjlit  on  these  two  |)asses, 

Tlie  ooiupa ratively  large  proportion  of  t he  input  requirod 
for  :uMoli»ralion  shows  ( lu*  importance  of  kee|>in*j  ( ho  inertia 
as  low  as  i)ossiblo,  and  tlie  i^real  advantage  of  the  voltage  con- 
trol system  is  that  it  enables  a  considerable  proportion  of  this 
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energy  to  be  recovered.  In  this  particular  test,  the  total 
energy  required  to  accelerate  the  motors  for  the  seven  passes 
was  11,800  h.p.  sees.,  and  there  was  returned  by  the  motors 
to  the  generator  8,317  h.p.  sees.,  or  somewhat  more  than  70 
per  cent.  It  should  be  noted  that  with  this  system  i-lie  energy 
taken  from  the  generator  is  only  half  wliat  it  would  be  if 
rlieostatic  control  were  used,  and  that  with  the  latter  system 
none  of  the  energy  would  be  recovered.  In  this  test  if  rlieo- 
static control  had  been  used,  the  total  energy  required  for 
acceleration  would  have  been  23,600  h.p.  sees.,  which  would 
have  increased  the  total  net  input  to  the  motor  about  50  per 
cent. 

In  Fig.  7  are  shown  the  curves  when  rolling  a  slab  3iii.  by 
30in.  by  76in.  weighing  l,9601bs.  to  a  plate  -^in.  thick  by 
30in.  wide.  The  total  time  of  the  test  was  100  sees.,  indicat- 
ing a  niaximum  capacity  of  the  mill  when  rolling  these  slabs 
of  approximately  36  tons  per  hour.  It  will  be  seen  from  these 
curves  that  the  maximum  loads  are  considerably  higher  than 
shown  in  Fig.  6.  In  this  case,  the  maxiinitin  current  input 
is  slightly  in  excess  of  6,000  amperes,  and  the  braking  current 
reaches  a  niaximum  of,  approximately,  3,150  amperes.  The 
maxinmm  speed  of  the  mill  did  not  exceed  75  revs,  per  mi  nuts 
during  a iiy  pass.  The  temperature  of  t'he  metal  fliiriti^'  this 
test  varied  from  approximately  2,040'^  Fah.  to  1,300  '  Kali. 

In  Fig.  4  is  ehown  an  analysis  of  this  test,  from  which  it 
will  be  seen  that  the  percentage  of  net  rolling  work  to  the  total 
input  gradually  increased,  and  the  percentage  of  powei,  re- 
quired for  acceleration  decreased.  The  copper  losses  decrease 
on  account  of  the  maximum  current  being  smaller,  and  natur- 
ally the  friction  loss  increases  as  the  mill  is  running  the  greater 
percentage  of  the  time.  The  percentage  of  energy  returned  by 
the  roll  motors  was  about  62  per  cent,  of  the  input  for  accelsr- 
ation. 

In  Fig.  5  are  shown  some  curves  of  the  net  rolling  work 
per  ton  plotted  against  elongation,  and  it  will  be  seen  that 
the  variation  is  considerable.  The  difference  in  the  total 
power  required  may  show  a  much  greater  variation  than  given 
but  these  curves  will  indicate  in  a  general  way  how  the  net 
rolling  work  varies  with  the  displacement  of  the  】net'al.  In  a 
test  made  when  rolling  a  certain  slab,  in  7  and  in  15  passes, 
the  net  rolling  work  showed  a  difference  of  about  10  per  cent., 
but  the  total  input  varied  about  50  per  cent.,  clue  to  the  re- 
duced capacity  of  the  mill  wlien  rolling  at  the  lower  rate. 
Such  points  as  these  show  the  importance  of  a  very  close  ex- 
amination of  operating  conditions  when  designing  a  mill  of 
this  kind,  and  to  ensure  success  an  electrically-driven  reversing 
rolling  mill  requires  very  careful  engineering,  as  the  problem 
is  not  so  much  to  get  a  mill  that  will  work,  as  to  get  one  that 
will  work  economically. 

In  this  mill  it  is  the  general  practice  during  the  earlier 
passes  to  have  the  feed  rolls  running  at  full  speed  in  the  oppo- 
site direction  to  main  rolls,  so  that  when  the  slab  leaves  the 
mill  it  is  returned  in  the  shortest  possible  time.  In  spite  of 
this,  the  main  motors  are  easily  capable  of  reversing  in  ample 
time.  An  examination  of  a  large  number  of  tests  on  this 
and  other  mills  shows  that  the  average  rate  of  acceleration 
used  does  not  exceed  about  20  revs,  per  minute  of  the  rolls 
per  second,  the  maximum  being  about  30  revs,  per  minute  per 
second.  Tlie  rate  of  retardation  is,  however,  very  much 
greater  and  generally  varies  between  40  revs,  ami  50  revs,  per 
minute  per  second. 

The  overall  efficiency  of  the  plant  depends  in  the  first  place 
upon  the  size  of  equipment  to  the  material  to  be  rolled.  As 
already  pointed  out,  a  mill  of  this  kind  cannot  be  compared 
to  one  rolling  only  a  single  product,  in  which  case  the  operat- 
ing characteristics  can  be  very  accurately  pi'edic'ted.  As  this 
mill  will  be  often  underloaded,  the  efficiency  naturally  suffers, 
which  is  true,  independent  of  t lie  system  of  driving. 

The  results  obtained  from  this  inill  indicate  that,  although 
the  equipment  was  built  six  years  ago,  it  compares  very  favour- 
ably with  some  of  the  latest  designs,  and  is  quite  capable  of 
meeting  the  most  severe  service  it  may  be  called  upon  to  per- 
form. In  new  designs,  certain  features  would  be  improved 
upon,  with  the  object  of  somewhat  siniplifyiiig  the  equipuieut 
from  a  maiinfact  uriiig  slandjxjint,  but  it  is  not  believed  that' 
any  great  improvement  could  be  made  from  an  operating 
standpoint,  as  since  it  has  been  in  regular  service  tlie  -electrical 
equipment  has  given  no  trouble.  The  experience  gained  has 
shown  that  the  engineers  of  the  Illinois  Steel  Company  were 
thoroughly  justified  in  undertaking  this  pioneer  installation 
without  having  any  precedent  whatever  to  work  upon. 


THE  WORKS  OF  THt  WESTERN  ELECTRIC  COMPANY. 

The  iiienihui's  ol  the  1  iistitiile  oi'  M ； iri no  J'^iigiiieers  recently 
paid  a  visit  to  ilui  works  of  the  Western  Electric  Company, 
Ltd.,  Silvertowii.  When  tlie  ('oinpany  was  formed,  about  15 
years  ago,  its  operations  were  devoted  almost  exclusively  to 
the  constructiou  of  telephone  and  telegraph  cables.  Subse- 
quently, the  manufacture  of  apparatus  was  taken  up,  and  this 
part  of  the  business  has  been  developed  to  such  an  extent 
that  the  output  is  now  equal  to,  if  not  more  than,  that  of  the 
cable  fk'part'meiiti.  The  works  extend  over  a  total  area  of  4  1 
acres,  and  give  employment  to  about  3,500  persons.  Tlie 
buildings  are  of  modern  design,  well  lighted  and  heated.  For 
the  juanufacture  of  telegraph  and  teleplioiie  cabling,  gutta- 
percha has  been  largely  superseded  for  insulating  purposes  by 
paper- CO  .'ered  conductors,  stranded  together  to  form  a  cable 
of  the  required  thickness,  which  is  afterwards  rendered  water- 
tight by  a  lead  slieatliiiig.  In  the  insulating-room,  which  was 
first  visited,  special  machines  cut  the  paper  into  strips,  which 
are  woven  round  the  copper  wires  spirally  ami  bound  loosely 
with  cotton.  The  loose  covering  of  paper  provides  an  air 
space  which  reduces  the  condenser  effect  and  gives  better  in- 
sulation. Both  paper  and  cotton  are  coloured,  and  arranged 
ill  sequences  so  that  in  a  cable  with  a  large  number  of  siraiifls 
no  difficulty  is  experienced  in  picking  out  a  specific  comluctor 
at  botli  ends  of  the  cable.  In  this  department  are  about  300 
machines,  each  capable  of  insulating  five  wires  at  the  same 
time.  In  tlie  stranding-room,  which  was  next  visited,  are 
several  large  stranding  machines,  one  machine  being  about 
150ft.  in  length.  By  tliis  inachine  the  insulated  conductors 
are  arranged  in  twisted  pairs,  the  first  section  of  the  machine 
stranding  about  three  pairs,  the  next  section  adding  about  a 
dozen  pairs,  and  so  on,  until  at  the  final  stage  as  many  as  300 
pairs  or  600  separately  insulated  conductors  can  be  bound  into 
one  cable.  The  cable  itself  is  then  bound  in  a  paper  covering. 
Paper  being  a  hygroscopic  material,  it  is  necessary,  before  the 
lead  sheathing  is  applied,  to  extract  the  moisture  from  the 
coverings,  and  this  is  accomplished  in  the  drying  ovens,  with 
a  normal  temperature  of  about  240°  Fah.  From  these  ovens 
the  cables  are  fed  into  lead  presses,  working  at  a  pressure  of 
two  tons  per  square  inch.  The  lead,  in  a  plastic  state,  is 
forced  around  the  cable,  and  issues  through  a  die  in  the  form 
of  the  lead  sheathed  cable  in  common  use.  Wires  whicl;  re- 
quire constant  handling,  such  as  those  in  telephone  exchanges, 
have  a  cover  of  yarn  or  manilla  woven  round  them,  and 
several  machines  for  this  purpose  were  examined.  As  an 
alternative  to  lead  covering,  rubber  or  bitumen  is  used  for 
certain  conditions.  The  bitumen  in  this  rase  is  fed  on  to  the 
conductor  under  pressure,  passing  through  the  centre  of  a 
hollow  extrusion  screw.  For  exposed  wires  a  steel  tape 
armouring  is  provided  in  addition.  The  armouring  machine 
was  shown  at  work,  the  lead  sheathing  being  first  covered 
with  yarn  and  the  steel  strip  laid  on  in  double  layers,  one 
overlapping  the  other.  The  power  plant  was  next  inspected. 
There  are  three  Babcock  &  Wilcox  water-tube  boilers,  with 
chain  grate  automatic  stokers,  and  Green's  ecojiomisers.  The 
steam  pressure  is  ISOlbs.,  and  the  daily  coal  consumption  from 
15  to  25  tons.  Electric  current  is  supplied  at  220  volts  by  two 
W.  E.  Co.  generators  of  1,600  amps  and  one  generator 
of  600  amps,  driven  by  three  condensing  engines  direct-cou- 
nec'ted,  two  of  600  h.p.,  and  one  of  225  h.p.  The  total  output 
is  8,700  kilowatt-hours  per  day.  Tlie  whole  apparatus  of 
modern  telephony,  from  the  smallest  details  to  the  large  ex- 
change switchboards  are  manufactured  by  tlie  company.  A 
laroe  number  of  machines  are  used  for  stamping  out  the 
smaller  parts,  and  among  the  numerous  machines  inspected 
may  be  mentioned  a  press  for  forming  tlie  ordinary  telephone 
receiver  tube,  the  bell  mouth  and  the  end  bulb  being  formed 
at  tlie  one  operation.  The  tool-making  ami  re|)airini^  shops 
also  contain  a  large  complenieiit  of  latlies,  milling,  slotting, 
and  other  machines.  As  would  be  expected  where  much  of 
the  work  is  repetition,  many  of  the  machines  are  auto- 
matic. Several  screw  ('utt'ii)g  machines  were  seen,  the  screws 
being  turned  out  complete  with  very  little  attention  when  the 
machine  is  once  adjusted.  Other  department's  visited  in- 
cluded the  wood -working,  lacquering,  electro  and  copper-plat- 
ing and  polisliiiig,  and  liiially  llie  (]e]);irt nieni  where  the  parts 
are  assembled  and  the  iiist ruiiieuts  put  together.  Great  in- 
terest was  shown  ill  tlie  details  of  the  receivers  and  traus- 
mitters,  the  arrangements  and  mechanism  of  switchboards  and 
other  matters  wliich  were  fully  explained  and  deuioustrated. 
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THE  DIESEL  ENGINE  FROM  THE  USER'S  STANDPOINT.* 

BY  WM.  J,  U.  SOWTKR. 

TiiE  Diosol  engine  is  coming  into  such  general  use  for  the  purpose 
of  the  generation  of  Hectri ('； il  energy  that  Ji  few  notes  on  its  advan- 
tages, cost  of  nimiiiig,  and  niaintenuneo  may  he  of  interest. 

The  quiiiit  ity  of  coolin*^  water  required  is  ('(msiderably  less  than 
that  required  by  suction  gas  or  steam  plants.  With  an  inlet  tem- 
ptMJiture  of  '「>()。  Fah.  and  an  outlet  temperature  of  140°  Fah,， 
about  -)  gallons  hvnko  horse-powor  are  required.  Taking  the 
case  of  a  250  b.h.p.  engine,  and  assuming  the  loss  due  to  evaporu- 
tion  and  leakage  to  be  10  per  cent.,  the  cost  of  water  at  Gd.  per 
1 ,()()()  gallons  will  amount  to  0'4r)(i.  per  hour.  The  Diesel  engine 
is  capable  of  working  watisfju^toiily  and  ('conomiciilly  on  a  wide 
range  of  fuels  without  any  alteration  or  adjustment.  The 
standard  fuel  is  cnido  Texas  or  Roumanian  oil,  which  may  bo 
pui'cliased  iit  prices  ranging  between  )s.  and  70s.  p ("-  ton.  The 
oil  can  be  purchased  in  London  at  about  40s.  per  ton.  The 
following  is  a  specification  of  a  suitable  oil  which  the  author  has 
adopted  with  satisfactory  results  :  (1)  The  oil  shall  be  crude, 
refined,  or  a  residue  of  petroleum.  (2)  It  shall  be  free  from  tar, 
l)itum(*n,  or  solid  liydrocarbons,  sand,  fil)rous  matter,  or  foivign 
solid  impurities.  (.*))  Tlic  oil  shall  not  contain  more  than  one-liulf 
of  1  per  cent,  of  water,  nor  per  cent,  of  sulphur,  and  shall  l)o 
f we  from  acid.  (4)  Tho  viscosity  shall  be  such  that  the  oil  will 
flow  in  ； I  coutinuoUvS  streiun  with  1ft.  head  through  a  iin.  copper 
pipo  (ift.  long  without  being  heated.  ('「))  The  oalorific  value  shall 
not  bo  less  than  1<S，（)。(）  B.Th.U.  per  pound.  Many  other  liquid 
fuels  may  be  used,  such  as  residue  shale  oil,  gasworks  tar  oil,  or 
creosote  oil. 

Contrasted  with  steam  plant,  there  is  but  little  difference  in 
fuel  consumption  per  brake  horse-power  hour  between  large  and 
small  Diesel  engines,  nor  does  the  fuel  consumption  incroaso 
liU'trely  per  unit  of  energy  as  tho  loud  is  decreased  on  the  engine. 
It  is  apparent  from  the  foregoing  remarks  that  it  is  unnecessary 
from  the  point  of  view  of  fuel  economy  to  install  large  engines 
when  a  greater  number  of  small  engines  will  suit  the  circum- 
stances of  any  particular  case  better,  desirable  as  the  former 
pi'occdnro  may  bo  so  far  as  capital  cost  per  kilowatt  of  plant 
installed  is  concerned.  The  following  figures  show  the  cost  of 
fuol  per  unit  generated  with  oil  at  the  prices  mentioned,  and  at 
various  loads,  for  a  50  b.li.p.  engine  coupled  to  a  33  kw.  generator :- 


Load. 

Dynamo 
Efficiency. 
I'er  Cent. 

Price  of  Fuel  per  Ton. 

40s. 

50s. 



60s. 

70s. 

Full   

88 

0-161 

0-201 

0-242 

0-281 

Three-quarter  … 

86 

0-178 

0-210 

0-252 

0-295 

Half  

83 

0-208 

0-261 

0-314 

0-365 

Quarter   

78 

0-307 

0-384 

0-462 

0-538 

Steam  plant,  if  not  properly  maintained,  becomes  more  and 
more  uneconomical  as  time  goes  on,  but  still  the  plant  continues 
to  vnn  as  though  nil  woro  in  order,  witli  an  increased  fuel  con- 
suiuptiou  ；  on  the  other  hand,  internal-coinbustiou  engines 一 and 
particularly  the  Diesel  engine ― must  be  maintained  in  thorough 
good  order,  otherwise  there  will  be  great  difficulty  in  uettinti  thoin 
to  run  at  all  ；  therefore,  those  in  charge  of  siu-li  plants  are  bound 
to  see  that  they  are  carefully  attended  to,  and  when  in  good  order 
the  fuel  consumption  must  always  bo  normal,  while,  as  w  lum、 
secMi,  steam  plant ,  if  in  had  order,  can  still  bo  run,  hut  at  givat 
expense  as  regards  fuel. 

The  capital  cost  of  a  Diesel  engine  direct  coupled  to  a  generator 
is  considtMubly  greater  than  u  gas  or  steam  driven  generator  of 
similar  ('apacity  ；  but  when  the  cost  of  complete  plants,  com- 
piising  either  gas  or  steam,  are  compared,  there  is  but  littl，> 
diflferonco  in  the  price  per  kilowatt.  A  Diosel  strttion.  however. 
r(M|iiires  less  land  ami  buildings  than  similar  stations  omployipii 
steam  or  gas  plant,  so  that  the  difference,  if  any,  is  in  fa vt)ur  of 
the  Diesel  plant.  The  following  are  approximate  prires  for  small 
plants,  delivered  and  erected  on  purchaser's  foundations  coniploto 

•  Abstvnct  of  |>ftiH'v  rend  K-foie  the  Dubliu  Section  of  tlio  Institution  of 
Klectrical  bliigiueers. 


with  oil  storage  tanks,  piping,  &c.，  and  may  be  taken  as  fairly 
representative  : ― 


Size  in  Kilowatts, 

Price. 

Price  per  Kilowatt. 

100 

£1,950 

£19-5 

150 

2,600 

17-3 

200 

3,260 

16-3 

300 

4,380 

14  6 

400 

5,300 

13-3 

The  useful  life  of  generating  plant  is  an  important  factor  for 
consideratioHj  and  one  which  must  of  necessity  be  taken  into 
account  in  considoring  the  working  costs  of  any  undertaking. 
It  has  been  said  from  tiiin*  to  time  that  the  stresses  set  up  in  an 
engine  of  the  Diesel  type  are  extremely  violent,  and  in  order  to 
support  that  view  attention  has  been  drawn  to  the  heavy  and 
solid  construction  of  the  engine.  As  a  matter  of  fact,  however, 
the  stresses  are  no  more  severe  than  those  met  with  in  ordinary 
gas-engine  practice.  The  solidity  of  the  parts  is  really  clue  to 
the  fact  that  the  engine  is  single  act—,  and  <;ives  only  one  impulse 
per  two  revolutions  as  compared  with  two  impulses  per  one 
revolution,  in  the  case  of  the  single-cylinder  double-;"  ting  engine  : 
hence  tlie  parts  must  necessarily  be  proportionately  strong.  The 
driving  parts  of,  say,  a  50  b.h.p.  Diosel  engine  refjuire  to  he  of 
the  same  strength  as  similar  parts  of  a  single-cylinder  douhlo- 
acting  steam  engine  of  200  b.h.p.  The  author  is  of  opinion  that 
the  lijV  of  tlio  Diesel  engine  should  ('(jually  as  long  as  tliat  of  a 
well-built  steam  engine.  The  only  expensive  part  likely  to 
require  replacement  is  the  cylinder  liner.  It  is  essential  that  tho 
conipression  should  be  maintained,  and  all  tho  author  can  say  on 
this  point  at  present  is  that  he  has  had  an  (»ngine  running  for  over 
two  years  and  that  no  appreciable  wear  of  either  the  liner  or  piston 
I'ings  has  yet  occurred.  It  appears,  thorofore,  that  tho  lifo  of  tlio 
liner  may  be  computed  at  at  least  10  years.  Tho  valves  are  fitted 
into  removable  casings,  which  can  be  renewed  at  quite  a  small  cost. 
As  most  of  the  other  parts,  such  as  sprin*£s.  pump  plunders,  air 
pipes,  and  so  on,  are  quite  light,  cheap,  and  easy  to  replace,  it 
appears  that  the  cost  of  maintenance  of  this  type  of  engine  must 
be  very  much  less  than  a  complete  stoani  plant,  consideiin*;  that 
the  engine  takes  the  place  of  a  steam  entiiiio,  boiler,  steam  pipes, 
feed  pumps,  economiser,  chimney,  and  the  numerous  small  itoms 
incidental  to  a  steam  installation,  all  of  which  require  fro((iiont 
attention. 

Although  the  Diesel  enpine  possesses  considerable  advantages, 
it  is  undoubtedly  true  that  in  order  to  socure  reliability  first-class 
attention  is  necessary.  The  various  points  which  need  regular 
attention  can  onlj'-  be  ascertained  from  practical  experience,  but, 
wliou  that  experience  has  been  gained  and  intelligently  applied, 
t  luTo  is  no  reason  why  the  ninning  and  reliability  of  the  plant 
should  not  be  at  least  equal  to  steam,  and  vastly  superior  to  gas 
plant.  Smooth  ruuninfi  very  largely  depends  upon  the  man  in 
chargo  of  the  plant,  and  it  may  safely  be  said  that  90  per  cent,  of 
the  trouble  experienced  in  the  running  is  chie  to  the  nejtrkHt  of 
attendants.  It  may  be  assumed  that  Diesel  engines  require  con- 
siderable supervision,  and  that  it  is  advisable  to  employ  men  of 
skill  and  oxperience  ratluM*  than  mere  labourers.  Even  takin.ir 
tliis  into  consideration,  the  cost  of  labour  on  modeiato-sized 
plants  is  substantially  less  than  that  necessary  with  steam  plant. 

It  is  of  importance  that  a  suitable  urade  of  oil  should  be 
cliosen  ：  the  oil  must  be  a  pure  mineral  one  with  a  high  flash 
point.  Suitable  oil,  however,  is  not  necessarily  expensive  ：  the 
author  is  using  ordinary  crank-chambor  oil.  costin.*:  Is.  r)d.  per 
irallon.  with  porfot  tly  satisfai  torv  results.  Alihou^li  it  is  claimod 
that  the  cost  of  lubrication  of  Diesel  plant  is  no  greater  than  that 
of  a  good  steam  oiiiiine,  such  is  not  the  author's  experience,  the 
cost  in  his  case  boing  about  .")(»  per  t  ent,  ^ureater.  While  *'ffi(  iiMit 
luhriration  is  essential,  the  use  of  an  excessive  quantity  of  oil 
should  he  a  voidod.  The  piston  and 卜' i 咖、 on  pin  aro  lubricated  by 
a  pump,  which  forces  tho  oil  through  a  liolo  in  tho  liner  and  piston 
to  tho  pin.  and  also  throuiih  an  luimilar  space  between  tho  liner 
and  cylinder  rastinir.  Thoro  aro  generally  about  six  holes,  about 
.jVin.  in  diameter,  drillod  thnmiih  the  cylinder  at  this  point,  and 
throuizh  whit'li  tho  oil  is  forcefl  to  moot  xho  piston.  Slumld  tho 
oil  ho  dirty,  or  contain  carbon,  those  small  holes  roadily  hecomo 
Mtukod,  cutting  off  the  supply  of  oil  to  the  piston.    Oil  after 
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collection  from  tlie  cranlc  pit  contains  a  oovfain  aiiimuit  of  carbon, 
and  sliould  h(、  placod  in  a  settling'  taiilc,  prdcrahly  lu'atcd  hy  a 
stoani  coil,  or,  if  a  supply  of  sf cam  is  not  available,  an  elect ric 
heating  arrangement  of  sonic  kind.  A1'"t  a  sulliciciit  tiiiu*  has 
olii])so(l  for  settling,  Mic  oil  should  be  tlrawii  off  from  llio  top 
aiul  passed  through  a,  good  Hltcr  l)(>t'oiv  usi*.  Tlic  iiutlior  li;is 
found  that  it  is  practically  impossible  to  remove  tlie  whole  of  the 
oarboii  from  the  oil,  and  ('oi)-sequeiitly  if  the  oil  is  used  repeatedly, 
more  and  more  carbon  will  hi'  fed  into  the  cylinders  and  otlicr 
parts  until  there  is  a  sufficient  accumulation  of  carbon  to  cause  a 
stoppage  of  the  lubricating'  passages.  As  a  seizure  of  the  piston 
might  cause  serious  damage  to  tlie  engine,  and  as  it  is  naturally 
iiecessai'V  to  economise  in  lubricatiiiji;  oil  as  much  as  possible,  t  Ik* 
author  recommends  tliat  the  piston  sliould  be  drawn  every  six 
months,  and  the  lubricating  passagevS  cleaned.  Tlie  carbonisation 
of  oil  may  also  cause  trouble  in  the  air-conipressor  cylinders. 
Before  the  author  realised  this  possibility,  filtered  oil  was  always 
used  in  the  compressor,  and  probably  to  excess.  In  course  of 
time  tlie  】iifj;li- pressure  air  pipe  leading  from  tlie  coniprcssor  to  the 
iiiteroooler  blew  oft"  at  the  joint,  wlien  it  was  discovered  that  the 
pipe  was  completely  blocked  with  solid  carbon. 

Owiii**"  to  the  liigli  compression  wliicli  must  bo  maintained,  it 
is  jiocossary  to  koop  the  valves  quite  tight,  otherwise  leuka<>es  will 
occur  reducing  the  compression,  which  renders  it  very  difticult  to 
start  the  eiijiiiie,  and  when  started  proper  comhiistioii  oi  tlu'  fuel 
is  not  secured.  The  author  suggests  a  system  whm'by  each  valvo 
is  examined  and  ground  in  at  stated  intervals.  He  has  found  that, 
undtM"  the  conditions  in  which  he  is  working,  the  valves  will  run 
without  any  attention  for  th('  following  periods  :  Exhaust,  GOO 
hours  ；  air,  2,000  hours  ；  fuel,  600  hours,  and  starting,  one  year. 
In  order  to  ensure  that  tlie  valves  are  maintained  in  good  order 
the  ruiuiiiig  hours  of  the  plant  should  be  logged  and  a.  record  kept 
of  the  date  each  valve  was  examined  and  ground  in  ；  it  is  then  an 
easy  matter  to  see  when  each  valve  is  due  for  attention.  Spare 
valves  and  casings  are  supplied  with  each  engine,  which  Ciin  he 
changed  in  a  few  moments,  and  the  valve  and  casing  removed  can 
be  ground  in  at  the  attendant's  leisure.  The  needle  or  fuel  valve 
is  so  adjusted  tluit  the  fuel  spray  is  blown  into  the  cylinder  two 
or  three  degrees  before  the  crank  reaches  the  top  centre  on  the 
compression  stroke.  It  is  very  important  that  this  valve  should 
be  properly  set  and  quite  tight  ；  if  there  is  any  leakage,  fuel  will 
be  admitted  at  the  wrong  time,  resulting  in  irregular  running  of 
the  enoiiie.  This  pulveriser  is  liable  to  become  choked  if  the  fuel 
is  dirty  and  insufficiently  filtered  ；  it  should  therefore  bo 
exainiiuMl  and  cloaiied  at  the  Siiiiic  time  as  the  needle  valve.  A 
clog*>od  pulveriser  may  cause  difficulty  in  starting  or  mluml 
output  owing  to  insufficient  fuel  passing  to  the  cylinder. 

A  considerable  quantity  of  vapour  is  carried  into  the  com  - 
pressor,  the  (|uantity  depending  upon  the  humidity  of  the  ntnio- 
sphore.  When  the  air  from  the  compressor  is  cooled  in  the 
inttTOoolor,  tlie  vapour  is  cotultMised  and,  unless  the  drain  on  tlic 
iutorcooler  is  blown  down  frequently,  water  is  carried  over  into  the 
air-storage  receivers.  The  water  naturally  causes  rusting  of  the 
interior  surfaces  and  also,  as  the  air  in  the  ])ottK\s  will  consequently 
(lamp,  rusting  of  the  steel  pipe  loading  to  the  starting  valve  may 
occur  ；  the  rust  is  carried  along  from  the  receivers  and  pipe  to 
the  stuU'ting  valve  where  it  will  accumulate,  eventually  causing 
the  startiiio-  valve  to  stick.  If  tliis  occurs,  the  contents  of  tho 
hottio  may  he  lost  before  the  v;ilv<'  can  he  shut.  Tlic  only  pre- 
caution necossarv  to  avoid  this  amioyiiij^'  experience  is  to  see  that 
tho  intercooler  drain  is  blown  down  at  regular  intervals,  say  every 
lialf-lioiir,  particularly  in  damp  weather.  The  air-storat>e 
receivers  are  provided  with  siphons  and  drains,  and  should  be 
drained  every  day.  The  compressor  high-pn'ssiu'e  suction  ami 
delivery  valves  require  grinding  in  about  every  600  running  hours, 
and  the  low-pressure  valves  about  every  2,000  hours.  If  the 
intercooler  drain  is  not  blown  down  frequently  enough,  or  if  too 
mucli  lubricating  oil  is  used,  the  valves 垂 v  ha  no-  up.  This  can 
iisiuillv  be  remedied  l)y  repeatedly  blowing  down  the  intercooler 
drain  until  the  accumulation  of  oil  and  water  is  removed.  It  is 
well  to  draw  the  compressor  pistons  every  six  months,  and  clean 
off  the  iiccuinulation  of  carbonised  oil  which  is  deposited  on  tlu' 
top.  It  is  also  advisable  to  clean  the  air  inlet  and  passages  to 
tho  low-pressure  valves  at  the  same  time. 

Defective  starting  is  generally  due  to  oiio  of  followint'- 
causes  ：    (1)  Low  coinpressioii  ；    (2)  dotVci   in  oil  pump  or  oil 


supply  ；  or  {：])  incorrect  adjusfniont;  of  fm'l,  air,  or  oxiiausf 
valves.  Low  compression  is  most  ('ommmily  diu*  to  a  had  coii- 
(lit  ion  oi  t  lu'  valves,  and  in  an  indication  t  hat  they  rf^juiro  'irinrliii'j; 
in.  It  may  liiipju'u  \\\u\  if  tlic  cu^rine  is  ovorluuitod,  din'  to 
(U'lVcl iv^c  wafer  cii-ctilat ion  or  ovcrloudint;,  the  valve  casiiij^s  nuiv 
be  distorted,  I'csultin^  in  a  l(';il、'；i 从'' t>:'t  wiu'ii  their  joint  ia('('s  and 
seatiiigs  in  t he  cylinder  head.  II  m)  h'akage  is  apparent  from 
exanuuat ion,  the  ap})li(*iitiori  of  tiu*  indicutor  will  speedily 
(IctcriniiH*  wlicther  the  coniprcssioii  is  low.  The  fuel  oil  pmiip  is 
usually  arranged  so  tliat  it  can  be  disootuiected  from  the  entwine 
aiul  fitted  with  a  tonij)<)raiy  means  of  operating  it  by  hand  for  tlic 
purpose  of  pumping  up  the  doli very  pipes  with  oil  after  tlioy  liav'o 
l)een  (lisconm'cted  for  any  reason.  Also  tlic  delivery  pip<'  from 
t lie  fuel  pump  is  fitted  with  a  by-pass  worked  from  tlu*  startiii^^ 
lever  controlling  tho  fuel  and  starting  cam  levers.  Tho  by-pass 
is  so  arranged  that  wluMi  tlie  en<<irie  is  started  on  ('()mpr<'s.se(i  air 
no  oil  is  delivered  into  the  fuel  valve  casing  until  the  .starting 
lever  is  put  into  the  running  position.  If  no  such  by-pass  were 
iittod,  tlie  needle  valvo  casing  would  he  filled  witli  fuel  pimi|>"(l  in 
while  tlie  engine  was  running  on  coinprcssetl  air,  and  when  tlu* 
starting  lever  was  t lirown  into  t lie  ninniiig  position,  and  t lie  fiid 
valve  opened  at  its  proper  time,  too  l;u,g('  a  char^^o  of  oil  would  I"' 
admitted  to  the  cylinder,  which  might  cause  daina^o.  If  it  is 
suspected  that  fuel  oil  is  not  reaching  the  cylinders  the  fiifl  [>uin|> 
should  bo  overhauled  and  its  valves,  as  well  as  the  by-pass  valve.K, 
cxaniiiied  aiul  ground  in  if  necessary.  If  the  by-pas.s  valves  are 
not  perfectly  tight  oil  may  leak  away  instead  of  passing  into  tlu' 
fuel  valve,  wlieii  starting  would  naturally  be  difiicult,  or  even 
iinpo.ssihlL'.  The  setting"  of  the  needio  valve  may  readily  be  tested 
by  barring  round  the  engine  until  the  crank  is  near  the  firing 
centre  ；  compressed  air  should  then  be  admitted  to  tlie  blast  pipe, 
the  indicator  cock  opened,  and  the  engine  slowly  barred  roiuul 
until  air  commences  to  issue  from  the  indicator  cock.  This  is  the 
point  at  which  the  fuel  valve  commences  to  open,  and  should 
correspond  with  the  maker's  setting  marks.  The  air  and  exhaust 
valves  sliould  commence  to  open  at  the  proper  timo.  and  in  order 
to  ensure  this,  most  makers  stamp  on  the  engine  the  clearance 
there  should  be  between  the  cams  and  rollers  at  a  marked  point. 
These  cleaiaiu-es  should  be  checked  periodically,  and  adjusted  if 
necessary.  If  the  engine  is  kept  in  good  order,  and  the  above 
points  carefully  attended  to,  there  should  be  no  difficulty 
experienced  in  starting  easily  and  certainly. 

The  exhaust  sliould  be  smokeless  ；  black  smoke  ！ nay  be 
emitted  if  the  blast  pressure  is  too  low,  or  if  the  engine  is  over 
loaded.  If  all  is  in  order  the  exhaust  sliould  bo  colon rless, 
indicating  perfect  combustion  of  the  fuel.  The  exhaust  ^ases 
escape  from  tlie  engine  at  a  pressure  of  about  4()lbs.  per  square 
inch,  and  it  is  necessary  that  adequate  measures  sliould  bo  taken 
to  allow  the  escaping  gases  to  expand  gradually,  or  nuisance  may 
be  caused  to  the  surrounding"  neiglibourliood.  For  most  situa- 
tions the  cast-iron  silencers  provided  with  the  engines  will  he 
quite  effectual,  but  the  author  had  some  trouble  clue  to  tho  fact 
that  private  residences  are  in  close  proximity  to  the  works.  Tlie 
exhaust,  therefore,  was  led  to  a  large  concrete  pit,  wliich  removed 
all  cause  for  complaint.  It  is  tlie  intention  of  the  author  to  lead 
the  exhaust  from  a 】5(>  b.h.p,  engine,  shortly  to  1 化 installed,  to 
the  base  of  an  existing  cliininey-stack  120ft.  high,  which  should 
deal  with  the  difficulty  in  an  effectual  manner.  In  steam-driven 
stations,  where  extensions  ai'e  carried  out  by  addini;  Diesel  (Miirinos 
the  use  of  exhaust  boilers  would  he  a  furtluT  source  of  t'conomv. 
enabling  the  waste  heat  from  the  exhaust  of  tli''  "ngines  to 

ho  utilised  on  tlie  steam  side.  Exhaust  hoilers  also  are  a  useful 
means  of  providing  hot  water  in  factories  where  sucli  is  re  qui  ml 
for  the  process  of  manufacture,  and  Diesel  engines  aro  installed 
for  tlie  provision  of  the  necessary  po、v<、r  required. 


Personal.  ―  The  position  of  head  of  the  designing  depart- 
ment of  Messrs.  Harland  &  Wolff's  shipyard,  Belfast,  formerly 
occupied  by  Mr.  Thomas  Andrews,  one  of  the  victims  of  the 
''Titanic''  disaster,  has  been  filled  by  the  api)oiiitnient  of 
Mr.  Henry  Harland,  a  nephew  of  the  late  Sir  Edward  Har- 
land,  one  of  the  founders  of  the  firm.  Mr.  Harlaiid,  who  is 
about  30  years  of  age,  learned  the  business  of  shipbuilfling  in 
the  yard  at  Belfast,  passing  through  all  the  departments 
before  proceeding  to  China  five  years  ago  to  be  manager  of  a 
yard  there, 


720  THE    MECHANICAL   ENGINEER.  [June  7，  1912 


THE  CARBONISING  OF  STEEL  BY  THE  USE  OF  GASES. 

BY  E.   F.  LAKE. 

History  has  well  established  the  fact  that  for  at  least  1,000 
years  bars  of  steel  were  heated  in  close  contact  with  charcoal 
or  other  materials,  and  carbon  added  to  the  metal  in  that 
manner.  It  often  took  from  10  to  12  days  to  get  the  carbon 
to  penetrate  more  than  a  thin  layer  that  formed  the  outer 
skin  of  the  piece.  Muffle  furnaces  were  later  brought  into 
use,  and  these  much  shortened  the  time  in  which  the  carbon 
would  penetrate  to  a  certain  depth  and  also  increased  the 
depth  of  penetration.  The  main  principles  of  the  process, 
however,  are  the  same  now  as  they  were  centuries  ago. 

While  armour  plate  and  many  other  products  are  manu- 
factured by  the  carbonising  process,  a  great  majority  of  the 
steel  products  now  have  the  carbon  raised  or  lowered  to  the 
proper  percentage  while  they  are  in  the  molten  state.  At 
present,  therefore,  the  carbonising  process  is  only  used  for 
specific  kinds  of  work.  It  is  the  only  method  by  which  a 
single  piece  of  steel  can  be-  given  an  extremely  hard  outer 
surface,  with  its  accompanying  brittleness,  and  still  have  a 
soft,  tough  centre  or  core,  so  that  it  will  bend  and  not  easily 
break.  Thus  the  carbonising  process  is  used  for  manufac- 
turing a  large  variety  of  steel  parts  for  numerous  machines, 
instruments,  &c.，  and  its  use  is  on  the  increase. 

Several  different  methods  are  used  for  introducing  the 
carbon  into  the  steel,  and  others  may  be  devised  in  the  future. 
The  Harveyising  process,  that  is  especially  applicable  to 
armour  plate,  places  a  layer  of  charcoal  between  two  plates 
and  tlien  heats  them  in  a  pit  furnace  to  a  temperature  tliat 
will  cause  the  steel  to  absorb  carbon  from  the  charcoal.  The 
weight  of  the  upper  plate  keeps  the  charcoal  in  close  contact 
with  the  surfaces  of  both  plates  and  facilitates  the  soaking 
in  of  the  carbon.  This  method  is  only  suitable  for  large 
work,  and  the  depth  of  penetration  is  very  unequal  over  the 
entire  plate  surfaces.  The  Krupp  process  for  armour  plate 
uses  a  gaseous  hydrocarbon  to  replace  the  bed  of  charcoal. 
Electricity  has  also  been  used  to  heat  the  plates  after  placing 
carbonising  materials  in  contact  with  them. 

Practically  only  two  methods  are  used  for  carbonising 
small  pieces.  The  older  method  consists  of  packing  the  work 
in  some  carbonaceous  material,  within  an  iron  box,  and 
sealing  the  cover  with  fireclay  or  other  refractory  material 
so  that  the  air  will  not  get  in,  or  the  carbon  escape.  This  is  then 
placed  in  an.  oven  and  held  at  a  carbonising  temperature  for 
a  time  sufficiently  long  to  allow  the  carbon  to  penetrate  to 
the  required  depth .  The  other  method  consists  of  placing  the 
pieces  to  be  carbonised  in  a  retort  and  then  filling  this  with 
a  carbonaceous  gas  while  the  work  is  held  at  a  carbonising 
temperature. 

All  of  these  methods  are  but  variations  or  slight  improve- 
ments of  the  process  used  by  ancient  steelmakers,  when  tliey 
dug  a  hole  or  pit  in  the  hillside,  heated  the  metal  in  ilio 
presence  of  charcoal,  and  thus  caused  it  to  absorb  carbon. 
The  Harvey  process  improved  on  this  by  digging  its  】:》it'  in 
the  floor  of  the  steel  mill  and  making  the  charcoal  before  it 
was  placed  between  the  armour  plates.  The  Krupp  process 
varied  this  by  making  a  rarbonaceons  gas  from  the  solid 
materials  and  injecting  this  into  the  pit  in  place  of  the  char- 
coal. The  gas  method  used  for  small  pieces  improved  the 
Krupp  process  by  using  a  muffle  furnace  instead  of  a  pit  in 
tlie  floor. 

Tlie  vast  improvements  thai  have  been  niado  in  ina<-liinprv, 
together  with  the  advance  in  chemistry  and  in  tlie  methods 
of  producing  all  useful  articles,  have  made  this  latter  method 
of  carbonising  with  gas  a  distinct  process  by  itself.  It  has 
only  been  perfected  and  given  a  commercial  application  in 
the  past  five  years,  and  tlius  should  be  considerod  as  a  now 
process.  Since  its  advent  much  experimentation  has  been 
conducted  with  different  kinds  of  gases,  and  these  compared 
with  the  solid  carbonaceous  materials  and  methods  of  car- 
bonising with  them. 

These  investigations  have  all  proved  that  carbonising  with 
gas  in  a  in u file  furnace  is  far  superior  to  any  niotliod  or  pro- 
cess thai  uses  solid  substances.  The  carbon  penetrates  tlie 
metal  in  iinicli  quicker  time  than  when  solid  jnat<^rials  are 
used  ；  it  can  be  made  to  penetrate  to  a  grwiter  depth  ：  the 
percentage  of  i^arbon  in  the  iiuifHe  can  be  maintained  at  an 
estaV>lishofl  point,  owing  to  tlie  fact  that  fresh  gas  is  con- 
tinually flowing  in,  while  the  used  gas  is  e soaping,  wheroas. 


when  the  work  is  packed  in  sealed  boxes,  no  carbon  can  be 
added  to  that  which  is  first  placed  there;  uniform  results  can 
be  obtained  with  different  lots,  owing  to  the  ease  with  which 
gas  is  controlled,  and  a  uniform  depth  of  penetration  and 
percentage  of  carbon  will  be  obtained  over  all  the  exposed 
surfaces  of  the  pieces,  and  in  all  tlie  pieces  in  the  retort  or 
muffle.  Aside  from  this,  the  labour  of  packing  the  work  in 
iron  boxes  and  then  sealing  on  the  cover  is  entirely  dispensed 
with. 

The  carbonaceous  gases  that  have  been  experimented  with 
for  carbonising  are  carbon  monoxide,  carbon  dioxide,  illu- 
minating gas,  methane,  ethylene,  and  gases  made  from  liquids 
like  petroleum,  naphtha,  and  gasolene.  Below  is  given  a  list 
of  these  gases,  with  the  percentage  of  the  carbon  and  the  depth 
of  penetration  ： — 


Kind  of  Gas. 

Time 

in 
Hours. 

Depth  of  Case  in 
Inches. 

Carbon 
Content. 
Per  Cent, 

None. 

None 

Illuminating  and  ammonia   

0008 

0-78 

Illimiinatinti  and  ammonia   

8 

0  012 

114 

0 

0  on; 

i:{ti 

Carbon  monoxide  and  ammonia  ... 

4 

0010 

1-45 

4 

No  demarcation 

0-41 

0012 

0-98 

Methane   

No  demarcation 

0-2G 

Metliane  and  ammonia   

4 

No  demarcation 

0-32 

Naphtha  and  ammonia  

0014 

102 

The  science  of  chemistry  has  made  such  a  great  advance 
in  the  past  century  tliat  we  now  have  quite  an  extensive 
knowledge  of  the  materials  tliat  will  cause  carbon  to  penetrate 
a  soliH  body  of  iron  or  steel  from  the  outside,  or  that  may  be 
used  to  add  carbon  to  the  molten  metal.  Nearly  every  car- 
bonaceous material  has  been  investigated  and  tlie  amount  of 
carbon  that  each  will  cause  the  different  iron  products  to 
absorb  has  been  recorded.  The  speed  and  depth  of  pene- 
tration have  also  been  investigated.  In  thus  adding  it,  the 
carbon  enters  into  solid  solution  with  the  iron.  Many  of  the 
other  elements  that  are  used  in  the  manufacture  of  the 
ordinary  or  alloyed  steels  either  retard  or  aid  the  penetration 
of  carbon. 

Manganese  has  a  tendency  to  make  the  carbonised  surface 
brittle  when  it  has  been  hardened,  and  thus  render  it  liable 
to  chip  off,  peel,  and  break,  with  slight  shocks.  The  man- 
ganese in  carbonising  steel  is  usually  kept  below  0  20  per  cent., 
h!k1  seldom  exceeds  0'50  per  cent.  Manganese,  however,  aids 
ill  tlie  penetration  of  the  carbon,  and  for  that  reason  sliould 
be  kept  as  high  as  possible. 

Nickel  usually  has  a  tendency  to  obviate  the  brittleness 
tliat  is  produced  in  steel  by  carbonising,  and  also  makes  it 
more  homogeneous.  When  a  2  per  cent,  nickel  steel  is 
properly  lieat-treat^d  and  carbonised  the  tensile  strength  can 
be  made  to  nearly  double  that  of  ordinary  carbonised  steels. 
Nickel,  however,  retards  the  penetration  of  carbon  ;  thus  it 
will  take  considerably  longer  to  carbonise  nickel  steels  io  a 
required  depth  than  those  that  do  not  contain  nickel.  Some 
very  recent  experiments  on  steels  containing  from  2  to  30  per 
cent,  of  nickol  sliowed  tliat  when  using  pure  ethylene  and 
ca rboii  monoxide,  the  maximuin  carbon  cont<^nt  in  the  zone 
of  cementation  diminishes  as  tlie  percentage  of  nickel 
increases,  and  becomes  very  marked  when  there  is  more  Mian 
r)  per  cent,  of  nickel.  Variations  in  the  percentage  of  carbon 
in  the  different'  layers  were  also  imioh  less  than  in  carbon  steel. 

Silicon  when  added  to  steel  will  raise  the  tensile  strength 
about-  SOlbs.  for  each  additional  001  per  rent,  until  a  silicon 
content'  of  4  per  cent,  has  been  reached,  ami  will  lower  tlie 
elongation  ami  reduction  of  area.  Thus,  wliilo  silioon  is 
desirable  for  its  strengthening  properties,  it  retards  the  pene- 
tration of  carbon  to  a  greater  extent  tlian  any  other  element . 
When  steel  contains  4  per  cent,  of  silicon  it  is  almost  ini])os- 
sihle  to  make  carbon  enter  it.  With  1  per  cent,  of  silicon  tlie 
speed  of  penetration  is  oiilv  about  ono-Iialf  tliat  of  a  normal 
steel.  Tluis  the  silicon  has  to  be  kept  low  in  steels  that  are 
to  be  carbonised. 

Chroniiuin  increa5;es  (lie  rat^  of  ]>eiiet ration  more  than 
any  other  element-  except  manganese.  It  also  greatly  refines 
tlie  grain  and  prevents  the  development  of  the  crystalline 
s(  ructure  in  st<*els  that  are  being  lieat-treat^d,  and  tends  to 
produce  a  luiiieral  hardness.      Thus   greater   strength  and 
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wearing  qualities  can  be  obtained  with  chromium  steel  than 
with  any  of  the  others,  and  the  carbon  will  penetrate  it  more 
freely  and  evenly  while  being  carbonised.  When  tlie 
chromium  is  too  high,  however,  the  steel  cannot  be  cut  with 
any  machine  tools,  and  hence  parts  that  are  to  be  machined 
must  be  kept  low  in  chromium.  The'  percentage  of  carbon 
in  the  zone  of  cementation  is  also  greater  in  oliromium  steels 
than  ill  ordinary  carbon  steel. 

Tungsten  and  molybdenum  are  about  equal  with  chromium 
in  regard  to  increasing  the  rate  of  penetration,  but  these 
elements  are  only  used  in  high-speed  tool  steels,  and  car- 
bonising has  been  resorted  to  in  only  a  very  limited  way  for 
cutting  tools.  Many  kinds  of  such  tools  could  doubtless  be 
well  made  by  the  carbonising  process,  but  each  time  they 
were  ground  would  reduce  the  percentage  of  carbon  in  the 
cutting  edge,  and  this  would  soon  reach  a  point  that  would 
make  it  impossible  to  harden  the  tools  sufficiently  to  cut  other 
metals. 

Vanadium,  titanium,  aluminlium,  and  like  purifying 
elements  produce  high  dynamic  qualities  and  give  to  the  core 
of  carbonised  steels  a  high  resistance  to  shocks.  This  is  due 
to  the  fact  that  they  have  an  affinity  for  oxygen,  hydi'ogen, 
nitrogen,  and  like  gases,  and  remove'  these  from  the  metal. 
In  the  small  percentages  in  which  they  are  used  for  scavenging 
they  neither  retard  nor  promote  the  penetration  of  carbon 
when  carbonising  steel. 

The  following  table  shows  the  influence  of  different 
elements  on  the  speed  of  penetration  of  the  carbon  when  car- 
bonising a  steel  whose  other  elements  were  uniform,  i.e.,  the 
carbon,  phosphorus,  sulpluir,  &c.，  were'  in  the  same  per- 
centage throughout  all  of  these  tests  : ― 


Per  Cent. 

Element  in  Alloy. 

Penetration  of 
Cai'bon  per  Hour 
in  Inches. 

0-5 

Manganese  

0  043 

1-0 

Manganese  

0  047 

2-0 

Nickel  

0-028 

5-0 

Nickel  •、. 

0-020 

0-5 

Silicon  

0-024 

1-0 

Silicon  

0  020 

2-0 

Silicon  

0-Olfi 

4-0 

Silicon  

0-000 

1-0 

Chromium   

0-039 

Chromium   

0-043 

0-5 

0035 

I'O 

Tungsten   

0-036 

2-0 

Tungsten   

0-047 

I'O 

Molybdenum  

0-036 

2-0 

Molybdenum  

0  043 

It  is  of  the  utmost  importance  to  know  the  analysis  of 
the  carbonaceous  materials  that  are  to  be  used,  and  the 
influence  on  the  speed  of  penetration  ；  the  depth  of  penetra- 
tion ； the  percentage  of  carbon  that  will  be  in  the  various 
layers  of  the  metal ;  the  evenness  with  which  the  carbon 
penetrates  the  entire  surface,  &c.  From  all  that  can  be 
gathered,  carbon  monoxide  is  far  ahead  of  any  of  the  solid 
materials  in  the  specific  direct  carburising  effect  it  has  upon 
steel.  It  has  also  proved  itself  to  be  better  than  any  other 
gaseous  material.  The  depth  of  carbonisation  that  can  be 
obtained  in  a  given  time  is  greater  with  it  than  with  anything 
else  that  has  been  tried.  Moreover,  the  percentage  of  carbon 
and  the  depth  of  penetration  can  be  controlled  at  will  by 
the  use  of  this  gas  in  its  pure  state  or  in  combination  with 
other  elements.  This  is  something  that  is  very  difficult  to  do 
with  any  of  the  other  carbonising  materials,  and  especially 
with  the  solids. 

In  using  carbon  monoxide,  however,  one  should  know  its 
chemical  composition,  as  well  as  other  conditions  under  which 
it  is  used,  before  trusting  it  too  far.  Pure  carbon  monoxide 
would  without  question  be  the  best  carburising  material  if 
it  were  no£  for  two  conditions :  The  first  is  that  it  causes  tire 
carbon  to  penetrate  the  steel  so  rapidly  that  it  leaves  a  dis- 
tinct division  between  the  core  and  the  carburised  zone. 
When  the  carbonised  piece  is  hardened,  therefore,  tlie  car- 
burised outer  shell  has  a  decided  tendency  to  crack  and  peel 
off.  The  second  is  that  pure  carbon  monoxide  increases  the 
tendency  toward  oxidation,  and  steel  parts  often  show  a 
decided  scale  on  their  surface. 

Such  conditions  can  be  overcome  or  regulated  by  mixing 
with  the  carbon  monoxide  small  quantities  of  hydro-carbons 
of  known  composition,  or  solid  carbon  in  a  properly  divided 


state.  These  might  be  injected  during  all  or  only  a  portion 
of  the  carbonising  time.  A  combination  of  the  solid  and 
gaseous  processes  has  been  made,  therefore,  in  one  style  of 
iuniace.  This  is  done  by  sending  a  current  of  carbon  dioxide 
through  a  cylinder  that  is  filled  with  wood  charcoal  and  in 
which  the  work  is  packed .  Thus,  when  the  work  is  at  the 
carbonising  temperature,  a  mixture  of  carbon  dioxide  and 
carbon  monoxide  is  rapidly  formed,  and  there  is  no  possible 
excess  of  carbon  monoxide.  While  the  gas  entering  the 
apparatus  is  dry  carbon  dioxide,  that  which  issues  therefrom 
is  almost  pure  carbon  monoxide  ；  ifc  contains  less  than  3  per 
cent,  of  carbon  dioxide,  while  its  volume  is  about  double  that 
of  the  gas  introduced. 

When  carbonising  agents  are  based  on  the  simple  simul- 
taneous action  of  carbon  and  carbon  monoxide  they  will  have 
a  great  speed  of  penetration  in  the  carburised  zone,  great 
uniformity  in  the  penetration  of  carbon  in  tliis  zone,  the  peel- 
ing tendency  will  be  largely  overcome,  and  there  will  be  a 
greater  possibility  of  pre-determining  the  percentage  and 
depth  of  carbon  that  will  be  obtained  within  a  given  time. 
The  gases  (、an  be  controlled  by  diluting  with  nitrogen,  by 
limiting  the  contact  of  the  solid  carbon  with  the  surface  of 
the  stee】,  by  varying  the  carbonising  temperature  ；  and  abso- 
lute security  can  be  obtained  against  the  introduction  into 
the  steel  of  any  foreign  substance  other  than  carbon.  The 
surface  of  the  carbonised  pieces  can  be  】nu(:h  better  preserved 
and  the  necessity  of  grinding  and  machining  them  afterwards 
overcome,  and  they  can  be  prevented  from  becoming  deformed 
and  changed  in  volume.  A  large  part  of  this  is  due  to  the 
fact  that  the  carbonising  gas  can  be  sent  into  the  furnace  in 
a  continuous  stream  that  can  be  regulated  so  that  the  used  gas 
will  not  exhaust  until  all  of  the  carbon  has  been  used  up. 

In  conjunction  with  this  latter  gas  process,  compression  has 
been  used,  and  experiments  already  conducted  have  proved 
that  characteristics  of  tho  carburised  zone  vary  in  proportion 
to  the  variation  in  the  pressure  of  the  carbonising  gases.  The 
carbonising  gas  was  obtained  by  sending  a  slow  current  of 
carbon  dioxide  through  a  mass  of  wood  charcoal  in  wliicli 
the  work  was  packed,  in  the  same  manner  as  in  the  latter 
furnace.  When  this  gas  was  compressed  in  the  carbonising 
retort  and  the  steel  therein  was  maintained  at  a  carbonising 
temperature,  it  was  found  that  the  increase  of  pressure 
increased  .the  depth  of  penetration  obtained  within  a  given 
time,  and  also  gave  a  more  uniform  distribution  of  the  carbon 
within  the  carburised  zone. 

Of  the  solid  carbonaceous  substances,  many  materials 
have  been  tried.  Some  of  these  are  ：  Charcoal,  bone,  horn, 
burnt  sugar,  charred  leather,  ferrocyanide,  potassium  cyanide, 
anthracite,  and  graphite;'  and  of  gaseous  substances  ：  acety- 
lene, petroleum,  naphtha,  and  gasolene.  In  various  com- 
binations with  the  above  materials,  black  oxide  of  manganese, 
ammonia,  bicarbonate  of  soda,  borax,  and  other  elements 
have  been  used.  After  much  experimenting,  it  has  been 
found  that  a  mixture  of  bone  and  bone  charcoal ― the  latter 
being  a  residue  from  previous  operations ~ is  without  doubt 
as  good  a  solid  carbonising  material  as  can  be  obtained  for 
steel.  Thus,  if  40  per  cent,  of  new  bone  is  added  to  60  per 
cent,  of  the  burnt  bone  taken  from  the  boxes  after  car- 
burising, it  will  give  as  deep  and  rapid  a  penetration  as  any 
of  the  solid  carbonising  materials.  It  will  also  give  as  good 
results  as  can  be  obtained  with  any  combination  of  the  various 
materials  mentioned  above,  if  not  better. 

In  the  throwing  out  of  useless  materials  and  the  elimina- 
tion of  those  with  a  weak  power  for  carburising,  chemistry 
with  its  great  advances  has  performed  a  very  useful  labour 
for  the  steel  industry.  Notwithstanding  this,  however,  the 
materials  mentioned  above  are  so  numerous  that  every  little 
while  an  attempt  is  made  to  impose  upon  the  steel  industry 
and  machine  manufacturers  a  special,  new,  secret  compound 
that  is  lieralded  as  a  wonderful  discovery.  New  develop- 
ments like  the  gas  processes  are  often  used  as  an  opportunity 
to  promote  such  practices.  Almost  as  far  back  as  we  can 
trace  the  steel  business  we  find  that  the  carbonising  process 
has  been  "  faked/'  and  it  stands  in  the  same  relation  to  steel- 
making  that  the  gold  brick  does  to  the  agriculturist.  Claims 
are  sometimes  made  that  low-grade  steel,  wrought  iron,  or 
even  cast  iron  can  be  changed  into  high-quality  tool  steels  by 
some  kind  of  roasting  or  baking  process.  A  favourite  scheme 
is  to  get  manufacturers  to  make  milling  cutters  or  similar 
tools  from  wrought  iron  or  machinery  steel  and   then  take 
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til  em  ami  convert  1  liom  into  tools  thai  will  nearly  equal  liigli- 
s|}ee<l  steel. 

Cast  iron,  as  is  well  known,  contains  from  3 丄' to  4  per  cent . 
oj"  carbon.  To  convert  cast  iron  into  steel  it  is  necessary  to 
remove  at  least  one-half  of  the  carbon.  Tlie  days  of  the 
conjurer  and  alchemist  being  past,  it  is  impossible  to  changa 
this  element  into  any  other  element.  No  inetliod  has  been 
discovered  hy  wliicli  this  carbon  can  be  removed  from  t  1ib 
iron  without  melting  and  boiling  the  metal  and  thus  oxidising 
it  out,  or  else  leaving  the  metal  inipregiiat-P'l  with  cavities. 
Other  impurities  also  have  to  be  removed  before  1  Itis  prcduct 
can  be  made  into  a  high-grade  steel.  Therefore,  wlien  any- 
one claiiiis  to  have  a  process  that  will  transform  cast  ir (川 
into  steel  by  baking  it  in  an  oven  For  a  few  iiours,  it  is  usalass 
to  waste  any  more  time  with  liiin  or  give  iiis  process  a  second 
llioii^lit.  Tt  may  seem  idle  to  meution  sucli  claims,  but  it 
is  not  many  months  since  I  was  in  an  office  on  Broadway  in 
which  such  a  proposition  was  being  exploited.  Tt  had  been, 
promoted  for  a  year  previous  to  that  in  London  and  before 
I  hat  i  II  Germany. 

Wrought  iron  is  the  opposite  of  cast  iron  in  one  regard, 
/./'.,  instead  of  ronUiiiiing  more  carbon  tlian  steel  it  contains 
less.  Usually  t  he  cai-bon  is  below  010  per  cent.  This  pro- 
duct, therefore,  can  be  carbonised  so  that  the  outer  sui'face 
ran  be  hardened  and  thus  made  brittle,  while  the  inner  core 
will  l)e  soft  and  ik 川 -brittle.  In  fact,  wrought  iron  is  made 
into  blister  bar,  containing  about  1.00  per  cent,  of  carbon, 
hy  a  carhonifiini^  process.  Wrouglit  iron,  however,  contains 
a  considerable  percentage  of  slag,  is  not  nearly  as  strong  as 
tool  steels,  and  in  no  way  can  be  compared  to  them  in  liard- 
jiess,  To  remove  this  slag  takes  materials  and  labour, 

aiul  consequently  wrought  iron  is  clieaper  than  high-grade 
steel  ；  especially  is  this  so  of  tool  steels,  which  have  most,  of 
1  he  impurities  removed. 

The  same  thing  holds  good  of  making  machinery  oi'  low- 
L/rade  steel  into  higli-grade  tool  steel.  Tlie  difference  in  price 
between  higli-grade  and  low-grade  steels  is  due  to  the  amount 
of  labour  or  materials  that  have  been  used  to  remove  the 
impurities.  Low-grade  steels  contain  high  percentages  of 
such  injurious  elements  as  phosphorus  and  sulphur,  and  these 
are  reduced  to  low  percentages  iii.  high-grade  steel.  Oxygen, 
Itydrogen,  nitrogen,  and  other  gases  which  may  be  segregated 
in  large  enough  volume  to  form  miniature  blowholes,  gas 
bubbles,  &c,，  or  present  in  the  form  of  occluded  gases  have 
iilso  proved  to  be  very  injurious  elements  in  steels.  No  pro- 
cess has  been  discovered  by  which  these  can  be  removed  from 
the  metal  without  remelting  it,  even  though  it  may  iiave  tlie 
carbon  percentage  increased  by  a  baking  process  and  thus 
made  stronger. 

We  can  take  various  complicated  combinations  of  llie 
(lifTerent  elements,  reduce  each  element  to  a  pure  state,  and 
then  weigh  or  measure  it.  We  have  also  learned  the  affinity 
that  one  eleiiiont  has  for  another  and  how  to  bring  different 
eleiiieiits  together  wlien  they  have  enough  affinity  to  form 
coiiipounds.  Likewise,  we  know  how  to  remove  one  oi*  anot  her 
of  tlie  injurious  elements  from  complicated  compounds. 

Nowhere,  however,  in  the  history  of  the  world  has  it  been 
<-:liowii  that  it  is  possible  to  ciiange  one  element  into  another, 
and  until  this  is  done  we  do  not  see  how  it  is  possible  to 
transform  nielals  in  such  a  manner  that  any  of  tlie  solid 
elements  thai  are  injurious  can  be  removed  from  the  iiietal 
without  a  respiting.  To  remove  thoni  from  tlie  solid  metal 
would  mean  to  create  a  void  wliere  they  existed.  This  void 
would  cause  a  break  in  the  cohesion  of  the  difTerent  jtioleculos 
ami  tluis  cause  a  weakening  of  the  mass.  In  fact,  the  im- 
purities do  that  at  the  present  time,  ami  tlius  low-grade  steels 
are  weaker  1  lian  liigl' 卞 "'ade  steels. 

Carbon  is  an  element  that  flows  in  iron  somewhat  in  the 
manner  in  which  an  electric  current  flows  through  a  copper 
wire.  Tims,  if  a  steel  plate  containing  100  per  rent,  of 
carbon  is  attached  to  a  plate  containing  0.50  pei*  cent.,  it  is 
only  a  question  of  time  when  both  plates  will  oouiaiu  07.")  per 
cent,  of  carbon.  At  atmospheric  temperature  this  inoveinent 
of  the  carbon  is  extreinelv  slow,  and  liem'e  not  useful  for  any 
practical  purpose.  As  tlie  temperature  is  raised  there  is  an 
increase  in  the  speed  of  its  travel,  and  when  steel  is  heated 
to  1,650。  Fah.  it  very  readily  absorbs  carbon.  Some  of  the 
otlier  elements  can  he  in  jected  into  steel  in  this  manner,  but 
tliey  would  have  to  be  added  to  tlio  elements  tliat  were  already 
present  in  the  metal  and  not  cliange  these  into  soiuetliincj 
else.  ITeiu'e  the  met al  would  remain  lo、v-grfule，  oven  t lu>u^h 
it  wove  ii)arle  to  reseu»l)le  Inph-grade  steel. ― ('  The  Iron  A^e.  " 


JUNIOR  INSTITUTION  OF  ENGINEERS. 

A  PARTY  of*  ineinbers  of  the  J  uiiior  1  iisiituliou  of  Engineers 
recently  paid  a  visit  to  the  new  engineering  workshop  and 
laboratory,  and  the  electrical  laboratory  of  The  Polytechnic, 
Regent  Street.  Under  the  guidance  of  Prof.  Tl .  J.  Spoonpi' 
the  party  was  conducted  rouiul  the  engineering  workshop  and 
ia bcratory,  being  shown  in  tlie  engineering  workshop  the 
machine  tcols,  filters'  benches,  and  em'ting  shop ,  which  covers 
ail  area  of  62ft .  by  42ft.  in  the  siib-baseiiienl.  The  machines 
ai  e  driven  i'rom  three  lines  of  shafting,  each  being  driven  by 
ail  electric  iiioLor  fixed  above  groin  id  to  give  a  clear  floor  space. 
Steel  stanchions  support  longitudinal  and  transverse  beams 
quite  clear  of  the  ceiling  above,  and  these  in  their  turn  support 
all  the  ha}igers  for  the  main  and  counter  shafts,  an  arraii"'e- 
inent  which  allows  the  lathes  and  machines  to  be  placed  in 
almost  any  position  on  the  floor,  and  with  this  method  of  sup- 
porting the  ovei-licad  machinery  there  is  an  entire  absence  of 
Iraiismit ted  vibration  to  the  floors  above.  With  the  excep- 
tion of  a  few  of  the  best  lathes  and  machines  removed  from  tlio 
oUl  wcrkshop,  tlie  whole  of  the  contents  of  tlie  iipw  sli (屮， in- 
clurling  many  modern  high-speed  tools,  is  new  e(|iii|)ii»eiit  I 'mm 
the  works  of  some  of  the  most  fainous  English,-  American,  ami 
continental  makers  of  machine  tools. 

The  mechanical  engineering-  laboratory  is  adjacent  to  the 
workshop,  and  has  an  area  of  62ft.  by  46ft.,  in  addition  to  tlie 
hoiler-rooui.  It  consists  of  the  following  sections  ：  Material 
testing,  prime  movers  and  heat,  liydraulics,  experimental 
mechanics,  &(■.  The  material  testing  laboratory  contains  a 
1 00, 0001  bs.  Olsen  improved  motor-driven  automatic  and  auto- 
graphic testing  machine,  with  accessories,  and  special  arrange- 
ments for  testing  ferro-concrele  beams  and  stanchions ;  a 
special  15-ton  Wicksteed  testing  macliine  :  an  8,0001bs. 
Avery  testing  machine,  for  testing  wood ,  brick ,  stone,  wire, 
and  cement.  ；  Sankey's  hand  metal  bending  machine :  test 
pumps  for  testing  the  strength  of  cylinders,  pipes,  ami  fitt  ini^s, 
u])  to  2  tons  per  square  inch  :  Thurston's  patent  oil  tester  ; 
Boiilt's  patent  cylinder  lubricant  tester  ；  disc  friction  machine 
for  measuring  the  coefficients  of  friction  materials  at  lii^li  ami 
low  speeds,  &(、.  The  prime  movers  and  heating  laboratory 
contains  a  very  large  number  ai  inij^ortant  machines,  among 
which  may  be  mentioned  a  30  b.h. p.  ('(""pound  experimental 
steam  engine,  installed  for  experimental  ami  research  work  : 
10  b.h. p.  new  design  gas  engine,  specially  arranged  and  fitted 
for  research  work  :  a  Day  5  h.p.  2-cylinder  valveless  2-st roke 
petrol     engine,  The    hydraulic    laboratory    lias  a 

representative  collection  of  machines,  such  as  a  t  rehle- 
barrel  vertical  motor-driven  experimental  pump :  Thomson 
vortex  turbine  ；  friction  in  pipes  and  fittings  set,  six  different 
sizes  :  pitot  tube  and  venturinieter  :  orifice  tank  set  :  fan  testing 
set,  specially  designed  ;  The  experimental  nuvhanics  labo- 
ratory contains  apparatus  for  experimenting^  on  the  efficiency 
of  machines,  including  wheel  and  axle,  differential  wheel  and 
axle,  s^rew  jacks,  worm  and  worm  wheel  :  apparatus  for  detoi - 
mining  velocity  and  acceleration  curves,  modulus  of  elasticity, 
Searle's  apparatus,  deflection  of  beams,  cant ilevers,  and 
springs,  whirling  of  shafts  apparatus,  &(•. 

Mr.  n ihhert  conducted  the  party  romul  1  he  elect ri<'al 
workshop  and  laboratory,  of  which  lie  is  the  head,  and  sup- 
plied the  following  particulars:  Power  is  obtaine<l  from  t he 
mains  ot*  t he  Marvlebone  Borough  C'ovmril  at  480  volts.  ]\y 
means  of  a  series  of  eight  motor  i^enerators  the  labonUorv  is 
supplied  with  direct,  alternating,  and  polyphase  currents. 
Each  motor  generator  has  its  distributin*;  switohhoard,  and  all 
parts  of  the  laboratory  are  served  from  any  machine.  The 
laboratory  itself  contains  series,  shunt,  and  compound  motors, 
single,  2-pliase  and  motors,  rotarv  converters,  trans- 

formers, osc-illot^M*a|)hs,  tele])ho!io  exchange  (iiu'liuliiig  a  small 
working  aulomal it*  exchange),  a rc  ljunps,  and  all  the  us\ial 
appointments.  Suitable  switcliboards  for  starting,  repilatiiig, 
synchronising^,  are  fixed  near  earh  niarliine  or  combination, 
and  arraiifjeinenls  are  luade  for  intoiTonnertiiii;,  so  that  groups 
of  students  are  able  lo  work  in  (conjunction. 

At  the  conclusion  of  the  visit  a  hearty  vote  of  thanks  was 
]>ropose(l  hy  the  Cliainiian,  Mr.  Walter  T.  Dunn,  for  all  the 
arran»^einonts  1 1 1 a t  h.ul  been  made  for  sliowiiii^'  tlie  inenihers 
round,  to  which  Prof.  Spooner  and  Mr   \V. 】lil>hpit  replied. 
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A  3,300  TON  TESTING  MACHINE. 

A  YEuy  l;i  rgo  k'st  iii"'  uiarliim'  i-s  now  bciii^'"  vvvri  ,'(1  ； il  I 
Prussian  Testing  Institutioiu  at  Gross-Liclitert'elde,  Genua 
It  is  intended  primarily  for  the  purpose  of  making  tests  of 
full-size  structural  members.  The  firm  of  Haiiiel  &  Lueg，  of 
Dusseklorf ,  built  the  niarliine,  after  designs  made  by  Dr. 
Seifci t ,  president  of  the  association  of  bridge  builders,  in  coii- 
junc'liou  with  officials  of  the  Testing  lustiUil ion.  The  niacliiiie 
lias  a.  capacity  of  6,600,0001bs.  in  compression,  taking  mem- 
bers up  to  49ft .  long,  and  a  (capacity  of  3, 3 00, 0001  bs.  in 
t onsion,  taking  members  within  a  length  range  of  26ft.  to 
4.2!,{t.  It  is  a.  horizontal  hydraulic  machine.  If  we  except  ilie 
5,000-1011  machine  built  two  years  ago  for  the  U.S.  Geologi- 
('； i】 iSmvey  and  now  being  erected  at  the  Pittsburg  tesLiiig 
station  of  tlie  Bureau  of  Standards,  the  Berlin  inaddne  is  the 
largest  compression  niachine  in  t lie  world.    Some  of  its  main 


1  he  energy  of  i-iipi  urc  of  iesl  pieces,  liy(h'aulir  brakf^s  p  arc 
liU'efl  to  Olio  c n '  1  t  lie  screw  spindles.  A  maxiiniuri  pressure 
of  '」（）（>  at  riH)S])lieres  is  provided  i'()r  in  t  he  brake  ('yliuders. 

Tlie  main  cylinder  is  su[)j)lie(l  with  pressure  water  by  a 
frpei'ial  piinipi!!*^  plant .  Tlie  pressure  vised  is  400  atrnosplieres 
for  coTtipression ,  ； uid  200  atmospheres  maximum  for  ieiisioii 
tests.  A  low-pi  ensure  sujjply  ol'  501  bs.  per  s(juare  incli  is 
available  for  idle  inovement  of  the  plunger.  Two  ])ressure 
gauges  for  iiulicating  the  pressure  in  the  main  cylinder,  ainl 
. ji  ^auge  for  measuring  the  pressure  in  ilic  pull-back  cylinder, 
I'orin  the  iiidicaiing  equipments  of  \  \\v  marliiiie,  logether  wil  li 
further  gauges  for  the  accuinulator,  & (:. 

Accordiiif^  to  a  recent  article  by  Prof.  A.  Mar"，iis， 山 n'<'")r 
of  the  Prussian  Testing  Institution,  a  volumetric  load  ^aiige 
of  3,300  tons  capacity  lias  been  desigiied,  and  is  l^eing  1 川 iH, 
for  trial  use  in  this  machine.  Slioulrl  this  a])])aratus  prove 
successful  the  load  inclinations  of  1  Ik*  iiifU'liiiie  in  compression 
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dinieusions  are  aj)proximately  as  follows  ：  The  compression 
cylinder  has  an  outside  diameter  of  75in.  and  a  bore  of  48iii., 
and  weighs  44  tons  ；  the  screw  spindles  (two)  are  19iii  - 
diaiii.  and  82ft.  long  over  all,  and  made  in  two  sections 
whose  combined  weight  is  44  tons  ；  the  back  head  weighs 
about  35  toils:  the  entire  machine  is  95ft.  long  by  about 
14 Aft.  wide,  and  its  longitudinal  axis  is  50in.  above  floor  level. 

Referring  to  the  illustration  of  the  machine  taken  from 
" Stahl  luid  Eiseii,"  of  March  7th,  1912,  it  will  be  noted  tliai 
the  spindles  〃  are  not  in  the  same  horizontal  plane,  but  the 
front  spindle  is  low  and  thus  the  working  aperture  of  the 
machine  is  made  jnore  accessible.  The  bed  of  the  machine  is 
formed  by  a  frame  of  heavy  plate  girders  connected  by  trans- 
verse diaphragms.  The  spiiidles  are  made  in  two  parts  each, 
joined  by  couplings  ；  they  are  suj){)orte(l  at  one  end  in  fixed 
supports  and  at  other  points  by  supports  resting  on  the  fram'、、 
by  wheels.  For  making  compression  tests  the  cylinder  d  and 
llie  back  head  h  are  locked  to  the  spindles,  while  for  tension 
tests  (lie  cylinder  is  free  but  the  ram  c  is  connected  to  the 
ypimlles  ；  in  Uie  latter  cHse  tlie  bearing'  plates  used  for  com- 
pression testing  are  reniov'ed  and  tension  bars  /  and  /，  wliirli 
are  housed  centrally  in  cylinder  and  rear  head,  are  slid  for- 
ward fuul  fiti  ed  wit  li  grips  or  otlier  Jiieaiis  for  at-tacliing  the 
test  piece.  The  ram  lias  a  (.Tossliead  f  for  lixing  it'  to  the 
spindles.  This  cross  he  ad  also  contains  two  pull-back  rams  / 
for  making  the  return  stroke  of  the  main  ram.  Two- part  iiu(s 
'-, operated  by  screw  gearing,  are  provided  at  both  ends  of  t lie 
marliiiie  for  locking  tlie  heads  to  the  spindles.  The  back  head 
can  be  moved  25ft.  along  the  spindles  by  the  motor  "?，  geared 
to  a  piuioii  which  engages  a  rack  o  set  along  the  centre  of  the 
bed-frauie.  The  bearing  plates  /'  for  conijn'ession  tests  are 
square,  about  Gift,  on  a  side.  They  have  spherical  seats  and 
tlie  friction  of  these  seats  is  reduced  by  an  oil  film,  to  make 
tlie  plates  perfectly  self-aligning.  When  tlie  bearing;  plates 
are  in  position,  the  tension  bars  /  ami  /.  iiiusl  h(、  pulled  Imck 
to  the  position  shown  in  the  drawing. 

The  principal  parts  of  the  niarliiiie.  sucli  as  rylimler,  (toss- 
head,  yokes,  bea ring  plates,  and  1);"'1、  head,  an、  steel  rast'iiigs. 
The  yj)iiidles,  tension  bars,  anrl  i 山 ui"《、r  arc  sloel  for^in^^^s. 
The  pluuger  is  packed  with  leather  cup  packing.    To  absorb 


tests  can  always  be  obtainerl  through  the  voluinetric  gauj^e 
wiili  fi  high  degree  of  precision-  and  depeiuleiice  need  iiol  he 
placed  oil  the  gauge  readings  of  cylinder  pressure. —— " Engi- 
neering News."' 


THE  STRUCTURAL  COMPOSITION  AND  PHYSICAL  PROPERTIES 

OF  STEEL, 

I'.V    ri;.0  F.   A  LliF^KT  SAt'VKrn. 

structural  Composition  of  Slowly  Cooled  Steel.  -Bearjn<:  iu 
mi  lid  that  liypo-eutcctoid  steel  is  composed  of  free  ferrite  and 
pearlite  and  that  h.vper-cutt'ctoid  steel  consists  of  froo  ceniontitc 
and  pearlito,  and  knowing  the  proportion  of  carbon  iu  poarlitc 
(0*85  per  cent.)  and  in  cementite  ((>  *  67  per  cent.),  the  structural 
coniposition  of  any  steel  may  be  rciulily  calcuhitod,  provided 
we  know  the  pem、ntag(、  of  carbon  it  coutaius.  In  case  of  Iiypo- 
t'utcrtoKl  steel  m、  have  tlio  following  equations  : ― 
(1)  F+P-lOO 

ill  wliicli  F  n、im 、： si、uts  th(、  ])ercont;i^(^  of  free  f(Mrifo  iu  Ui'、  stool, 
J?  tlic  ])ercentago  of  pearlito,  E  the  p('n  ('utage  of  en i  hon  in  jnvirlite, 
ami  C  the  percentage  of  carbon  in  lli(、  stool.    The  first  c((iiaii()n 
(\\|)rcsses  the  fact  that  the  steol  is  cuniposod  of  f<、n'if:(、  and  i)(';'rlih'. 
and  tlie  secoiul  (、quation  the  fact  tluvt  ；， II  the  carljou  in  flic  steel 
is  iiicludod  in  the  pearl ite.    Assuming,  for  instance,  that  pcarlite 
contains  0  -S.")  per  cont.  carbon  and  tlu、s"M、l  ( ) '  .">( )  p<、r('(、ut.  (';'，l»m»， 
1  Iu;  ivsolution  of  those  two  (Mjiiatious  indicates  that  stcci  of  tli;it 
.lira do  lias  tli'、  followint^"  sti'uctural  composition: ― 
F  二  per  cent,  free  ferritc  =41  "8 
P  =  per  centi  pearlite  =  58  2. 
Til  (M.SC  of  li  \  |)or-cutectoid  steel  the  following  two  equations 
in;i.v  1)0  written  : ― 

(.1)    P  -\  (U,i  =  m 

A，  "  ,  6-67  , 


KM)  '   +  100 

in  which  /'  ropi'o.scnts  tlu、  of  pcarlil (\  (' 

(■en (age  of  fn、'、  conientit.o,  li  the  pm'cuta^  of  cnrlKin 

Paper  read  before  tlie  Fiaukliu  lustUutc. 
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C  the  percentage  of  carbon  in  the  steel.  The  first  equation  ex- 
presses the  fact  that  hyper-eutectoid  steel  is  composed  of  pearlite 
and  free  cementite,  and  the  second  the  fact  that  the  carbon  in 
the  steel  is  distributed  between  the  pearlite  and  the  free  cementite, 
forming  E  per  cent,  of  the  pearlite  and  6.67  per  cent,  of  the 
cementite.  Assuming  the  value  of  E  to  be  0*85  and  the  steel 
to  contain  1  '25  per  cent,  carbon,  these  equations  give  for  a  steel 
of  that  grade  : ~ - 

P  =  per  cent,  pearlite  =  93 

Cm  =  per  cent,  free  cementite  =  7. 

Supposing  that  pearlite  or  eutectoid  steel  contains  0'85  per 
cent,  carbon,  since  the  whole  of  that  carbon  is  present  in  the 
cementite  plates  of  pearlite,  and  since  cementite  contains  G-67 
per  cent,  carbon  (as  called  for  by  its  chemical  formula,  FcgC), 
the  percentage  of  cementite  in  pearlite  may  be  readily  calculated 
as  follows  : — 


6-67 


100   X  per  cent,  cementite  =  0-85 

hence  per  cent,  cementite  =  0  '85  X 
and  per  cent,  ferrite  =  100  ―  12*74 


100 


6-67 
= 87-26 


= 12*74 


or,  roughly,  1  part  by  weight  of  cementite  to  6*6  parts  by  weight 
of  ferrite.  If  it  be  considered,  however,  (1)  that  the  exact  carbon 
content  of  pearlite  is  not,  and  hardly  can  be,  known,  (2)  that  it 
varies  somewhat  both  with  composition  and  treatment,  and  (3) 
that  in  commercial  steel  it  is  probably  not  far  from  0*85  per 
cent.,  we  are  fully  warranted  to  assume,  for  the  sake  of  the  great 
simplicity  it  introduces  in  the  calculations,  that  pearlite  contains 
exactly  1  part  by  weight  of  cementite  to  7  parts  by  weight  of 
ferrite,  which  would  be  the  case  if  the  eutectoid  point  corresponded 
to  0*834  per  cent,  carbon,  as  indicated  below  : ― 

1  part  cementite +7  parts  ferrite  yields  8  parts  pearlite, 
or  12-50  per  cent,  cementite  +  87 '50  per  cent,  ferrite  = 
100  per  cent,  pearlite  ； 

and  since  cementite  contains  6 '67  per  cent,  carbon,  12*50  per 
cent,  cementite  will  contain  6 .67  X  12-50=  -834  per  cent,  carbon. 
Assuming,  then,  that  such  is  the  carbon  content  of  eutectoid 
steel,  so  that  1  part  of  cementite  gives  exactly  8  parts  by  weight 
of  pearlite,  and  noting  that  the  carbon  in  the  steel  produces 
exactly  15  times  its  own  weight  of  cementite,*  the  calculation  of 
the  structural  composition  of  any  steel  becomes  extremely  simple. 

In  case  of  hypo-eutectoid  steel  (steel  containing  less  than 
0*834  per  cent,  carbon)  we  have 

per  ceDt.  total  cementite  =  per  cent,  total  carbon  X 15 
and  per  cent,  pearlite  =  per  cent,  total  cementite  x  8  ； 

or，  more  simply, 

per  cent,  pearlite  =  per  cent,  carbon  X 120 
i.e.,  P  =  120  C 

and,  of  course,  per  cent,  ferrite  =  F  =  100  —  P. 

With  hyper-eutectoid  steel  (steel  containing  more  than  0-834 
per  cent,  carbon)  the  figuring  is  as  follows  :  since  8  parts  of 
pearlite  contain  7  parts  of  ferrite  and  since  in  hyper-eutectoid 
steel  the  totality  of  the  ferrite  (total  ferrite)  is  included  in  the 
pearlite  (there  being  no  free  ferrite),  we  have 

per  cent,  pearlite  =  P  =  f  total  ferrite, 

or,  since  total  ferrite  =  100  —total  cementite, 

P  =  f  (100  -total  cementite). 

But  total  cementite  =  carbon  X 15,  hence 

？  (100— 15  C) 

800—  120  C 


P: 
or  P  = 


and,  of  course,  free  ceiueatite  =  Cvi  =  lUU  -  P. 

Summing  up,  in  order  to  fiud  tho  porecntagc  of  poarlito  m 
liypo-outvctoid  steel  it  will  suHico  to  multiply  its  rarbou  eonlcnt 
by  120  {P  =  120  C),  the  balance  of  tho  steel,  consisting,  of  roursc 
of  free  ferrit''  ( /'，    100— P);  to  find  the  percentage  of  pearlit 


•  This  follow  >  tiom  the  composition  of  FcjC  indicated  by  tbo  atomic  weights 
of  iron  aud  carbou : 

(3  :、  56)  iron  +  1*2  carbon  =  180  FOyC. 
heuce  one  part  carbon  produces       =  15  pavlH  FojC  or  cemeatiU!, 


in  hyper-eutectoid  steel,  the  percentage  of  carbon  in  the  steel 
should  be  substituted  for  C  in  the  formula  ; ~ - 


P  = 


800 -120  C 

厂 


and  the  balance  of  the  steel  will  be  made  up  of  free  cementite 
{Cm  =  lOO-P). 

Taking,  for  instance,  a  steel  containing  0'50  per  cent,  carbon, 
its  structural  composition  will  be ― 

120x0-50  =  60  per  cent,  pearlite,  and 
100  —60  =  40  per  cent,  ferrite. 

If  a  steel  contains  1  "20  per  cent,  carbon  the  resulting  per- 
centage of  pearlite  will  be 

800-120x1-25, 


7 


7 


or  nearly  93  per  cent.,  and  the  free  cementite  {Gm),  100—93 
per  cent. 

Chemical  v.  Structural  Composition. ― Disregarding  the  exis- 
tence of  impurities,  the  ultimate  analysis  of  steel  reveals  the 
presence  of  so  much  carbon  and  so  much  iron.  The  proximate 
chemical  analysis  of  steel  reveals  (in  steel  slowly  cooled  from  a 
high  temperature)  the  presence  of  so  much  iron  and  so  much 
carbide  of  iron,  Fe^C.  In  a  similar  way  、ve  may  consider  two 
different  structural  compositions,  an  ultimate  and  a  proximate 


々 

5^ 


Sfee/. 
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Fig.  1. 


one.  The  ultimate  structural  composition  reveals  the  presence 
of  so  much  total  ferrite  and  so  much  total  cemeutite,  while  the 
]>ioxiniate  structural  composition  informs  us  of  the  percentages 
of  pearlite,  free  ferrite,  ami  free  cementite  in  the  steel.  It  will  be 
evident  that  the  chemical  proximate  composition  is  identical  to 
the  ultimate  structural  compositiou,  the  names  of  the  coustitueuts 
only  being  different ― iron  aud  carbide  iu  the  first  case,  ferrite  and 
I'ementite  in  the  latter.  These  various  compositions  are  tabu- 
lated below  : — 


Chemical       ('  ultimate  :  Fe 
Composition  (  proximate  :  Fe 
Structural     f  ultimate  :  total  ferrite 
Composition  \  proximate  :  pearlite 


Coustituents. 

c 

FegC 


total  cementite 
free   ferrite,  free 
cementite. 

It  is  apparent  that  the  proximate  structural  composition 
allords  more  valuable  information  than  is  obtainable  through 
tbo  other  three  kinds  of  analyses,  for  not  only  does  it  indicate 
tlio  i  hemical  nature  of  the  proximate  constituents  but  also  their 
structural  association  and  occurrence,  upon  which  depend,  to  \\ 
very  great  extent,  the  physical  properties  of  steel. 

The  structural  composition,  both  ultimate  and  proximate, 
of  slowly-coolod  steel  is  shown  diagrammatically  in  Fig.  1，  which, 
will  be  readily  understood.    ABC  represents  the  free  fernte  in 
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hypo-eutectoid  steel,  ACD  the  pearlitc  in  hypo-cutcctoid  steel, 
DCEF  the  pearlite  in  hyper-eutectoid  steel,  DFG  the  free 
cementite  in  hyper-eutcctoid  steel,  ABE II  the  total  ferritc  in 
any  steel,  Allii  the  total  cemeutite  in  any  steel,  ACEIl  t'lic 
pearlite-ferrite  in  any  steel,  and  AIIFl)  the  pearlitc  cementite 
in  any  steel. 

Physical  Properties  of  the  Structural  Constituents  of  Steel. 

It  will  be  evident  that  the  physical  proi^orties  of  commercial 
ferritc  must  resemble  closely  those  of  wrought  iron  and  of  very 
low  carbon  steel.  Ferritc,  therefore,  is  v("y  soft,  very  ductile, 
aud  relatively  weak,  having  a  ductility  corresponding  to  an 
elongation  of  at  least  40  per  cent,  and  a  tensile  strength  of  some 
r)(),0()Olbs.  ])cr  square  inch.  It  is  magnetic,  has  a  high  electric' 
conductivity,  and  is  deprived  of  luirdcning  power,  industrially 
speaking  at  least,  since  carbonless  iron  cannot  be  materially 
hardened  by  rapid  cooling  from  a  high  temperature. 

The  properties  of  pearlite  are  evidently  those  of  eutectoid 
steel  in  its  normal ― i.e"  pearlitic— condition,  from  which  wc 
may  infer  that  pearlite  has  a  tenacity  of  some  125,000lbs.  per 
sijuarc  inch,  an  elongation  of  some  10  per  cent.,  that  it  is  liard, 
and  that  it  possesses  maximum  hardening  power.  ， 

With  the  exception  of  its  very  great  hardness,  little  is  posi- 
tively known  as  to  the  physical  properties  of  cementite.  It  may 
be  assumed,  however,  that  so  hard  and  brittle  a  substance  must 
greatly  lack  tenacity.  Its  tensile  strength  probably  docs  not 
oxcced  5,()00lbs.  per  square  inch,  und  may  be  considerably  less, 
while  its  ductility  must  be  practically  nil.  It  possesses  no 
luirdcning  power.  These  properties  of  the  constituents  of  steel 
in  its  normal  condition  arc  tabulated  below. 


Conslituunts. 

Tensile  Strength. 
Pounds  per 
square  inch. 

Elongation. 
Per  cent,  in 
2in. 

Hardness. 

Hardening 
Power. 

Ferrite    … ， 

50,000+ 

40  + 

Soft 

None 

Pearlite  … . 

125,000  + 

10  + 

Hard 

Maximum 

Cementite   .  • 

5,000  (？) 

0 

Very  hard 

None 

Tenacity  of  Steel  v.  its  Structural  Composition.. ― Knowing 
the  physical  properties  of  the  three  constituents  of  steel,  it  should 
be  possible  to  foretell  with  some  degree  of  accuracy  the  physical 
properties  of  any  steel  of  known  structural  composition,  on  the 
reasonable  assuraption  (hat  these  constituents  impart  to  the 
steel  their  own  physical  properties  in  a  degree  proportional  to 
the  amounts  in  which  they  are  present.  The  properties  of  steel 
made  up,  for  instance,  of  50  per  cent,  ferrite  and  50  per  cent . 
pearlite  should  be  the  means  of  the  properties  of  ferrite  and  of 
pearlitc.  Let  us  assume  such  reasoning  to  be  correct,  and  let 
•us  apply  it  to  the  tensile  strength,  first  of  hypo-eutectoid  steel 
aud  then  of  liyper-eutectoid  steel. 

The  tensile  strength  {T)  of  any  hypo-eutectoid  steel  will  be 
expressed  by  the  following  formula  in  function  of  its  structural 
composition  ；  that  is,  in  function  of  the  percentages  of  ferritc  [F) 
and  pearlite  (P)  which  it  contains  : ― 

T=  50,000    + 125,000  P 

=        roo  ~ 

ill  wliicli  5U,(XHJ  represents  the  tensile  streugth  of  ferritc  and 
125,000  the  tensile  strength  of  pearlite. 

Or  simplifying  :  % 

or  again  in  terms  of  pearlite  alone,  since  F  =  lUU  —P 

T  =  500  (100  P) +1,250  P 

or  r  =  50,000 +750  P 

or  finally,  in  terms  of  carbon,  since  P  =  120  C 

r  =  50,000 +90,000(7 

On  applying  this  simple  formula  to  steels  containing  respec- 
tively O'lO,  0-25,  and  0，50  per  cent,  carbon,  we  lind  for  these 
metals  tensile  strengths,  respectively,  of  59，000lbs.，  7?，500lbs.， 
and  95,000lbs.  per  square  inch.  These  values  agree  closely  with 
our  knowledge  of  the  average  tenacity  of  such  steels  when  in  a 
pearlitic  condition,  aud  prove  the  value  of  the  formula  derived 
from  the  considerations  outlined  above  as  to  the  relation  existing 
between  the  physical  properties  of  steel  and  its  structural  com- 
position.   It  should  be  borne  in  mind  that  in  working  out  this 


formula  it  has  been  assumed  that  pearlite  contains  0-834  per 
cent,  carbon. 

The  values  obtained  for  various  eutectoid  steel  should  Ix; 
accurate  only  for  steel  in  its  pearlitic  coudition.  It  should  be 
noted,  however,  that  steels  forced  and  finished  at  a  fairly  hi^^h 
temperature  arc  practic'iilly  in  this  condition,  so  that  the  formula 
niiiy  be  used,  und  fair  results  expected,  to  calculate  the  tensile 
strength  of  such  hat  forged  steels.  If  the  steel  be  fcn'ged  until 
its  temperature  is  quite  low,  and  especial  I}-  if  it  be  cold  worked, 
it  is  well  known  that  its  tensile  Htrongtli  is  generally  increased. 
Neither  can  the  fonnula  be  used,  of  course,  in  tiie  case  of  liaidcncd 
steel  or  of  steel  castings.  It  may,  however,  be  applied  to  steel 
(•astings  which  liavo  been  j)ro|)erly  annealed,  、v}i(>n  the  tensilo 
strength  in;iy  be  hrou^^lit  up  to  the  level  of  steel  foldings  finished 
fairly  hot. 

Again,  the  formula  is  of  value  only  in  case  of  commercial 
steels  containing  the  usual  proportions  of  impurities,  especially 
of  manganese.  It  applies  only  to  steels  in  which  the  percentage 
of  manganese  varies  roughly  with  the  carbon  content  from  some 
0-20  to  0-80  per  cent.  The  presence  of  a  larger  proportion  of 
manganese  would  increase  the  tenacity  materially. 

Passing  to  the  tensile  strength  of  liypcr-cutectoid  steel,  our 
ignoruiice  as  to  the  tenacity  of  cementite  does  not  permit  the 
writing  of  a  formula  with  the  same  degree  of  confidence.  Let 
us  assume,  tentatively,  however,  that  cementite  has  a  tensile 
strength  of  5,000lbs.  per  square  inch,  and  then  proceed  as  we 
did  in  the  case  of  hypo-eutectoid  steel. 

The  tensile  strength  of  any  hypci-cutectoid  steel  may  be  ex- 
pressed by  the  following  formula  in  terms  of  the  percentages  of 
pearlite  (P)  und  cemeutite  {Cm)  which  it  contains  : ― 

y_125,00QP +5,000  Cm 
100 

or  simplifying 

r-l,250  P+50C'm 
or,  in  terms  of  peurlite  only,  since  Cm  =  100  一  P， 
r  =  l，250  JP  +  lOO  (50 -P) 
'  r  =  5,000 +1,200  P 

or  since,  as  previously  shown, 

p  — 800 —120  C 
7 

T  =  5，000+l，200  800— 12(J」' 
7 

or  simplifying 

T  995,000-144,000(7 

T=  7 

or  approximately  T  =  142,000  -20,600  C. 

Applying  this  formula  to  steels  containing,  respectively,  1  -25 
and  1-50  per  cent,  carbon,  we  find  for  their  respective  tensile 
strength  116,250  and  111,100  per  square  inch,  which  are  fair 
values  for  the  avemg(，  tenacity  of  pearlitic  steels  of  those  degrees 
of  carburisation. 

Steel  of  Maximum  Strength. ― From  the  preceding  considera- 
tions it  seems  evident  that  eutectoid  steel  must  possess  maximum 
tensile  strength,  since  the  influence  of  the  presence  of  ever  so 
small  an  amount  of  free  ferrite  iu  hypo-eutectoid  steel  or  of  free 
cementite  in  hyper-eutectoid  steel  must  necessarily  be  a  weaken- 
ing one,  because  of  the  relative  weakness  of  free  ferritc  and  free 
cementite  as  compared  to  the  strength  of  pearlitc.  By  most 
writers,  on  the  other  hand,  steel  of  maximum  tenacity  is  often 
stated  to  contain  in  the  vicinity  of  1  per  cent,  carbon ― that  is, 
to  be  slightly  hyper-eutectoid. 

It  is  not  clear,  however,  that  the  results  upon  which  the  state- 
ment is  based  were  obtained  in  testing  steel  in  its  pearlitic  con- 
dition. On  the  contrary,  it  seems  probable  that  a  large  number 
of  the  steels  tested  were  in  a  sorbitic  rather  than  in  a  pearlitic 
condition  because  of  relatively  quick  cooling  through  the  crit- 
ical range.  And,  while  it  appears  that  pearlitic  steel  must  have 
its  maximum  tenacity  when  composed  entirely  of  pearlite,  it 
may  well  be  that  when  in  a  sorbitic  condition  maximum  strength 
corresponds  to  a  higher  degree  of  carburisation ― i.e.,  1  per  cent. 一 
because  sorbite  may  contain,  aud  indeed  often  does  contain, 
more  carbon  than  pearlite.  Indeed,  the  cases  on  record  show 
that  when  the  steels  were  made  pearlitic  through  very  slow- 
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cooling  maximum  tenacity  corresponds  closely  to  the  euteotoid 
composition.  Arnold,  for  instance,  tested  a  series  of  very  pure 
carbon  steel  and  after  slow  cooling  in  the  furnace  from  1  ，(X)0。 
(\  he  found  a  very  sharp  maximum  in  the  tenacity  ('om'spondinjz 
to  0.89  per  cent,  carbon.  On  cooling  these  same  steels  in  air， 
on  the  contrary,  and  therefore  making  them  sorbitic,  maximum 
tenacity  corrospondod  to  1  -20  per  cent,  carbon.  Ha rlxnd  like- 
wise ascertained  th(>  tonacity  of  very  pure  steels,  and  found  tli;it 
after  slow  cooling  (in  the  furnace)  from  900。  C.  tlio  maxinuiiii 
tenacity  corresponded  to  0-917  pop  cent. 

Ductility  of  Steel  v.  Its  Structural  Composition  — F lom  the 
known  ductility,  as  expressed  by  its  elongation  under  tension. 
(»f  fonito  and  the  known  elonpition  of  poarlito,  respectively  IM 
iind  10  per  cent,  in  two  inches,  it  should  be  possible  to  work  out 
a  formula  expressing  the  ductility  of  any  hypo-eutectoid  steel  in 
the  a.nncalcd  (pearlitic)  condition.  In  t ("腸  of  forritc  and 
poailitc  the  ductility  should  be 

40F  +  10P 


D- 


or  simplifying 


D 


100 


FX'l  1) 


or,  in  tcnns  of  poarlitc  alone,  since  F  二  ]00  —  P, 

(100  P)X.l  P  =  40-.:]  P 
and  since  P=l 20  0,  the  ductility  in  terms  of  carbon  will  W 

D^iO  -  ：)(>  C 

Pearlitic  steels,  for  instance,  containing  ()*25  a'nd("'*X>  pm'  cent, 
carbon  should  have  elongations,  respectively,  of  -M  and  22  per 

Reduction   of  Area   v.  Structural   Composition  of  Steel.— In 

a  similar  way  wo  may  ('ak'ulat'(、  the  reduction  of  area  of  ； my 
slowlv  cooled  (i.e.,  pearlitic)  hypo-outectoid  stool .  on  the  assiinip- 
tioii  that  poailitc  lias  a.  reduction  of  area  of  1,、  per  cent,  and 
ferrite  a  reduction  of  "()  per  cent.  The  reduction  of  any  stool 
will  then  be,  in  terms  of  ferrite  and  pearlite  :— 

60     +  15  P 


R 


100 


or,  in  terms  of  pearlite  alone,  since  F  二  100  —  P, 
R  =  •  no  (100  — P)  +  -15P  =  m  -.45P  ； 
or,  finally,  in  terms  of  carbon,  since  P  =  120  (J, 

R  =  m~rA  c. 

Pcai'litic  stcols,  for  instance,  contaiiiiii^  "'2-— >  and  prr  cent . 

carbon  should  have  ivdiR-tions  of  area.,  rospcctivi 
o-j  per  cent. 


ol  4"'r)  and 


Examination  of  Coal  by  X-Rays. — At  a  meeting  of  the  North 
of  England  Institute  of  Mining  and  Mechanical  Engineers, 
held  at  Newcastle  on  Saturday  last,  a  paper  by  Mr.  F.  C. 
Garrett,  D.S('.，  and  Mr.  R.  C"  Burton,  B.Sc,  on  The  Use 
ol'  X-Rays  in  the  Examination  of  Coal,"  was  road.  The 
authors  stated  that  shortly  after  Rontgen's  discovery,  it  was 
suggested  that  the  rays  might  l)e  utilised  tor  determining 
the  amount  of  inorganic-  matter  contained  in  coal,  it  being 
thought  that  the  opacity  would  be  directly  proportional  to 
\  Ik*  asli-coiitenl  oi  the  sample.  The  inorganic  minerals  coiii- 
iiioiily  associated  with  coal,  however,  difTer  so  greatly  in  their 
])enneability  that  it  was  very  soon  found  t liMt  tlie  opacity 
depended  on  t he  nature  as  well  as  on  the  amount  of  minrral 
matter,  and  tlie  luetliod  proved  to  be  of  no  ])r;ictical  value. 
Although  I  lie  X-Rays  cannot  tell  the  amount  of  ； isli  wliidi  a 
sample  of  coal  will  yield,  it  was  tliouglil  that  tliev  would  pro- 
bably reveal  its  distribution  in  the  coal,  and  might  throw 
some  light  on  the  structure  of  tlio  coal  itself.  Samples  from 
a  iiuniher  of  difTereiit  soanis  were  obtained,  and  the  exainina- 
t ion  of  these  has  given  results.  The  study  of  a  number  of 
radiographs  loads  the  authors  to  coiu-lude  that,  although  tlio 
t  rue  coal  substance  is  almost  transpaiTtit  to  X-Rays,  there  a  re 
small,  yet  iioticea ble,  differences  between  dilVcrcnt  coals,  and 
ovoii  in  dilTfM'eiit  pa  rls  of  a  snuill  specimen,  and  to  hope  I  hat 
；\  full  investigation  of  I  hose  may  throw  some  light  on  the  si  riic- 
t  uro  and  perhaps  on  the  origin  of  difTerrnt  coals.  At  tliis  early 
v;i  ai^e  it  is  not  pennissihle  to  draw  anv  conclusions  ns  to  I  he 
st ruc't me  of  coal,  but  it  was  hojx'd  hy  the  writers  that  the  pu))- 
liration  of  their  notes  iiiight  lead  lo  su"'g(、stions  whirh  would 
be  of  assislaiK-c  in  t \\v  rurlhcr  invcsligatioii  of  the  iiialUM". 


INDUSTRIAL  AND  TRADE  NOTES. 

British  Locomotive  Exports. ― During  tiio  prosont  year  tlio  exports 
ol  l(>coi)i()ti\  ('s  from  the  l'，iit(>(l  K  iiiu(l*)in  lia\  o  Immmt  fairly 
maiiitaim'd,  tlic  v;»ha、  o\  tlie  i"ijiiii(、s  sliipiK'd  to  April  3< ttli  lia 、- i'lji 
)k»(Mi  £713，1'3(;.  as  (.'oinpn rcfl  with  £7' )H,087  iii  tlic  first  lour  numtlis 
ol  ]'J1 1  ； nul  £~>£)1,")；37  in  liic  first  lour  nu)iitlis  f)l  I!U<». 

Birkenhead  Engineers'  Dispute. —— Satisfactory  terms  liavc.  wo 
iiiKlerstaiifl,  ai  raii;i;cd  lu'twooii  Messrs.  ('aimiu'll,  Lainl,  and 

Co.,  of  Hirkcnlit'iul,  and  tlieir  eiijiinoers.  Arijilration  has  beeu 
； I  i  ra.ii;i;cd,  、、- ith  the  result  that  tho  inoii  returned  to  work  on 
.Monday  last.     1'lu\v  liave  Uoon  out  on  sti'ike  for  several  weeks. 

A  New  Floating  Dock, ― Tlic  A(lniirait>  li;no,  、vt>  Irani,  jihiccd 
tin-  order  lor  a  ll(>;i  1  i iijj;  dock  to  lift  vessels  up  to  2，'2"U  tons  dis- 
plact'incnt  w  i tli  M essrs.  W  illiam  H ainiltoii  Co.,  Ltd.,  of  Port 
Gla^s;:ou .  The  clock  is  intcmltxl  lor  tlie  use  of  torpedo-boat  de- 
stroyers tind  lij^ht  craft  geiiorall} . 

Locomotives  for  the  Argentine. ^ Messrs.  R.  Stoplionsoii  &  Co., 
Ltd.,  of  Darlington,  have  received  an  order  for  1(J  large  tank 
looomoti\*es  for  the  Buciios  Ay  res  Groat  Southorn  Railway 
Company,  丁 ■/tel.  This  order  is  practically  a  repetition  order  for 
1"  similar  engines  which  Messrs.  Stephenson  are  now  coinpletiii*^ 
for  the  sa iiie  company. 

Manufacture  of  Steel  Pipes  and  Tubes  in  Japan. ― I' or  some  years 
])ast  tlirrt'  lias  Ikhmi  tallv  oi  osta'ilisliiiig  a  company  in  J;i pan  for 
tlie  iiiaiiTii acture  of  .steel  pipes  and  tubes,  ami  of  kite  llic  project 
sceinod  to  nssiune  more  definite  shape  wlien  a  、vell  kiio、、  "  Japanese 
firni  、、("'(，  said  to  be  making  ； ill  preparations  tor  iiiamihu-tiirc  Ky 
tlie  Miiiinesmann  process.  This  \enture.  ho 、、飞 "t"',  a((or(liiig  to 
II  .M .  Commercial  Attaclie  at  Yokohama,  see  ins  to  h:iv(>  Itcon  post- 
l-ojicd,  and  ； mother  set  of  pronioters,  iiicliKlin;^  sonic  imimim"，t 
men,  is  (lisf'ussing  the  possiltility  of  forming  a  coinp aiiv  and 
starting  work  in  September,  1 91 .3. 

Gas  and  Oil  Engines  in  Japan. ― The  trudo  in  ；:； is  nnd  oil  engines 
in  J apan  roiitimics  to  iii(  n'as(i，  according  to  11  .M .  ConinuMcial 
Attache  at  Yokohama.  Tlie  I'liited  Kingdom  cn.jo -、、  al>out  70  jxt 
cent,  of  the  business,  most  of  the  rest.  osi)ecially  in  the  case*  ot  the 
larger  engines,  being  taken  hy  Germany.  Small  gas  engines  are 
now  found  in  all  parts  of  the  country,  as  the  Jai)anos<»  are 
gradually  be*i;in  niiig  to  appreciate  their  advantages.  Tliere  a  re 
several  kinds  of  Japanese  engines  on  tlie  nuirkct,  l>itt  all iioii^^h 
they  a  re  cliea  p  they  a  ro  not  ofononiical. 

Small  Switches  and  their  Circuits. ― W'v  have  r(H'oi、x'd  t  roin 
^lossrs.  A.  I*.  Tiimdlior^  iSc  Sons,  477,  oi  pool  Hoad,  l^ondon, 
N.,  a  most  instructive  catalofiuo  of  tlioir  specialities  I'ehitiiij^  t(， 
switches  and  switch  goa r,  or,  rather,  it  would  l>e  more  corret't  to 
to  nil  it  n  toxt-book,  so  exceedingly  full  is  it  of  descriptive,  illus- 
trated information,  and  so  well  is  it  portrayed.  In  fact,  the 
literary  presentation  of  the  subject  is  the  、vork  of  tlio  well-known 
u  riter  on  clootri<*al  subjects.  W.  PerrtMi  M:i.v('o(,k,  M.I.F'.K..  ainl 
:k*  [);iins  have  I)een  spared  to  make  it  Itotli  instructive  :iiul  usohil. 
Ji  is  n  loiio;  May  supei-ior  to  tlie  ordinary  class  of  trado  catalo^^m's, 
;ni(l  sliould  ap]);N»l  stronj^Iy  to  alt  \\]u^  a  ro  in  any  wav  iiitore.sU'd 
i  11  electrical  ； uct^ssories  ot  this  kiml. 

British  Coal  Exports. ― A  White  l*ai)tT  just  issui'tl  j^ivi's  (l，'t;tils 
of  the  .sliipnuMits  of  coal  abroad,  coastwiso  ami  in  lunikers,  I rom 
(、； It'll  port  of  tho  I'liiiod  Kiiijxdoi"  during  lUlO  and  11*1 1 .  Tlir 
total  coal  exports  from  tlio  I'liittHl  Kingdom  in  IIM 1  、、飞 、n、 
(il..yjl)/2(JG  ton.s,'a8  aj;:iinst  (i2.(l8o.47(>  in  〗(i)li»,  Cardiff  luMdiii-:  tl»o 
list  of  ports  with  16,1 '27, 777,  Nowcastlo  and  llu*  Shit'Ms  toiallin;: 
to  ] 2,498,000.  Of  the  total  exports,  2o,n*Jl),S(M  tons  、v,、i,t  1" 
Iv  ussia.  Scandinavia,  (uM  inany,  Holland.  Hol^inin.  IcohiiuK  and 
tlio  whale  and  (lt、t、i)-st、a  lisliories —— tl"、  Uulk  coinin;:  ironi  tlio  Kast 
( fjiist  ports ― and  31,33<i,o7i  to  otlior  Knrnp»^;ni  ('im"tr"'s  ； ui*l 
-、 l(、（lit('rr;"u"m  ports.     Thv  sliipiuonts  ol  coal  coastwise  tot:illi"l 

»(».•>,( V2\  tons  in  VM 1 .  a<iaiii>t  21  .(i7(i.71.'>  in  U"'l:  and  xhr 
tilnpnioiits  of  l>unkor  roal.^  、、 m 、一  foivi'"'"  vo、:i'_:，、s  1J>,'2(>I.1S1»  tons, 
coastu'iso  vovnjios  2,431 ,1)2"). 

Decline  of  Shipbuilding  Industry  in  the  United  SUte,. ―.、 "'""in;' 
to  :i  I  l>\   1  i . .M .  C'odsul  (ioiuM  al  ai  B<k、u、ii.  il"'  slnplmiMin;: 

iiKhistiy  ill  tile  I'lutod  Statos  sl，')、v"d  a  dorlino  durinj:  tlio  pa.st 
iivo  voa rs  of  17  por  <v，，t.  "i  v:dm、  of  ii、:、tvri;»l、  1 4  pi'r  rent,  in 
tho  j»«itxrojxato  wages  and  2l、  pi、r  <',、nt.  in  tlio  mii""。i-  of  m，'" 

(Mnploytnl.    Tlio  causo  is  ； :，、iu'r;"lv  lioUl  to  lu、  lii;:h  \v;»«ios  ； nul 
cost  of  ronstnx-tion  roin"i，，，'（l  with  ;»l»soiu'*»  tn  iiu ontivo  ihw  t^， 
univstrictod  (onipotition  in  tho  otv;ui  tr ；、 fT"'.    Alaino's  slnplniild- 
iii^  rocord  in  emphii^zcs  the  doclino  of  that  oiuo  j^rcat  indus- 

try, the  cMitiro  output  of  tbo  St;iU\  inrliiding  all  sorts  of  craft  of 
； ill  sizos.  falling:  Mow  l。，l、m  toius.  ulioriM.s  in  tiiiicb  past  the  WXK" 
ionniv^i^  Vi\u\s.KH\  t n>ni  3*MM»(»  to  lOJXM).  and  iKrasiuiially  roarcbctl 
ab  high  lib  W,KW  or  ZUJAMJ  loub. 
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Russian  Iron  and  Steel  Production. 一 During  the  past  year  tho 
iron  and  steel  industries  in  Russia  made  good  progress.  The  total 
production  of  pig  iron  in  1911  was  3，521，00(,  tons,  aa  increase  of 
'一>38，000  tons  over  the  production  in  1910.  It  is  interesting  to  note 
that  the  production  of  steel  ingots  for  several  years  has  been  con- 
siderably in  excess  of  the  pig-iron  production,  the  balance  being 
accounted  for  by  excess  of  pig-iron  imports  over  exports,  imports 
of  scrap  and  similar  materials,  and  (last  yea r)  reduction  i;i  stocks 
of  pi<^  iroii.  The  total  steel  output  during  1911  was  3,874,000 
tons,  us  compared  with  3,476,000  tons  in  1910.  Of  the  total  of 
steel  produced  last  year  about  five— sixths  was  open-heartli  steel . 
Tho  total  output  of  finished  iron  and  steel  amounted  to  3,258,rKH) 
tons  last  year,  this  hoing  well  above  any  previous  figure. 

Canadian  Railroads  in  the  States. ― All  the  great  Canadian  r;iil 
way  systems  possess  or  control  a  considerable  mileage  in  tho  Ilnitod 
States,  a  policy  which  is  imposed  upon  them  no  less  by  the 
exigencies  of  trade  exchange  between  the  two  countries  as  also  by 
general  geographical  and  economic  considerations.  While  Ciinada 
desires  first  and  foremost  the  expansion  of  trade  east  ami  west 
along  railroads  (for  the  construction  of  \\  liicli  millions  of  English 
capital  have  been  hor rowed)  at  the  sanio  timo  opportunities  to 
foster  trade  north  and  south  have  not  been  neglected.  The  United 
States  raihvays  also  liave  1 ,485  miles  of  track  in  Canada,  on  the 
other  liancl  the  Canadian  railways  have  not  less  than  7,197  miles 
of  track  in  the  United  States,  divided  as  follows :  The  Canadian 
P;icili<-  Railway,  5,391  ；  the  Grand  Trunk,  1 ,036,  and  the  Canadian 
Northern,  170  miles.  The  two  last-iiaiiuHl  rnilways  are  at  present 
engaged  in  socurinjj;  the  control  of  lines  which  will  give  them 
greater  facilities  of  outlet  to  the  east  througli  the  United  States, 
with  terminals  on  Atlantic  ports.  This  int(>r-olian<j;o  of  rnilrojul 
is  likely  to  increase  very  much  in  British  C^oluniltia,  into  wliioli 
provincp  several  Unitod  States  rn  ilw  ay  fonipn  nies  are  seeking  to 
oxtoiul  thoir  systems. 

Midland  Ironworkers'  Wages. ― Tlio  Tronw  orkers'  Association  has 
iiiitiat(Ml  n  movement  for  ]u<i;htM-  、v.:、:j;t、s  tor  puddlers  which  is 
shortly  to  oome  l)etoro  tlio  Midland  Wa<i;t\s  Board.  Oiio  of  the 
results  of  the  great  activity  of  the  iron  trade  is  a  scarcity  of 
puddlers,  the  demand  for  men  at  present  bei'ig  very  great,  and  as 
they  have  a  number  of  grievances,  in  addition  to  the  question  of 
wages,  it  is  felt  that  the  present  affords  a  good  opportunity  to 
impro\-o  their  position.  The  Midland  \Va}j;os  Tioarcl  covers  not 
only  tho  oountios  of  Staffordshire,  Sh ropsliiro,  and  Woroostorshire, 
hut  Shetliold,  Lancashire,  and  South  Wales,  so  that  sover;il  thou- 
sands  of  workmen  are  affected  by  the  ino\enioiit.  At  a  largely- 
nttendod  meeting  of  ironworkers  held  on  Saturday  last  at  Wod- 
nesbury,  specially  called  to  consider  the  question  of  puddlors' 
watres  and  hours  of  employment,  it  was  derided  to  forward  tlie 
roquisite  throe  months'  notice  to  terminate  tho  present  iron  trade 
sliding  scale,  in  order  that  the  rates  and  conditions  luuler  which 
tho  piuldlers  work  could  he  revised.  In  tho  judgment  of  the 
trade,  tlip  limit  of  a  puddler^s  working  day  should  not  more 
than  10  hours,  and  that  he  is,  under  present  oircumstanoes, 
entitled  to  a  tonnage  rate  of  not  less  than  lOs.  per  ton.  Tho 
rate  ruling  at  present  is  9s.  3(1.  per  ton. 

Trade  with  Japan.  — H.M.  Commercial  Attaohe  at  Yokohama,  in 
a  report  on  the  trade  of  Japan  in  1911,  refers  to  the  new  Japanese 
tariff.  He  states  that,  taken  altogether,  there  seems  no  reason  to 
1)0  pessimistic  about  future  prospects.  It  is  probable,  nay,  cer- 
tain, that  、vith  the  enforcement  of  the  higher  rates  of  duties  cer- 
tain classes  of  business  will  die  out,  hut  in  their  place  others  of 
oquul  if  not  greater  importance  will  arise.  It  will  perhaps  lie 
necessary  to  work  harder  and  to  be  satisfied  with  a  smaller  per- 
renta*j;e  of  profit  than  in  the  past,  and  business  will  have  to  be 
searched  for  and  tho  peculiar  conditions  of  the  market  studied. 
If  possible,  it  is  highly  advisable  that  a  nianufactiirer  who  hopes 
to  do  a  lai'f^e  luisiness  with  Japan  should  pay  a  visit  to  the 
oouiiti y.  Thanks  to  the  Siberian  railway,  the  trip  need  be  neither 
long  nor  expensive.  Several  maniitacturers  who  have  adopted 
this  course  have  stated  that  the  results  iiave  been  most  satisfac- 
tory. The  firms  in  Japan  who  act  as  agents  are  generally  most 
efficient,  but  as  in  many  cases  they  do  business  in  a  large  number 
of  articles  they  cannot  he  expected  to  be  absolutely  conversant 
with  all  the  details  pertaining  to  tlie  various  goods  which  they 
sell.  It  is  to  the  advantage  of  the  agents,  therefore,  as  well  as 
to  the  maker  of  the  goods,  that  a  periodical  visit  should  be  paid 
]>y  an  expert  Avho  can  explain  matters  to  the  firm's  customers 
and  listen  to  their  suggestions  and  complaints. 

Electro-Metallurgical  Industry  in  France. ― H.M,  Consul  at  Lyons 
(Mr.  K.  11.  E.  Vic;irs)j  ivpoi'ting  on  the  trade  of  that  district 
duriii^i;  19  Q,  states  that  the  most  important  development  in  the 
electro-metallurgical  industry  during  1911  related  to  the  produc- 
tion of  aluminium  and  its  by-products,  the  French  manufacturers 
of  which  have  formed  themselves  into  a  company  called 
" L'Aluminium  fran^ais,"  with  a  share  and  debenture  capital 
anionnting  to  £680^000.     The  new  company  have  acquired  the 


(>x('liisiv(i  i'i;;lits  all  m'('r  tho  world  in  tho  Scr-prH-k  pioc-css  of 
aliuniiiiiim  niajiut'acturc*.  Tliis  process,  by  which  tiu*  production 
of  nitrati»s  forms  part  of  the  manufacture  of  aliiiniiiiiiin,  consists 
in  the  treatnuMit  of  bauxite^  the  raw  material  of  aliiininium,  in 
the  electric  furnace  with  air  and  coke,  so  as  to  fix  tli**  nitrogen, 
thus  prochu'inji;  a  nitride  of  aluminium.  This  pmdiicH  is  tlion 
trf»ated  w  itli  "  .vdution  of  caustic.  socUi,  w'liifh  prodiiros  aluniinate 
of  soda  and  ammonia  gas.  From  the  almninate  of  soda  is  ex- 
tracted pure  alumina,  from  wliich  aluniiniiiin  is  ohtainod  by  the 
usual  electrical  process  ；  while  the  ammonia  gas  is  treated  with 
sulphuric  acrid  and  produces  sulphate  of  ammonia.  The  prooess 
is  tlius  closely  allied  with  that  in  use  for  the  production  of  nitric 
acid  and  jiitra tt^s  l»y  the  union  of  oxyj^cn,  nitrogen ,  mikI  stoain 
in  tho  electric  I'liiiuico.  Larg<*  works,  utilisin^^  40,000  li.p.,  are 
about  to  he  establislied  by  the  aluminium  conihinc  lor  the  j)tn'- 
l)ose  of  manuric'lurino;  niider  this  process.  The  coinpiiny 
are  also  said  to  contoniplate  the  erection  of  rolling  aiul 
drawing  works  near  Chanibery.  It  is  uiKlersiood  that  the 
ITnitod  States  rights  h;u  e  been  con  ceded  to  a  sii!).sicli;iry  anu- 
pJiiiy  witli  larg*'  financial  resources,  and  tliat  liceiisfs  \\  '\\\  jjioha l)ly 
be  graiitetl  by  the  parent  coinpany  for  working  tlio  patent  in  other 
foreign  countries.  The  production  of  ferro-alloys  and  patent 
steels  ill  the  electric  furnace  grows  apace  in  tho  Lyons  district, 
12  factories  being  now  engaged  in  this  branch  of  the  industry. 


INTERNAL-COMBUSTION  ENGINES  ON  SHIPS. 

At  a  meet  ing  ol'  the  North-east  Coast  lust  itut  ioii  oi  Jinginoers 
and  Sliipbuilders,  Sir  Marcus  Samuel,  in  the  course  oi'  a  dis- 
cussion, stated  that  he  had  been  favoured  with  particulars 
of  the  latest  oil  ship,  the  "  Jutlaudia/'  built  by  Messrs.  Bar- 
clay, Curie,  &  Co.  The  oil  consumption  was  10  tons  per  day, 
as  compared  with  a  coal  consumption  of  42  tons  per  day. 
Ill  the  oil  ship,  the  wages  of  the  engineering  staff  were  com- 
puted at  £86  per  month,  as  against  a  similar  item  in  the 
steamer  of  £114,  with  a  consequent  saving  in  the  catering  of 
the  oil  ship  as  compared  with  the  steamer  of  £15.  The  cargo 
deadweight  of  the  oil  ship  for  a  voyage  of  G,850  nautical  miles 
was  7,105  tons,  as  against  the  steamer's  G,21U  tons.  lie 
went  oil  to  say  that  owners  must  not  despair  because  the  price 
on  rail  of  oil  at  storage  works  on  the  North-east  Coast  of  Eng- 
land was  70s.  a  ton.  They  must  remember  that  we  were  going 
through  a  period  unequalled  in  the  oil  trade,  owing  to  scarcity 
of  tankers  caused  by  the  delay  in  building  these  vessels 
through  labour  troubles.  Time  would  change  all  that  ；  and 
when  producers  knew  that  there  was  to  be  a  reliable  and 
constant  demand  for  oil  on  the  Tyne,  sufficient  oil  would  be 
provided  to  take  them  to  the  nearest  oiling  station.  He 
expressed  his  firm  conviction  that,  in  a  very  short  space  of 
time,  intrernal-combustioii  engines  would  be  evolved  as  greatly 
superior  to  those  already  constructed  as  the  modern  locomo- 
tive was  to  Stephenson's  engine. 


TEMPERING  OF  ALUMINIUM  BRONZES. 

According  to  A.  Portevin  and  G.  Arnou,  in  "  Comptes 
Rendus/'  aluminium  bronzes  containing  89-90  per  cent. 
Cu  consist  of  a  eutectoid  in  a  more  or  less  fine 
state  of  division ,  according  to  the  rate  of  cooling, 
and  an  excess  of  the  Cu-rich  a  constituent.  Heating 
for  a  sufficient  time  above  the  transformation  temperature 
followed  by  quenching,  results  in  the  disappearance  of  the  a 
constituent  and  the  structure  becomes  wholly  inartensitic,  re- 
sembling that  of  hardened  steels.  Experimeuts  have  been 
made  on  the  effect  of  tempering  on  the  structure  and  pro- 
perties of  two  industrial  alloys  containing  89-84  and  18*80 
per  cent.  Cu,  9  95  and  10*02  per  cent.  Al,  and  0  and  I'll 
per  cent,  of  Mn  respectively.  Brinell  and  Shore  hardness 
tests  made  on  quenched  specimens  subsequently  tempered  for 
10  mill,  at  temperatures  between  400。  C.  and  700。  C.  in  a 
molten  salt  bath  showed  that  up  to  400。  C.  the  hardness 
was  increased.  This  increase  was  accompanied  by  a 
diminished  elongation  in  a  tensile  test  and  an  increased 
fragility  under  shock.  Above  500。  C.  the  hardness  diminished 
to  below  its  original  value,  tlie  elongation  increased  and  the 
fragility  decreased.  Similar  phenomena  occur  in  hardened 
steels  and  bronzes,  all  of  which  exhibit  inartensitic  stnu'tures. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  puhlishedy  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
**  Mechanical  Engineer,^'  53,  New  Bailey  Street,  Manchester, 

MECHANICAL  1911. 

Economise rs  for  f nriiaoes  and  steam  boilers.    Reynolds.  775. 
Balancing  the  thrust  of  propeller  shafts,    Kiieen.  3615. 
Valve  mochanisin  of   iuterjuil combustion  engines.     Barker  niul 
Clarke.  8892. 

Conveyers.    Donald  &  Donald.    11257.  - 
Prevention  of  "over-windings"   in  niinfs.     Daglisli    &    Hect , 
11282. 

Gas  turbine.    Blake.  11289. 

Tnternal-conihustion    engines    having    rota  ry    v  alves.  Joufiret. 
11300. 

Rotary  internal-combustion  engines.    Tnshaw.  11340. 
Methods  of  raising  or  forcing  liquids.    Humphrey.  11527. 
Cooling  the  pistons  of  internal-combustion  engines.  Sheppard 

and  Shoppard.  11591. 
Automatic-  couplings  for  railway  vehicles.    Smith.    11 098. 
Apparatus  for  the  conversion  of  motion  according  to  one  law  into 

motion  according  to  another  law.    Barr  &  Stroud.  11772. 
Steering  gear  for  vessels.    Wykeham-Martin.  11878. 
Apparatus  for  measuritig  nieohanical    power    output.  Marks. 

12025. 

Wiriches.    Holloway.    12071 . 

Process  for  solidifying  petroleum  or  potrol.    Bladder.  12201. 
Mechanical  stoking  apparatus.    Neil.  12946. 
Water-tube  boiler.    Musgrave.  12953. 

Tools  for  scaling  tubes.     Boilers  Scalers,  Ltd.,   ami  Hiiiutley. 
12975. 

Couplings  for  railway  vehicles.    Wallaiuler.  13232. 

Apparatus  for  signalling  on  trains  and  for  stopping  trniiis.  Fvouig 

and  Kinzel.  14487.' 
Jaw  chucks.    Jackson.  14536. 

Construction  and  manufacture  of  \vronp;ht-nietal  wheels.  Challiner 

and  Challiner.  15701. 
Valve    mecliaiiisiii    of    internal-combustion    engines.  Sangster. 

16245. 

Starting  gas  ami  other  iiiternal-eoniljristiou    moloi's.  Hollamv. 
16287. 

Furnaces  for  extracting  volatile  metals  from  their  ores.  Zavel- 
berg.  16821. 

Explosion  motors.    Conaghy.    17628.  - 
Method  of  silencing  the  exhaust  gases  of  iiitornal-coiiilnist ion  en- 
gines.   Clarke.  17910. 
Sci'cnv- cutting  stocks  and  dies.    Frcy.  18032. 
Water-tube  steam  boilers.    Todd .  18635. 

Tiii[)r  icating-wheels  of  railway  and  trannvny.    Edgar  Allen  &  Co., 

and  Wells.    18714.  ' 
Gas  calorimeters.    Macklow -Snuth  &  1)uUl'ii.    1 9051 . 
Power-operated  throttle  and  stop  valves.    Alley.  19073. 
Distributing  valves  for  internal-combustion  engines.    Itala  Fahrica 

di  Automobili.    丄 9455. 
Carburetters  for  in tei-iial combustion  engines.     Austin.  19759. 
Gearing  of  wind- mills.    Fortescue.  21063. 

Process  and  apparatus  for  casting  metals.    De  Buigne.  21167. 

Barring  engines.    Hargreaves  &  Bruce.  21473. 

Friction  clutches.    Isfort.  21578. 

Rivet  or  bolt  bcheader.    Ogden.  21901. 

Tube  rolling  mills.    Stutiiig.  22180. 

Change-speed  gearing.    Bramley-Moore.  22459. 

Sand-blast  apparatus.    Sauer.  22668. 

Processes  and  apparatus  for  screening  ore.    Stanley.    22683 . 
Apparatus  for  cleaning  the  tubos  for  、、  aU'r  l"';iters  or  ectmoinisci-s. 

Evans.  24071. 
Pressure-equalising  devices  tor  fl uicLs.    J^eisert.  24143. 
Controlling  apparatus  for  fluid-pressure  motors.    H("t.  '24155. 
Manufacture  of  steel  bars.    Riley.  24389. 

Emergency  brake  for  tramcars.    McDorinid  &  Jen  son.  iM-W. 
Accessory  for  screw-cutting  lathes.    13 mi.    24881 . 
Mec'liaiiifiil  ore-roasting  furnaces.    Harris.    2.")  142. 
Starting  niechanisiii  for  internal conib ustioii  en<^ines.    I'aii"  li:iu(l. 
2548(). 

Hope-laying  inachiues.    Lake.  25507. 

Combined  steam  and  gas  generator.    ^Farischka.    25G84 . 

Hovorsiiig  gearing.    Biidde.  26004. 

Couplings  or  connections  for  flexible  tubing.    Price.  '2f)282. 

Coasting  apparatus.    Johnson.    26414  and  2041 7. 

A|)|)a ratus  for  generating  acetylene  gas.    Dargiio.  1?()(>34. 

Screw  propellers  for  aerial  navigation.    Soc.  Anon,  des  Ateliers 

(I' Aviation  Louis  Hreguot.  27021. 
Lit'tinjx  jacks.    Dimlap.  2715(3. 


Production  of  high-grade  steel  and  slag,  rich  in  soluble  phosphates 
in  an  open  li earth  or  electric  furnace.  Deutsch-Lnxemburg- 
ische  Borgwerksund  Hutten  Akt.-Ges.  and  Vogler.  27400. 

Centrifugal  governors.    Bates.  27928. 

Water-cooled  rotary  distributing  valves  for  internal-combustion 

engines.    Itala  F ab rica  di  Automobili.  27932. 
Brake  apparatus  for  railway  vehicles.    O'Donnell.  28979. 
Ilotai-y  motors.    Bucher.  29002. 

MrtMllic  packings  for  pistons  and  rods,    lied  ford.  29350. 
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Train-signalling  systems.    Siiuleliaiul  &  Wotifky. 
Spring  coupling  for  shafts.    Robert  Bosch.  439. 
Ball  bearings.    Deutsche  Waff  en  und  Munitionsfabriken.  2323. 
Apparatus  for  starting  internal-combustion  engines.  Unterberg 

and  Helmle.  2865. 
Toothed  reduction  gearing.    Westiiigliouse.    3205  an  J  6822. 
( V>iitr()llimg  mefhanism  for  hoisting  apparatus.    Hocoat.    3435. »^ 
Piston  draining  device.    Schmidt,    of) 45. 

Profoss  for  hardening  Imv-carbon  steel.    Geh.  Scliubert.  o702. 
Means  for  securing  railway  rails  to  sleepers.    Haarnianu.  6oG0. 
Tool  for  use  in  making  joints  in  driving  belting.    Giuin.  7329. 
Apparatus  for  testin^i;  air  and  gases.    Arndt.  8199. 

ELECTRICAL,  I91K 

Electric  welding  or  soldering.    Kj  ell  berg.  3762. 
Kleotric  switches.    British  Thomson-Houston  Company,  and  Wed- 
more.  3877. 

Method  of  and  means  for  varying  electrionl  capacity  and  induc- 
tion.   Iseiithal.  11209. 

Electro-magnetically  operated  devices  for  controlling  electric  cir- 
cuits.   British  Thonisoii-Honston  Com p:ui y.  11349. 

Systems  of  electric  motor  control.  lirit isli  'rhonison-Hoiiston  Com- 
pany.   1 1351. 

Electric  lighting  of  motor  road  vehicles.    Grafton.  13888. 
Electric  motor  starters.    Barbour.  14032. 

8 w  itches  for   rontrolliiig  the  electric  lighting  systems  of  nuto- 

mohiles.    Brooks  &  Holt.  15508. 
Arc  lamps.     Engineering  and  Arc  Lamps,  Ltd.j   and  】）（>、、  (1**11. 

16678. 

Distributors  of  magneto-electric  machines  for  inteniiil  ((miljustidii 

engines.    Brooks  &  Alston.  16878. 
Jloversing  switches  for  electric  motors.    Eastern  Lilt  Coin[)aiiy.  mikI 

Huggett.    16919.  ' 
Telegraphic  systems.    Faiclla.     1 7】 51. 

Telephones.  G、v("<lz.  17278,  17300，  17429.  17o30,  17587,  i:W:>， 
and  17820. 

Electrical  switches.    Railing  &  Ide.  18584. 
Eloctrio-niotor  driving  for  machine  tools.    Feyer.    101 02. 
Pitig  and  socket  connections  for  electric   circuits.     Lucas  ami 
Jenkins.  21419. 

1912. 

Mounting  of  filaments  for  incandescent  elootric  In  nips.  Doiitsolio 

Gasoluliliclit  Akt.-Ges.  (Aiiorges.).  873. 
Telephone  exchange  systems.    Jensen.    4984  and  5877. 
Electrodes  for  arc  lamps.     British  Thonisou-Houstou  (\)in pauv. 

6500. 


METAL  QUOTATIONS. 

TUESDAY,  JI  XE 她 

Aluminium  ingot  *   07/-  per  cwt. 

"         wire,  according  to  sizes,  &c  fnun  102/-  " 

，，         sheets        ，，  ，，    ，，  120/-  ,， 

Antimony   £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    8 id.  per  lb. 

，， tubes  (brazed)    lOJd. ，, 

"       ，，      (solid  drawn)   Od.  " 

，，       ，，      wire   8|(i.  ，, 

Copper,  Stand  a  rd   £77/10/-  per  ton. 

Iron,  Cleveland   .~>3/"4  .. 

,， Scotch   

Lead,  English    £17/5/-  .. 

，， Foreign  (soft)    £10/17/<i  ,. 

Mica  (in  original  cases),  small   (kI.  to  2/-  per  lb. 

"  "  ，,       imHlium   2/6  to  4/-  ，， 

"  "  ，'       large    4/6  to  8/6  ,， 

Quicksilver   £8/5/-  per  bottle 

Silver   per  oz. 

Spelter    £2，V2/';  per  ton. 

Tin.  block   £203/-/-  ，， 

Tin  plates   U/i)  " 

Zinc  sheets  (Silesian)   £29/-/-  ，， 

，，  (Stettin;  Vieille  Montague)   £29/7 /ft  „ 
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^=FLEXIBLE— 
METALLIC  TUBING 

UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,  Highest  Pressures,  Oil  Pumping, 
Air,  Qas,  &c. 


THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  ：  PONDERS  END,  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C 


The  "PERFECT"  VISE 


E.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ::        ::        ::       ::  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；  Member  of  the  Institution  of  Mechanical  Engineers 
Associate  Member  of  the  Institution  of  Civil  Enginetrs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dyuamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Kigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Engine?.  Fuel  Testing.  The  Analysis  of  Flue 
Gases.  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester. 


Telegrams :  "Scientific,'*  Manchester. 
Telephone  No.  8628  Central. 


SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  per  annum,  post  free. 
Anywhere  Abroad : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  "  ,，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Water  Supply. 

The  summer  meeting  of  the  Institution  of  Water  Engineers, 
held  last  week,  directs  attention  to  the  subject  of  water 
supply,  especially  water  supply  for  town  service.  Last  year, 
with  its  long  drought,  brought  the  importance  of  this  subject 
home  to  both  engineers  and  laymen  with  a  directness  which 
has  not  been  without  its  effect.  Steam  users  found  their 
boiler  feed  water  deteriorating  in  quality  and  their  cleaning 
ami  repair  bills  rising  in  consequence  ；  whilst  the  boiler 
insurance  companies  foinul  it  necessary  to  strengthen  the 
stringency  of  their  inspections  and  the  plainness  of  their 
warnings  against  the  use  of  bad  feed  waters.  Town  supplies 
were  also  seriously  tried,  with  the  result  that  this  year  finds 
an  unusually  large  number  of  waterworks  contracts,  par- 
ticularly pumping  contracts,  being  placed. 

This  last  few  years  have  witnessed  a  considerable  advance 
in  the  science  of  water  supply.  There  has  been,  for  instance, 
a  growing  recognition  of  the  fact  that  water  is  supplied  not 
merely  as  a  drink,  but  also  very  largely  as  an  instrument 
of  industry.  This  broadening  of  the  outlook  has  been 
accompanied  by  a  striking  advance  in  the  science  of  water 
purification,  so  tliat  the  needs  of  industry  cannot  be  said  to 
have  adversely  affected  the  vital  importance  of  the  lioaltli 
point  of  view.  On  the  other  hand  it  must  be  recognised 
that  waters  for  drinking  and  for  washing  and  industrial  uses 
are  not  necessarily  the  same  in  qu^ility,  and  the  question 
arises  whether  or  not  the  two  classes  ought  not  to  be  sepa- 
rated, a  relatively  small  supply  of  potable  water  of  liiidoubted 
purity  being  distributed  to  all  consumers,  together  with  a 
larger  supply  of  cheaper  water  for  other  purposes.  丄 ii  some 
cases  this  question  does  not  arise.  In  Manchester,  for 
instance,  the  water  is  of  first-class  quality  for  both  drinking 
and  general  purposes,  but  in  Paris  much  of  the  water  is 
drawn  from  contaminated  sources  and  has  to  be  specially 
purified  before  it  is  fit  for  drinking,  although  probably  all 
the  water  could  be  used  without  purification,  beyond  perhaps 
a  little  settling  or  filtration,  for  boilers,  washing,  and  general 
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iuclusirial  purposes.  A  somewhat  different  illustration  of 
the  same  problem  is  furnished  by  hard  waters  from  the 
chalk  districts.  The  general  opinion  among  medical  men 
is  that  these  waters  are  as  healthy  as  soft  waters,  although 
some  hold  that  they  encourage  gouty  diseases.  There  is, 
however,  no  doubt  whatever  that  for  industrial  purposes  a 
liard  water  is  seldom  as  good  as  a  soft  one.  If  softening  is 
adopted  it  is  simplest  to  use  the  softened  water  for  all  pur- 
poses, but  it  is  conceivable  thai  this  might  not  always  be 
the  case. 

There  is  uo  rule  as  to  the  suitability  of  various  sources 
of  water.    In  general  deep  wells  or  boreholes  and  mountain 
waters  are  good  for  drinking  ；  the  former  because  the  water 
is  thoroughly  filtered  before  entering    the    well,  and  the 
latter  because,  although  often  largely  surface    water,  it  is 
usually  comparatively  free  from  agricultural  coiitamiiialion 
There  are  exceptions,  and  it  by  no  means  follows  that  other 
sources  necessarily  give  impure  waters.  Further, a  water  may  be 
satisfactory  for  drinking  and  yet  unsatisfactory  for  other  pur- 
poses.    Deep-well  waters,  for  instance,  fu'e  often  hard  owing  to 
the  water  dissolving  various  salts   in  its  percolation  through 
the  rocks.   Mountain  waters  are  also  occasionally  hard,  and  not 
infrequently  impregnated  with  peaty  acids,   which  have  a 
corrosive  effect.    This  corrosive  effect,  it  may  be  noticed,  is 
very  marked  ou  lead,  so  that  moorland  waters  may  be  harl 
for  drinking  purposes,  and  artificial  hardening  or  neutralisa- 
tiou  with  lime  is  then  often  resorted  to  as  a  corrective,  par- 
ticularly in  order  to  remove  the  lead-solvency.      This,  for 
instance,  is  the  case  at  Burnley,  Wakefield,  Sheffield,  and 
other  northern  towns.    For  some  industries,  especially  bleach- 
ing and  dyeing,  a  clean,  soft  water  supply  is  necessary,  and 
llie  same  is  true  in  a  greater  or  less  degree  for  most  indus- 
trial purposes.    Au  exception  seems  to  be  found  in  certain 
supplies  which  are  almost  repulsive  in  their  filth.    Thus  the 
water  of  the  Irwell  and  Ship  Canal  at  Manchester,  uotoriousW 
liltliy  and  moderately  hard,  is  credibly  stated  to  be  of  excel- 
lent quality  for  boilers,  and  tales  are  told  of  boilers  using 
this  water  for  many  years  without  ever  requiring  internal 
inspection  and  cleaning,  beyond  simple  flushing  out.  Water 
softening  is  becoming  more  and  more  common,  although  as 
yet  maiuly  resorted  to  by  private  firms.    A  few  towns  soften 
their  water  supplies,  and  there  is  no  doubt  that  this  practice 
will  increase  when  the  great  value   of   softened    waters  is 
realised.    For  washing  of  all  kinds  the  water  must  either  be 
softened  artificially  before  use  or  by  the  soap  during  the 
washing  process.    To  remove  10°  of  hardness  requires  about 
171bs.  of  soap,  costing  four  or  five  shillings   per  thousand 
gallons.    Seeing  that  the  water  itself  probably  costs  between 
6d.  and  Is.  and  that  it  could  be  softened  iu  bulk  by  the 
supply  authority  for  about  Id.  or  2d.,  ii  is  clearly  higlily 
uneconomical  to  use  liard  water.    Further,  the  quality  of  the 
product  is  inferior  iu  colour  wlien  washed  in  hard  water. 
When  we  come  to  feed  water  for  boilers  it  is  not  quite  so 
easy  to  calculate  the  monetary  value  of  soft  water  as  com- 
pared with  hard,  but  there  are  certainly  tangible  advantages, 
especially  when  boilers  of  the  water-tube  type  are  used.  A 
good  deal  has  been  written  about  the  falling  off  in  efficiency' 
which  results  when  t  lie  l)ml(>r  lieatiug  surface  becomes  coated 
、viUi  a  moderate  iliiokiiess  of  scale  due  to  the  use  of  hard  or 
dirty  wat-er,  but  this  falling  off  is  generally  much  exagge- 
rated.   Still,  there  is  some  falling  ofT,  and  ii  can  not  be  satis- 
factorily overcome  except  by  a  removal  of  the  cause.  More 
iinportaut  disadvantages  attending  the  use  of  hard  feed  water 
are  the  increased  cleaning  required  by  tlie  l)()iler，  the  greater 
riyk    of    overheating    and    consociutMit    troubles,    and  tlie 
shortened  life  of  the  boiler.      Boilors  of  the  Lancashire  ur 


Cornish  type  suffer  least  from  hard  waters  because  tliey  cau 
be  more  readily  cleaned,  and  because  their  large  water 
spaces  are  less  restricted  and  circulation  retarded  by  deposit. 
Another  source  of  loss  which  has  often  to  be  incurred  when 
hard  water  is  used  is  that  occasioned  by  blowing  down  the 
boiler  at  periodic  intervals  in  order  to  reduce  the  concen- 
tratiou  of  the  dissolved  salts  and  the  precipitation  of  some 
of  tlieni.  Generally  t liere  is  now  a  strongly  growing  feeling 
in  favour  of  softening  hard  waters,  although  watcr-sofleuiiig 
is  not  without  its  difficulties. 

For  domestic  use  })urily  is  essential,  and  in  this  case 
purity  is  largely  a  matter  of  bacteriological  fondilion.  The 
science  of  water  purification  is  still  quite  young,  but  already 
great  steps  have  been  made.  Waters  which  are  tainted  with 
liarniful  bacteria  can  be  purified  by  storage,  filtration,  or 
by  chemical  and  otlier  treatments.  It  has  been  conclusively 
proved  that  storage  is  a  powerful  bacteriological  purifying 
agent,  and  hence  as  a  practical  measure  river  water,  which 
is  often  more  or  less  suspect,  may  be  first  passed  into  a 
reservoir  sufficient  to  hold,  say,  three  weeks  supply.  Filtra- 
tion, whether  by  slow  gravity  sand  filters  or  by  rapid  pressure 
filters,  also  has  a  remarkable  influence  on  the  more  harmful 
bacteria  in  water.  The  precise  nature  of  the  purifying  pro- 
cess is  still  a  matter  for  dispute,  but  the  facts  are  undis- 
putable,  and  with  care  liltraiion  will  purify  all  ordinary 
river  waters.  Chemical  treatment  of  water  has  to  be  care- 
fully cloue,  as  the  resultant  solutions  are  necessarily  extra- 
ordinarily weak  and  there  is  a  natural  tendency  to  overdose 
the  -  filter  beds  or  tanks  in  which  tlie  process  is  attempted. 
Allied  to  chemical  means  is  the  ozone  process,  in  wliicli  both 
bacteria  and  minute  orgauic  matters  are  destroyed  by 
bubbling  ozonised  air  through  the  water.  Recently  the 
actinic  light  rays  from  mercury-vapour  lamps  have  been 
successfully  employed  to  destroy  bacteria.  Willi  all  these 
inetliods  to  choose  from  it  is  now  possible  to  punl'y  ordinary 
river  waters,  even  when  distinctly  tainted  with  sewage,  and 
reiuler  tlieni  Ljuite  suitable  for  dnnkiug.  Trade  wastes 
offer  a  more  serious  problem.  Mainly  tins  problem  seems  to 
be  clieinical  and  only  occasionally  bacteriological,  aud 
altliough  chemistry  is  a  much  more  advanced  and  older  sc'ieme 
than  bacteriology,  in  this  braiicli  it  is  miit-li  in  the  rear. 
Still,  there  is  no  reason  to  think  thai  the  eud  of  progress 
lias  been  reached,  and  the  time  should  not  be  far  distant 
when  a  moderately  dirty  aud  impure  water  supply  cau  be 
effectively  purified  for  domestic  as  well  as  trade  use.  Katu- 
rally-pure  waters  will,  of  course,  always  be  sought  after,  but 
the  spread  of  industry  ami  population  tends  to  rest  net  the 
available  supplies,  whilst  at  the  same  lime  deniauding  au 
increase,  so  tliat  one  may  confidently  predict  tlie  perfection 
ami  extension  of  water  piirilication  and  the  freer  use  of  such 
waters  for  both  domestic  and  iudustrial  purposes. 


Mail  Train's  Excessive  Speed  at  a  Curve.  ―  There  has  just  been 
issued  LieuUMKuU-Coloiiei  E.  Druitt  s  roi>ort  on  his  euq uiry 
into  an  accident  which  occurred  at  Eaglestliffe  North  J  uiu- 
tioii  on  the  North-eastern  Railway,  on  April  5tli  last,  wlieu 
the  4-5  a.m.  mail  train  from  York  to  Newcastle,  after  passing 
the  junction,  left  tho  rails,  and  the  third  carriage  from  the 
engine  caught  lire.  One  passenger  coniplainod  of  being 
shaken,  and  the  guard  in  charge  of  the  train  suffered  from 
shock.  Colonel  Druitt  regardt^d  tlio  accident  as  due  to  the 
excessive  speed  of  the  train,  causing  the  rarriagos  to  rook  con- 
siderably going  round  a  sharp  curve,  aud  reooiinnrnded  that 
the  spet、d  tluougb  the  jiinctiou  should  not  exceed  15  to  20 
miles  an  hour. 
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THE  TROLLEY  VEHICLE  SYSTEM  OF  RAILLESS  TRACTION.* 

BY  HENKY  C.  ADAMS,  A.M.INST.C.E.,  M.I.M.E.,  A.M.I.K.K. 

{Concluded  from  page  704). 

The  "  R.E.T."  system  differs  considerably  from  all  ihv,  foreign 
systems  previously  (lescnl)ed.  It  was  designed  hy  the  Uail- 
less  Electric  Traction  Company,  now  tlie  R.E.T.  Ooiistruciion 
Company,  specially  to  suit  British  conditions,  and  was  first 
tried  on  tlie  experimental  length  at  Hendon  in  September, 

1909.  In  an  improved  form 
it  has  been  installed  by  this 
company  upon  the  only  two 
systems  at  present  working 
in  this  country,  namely, 
Leeds  and  Bradford,  and  is 
now  being  installed  at  Dun- 
dee and  Eotherham. 

The  positive  and  negative 
overhead  wires  are  placed 
parallel  about;  13+in.  apart 
and  21ft.  above  the  surface 
of  the  ground.  Four  wires 
are  provided  so  that  a  con- 
tinuous service  can  be  main- 
tained in  each  direction.  At 
Leeds  they  are  all  placed 
close  to  each  other  and  sus- 
pended from  18ft.  bmcket 
arms  ；  the  two  inside  wires 
being  positive  and  two  outer 
negative.  The  Bradford 
overhead  work  is  on  the 
span-wire  system.  The  cars 
are  fitted  with  double  trolley 
booms  of  the  under-running 
type,  and  placed  side  by  side 
as  shown  in  Fig.  12.  The 
weight  in  the  most  modern 
type  is  about  3  cwts.  These 
trolleys  permit  the  car  to 
deviate  within  a  width  of 
15ft.  on  either  side  of  the 
centre  of  the  wires  as  mea- 

FiG.  12.— K.E.T.  Construction  Company's  SUred  tO    the  Centre    of  the 

Double  tbolley.  vehicle,  but  longer  booms 

can  be  made  if  desired. 
The  cars  run  without  difficulty  with  the  trolley  boom  at  right 
angles  to  the  direction  in  which  the  car  is  travelling.  The 
tension  in  the  springs  is  rather  lower  than  usual  in  tramway 
practice  and  gives  an  upward  pressure  of  about  121bs.，  this 
being  all  that  is  necessary,  because  besides  the  usual  raising 
springs  there  are  additional  springs  working  in  a  horizontal 
plane  and  controlling  the  pivot  of  the  trolley  base  so  as  to 
relieve  the  trolley  wheels  of  excessive  side  pressure  and  to 
ensure  the  trolley  head  remaining  in  contact  witli  tlie  wires. 
Each  trolley  boom  is  capable  of  swinging  quite  independently 
of  the  other.  The  facility  with  whicli  the  cars  can  be  run  in 
and  out  of  the  traffic  and  the  rapid  swerves  across  the  road 
which  they  can  make  at  high  speed  without  displacing  the 
trolley  are  remarkable  and  one  would  liardly  expect  such 
perfect  flexibility  unless  they  had  actually  seen  the  system  at 
work.  The  only  difficulty  which  has  been  experienced  since 
the  lines  were  opened  was  at  the  terminal  circles  during  the 
first  few  days  and  before  the  drivers  had  become  accixstomed 
to  turning  the  cars  on  a  curve  approximating  to  thai  of  the 
overhead  work.  Fig.  13，  which  is  taken  from  the  "  Light 
Railway  and  Tramway  Journal,"  shows  a  car  drawn  up  to 
receive  passengers  on  the  opposite  side  of  tli«  road  to  that  on 
which  the  poles  are  erected. 

The  route  at  Leeds  is  3|  miles  long,  going  from  the  City 
Square  to  Upper  Moor  Top  at  Farnley,  Tlie  fare  for  the 
whole  distance  was  originally  3d.  but  is  now  2d.,  and  the 
journey  averages  24  minutes.  At  the  city  terniinus  the  cars 
pass  round  a  triangular  block  of  buildings  and  at  the  other 
end  the  overhead  wires  at  the  junction  of  two  cross  roads  form 
a  circle  around  which  the  cars  pass.  For  the  first  seven-eighths 
of  a  mile  the  trolley  omnibuses  pass  along  a  road  in  which  the 

*  Abstract  of  paper  read  before  the  Society  of  Engiuoers,  March  4tb,  1912, 
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trains  nm  and  on  this  section  the  omnibuses  use  the  same 
positive  wires  as  tlie  tramway  cars.  The  omnibuses  are  fitted 
with  a  skate  hinged  to  the  chassis,  and  consisting  of  a  rail 
(； leader,  a  brush,  a  guide  wheel  to  fit  the  groove  of  the  train 
rail，  and  a  copper  contact  pi 髮, by  means  of  wliicli  after  the 
negative  trolley  has  been  lowered,  the  return  current  can  be 
conveyed  to  the  tram  rails  wlien  it  is  desired  to  run  the 
omnibuses  along  a  tram  route  where  there  is  no  negative  wire. 
In  this  way  tlie  omnibuses,  using  one  boom  only,  can  run  over 
any  part  of  the  tramway  system.  The  skate  allows  a  maximum 
deviation  of  5ft.  on  either  side  of  the  rail  into  which  it  may 
be  fitt^fl.  Tlie  onmihuses  pass  under  four  railway  bridges 
varying  in  height  from  14ft.  9in.  to  16ft. 

The  route  at  Bradford  is  1^  miles  long  from  Laisterdyke  to 
Dudley  Hill  through  a  thickly  populated  district  and  connect- 
ing at  each  end  with  an  existing  tramway  service.  The  fare 
for  the  whole  distance  is  Id.  and  the  journey  occupies 
10  minutes.  The  cars  use  the  tramway  depot  at  Thornbury  ； 
the  omnibus  wires  being  suspended  from  tlie  bracket  arms 
carrying  the  tramway  wires  between  tlie  depot  and  Laister- 
dyke.  The  overhead  wires  form  a  circular  curve  at  the  Dudley 
Hill  end  of  the  route,  but  at  Laisterdyke  the  wires  form  an 
open-angled  triangle  at  the  intersection  of  a  branch  road. 
When  the  car  arrives  at  the  terminus  it  travels  round  one  side 
of  the  triangle  into  the  side  road,  then  the  trolley  booms  are 
changed  on  to  the  other  side  of  the  triangle  and  the  car  backs 
into  the  main  road,  where  the  trolley  booms  are  again  moved 
on  to  the  wires  forming  the  third  side  of  the  triangle,  when  it 
is  ready  to  commence  the  return  journey. 

The  motors  consist  of  two  Siemens  interpolar  traction 
motors  with  shunted  fields,  each  having  a  capacity  of  20  h.p. 
at  525  volts  and  a  speed  of  1,050  revs,  per  niiiiute  ；  being 
equivalent  to  an  omnibus  speed  of  10  miles  per  hour.  They 
drive,  by  means  of  a  propeller  shaft  and  worm  gearing,  on  to 
countershafts  parallel  with  the  rear  axle,  from  whence  the 
power  is  transmitted  to  the  wheels  through  a  case-hardened 
sprocket  wheel  and  roller  chain  enclosed  in  a  dust-proof  case. 
Each  motor  is  arranged  to  drive  on©  rear  wheel.  The  con- 
troller is  of  the  Siemens  series-parallel  magnetic  blow-out  type 
provided  with  special  arrangements  for  cutting  oui  either 
motor  as  desired,   but  having  no  provision  for  rlieoslatic 


Fig.  13.— Leeds  Cak  Drawn  Up  at  Side  of  Road. 

braking.  The  main  barrel  has  five  running  positions, 
namely  : ― 

(1)  Motors  in  series,  full  field,  resistance  all  out. 

(2)  Motors  in  series,  field  sliunted  50  per  cent  . 

(3)  Motors  in  parallel,  full  field,  resistance  all  out. 

(4)  Motors  in  parallel,  field  shunted  25  per  cent. 

(5)  Motors  ill  parallel,  field  shunt-ed  50  per  cent. 

There  is  one  important  provision  in  the  design  of  the  cars 
wliifli  may  be  pointed  out,  and  that  is  the  precaution  taken  to 
nullify  the  effect  of  any  leakage  of  current  wliioh  may  occur 
iu  some  uuexpect-ed  niauuer.    In  a  tramcar  all  metallic  parts 
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are  bonded  to  each  other  and  to  the  underframe,  whence  con- 
tact  is  made  through  the  wheels  to  the  rails  so  that  the  whole 
vehicle  is  maintained  at  the  same  potential  as  the  rails  ；  but  in 
a  trolley  omnibus  this  cannot  be  done,  as  the  rubber  tyres 
effectually  insulate  the  vehicle  from  earth,  therefore  all  hand- 
rails, &c.，  require  to  be  specially  insulated.  In  this  connec- 
tion it  may  be  mentioned  that  the  Railless  Electric  Traction 
Company  have  patented  a  system  of  three  overhead  wires  (two 
positive  and  one  negative)  and  special  trolley  head  wliicli 
ensures  that  the  car  can  be  kept  in  electrical  connection  with 
the  negative  wire,  and  the  wheel  selected  for  the  negative  con- 
nection cannot  come  in  contact  witli  tlie  positive  wire. 

The  chassis  isi  shown  in  Fig.  14.  The  wheels  are  32in.  and 
36in.  diam.，  of  artillery  pattern,  and  fitted  with  solid  rubber 
tyres,  single  on  the  steering  wheels  and  twin  on  the  rear 
wheels.  The  wheel  base  is  13ft. ，  and  width  between  centres 
of  rear  wheels  6ft.  Sin.    Tliere  are  two  mechanical  brakes,  one 


"  Fig.  14.— Side  Elkvation  and  Plan  of  Chassis  of  Kaii.less  Tr ^lt-ry  Cae 

operated  by  a  foot  pedal  and  acting  upon  a  drum  on  the 
countershaft  and  the  other  operated  either  by  foot  pedal  or 
hand  lever,  acting  upon  drums  on  the  rear  wheels,  with  a 
ratchet  arrangement  for  holding  the  brake  on  wlien 
desired. 

The  car  bodies,  which  were  built  by  Hurst,  Nelson,  &  Co., 
have  a  seating  capacity  for  28  persons  and  are  of  single-deck 
type.  The  entrance  to  the  Bradford  cars  is  from  the  rear, 
while  admission  is  gained  to  tlie  Leeds  cars  by  a  door  froiii  tlie 
driving  platform.  This  latter  was  to  obviat^  tlie  necessity  for 
a  coiuluctor,  but  tlie  service  has  proved  so  popular  tliat  it  has 
been  found  desirable  to  carry  a 】nan  to  collect  the  fares.  &c. 
The  seats  are  arranged  so  that  the  passengers  face  in  the  direc- 
tion they  are  travelling.  The  driver's  platform  is  enclosed 
and  provided  witli  adjustable  side  windows  and  hinged  wind 
screens,  while  the  space  enclosed  by  the  dash  is  water-tight,  and 
affords  room  for  passengers'  luggage.  The  weight  of  tlio  latest 
type  of  car,  unloaded,  is  3  tons  12  cwts.,  and  when  loaded, 
about  5  tons.  They  are  20ft.  Sin.  long,  and  liave  an  overall 
width  of  7ft.  The  height  to  the  driver's  platform  is  3ft.  Gin. 
and  to  the  top  of  the  vehicle  10ft.  Sin.  '  The  Bradford  cars 
have  been  fitted  with  shock  absorbers,  consisting  of  four  spiral 
springs  under  the  body  of  tlie  car,  one  at  each  corner.  A  side 
view  of  a  Bradford  car  is  shown  in  Fig.  15.  Tlie  current  con- 
sumption oil  ihe  Leeds  route  is  0.87  unit  per  car  】nile,  while  on 
the  Bradford  route,  wliich  lias  steeper  gradients,  it  is  0'9a  unit 
per  car  mile  inchidiiifr  all  transmission  losses. 

As  regards  capital  cost  there  is,  as  would  be  expected,  con- 


siderable variation  in  the  figures.  The  first  eight  systems 
installed  by  the  Mereedes-Stoll  Company  up  to  January,  1911, 
aggregate  a  route  length  of  17'26  miles  and  are  worked  by 
30  cars  each  capable  of  seating  from  18  to  24  passengers.  The 
total  capital  invested  in  these  lines  amounts  to  £48,500,  being 
at  the  rate  of  £2,800  per  】Tiile，  or  <£1 ,600  per  vehicle,  but  it 
must  be  remembered  that  should  the  traffic  increase,  additional 
vehicles  can  be  put  on  the  road  for  a  further  capital  expendi- 
ture of  say  <£600  each. 

The  total  capital  cost  of  tlie  line  from  Ludwigsburg  to 
Wurtemburg,  working  on  the  Lloyd-Koliler  system,  amounted 
to  £1G,000,  being  at  the  rate  of  £1,843  per  mile,  or  £2,000  ]>er 
passenger  vehicle.  The  company  estimates  the  cost  of  a 
scheme  as  follows  :  Overhead  work,  £900  to  £1,100  per  mile  ； 
cars,  £900  to  £975  each  ；  trailers  £340  to  £380  each  ；  garage 
and  workshop,  £400  to  £700. 

The  estimated  capital  cost  of  the  proposed  scheme  at  Aber- 
deen for  a  route  1  mile  33  yards 
long  and  2  cars  is  £3,050,  being 
equal  to  £3,000  per  of  route, 
or  £1 ,525  per  vehicle. 

The  estimated  cost  of  coii- 
striictioii  at  Nuneaton  is  £9,000 
for  a  route  of  3|  miles  and  4  rars, 
being  equal  to  £2,400  per  mile  of 
route,  or  £2,250  per  vehicle  run- 
ning. 

The  capital  expended  on  the 
O-mile  route  at  Drammen  was 
£8,000,  being  equivalent  to 
£1 ,600  per  mile.  The  overhead 
wires  are  carried  on  spaii  wires 
between  the  houses,  and  where 
this  method  is  not  convenient 
then  on  timber  masts  with  side 
brackets. 

The  cost  of  3]  miles  at  Ranis- 
bottom  is  estimated  at  about 
£9,250,  being  at  the  rate  of 
£2,846  per  mile  including  over- 
head equipment,  3  cars,  depots, 
shelters,  and  incidental  expenses, 
against  £28,000  (£8,600  per  mile) 
for  a  system  of  electric  tramways. 
Including  the  generating  station, 
the  cost  will  he  £1 6,150,  whicli  is 
equivalent  to  £4,969  per  mile  of 
route. 

At  Stockport  tlie  railless  trac- 
tion sclieme  is  estimated  to  cost 
£11,000  (of  which  £7,000  is  for 
tlie  overhead  equipment),  against 
£20,0000  or  £25,000  for  electric  tramways.  、 

Judged  from  the  standpoint  of  seating  capacity  the  price 
of  railless  vehicles  is  liigh,  due  perhaps  to  some  extent  to  the 
high  standard  of  luxury  we  have  been  trained  to  expect  in 
public  vehicles,  and  to  the  small  number  of  them  requiued  at 
present.  The  price  charged  for  a  Railless  Electric  Traction 
Company's  oiiniibus  having  a  sea-ting  capacity  for  IG  passen- 
gers is  £600，  for  24  passengers  £675,  for  28  passengers  £700, 
and  for  30  passengers  £750.  The  California  open-tvpe  cars, 
seating  1 G  passengers,  weigh  about  1  ^  tons,  unloaded,  and 
cost  £520.  The  cost  of  an  oniiiibus  of  the  Mermles-Stoll  type 
seating  from 〗8  to  24  passengers  is  about  £600.  Tlie  cost  of  a 
well-finished  vehicle  to  seat  24  and  mounted  on  a  ••  Brush 
cliassis  is  approxiinatelv  £750. 

The  cost  of  obtaining  the  necessary  Parliamentary  powers 
depends  entirely  upon  the  amount  of  opposition  offered  to  the 
Bill  ;  it  might  vary  between  say  £400  and  £5,000.  Reason- 
able periods  to  allow  for  the  repayment  of  the  cost  of  instal- 
lation would  be  as  follows.  The  i-ost  of  the  Bill.  5  vears  : 
vehicles  10  to  15  years  ；  overhead  eq uipinent  and  passenger 
street  shelters,  20  to  30  years  ;  lands,  buildings,  and  under- 
round  cables.  40  vears. 

Ample  data  exist  as  to  the  cost  of  running  railless  srliemes 
abroad,  but  the  extent  to  which  similar  results  will  be  realised 
i"  this  country  is  more  or  less  a  matter  of  conjecture,  as  the 
only  figures  available  are  those  relating  to  Leeds  and  Bradford 
and,  interesting  and  useful  tliougli  they  are,  it  must  】iot  be 
forgotten  that  they  cover  only  a  short  period.    The  receipts  at 
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Leeds  (R.E.T.  system)  have  been  at  tlie  rate  of  1 0'75(1.  per  car 
mile  while  the  rimning  costs  are  4'50d.，  and  the  lixed  charges, 
including  interest,  sinking  fund  and  depreciation  1'80(1.， 
making  a  total  of  6*30d.  per  car  mile  and  showing  a  net  profit 
of  4*45d.  per  oar  mile.  The  receipts  at  Bradford  have  been 
8*25d.  per  car  mile  and  the  costs  60fl.，  showing  a  profit 
of  2-25d. 

Strict  caution  has  characterised  the  estimates  of  the  cost 
of  working  and  of  the  probable  receipts  for  schemes  projected 
in  this  country  ；  tlie'  one  generally  being  taken  as  approxi- 
mately balancing  the  other,  with  very  little  margin  for  repay- 
ment of  capital  charges.  The  point  is,  of  course,  that  tlie  pro- 
posed routes  are  very  thinly  populated  at  present,  but  it  is 
expecied  that  the  provision  of  travelling  facilities  will 
encourage  tho  development  of  the  districts  tlirougli  whicli  the 
omnibuses  pass,  and  the  systems  will  ultimately  prove  fully 
remunerative. 

The  number  of  passengers  carried  per  car  mile  is  generally 
low  ill  railless  schemes,  the  principal  reason  being  that  only 
single-deck  cars  are  used,  having  a  maximum  possible  seating 
capacity  of  about  28.  These  are  amply  large  for  ordinary 
working,  but  during  the  rush  hours  the  capacity  is  too  limited 
for  the  number  then  carried  to  raise  the  average  to  any  con- 
siderable extent  ；  consequently  the  margin  between  receipts 
and  working  expenses  will  in  many  cases  be  small,  and  very 
careful  management  will  be  necessary  to  ensure  financial 
success.  The  general  passenger  fares  proposed  to  be  autho- 
rised in  the  various  Bills  before  Parliament  are  at  tlie  rate 
of  2d.  per  mile.  To  a  certain  extent  some  improvement  in  the 
returns  might  be  effected  by  putting  on  extra  vehicles  for  an 
hour  or  so  when  required,  but  it  involves  capital  lying  idle 
during  a  great  part  of  each  day.  Another  objection  to  single- 
deck  vehicles  is  the  absence  of  any  accommodation  for  smokers, 
but  this  could  be  overcome  by  forming  two  compartments  as  is 
proposed  in  the  Rotherham  cars,  or  by  constructing  an  open 
platform  at  one  end  of  the  omnibus,  as  is  done  in  some  of  the 
vehicles  on  the  Continent.  The  Board  of  Trade  have  not 
hitherto  favoured  double-deck  vehicles,  but  in  the  Hove  Cor- 
poration Bill,  and  doubtless  in  others,  it  is  sought  to  obtain 
powers  to  run  sucli  vehicles. 

Trailer  cars  are  used  to  a  considerable  extent  on  the  Conti- 
nent in  connection  with  trackless  systems  ；  but  although  the 
London  County  Council  are  seeking  powers,  during  the  cur- 
rent session,  to  run  trailers  with  the  tramcars  it  is  very 
doubtful  whether  such  a  course  would  meet  with  any  support- 
in  a  trolley  omnibus  scheme,  at  least  at  the  present  time. 
With  trailers  a  tracking  arrangement  should  be  fitted  so  that 
they  accurately  follow  all  curves  and  windings  of  the  tractor. 

It  is  now  generally  conceded  that  owing  to  the  smoother 
running  of  an  electrically-driven  vehicle  the  tyres  wear  better 
in  such  case  than  on  a  petrol-driven  vehicle  of  equal  weight. 
The  Railless  Electric  Traction  Company  state  that  the  tyres  on 
their  vehicles  will  be  maintained  in  perpetuity  at  a  charge  of 
Id.  to  2d.  per  car  mile,  dependent  upon  the  route  and  the 
nature  of  the  road  surfaces.  Alternatively  a  set  of  new  tyres 
would  cost  from  £65  to  £95  respectively.  The  author  is 
informed  that  one  of  the  largest  tyre  companies  has  under- 
taken to  maintain  the  tyres  on  any  of  the  Trackless  Trolley 
Company's  omnibuses  (Mercedes-Stoll  system)  running  on 
reasonably  good  roads  at  the  rate  of  Id.  per  car  mile .  On  the 
Kalksburg  line,  2*4  miles  long,  worked  on  this  system,  and 
having  a  maximum  gradient  of  only  1  in  50，  it  appears  from 
the  report  of  the  superintendent  that'  it'  has  only  been  neces- 
sary to  replace  the  rear  tyres  on  two  of  the  four  22-passenger 
cars  after  having  run  28,000  and  24,000  miles'  respectively. 
The  tyres  on  the  other  two  cars  were  still  in  good  condition 
after  having  run  22,000  and  17,000  miles  respectively.  The 
Llo3^d-Koliler  Company  guarantee  their  tyres  to  run  12,500 
miles,  but  the  average  distance'  actually  run  by  the  tyres 
before  renewal  has  been  over  15,500. 

It  has  been  mooted  by  some  District  Councils  tliat  wliereas 
tlie  construction  of  a  tramway  reduces  the  cost  of  maintenance 
of  a  road,  a  railless  traction  scheme  would  considerably 
increase  tlie  cost .  Of  course  if  a  private  tramway  company  is 
called  upon  to  maintain  a  width  of  say  16ft,  out  of  a  30ft.  road, 
it  does  not  leave  iiiucli  for  the  Local  Authority,  and  it  is 
obvious  that  the  cost  to  the  rates  is  reduced,  but  the  total  cost 
is  not  usually  affected  to  any  appreciable  extent.  It  is  well 
known  that  the  cost  of  maintaining  country  roads  has  con- 
siderably increased  since  the  advent  of  motor-cars,  the  reason 


being  that  the  common  nietliod  of  construction  was  unsuitable 
for  such  traffic.  Now  instead  of  prohibiting  the  use  of  motors, 
the  roads  in  all  parts  of  the  country  are  being  formed  to  carry 
t'lieni  ；  and  any  road  which  can  do  this  satisfactorily  can  also 
carry  the  light  trolley  oiiiiiibuses  without  further  addition  to 
tlie  cost  of  maintenance.  It  is  reported  that  certain  payments 
for  the  use  of  the  road  liave  been  demanded  in  some  places,  as 
for  instance  ^d.  per  car  mile  in  Rotherham  by  the  West 
Riding  County  Council,  id.  per  car  mile  in  Brighton  by  the 
Sussex  County  Council,  while  at  Keigliley  the  Rural  District 
Council  are  asking  for  payment  by  the  Town  Council,  and  in 
connection  witli  the  Stock  port  scheme  tlie  Marple  U.D.C,  sug- 
gest that 圣 d.  per  car  mile  should  be  allocated  to  the  respective 
highway  authorities  for  the  maintenance  of  the  roads.  This 
point  was,  however,  fought  very  hard  in  the  Aberdare  Bill  in 
l3oth  Houses  of  Parliament,  and  in  neither  case  would  the 
Committee  insert  a  clause  requiring  payment  for  the  use  of  the 
roads.  The  petrol  tax  works  out  at  about  ^^^d.  per  mile  in  the 
case  of  】notor  buses,  which  are  very  much  heavier  vehicles. 

It  may  be  said  that  t  lie  principal  rivalry  is  between  the 
motor  omnibus  and  the  trolley  omnibus,  because  in  many  cases 


Fig.  15. — Side  View  of  Bradford  Cab. 

financial  considerations  alone  would  prohibit  the  construction 
of  tramways.  The  main  points  to  consider  are  the  capital 
cost  of  installation,  the  cost  of  working  and  maintenance, 
reliability,  and  the  public  convenience.  The  author  will  con- 
tent himself  by  giving  utterance  to  the  safe  and  by  no  means 
novel  statement  that  there  is  no  one  method  of  traction  that 
can  be  adopted  with  success  under  all  conceivable  circum- 
stances. Each  has  its  advantages,  but  which  is  the  best  to 
adopt  in  any  particular  case  cau  only  be  arrived  at  after  a 
careful  investigation  of  all  local  conditions  and  with  an  inti- 
mate knowledge  of  the  possibilities  of  the  various  systems  ； 
and,  further,  it  by  no  】neans  follows  that  the  results  obtained 
ill  one  town  will  prevail  in  another.  This  system  can  be 
installed  for  a  capital  expenditure  of  about  one-third  to 
one-fifth  of  that  required  iu  the  case  of  an  ordinary  overhead 
tramway  system  ；  and  while  the  cost  of  maintenance  of  the 
road  will  not  be  unduly  increased,  and  will  continue  more  or 
less  constant  from  year  to  year,  it  must  not  be  forgotten  that  a 
tramway  track  requires  entire  reconstruction  from  time  to 
time.  On  the  other  hand,  the  cost  of  maintenance  of  the 
vehicle's  with  their  rubber  tyres  would  be  higher  than  in  the 
case  of  tramcars,  and  more  electrical  current  would  be  con- 
sumed per  passenger  carried. 


French  Submarine  Disaster. ― Another  was  added  on  Satur- 
day last  to  tlie  long  list  of  siibniariue  disasters,  tlie  French 
boat  "Vencleniiaii'e"  being  cut  in  two  by  the  battleship  "St. 
Louis"  while  engaged  in  battle  practice  off  Cherbourg.  The 
vessel  was  totally  lost  with  her  crew  of  26.  She  sank  in 
about  28  fathoms  of  water,  and  it  is  feared  that  there  is  uo 
hope  of  salving  the  wreck. 
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THE  ELECTRIC  FURNACE  AND  HIGH-GRADE  STEEL, 

liY  WILLIAM  K.  WAI.KER. 

In  tlie  manufacture  of  steel  by  either  tlie  Bessemer  or  open- 
hearth  process  it  is  very  difficult  to  remove  the  last  traces 
of  oxygen.  In  the  basic  Bessemer  process  the  overblown 
metal,  which  is  an  extreme  case  of  oxidation,  contains  only 
O'OG  per  cent,  of  oxygen.  Oxygen  in  combination  with  car- 
bon (carbon  monoxide),  silicon,  iron,  aliuainimn,  and  man- 
ganese, and  also  the  combinations  of  silicates  with  these 
oxides,  are  very  deleterious  in  steel. 

My  investigations  lead  me  to  believe  that  in  the  manu- 
facture of  steel  for  tlie  so-called  heavy  products  and  steel  that 
is  produced  in  large  quantities,  a  combination  of  either  the 
acid  or  basic  Bessemer  converter  and  the  electric  furnace  will 
take  a  very  prominent  place.  With  this  combination  it  is 
possible  to  produce  steel  extremely  low  in  oxygen  and  other 
impurities  at  a  cost  that  will  not  be  prohibitive. 

At  the  present  time  tliere  are  over  70  electric  furnaces 
of  various  types  producing  electric  steel  in  Europe  and 
America.  These  range  in  capacity  from  1  to  15  tons.  There 
is  now  under  construction  in  Germany  a  furnace  of  25  tons 
capacity.  A  number  of  these  furnaces  are  competing  success- 
fully with  crucibles  in  the  manufacture  of  very  high-grade 
steel. 

Generally  speaking,  electric  furnaces  may  be  divided  into 
two  groups:  (1)  Induction  furnaces,  in  which  the  heat  is  sup- 
plied by  a  current  induced  in  the  bath.  (2)  Arc  furnaces,  in 
which  the  arc  is  struck,  either  between  an  electrode  and  the 
metal  in  the  bath ,  or  between  two  or  more  electrodes,  so  as 
to  heat  the  metal  only  by  radiation  from  the  arc. 

In  operating  the  electric  furnace  at  the  present  time,  the 
most  prominent  niethods  or  combinations  are  as  follows : ― 
― 1  ■  Oxidation  of  silicon,  carbon ,  and  manganese  in  an 
acid-lined  Bessemer  converter,  and  removing  the  phosphorus 
in  the  basic-lined  electric  furnace  with  an  oxidising  slag  ami 
then  recarburising,  and  with  the  aid  of  manganese  and 
carbon  and  a  new  reducing  slag  removing  oxygen  and  sulphur 
and  dead  meltinp'  as  in  the  crucible  process. 

2.  Removal  of  silicon,  carbon ,  manganese,  and  phosphorus 
in  a  Basic-lined  Bessemer  converter  and  further  removing^ 
phosphorus  (if  desired^  in  the  basic-lined  electric  furnace  with 
an  oxidising  slag,  and  then  with  the  aid  of  mangfanese  and 
carbon  and  a  new  reducing  slag  removing'  oxygen  and  sulpliur 
and  (lead  melt  in    as  in  the  criici})le  process. 

3.  Removal  of  silicon,  carbon,  manEranese,  ami  phosphorus 
in  the  hasic  onen-lieartli  fnrnnce  and  then  recarburising, 
and  in  tlip  basic-lined  electric  furnace  with  the  aid  of  iTiaii- 
eranese  and  carbon  and  a  new  reducinp^  slag  removing  oxygen 
and  snlnlinr,  and  dead  melting  as  in  the  crucible  process. 

A,  ATelthip'  of  cold  scrap  of  inferior  Qualit-v  in  a  basic 
lined  electnV  furnace  ；  removine;  pliospliorus  with  an  oxidis- 
insr  slaor  and  then  recarburising  and  with  the  aid  of  man- 
ganese anf^  carhon  ami  with  a  new  reducin?  slasr  r*^rnovincr 
ows^en  and  sulphur,  ami  dend  melting  as  in  the  crucible  pro- 
cess. 

^.  M^^Hing  luVh  prade  mnfprials  in  ilie  eleotriV  furnaco  and 
flenrl  meHinJT  as  5n  the  rnicihle  process. 

Tlie  pliosnliorus  is  rpmo、7wl  in  tlie  l>nsiV'  pl"('tri('  furnace  in 
令 he  same  manner  as  in  flip  V»nsir  Anen-henHli  furnace — that  is. 
bv  iht^  use  of  lime  :，tu1  oxule  of  iron  —；' ml  i  lio  vepultine  sla" 
c'ontniTiiticf  "、。  T)hos，、lionis  i、  ，- amoved  and  ^  n si"?  formerl 
('onsis*-incr  of  liurn*"  lirria  pi、（l  Huorsnar  :  anrl  when  tlie  slar^  is 
^pltprl.  coke  flust  is  "(kWl,  、vliid，，  cominsr  in  contact  with  tlip 
limp  in  tliA  slac  and  the  eWl^ric  ^^c.  nrodurps  carbiHe  of 
pal(、i，im.  Tlie  frfte  oRrbon  aiirl  po<?ftiblv  tl^*^  carbide  of  calri"rn 
ni  Mio  ^]f\(r,  wiili  tlie  aid  of  carhon  ntid  manganese  in  the 
bat li.  eliminates  the  oxypen  from  the  steel . 

As  com narpfl  witli  the  "Bp^^p^^mer  ainl  basic  opeii-^en rili 
processes,  tlie  electric  lins  the  followiiiqr  ndvaTitasres  :  (\)  The 
more  rompVte  r^movnl  of  ovvo-en .  (2^  Tlie  ahsenoe  of  oxiH'*^ 
pq"serl  bv  flip  arldUions.  sncli  as  silicon »  rnaneanese.  A'O.  (^^ 
Til"  prorltirtion  of  elertric  sf^^el  I'nTO*^  of  8  tons  in  wei*^l、t 
"，ul  sninller  +1iaf  nro  pract  icnllv  free  from  s'^fTrPP'ntioM .  "1、 
卩 pducHon  of  sulnlnir  to  O*00n  ner  cent.,  if  dosirpd.  (^5、 
"RerhWioii  of  pliospborus  to  0-005  per  cent.,  as  m  the  basic 
open -hearth  process,  but  with  tlie  complete  removal  of  oxveen. 

•  Paper  read  at.  Iho  Now  York  meeting  of  the  American  Iron  an<1  Stool  Institute. 
May.  1912. 


As  evidence  of  the  reducing  properties  of  the  slag  in  the 
basic  electric  furnace,  it  lias  been  found  that  if  oxide  of  man- 
ganese and  oxide  of  iron  are  thrown  on  the  molten  slag,  the 
oxides  are  reduced  to  the  metallic  state  and  the  reduced  metal 
goes  into  the  bath.  Blown  metal  from  the  acid  Bessemer 
converter,  containing  only  O'lO  to  0'20  per  cent,  manganese, 
has  been  completely  deoxidised  in  tlie  electric  furnace  with- 
out addition  of  manganese  or  aluminium,  the  usual  amount 
of  silicon  being  added  in  tlie  steel  ladle.  Rails  made  from 
this  steel  are  now  in  service.  The  composition  of  one  heat  of 
this  steel  is  as  follows  ： ― 

Per  Cent. 

Carbon    '55 

Manganese    '13 

Sulphur    017 

Silicon    '19 

Phosphorus    '022 

These  rails  are  comparatively  soft,  but  are  showing 
superior  wearing  qualities  compared  with  the  Bessemer  rails 
in  the  same  track  and  under  the  same  service  coiulitioiis. 

Electric  steel  ingots  crack  nuK'li  less  in  rolling  than  either 
Bessemer  or  basic  oj)eii-liearth  steel.  Cold  electric  steel  ingots 
wlien  heated  and  rolled  into  rails  roll  extremely  well. 

At  the  present  time  there  are  approximately  5,600  tons 
of  standard  electric  steel  rails  in  service  in  the  United  States. 
These  rails  liave  been  in  tlie  track  about  two  years.  During 
the  past  winter  some  of  these  rails  have  been  subjected  to 
very  low  temperatures ― in  some  cases  as  low  as  52。  below  zero, 
Fall.,  and  are  being  exposed  to  all  the  possible  conditions  of 
severe  service.  It  is  too  early  to  say  mucli  about  the  wearing 
qualities  of  these  rails,  but  from  present  indications  it  would 
appear  that  rails  made  by  the  basic  electric  process  can  be 
made  somewhat  softer  tlian  by  either  the  Bessemer  or  basic 
open-lieartli  process  and  show  highly  satisfactory  wearing 
qualities.  Up  to  the  present  time  we  have  not  heard  of  any 
basic  electric  rails  in  use  in  this  coniitrv  being  broken  in 
service. 

For  experimental  purposes  T  liave  had  made  a  small  ton- 
nage of  electric  steel  rails,  which  have  varied  in  analysis  as 


follows : —— 

Per  Cent. 

Carbon    0*50  to  0-75 

Manganese    0*13  to  O'SO 

Silicon    010  to  0-40 

Phosphorus    0*02  to  0  06 


On  account  of  tlie  wide  variation  in  the  chemical  com- 
position of  tliis  steel,  it  would,  in  a  paper  of  tliis  nature  and 
with  the  limited  time  at  my  disposal,  be  difficult,  without 
going  into  considerable  detail,  to  discuss  the  physical  pro- 
perties of  these  rails.  It  nuglit-  be  stated,  however,  that 
electric  steel  of  a  given  tensile  strength  has  a  sli^htlv  s^r eater 
amount  of  elongation  tlian  basic  open-hearth  steel,  and  th«it 
electric  steel  is  somewliat  denser  tlian  basic  open-hearth  or 
Bessemer  steel.  With  the  electric  furnace  it  is  possible  to 
produce  steel  which  when  magnified  1,000  diameters  shows  no 
oxides  or  slag  enclosures. 

As  high-grade  electric  steel  can  be  produced  at  a  lower 
cost  than  crucible  st-eel,  there  li<is  been  a  gradual  increase  in 
tlie  production  of  electric  steel  for  certain  purposes  where 
crucible  steel  was  formerly  employed  and  where  it  has  heen 
dornonst rated  electric  steel  can  be  successfully  used .  Tins 
increased  production  lias  not  been  so  marked  where  tlie  ol)jeft 
has  been  the  iin))rovei，ient  of  steel  entering^  into  prod  not  s 
manufactured  in  large  quantities  where  the  expense  involved 
for  experimental  work  is  very  great,  and  where  of  necessity 
it  takes  several  years  to  demonstrate  if  rails  and  other  jno- 
(hicts  】na(le  by  tlie  electric  process  are  superior  to  those  made 
by  either  the  Bessemer  or  open-heart li  process.  From  present 
indications  it-  would  seem  probable  that  tlie  re  will  be  a  decided 
increase  in  tlie  production  of  electric  steel  for  these  products 
in  tlie  near  future. 


Breakdown  of  a  Locomotive.  一  An  accident  occurred  to  a  loro- 
inot iw  on  t lie  Laiuashire  and  Yorkshire  Railway  at  Rains- 
bottom  on  the  4th  inst.  Tt  appears  that  the  2-15  passenger 
train  from  ^fauclioster  to  Col  no  had  just  pullecl  clear  of  Rams- 
bottoni  station  \vlien»  appan"itly  throiigli  a  cylinder  break in^j, 
the  whole  of  the  motion  of  the  engine  dropped  on  to  the  bed 
of  the  line.  It  was  fortunate  tliat  tlie  train  was  moving  slowly 
at-  tl»e  tiine»  otherwise  a  serious  act  iileiit  might  have  resulted. 
No  one  was  in  iuml. 
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WESTINGHOUSE  TURBO  BLOWERS  AND  COMPRESSORS. 

The  recent  commercial  adaptation  of  the  purely  rot ary  air 
blower  and  compressor  has  marked  an  important  epoch  in  the 
science  of  pneumatics,  which  cannot  but  have  extremely 
beneficial  results  to  those  engaged  in  the  iron,  steel,  and  coal 
trades.      In  comparison  with  the  old  type  of  reeiprocating 


ThIIKK-STAGE  W'ESTlMiHOUSE  TL  IIHU-BLOWKR,   WITH  Tol'  HALVES  OF  CASINGS  RAISED 

steam-driven  blowers  and  compressors,  the  new  order  of 
machines  possesses  the  following  undoubted  advantages  :  An 
opportunity  for  using  the  exhaust  steam  from  winding  or 
other  engines  in  mixed  or  low-pressure  turbines  ；  continuous 
delivery  of  air,  thus  avoiding  pulsations  and  largely  increasing 
the  efficiency  of  production  when  used  in  blastfurnace  work  ； 
space  occupied  smaller,  capital  expenditure  less,  and  overall 
efficiency  higher  ；  when  turbine  driven,  lighter  foundations 
can  be  used,  and  condensing  plant  can  be  located  directly 
underneath  the  turbine,  thus  shortening  the  exhaust  pipe  and 
saving  space  ；  small  lubricating  oil  consumption  ；  air  delivered 
free  from  oil,  which  is  of  nmcli  importance  in  the  majority 
of  chemical  operations. 


the  New  Hucknall  Colliery.  This  compressor  lias  been  built 
by  the  British  Westingliouse  Electric  and  Manufacturing 
Company,  Ltd"  and  is  designed  to  supply  7,500  cub.  ft.  of 
free  air  per  minute  at  801bs.  per  square  inch  gauge.  The  air 
passes  through  the  20  impellers  in  succession,  10  impellers 
being  placed  in  each  of  two  casings,  the  number  of  impellers 
being  too  large  to  be  all  carried  on  one  shaft.  Each  casing 
consists  of  a  series  of  diaplii-a^nns,  together  with  tlie  inlet  and 

outlet  ends.  There  are  four  sets 
of  impellers  of  different  dia- 
meters, tliere  being  five  impellers 
of  each  diameter.  Air  enters  at 
the  largest  diameter,  wliicli  is 
situated  at  the  inner  end  of  one 
casing,  ami  flows  outward  to  t lie 
outlet  end  at  the  outer  end  of 
that  casing.  Thence  the  air  is 
conveyed  to  the  inner  end  of  the 
other  casing,  again  flowing  out- 
wanls  to  it»  final  liigli -pressure 
outlet  at  the  outer  end  of  this 
casing.  The  end  thrusts  on  the 
shafts  are  tlius  nearly  balanced 
by  allowing  the  air  to  flow  out- 
wards in  each  casing,  so  that  the 
thrust  of  each  shaft  is  inwards, 
and  the  shafts  are  allowed  to  butt 
against  eaoli  other.  Any  small 
unbalan (； ed  thrust  is  taken  care 
of  by  tlie  design  of  the  balance 
pistons,  which  are  fitted  witli 
labyrinth  packing  glands. 

With  regard  to  the  internal 
foiifoniiatiaii  of  the  compressor 
casings,    a    high     efficiency  is 
secured    without     the  use 
of  guide  blades  in  the  diffuse rs,  and    thus   the  unpleasant 
whistling  noise  common  to  most-  rotary  compressors  is,  it  is 
claimed,  entirely  eliminated.      The  low-pressure  outlet  and 
higli-pressure  inlet  are  connected  by  intermediate  piping,  and 
if  the  final  pressure  is  to  be  high  an  intercooler  can  be  con- 
nected in  here. 

The  cooling  of  tlie  air  as  it  passes  through  the  casings  is 
accomplished  by  a  very  effective  system.  This  cooling-  is 
rendered  necessary  both  in  order  to  prevent  an  excessively 
liigli  temperature  and  in  order  to  reduce  the  power  required 
for  compression.  The  cooling  spaces  in  the  upper  and  lower 
halves  of  the  casings  are  not  broken  by  the  lifting  of  the 
upper  part,  the  water  jackets  in  the  two  halves  beii>g  c-on- 


Three-stagr  Westinuiiouse  Doi  hlk-Flow  TuRiio-Hr.owER.  Sectional  Vikws. 


The  uses  of  turbo-blowers  include  :  Supplying"  air  to  blast- 
furnaces at  from  Gibs,  to  lOIbs.  per  square  inch  gauge  ；  sup- 
plying air  to  cupolas  for  iron  melting  at  31bs.  to  51bs.  ；  and 
putting-  gas  under  small  pressures  for  lighting  and  metal- 
lurgical purposes. 

The  chief  uses  of  turbo-compressors  are :  Compressing  air 
for  driving  machine  tools,  namely,  drills,  riveters,  caulkers, 
&c.  ；  driving  pneumatic  mining  plant,  including  coal  cutters, 
drills,  &c.  ；  com  pressing  ammonia  in  refrigerating  work. 

The  latest  development  of  turbo-compressor  practice  is 
instanced  by  the  supply  of  a  20-stage  single-flow  machine  to 


nected  by  external  connections.  Tlie  water  jackets  surround 
the  impeller  chambers,  the  difTusers,  and  the  return  passages, 
whilst  the  hollow  partitions  separating  the  return  passages 
from  the  diffuse  rs  are  also  supplied  with  circulating  water. 
Each  diaphragm  has  its  own  separate  supply  of  water  which 
enters  from  an  external  jiianifold.  A  largely  increased  cool- 
ing surface  is  attained  by  the  employment  of  liollow  giiide 
vanes,  and  this  practice  conduces  to  no  small  extent  to  the 
efficient  operation  of  tlie  machine. 

The  compressor  for  the  New  Hucknall  Colliery  is  driven 
by  a  mixed-pressure  impulse  type  Westinghouse-Rat^au  steam 
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turbine,  which  is  moiuited  on  a  conimon  bedplate  with  llie 
compressor,  to  which  it  is  direct  coupled.  The  turbine  is 
designed  to  generate  1,480  h.p.  when  running  on  the  exhaust 
steam  from  the  winding  engines,  which  were  before  exhaust- 
ing to  atmosphere.  Governing  is  so  arranged  tliat  should  1  he 
supply  of  exhaust  steam  fail  partially  or  entirely,  liigh- 
pressure  steam  is  admitted  with  no  speed  variation  and  with- 
out a  drop  in  pressure.  The  compressor  is  normally  governed 
by  the  air  pressure,  tlie  speed-governing  gear  being  out  of 
action  until  the  speed  rises  8  per  cent.,  wlien  steam  is  shut 


truly  axial  direction.  Tlie  double-flow  rirrangement  lias  tlie 
Hdvautage  of  being  perfectly  balanced  ；  that  is  to  say,  there 
is  110  resultant  end  thrust  on  tlie  shaft. 


THE  MANNING  OF  MACHINE  TOOLS. 

The  report  of  the  Ainalganialed  Society  of  Engineers  for 
June  contains  an  account  of  the  central  conferences  which 
have  been  held  with  the  employers  for  tlie  purpose  of  en- 
deavouring to  draft  a  new  clause  in  the  1907  Terms  of  Agree- 


Twenty-stage  Westinghousk  Siingle-flow  T u rbo-Compressor,  for  New  Hucknall  Colliery. 

Casings  Removed,  on  'J'kst  Plate. 


View  Shonmnu  Machine,  with  Toi'  Halves  of 


off,  and  the  turbine  is  kept  running  at  this  speed  without 
being  shut  down. 

Westinghouse  turbo-blowers  are  usually  designed  as 
double-flow  machines  with  a  delivery  of  25,000  cub.  ft.  of  free 
air  per  minute,  having  an  inlet  at  each  end  and  an  outlet  in 
the  centre.  No  water  cooling  is  applied  in  the  standard 
machines,  and  the  air  is  discharged  at  a  temperature  of  about 
70°  C.，  at  a  pressure  of  81bs.  per  square  inch.  The  air,  after 
passing  through  an  impeller,  enters  a  radial  rliffuser  chamber, 
which,  however,  is  not  fitted  with  diffuser  blades,  as  it  has 


meiit  covering  the  selection,  training,  and  einploynient  of 
operatives  and  the  manning  of  machine  tools.  The  opera- 
tion of  the  existing  clause  has  created  a  good  deal  of  dis- 
satisfaction among  the  men,  and  a  number  of  conferences  on 
the  subject  have,  during  the  past  few  months,  been  held.  On 
December  21st,  1911，  the  council  of  the  A.S.E.  '  entered  a 
strong  protest  against  the  manner  in  which  employers  were 
operating  this  clause,  by  training  operatives  to  the  displace- 
in  eut  of  turners,  who,  by  virtue  of  their  servitude  to  the 
trade,  had  the  right  to  these  improved  lathes."    A  special 


TWENTV-STAUK  WESTINOIIOI'SK  TURUO-COMPRESSOU,  LONOITl'DINAL  SeITION. 


been  found  t hat  these  do  not  inateriallv  improve  the  effi- 
ciency ill  apparatus  dealing  with  air,  whilst  they  are  also 
liable  to  set  uj)  a  disat^reeable  whistling  noise.  From  tlie 
diffuser  chamber  the  air  is  turned  inwards  thrmi'gh  a  return 
passage  to  llie  inlet  of  the  next  impeller,  aiul  as  the  air  in 
passing  through  the  diffuser  has  a  considerable  amount  of 
wliii'l,  the  return  passage  is  fitted  with  guide  blades  to  con- 
vert the  motion  into  a  radial  one  at  the  inner  end  of  the 
guide  passages,  so  that  the  air  enters  the  next  impeller  in  a 


i-entral  conference  was  t hereupon  arranged  in  order  to  dis- 
cuss the  question.  Special  meeting's  of  the  kind  took  place 
at  York  on  February  '29tli.  April  U;tl、，  and  May  8tli.  and  at 
these »  proposals  and  counter-proposals  were  discussed. 

Clause  7  of  tlie  1907  'IVnns  of  Agreement  is  as  follm、s: 
"Employers  have  the  ri^lit  to  select,  t rain,  aiul  employ  those 
wliom  they  consider  best  adapted  to  the  various  operations 
carried  on  in  their  workshops,  and  to  ]>ay  them  according  to 
their  ability  as  workmen. 
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"Employers,  in  view  of  tlie  necessity  of  obtaining  the  most 
economical  production,  whether  by  skilled  or  unskilled  work- 
men, have  full  discretion  to  appoint  the  men  they  consider 
suitable  to  work  all  their  machine  tools  and  to  determine  the 
conditions  under  which  they  shall  be  worked. 

"The  Federation  recommend  their  members  that  when 
they  are  carrying  out  changes  in  their  workshops  which  will 
result  in  displacement  of  labour,  consideration  should  be  given 
to  the  case  of  the  workmen  who  may  be  displaced,  witli  a 
view  if  possible  of  retaining  their  services  on  the  work 
affected  or  finding  other  employment  for  tliem." 

On  May  8th  the  representatives  of  the  men  proposed  the 
following  as  a  more  suitable  clause  : — 

" The  employers  have  the  right  to  select,  train,  and  em- 
ploy those  whom  they  consider  best  adapted  to  the  various 
operations  carried  on  in  their  workshops.  The  unions  claim, 
and  the  employers  agree,  tliat  the  exercise  of  this  right'  should 
not  result  in  the  discharge  of  workmen  who  liave  served  a 
satisfactory  apprenticeship. 

" The  unions  disclaim  any  desire  to  restrict  the  adoption 
of  improved  machines  or  methods  so  as  to  limit  output.  The 
unions  claim,  and  the  employers  agree,  that  when  improved 
machines  or  methods  are  introduced  the  employer  shall  give 
preference  of  employment  on  the  work  in  question  under  the 
altered  conditions  to  such  of  his  workmen  who  have  served  a 
satisfactory  apprenticeship  and  who  may  be  displaced. 

" The  employers  agree  that  in  carrying  out  changes  in 
tlieir  workshops  which  will  result  in  the  displacement  of 
workmen,  consideration  shall  be  given  to  the  case  of  those 
displaced  witli  a  view  of  retaining  their  services  on  the  work 
affected  or  finding  other  employment  for  tliem." 
,  After  considering  this  the  employers  submitted  the  fol- 
lowing, which  was,  they  said,  their  final  proposal,  and  must 
be  accepted  or  rejected  as  it  stood  : ― 

" The  employers  have  the  right  to  select,  train,  and  em- 
ploy those  whom  they  consider  best  adapted  to  the  various 
operations  (including  machine  work)  carried  on  in  tlieir 
workshops,  and  to  determine  the  terms  and  conditions  under 
which  such  operations  should  be  carried  on. 

"The  unions  claim,  and  the  employers  agree,  that  when 
improved  macliines  or  methods  are  introduced  the  employers 
shall  give  preference  of  employment  under  the  altered  con- 
ditions to  such  of  their  workmen  as  have  served  a  satisfactory 
apprenticeship  and  whom  they  consider  suitable  for,  and  who 
may  be  willing  to  undertake,  the  work  in  question. 

" The  employers  agree  that  in  carrying  out  changes  in 
tlieir  workshops  which  result  in  the  displacement  of  work- 
men consideration  shall  be  given  to  the  case  of  those  dis- 
placed with  a  view  of  retaining  their  services  on  the  work 
affected  or  finding  other  employment  for  them.'' 

The  objection  of  the  men's  representatives  to  this  was  that 
it  "  left  the  decision,  as  before,  in  the  hands  of  the  employer, 
and  maintained  what  had  been  claimed  and  often  repeated 
during  these  conferences  —absolute  freedom  of  management.  ' 

The  representatives  of  the  employers  were  informed  there- 
fore that  it  was  "  absolutely  impossible  to  accept  their  pro- 
posal." Eventually  it  was  formally  "  agreed  that  the 
machine  questions  on  the  agenda  of  December  2 1st，  1911， 
and  the  Blackburn  machine  question  at  present  pending 
should  be  considered  as  questions  on  which  the  constitutional 
procedure  has  been  exhausted." 

All  the  districts  which  have  had  machine  claims  rejected 
by  the  employers  in  central  conference  are  at  liberty  therefore 
to  enforce  them  by  means  of  strikes  if  they  so  choose.  It  is 
also  within  the  right  of  the  federated  employers  to  lock  out 
if  districts  are'  selected  by  the  unions  in  which  to  fight  out  the 
issue,  and  the  situation  therefore  is  very  delicate. 


Junior  Institution  of  Engineers:  Visit  to  Sheffield. —— In  connection 
with  the  Junior  Institution  of  Engineers  a  week-end  visit  to 
Sheffield  has  been  arranged.  The  party  will  leave  London  for 
Baslow  on  Friday  evening,  June  21st,  and  will  visit  Haddoii 
Hall  and  other  places  of  popular  interest  on  the  Saturday, 
and  on  Monday  the  party  will  leave  Baslow  for  Sheffield, 
visiting  the  works  of  Messrs.  Firth  &  Sons,  Ltd.,  in  the  morn- 
ing, and  the  works  of  Messrs.  Cammell,  Laird,  &  Co.,  Ltd., 
in  the  afternoon,  returning  to  London  in  the  evening.  A 
movement  is  on  foot  to  form  a  local  section  of  the  institution 
in  Sheffield,  and  it  is  thought  that  probably  this  visit  will 
have  the  result  of  establishing  the  section. 


IRON  CORROSION  INVESTIGATIONS.* 

JiY  OLIVEK  V.  WATTS. 

In  Vol.  8  of  the  Transactions  of  this  society,  C.  F.  Burgess 
called  attention  to  tlie  reitiarkable  reduction  in  the  corrosion 
of  iron  by  sulphuric  acid  brought  about  by  the  addition  of  a 
small  amount  of  arsenious  oxide  to  the  acid.  Later  he 
explained  the  protective  action  as  follows :  "The  explanation 
which  has  been  offered  for  this  plienonieiioii  is  tliat  the  iron 
receives,  by  contact;  with  the  solution,  an  extremely  thin  coat 
of  arsenic,  which  resists  the  action  of  the  acid,  and  protects 
the  underlying  metals."  He  also  gave  experimental  proof 
tliat  the  iron  was  coated  with  arsenic. 

It  has  long  been  known  that  by  dipping  dean  iron  into 
solutions  of  suitable  composition  and  concentration  thin  coat- 
ings of  gold,  silver,  platinum,  copper,  and  several  other  metals 
iiiay  be  deposited  on  the  iron.  It  is  generally  conceded  that 
such  coatings  are  not  sufficiently  continuous  and  impervious 
to  protect  the  underlying  metal  from  corrosion,  even  though 
the  metal  forming  the  coating  may  itself  be  thoroughly 
resistant  to  the  corrosive  agent.  Instead  of  being  a  protec- 
tion, such  coatings  are  usually  considered  to  be  stimulators  of 
corrosion. 

Since  all  metals  which  thus  deposit  upon  iron  when  it 
is  immersed  in  a  solution  of  the  metallic  salt  are  electro- 
negative to  iron,  a  short-circuited  voltaic  cell  is  formed,  of 
wliicli  the  iron  is  the  anode  and  the  metal  deposit  is  the 
cathode.  So  long  as  any  iron  remains  in  contact  with  the 
electrolyte  it  would  seem,  except  for  certain  considerations 
which  will  be  presented  later,  that  the  corrosion  of  the  iron 
ought  to  be  stimulated  by  this  condition,  and  that  the  only 
way  in  which  such  a  coating  could  afford  good  protection 
would  be  by  covering  the  iron  completely,  so  that  no  elec- 
trolyte could  come  in  contact  with  it. 

Speaking  of  the  effect  of  other  metals  in  contact  with  iron, 
W.  H.  Walker  says  ：  "Tin  is  a  metal  which,  like  copper, 
accelerates  the  corrosion  of  iron  by  aiding  in  the  oxidation  of 
tlie  hydrogen  set  free  by  the  reaction."  M.  P.  Wood  calls 
attention  to  the  injurious  action  of  metals :  "The  use  of 
anti-corrosive  or  anti-fouling  paints,  containing  salts  of  any 
metal,  is  attended  with  the  greatest  danger  to  the  coated 
(iron  or  steel)  structure.  These  pigments  are  extremely 
sensitive  to  the  presence  of  saline  elements  in  moisture,  their 
action  being  to  rapidly  dissolve  portions  of  the  iron  and  to 
deposit  the  metal  which  they  contain  upon  the  surface  of  the 
plates,  and  these  deposits,  exciting  energetic  galvanic  action, 
cause  corrosion  and  pitting  to  go  on  with  alarming  rapidity. 
Both  mercury  and  copper  salts  are  offenders  in  this  way." 

It  appears,  then,  that  arsenic  is  unique  among  the  metals 
which  precipitate  themselves  upon  iron  from  solution,  for 
arsenic  protects  iron  almost  completely  from  powerful  cor- 
rosive agents,  while  the  other  metals  are  generally  considered 
to  aggravate  corrosion  and  rusting.  The  protective  action  of 
arsenic  cannot  be  due  to  any  superior  power  of  resisting 
attack  by  sulphuric  acid,  for  silver,  platinum,  and  gold  are 
even  more  resistant,  and  yet  accelerate  the  corrosion  of  iron. 
It  is  evident  that  these  other  metals  do  not  form  continuous 
and  impervious  coatings  over  the  iron,  else  they  would  pro- 
tect it.  It  is  difficult,  perhaps  even  impossible,  even  with  the 
aid  of  the  electric  current,  to  deposit  from  solution  a  thin 
coating  of  one  metal  upon  another  so  perfectly  as  to  protect 
the  underlying  metal  from  corrosion  by  an  acid  ordinarily 
capable  of  attacking  it. 

It  is  almost  incredible  that  a  thin,  yet  perfect  and  nou- 
porous,  metallic  coating  should  be  deposited  by  a  process 
which  depends  for  it-3  operation  upon  the  dissolving  of  the 
underlying  metal.  The  protective  action  of  coatings  of 
copper,  silver,  &c.，  thus  deposited  on  iron  is  about  as  effective 
as  would  be  expected  from  a  knowledge  of  their  method  of 
formation.  They  are  continually  being  undennined  by  the 
corroding  of  iron  anode  at  points  not  yet  covered,  until  the 
copper  or  silver  becomes  detached,  to  have  its  place  taken 
by  a  new  coating,  and  so  on,  as  long  as  any  of  the  salt  of  the 
depositing  metal  remains  in  the  solution.      If  the.  coated 

*  Abstract  of  paper  read  before  the  American  Electro-chemical  Society,  April. 
19：  2. 
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metal  be  removed  to  an  avid,  the  corrosive  action  is  similar, 
except  that  the  renewal  of  the  coating  can  take  place  only  at 
a  rate  not  greater  than  that  at  which  the  detached  metal 
re-dissolves  in  the  acid. 

If  the  coating  of  arsenic  is  so  porous  and  imperfect  as 
the  action  of  acids  shows  tlie  coating  of  copper,  for  example, 
to  be,  how  can  the  arsenic  protect  the  iron  any  better  than 
copper  does'?  It  occurred  to  the  writer  thai  the  explaiiatioii 
lay  in  a  high  over- voltage  or  excess  potential  of  hydrogen  on 
arsenic,  and  the  experiments  which  follow  were  undertaken 
to  discover  whether  this  is  the  explanation  of  the  singular 
and  mysterious  protective  action  of  arsenic.  If  the  above 
explanation  is  correct,  among  the  metals  which  deposit  upon 
iron  when  it  is  immersed  in  a  solution  of  their  salts  those 
having  a  high  over-voltage  for  hydrogen  should  protect  iron, 
and  those  of  very  low  over-voltage  should  aggravate  corrosion. 

If  an  electrode  of  platinum  coated  with  platiHuni-l)lack 
be  immersed  in  normal  sulphuric  acid  the  electrode  will  be 
electro-negative  to  the  solution  by  about  1'14  volts.  If  now 
a  small  but  slowly  increasing  electromotive  force  be  applied 
between  this  electrode  and  an  insoluble  anode  it  will  be 
found  that  the  platinised  cathode  becomes  progressively 
electro-negative  with  regard  to  the  solution.  When  a  certain 
difference  of  potential  between  the  cathode  and  the  solution  is 
reached,  bubbles  of  hydrogen  begin  to  appear  on  the  cathode. 
If  a  cathode  of  smooth  platiiiiun  is  used,  hydrogen  will  not 
appear  on  this  until  it  has  become  0*09  volts  more  positive 
than  the  other  cathode  was  when  hydrogen  first  appeared 
on  it.  Similarly  zinc  must  be  0.70  and  mercury  0*78  volt 
more  positive  than  the  platinum -black  before  hydrogen 
appears  upon  theni .  This  excess  of  potential  required  to 
cause  a  visible  liberation  of  hydrogen  upon  a  cathode  of  any 
particular  metal,  over  the  potential  required  for  the  liberation 
of  hydrogen  upon  platiimm  coated  with  platinum-black,  is 
known  as  the  over- voltage  of  hydrogen  upon  that  metal.  In 
Table  I.  are  given  the  single  potentials  in  normal  solutions 
of  the  sulphates  of  the  metals,  and  the  over-voltage  of 
hydrogen,  as  stated  by  different  observers. 


Table  I. ― Single  Potentials  in  Normal  Solutions  of  Sulphates 
of  the  Metal  and  Over-voltage  of  Hydrogen, 
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Oil  the  theory  that  the  protection  of  iron  by  a  deposit  of 
arscMiic  is  due  to  the  high  over-voltage  of  hydrogen  on  tlie 
latter  the  action  would  be  as  follows : 】roii  dissolves,  and 
by  so  doing  deposits  arsenic  upon  the  -surface  of  the  iron. 
Since  the  arsenic  is  deposited  siinullaiu'ously  with  the  dis- 
solving of  tlie  iron,  and  only  as  a  result,  of  tliis  dissolving,  it 
is  hardly  possible  that  the  iron  should  be  perfectly  covcrod  by 
arsenic,  but  here  ami  there  liolcs  will  exist ,  allowing  the  iron 
to  make  contact  with  the  electrolyte.  Voltaic  cells  are  t  luis 
formed.  From  the  single  potentials  of  iron  and  of  arsenic, 
+  0*093  and  ―  0'550,  these  cells  should  liavo  an  electro- 
motive force  of  0  64  volts,  and  the  corrosion  of  the  iron  oui^ht 
to  bo  very  vigorous.  It  is  here  that  the  over- volt  age  of 
liyd  rogPM  coTties  into  play.  The  iron  is  aiiodr  and  I  lie  arsenic 
calliode,  and,  just,  as  in  any  other  primary  coll  with  sulphuric 
arid  as  eloctrolytc,  liydi'ogen  is  deposilod  on  tlio  catliodc.  But 
wheu  hydrogen  is  liberated  on  arsenic  tho  potential  of  the 
latter  is  raised  0  39  volts  higher  than  -  0  277,  the  potoulial 


at  wliich  hydrogen  is  liberated  on  platinum-black.  This 
would  raise  the  potential  of  the  arsenic  to  -f  O'l  13  volts,  or 
higher  than  the  potential  of  the  iron  anode.  This  means 
that  in  our  iron-arsenic  cell  there  can  be  no  visible  evolu- 
tion of  hydrogen  on  the  arsenic,  for  before  this  can  occur 
the  potential  of  the  cathode  has  become  equal  to  that  of  the 
anode,  and  corrosion  of  the  iron  ceases :  in  oUier  words, 
this  particular  primary  cell  polarises  so  badly  that  after  a 
few  seconds  of  action  its  electromotive  force  has  fallen  to 
zero. 

If  the  above  exjjlanalion  is  correct,  protection  should  be 
afforded  by  those  metals  which  plate  out  on  iron  by  immer- 
sion, and  whose  over-voltage  for  hydrogen  is  great  enough  to 
raise  their  potentials  to  at  least  equal  the  single  potenti?^l  o{ 
iron.  The  potentials  of  the  following  metals  are  far  enough 
below  that  of  iron  to  expect  that  they  will  deposit  on  iron 
even  in  moderately  strong  sulphuric  acid  :  Antimony,  arsenic, 
bismuth,  gold,  load,  mercury,  platinum,  silver  and  tin. 
Pot ont iai  measurements  made  by  str.doiils  in  tlic  writer's 
laboratory  indicate  that  chroniiiun  should  be  included  in  t he 
•  list.  Omitting  lead,  on  account  of  the  insolubility  of  its  sul- 
phate, mercury,  tin,  and  arsenic  show  the  highest  over- 
voltage  : compounds  of  these  metals  were  therefore  used  in 
a  preliminary  experiment  by  A.  C.  Shape. 

From  the  experiments  made  certain  definite  conclusions 
can  be  drawn  and  other  generalisations  now  ap])par  jiroba Ijle, 
but  may  require  revision  or  rejection  in  t lie  li^^ht  ot"  future 
experiments.  The  writer's  hypothesis,  that  the  protective; 
a(^tion  of  arsenic  is  due  to  its  high  over-voltage,  has  been  in 
a  general  way  confirmed.  Other  metals  of  high  over-voltage 
have  had  a  protective  influence,  while  all  metals  of  low  over- 
voltage  which  deposit  on  iron  are  accelerators  of  its  cor- 
rosion. So  far  as  over- voltages  are  known,  bisnmtli  alone 
fails  to  conform  to  the  hypothesis.  Theoretically  it  should 
retard  corrosion  ;  actually  it  is  an  accelerator.  Unless  re- 
determinations of  the  over-voltage  of  bismuth  and  the  single 
potential  of  iron  shall  reconcile  theory  with  fact,  the  writer's 
hypothesis  fails.  The  over-voltage  of  bismuth  was  presum- 
ably measured  on  a  solid  electrode.  Bisnuitli  deposited 
as  a  powder.  If  there  is  the  sajiie  diirereiice  in  over- 
voltage  for  bismuth  as  between  smooth  and  spongy  platinum, 
this  correction  would  put  hisniiitli  in  tlie  list  of  accelerators. 

The  statements  wliicli  follow  are  intended  to  apply  only 
to  the  corrosion  of  iron  by  sulpluirir  acid.  Tin,  cliromiuni, 
and  mercury  retard  corrosion  ；  of  these,  tin  alone  is  as  effec- 
tive as  arsenic.  The  protective  action  of  mercury  is  very 
slight.  Oxidising  ageuts  are  in  themselves  accelerators  of 
corrosion  by  acids,  although  in  dilute  solution  this  may  be 
masked  by  a  protective  action  which  supervenes  wlien  tlie 
oxygen  has  been  used  up,  as  might  happen  with  rhroniates. 
Reducing  agents  should  show  "Km、  or  less  protective  action , 
but  this  fact  remains  to  be  confirnied  by  furtlier  experiment 
In  general,  the  wliole  subject  as  here  presented  is  but  a  pre- 
liminary study  which  opens  many  possibilities  for  future 
investigation. 


First  International  Radio  Telegraph  Conference. ―  The  first 
international  radio  telegraph  roiiference  in  tlie  world's  his- 
tory opened  on  the  4tb  iiist.  in  the  theatre  of  tlie  Institution 
of  Electrical  Engineers,  London.  It  was  atUMidod  by  repre- 
sentatives of  practically  every  country  in  the  world ,  The 
proceedings  were  strictly  private.  During  tlie  course  of  an 
address  of  welcome  to  t he  delegates  tlie  Postmaster-General 
(Mr.  Herbert  Samuel)  said  the  reoeiit  disaster  to  the 
'' Titanic  "  liad  given  ]>rominence  to  the  need  for  a  fuller  use 
of  wireless  telegraphy  at  sea,  and  for  the  disrovery  of  i resh 
met  hods  to  enable  it  to  discharge  effiriently  it^?  important 
duty  of  preventing  disasters,  and  of  aiding  in  the  work  of 
rescue.  M ensures  necessary  or  desirable,  such  as  those  relat- 
ing to  a  ('onii)ulsorv  iiisl allatioii  of  wireless  toloi:r;i pliy  on 
board  ships,  were  i>ei'haps  oul\side  the  limits  of  the  convention 
which  that  conference  was  summoned  to  consider,  but,  the 
Brit ish  Oovernnieiit ,  and  lio  did  not  <loul>t  other  Gov(MiinuMi(s 
also,  would  welcome  the  ojtinioiK^  of  tliat  great  assembly  ou 
the  subject. 
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MUIR'S  SLOTTING  MACHINE. 

H  iTHEiiTo  ill  the  machining  of  objects  from  which  it  is  re- 
quired to  remove  large  pieces  from  the  solid,  such  as  the  webs 
of  cranks,  it  has  been  customary  to  remove  the  same  by  the 
combined  processes  of  drilling  and  slotting  or  drilling  and 
sawing.  In  the  machining  of  large  cranks  and  similar  classes 
oi  work  it  has  hitherto  been  practically  impossible  to  carry 
out  the  operation  by  slotting  alone  owing  to  tlie  considerable 
projection  necessary  for  the  tool  from  its  holder,  this  projec- 
tion preventing  cross-cutting  from  slot  to  slot.  In  iho  inachiTie 
under  notice,  the  invention  of  Messrs.  Wm.  Muir  &  Co.,  Ltd., 
Britannia  Works,  Sherborne  Street,  Mancliester,  and  James 
Henry  Melloy,  the  whole  operation  of  cutting  into  the  solid 
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Mom  s  Slotting  Machine. 

and  across  the  web  to  remove  any  size  of  piece  required,  irre- 
spective of  the  depth  of  the  object,  is  performed  solely  by 
slotting,  and  at  one  setting  of  the  work. 

To  effect  this  there  is  provided  in  addition  to  the  in-slot- 
ting tools,  a  cross-cutting  tool  held  in  a  bar  or  holder,  which 
is  supported  at  both  ends,  so  that  when  tooling  the  greatest 
depths  the  spring  of  the  tool  is  reduced  to  a  minimum.  For 
cutting  out  the  web  of  a  crank  two  relieving  tool  holders  and 
tools  are  used,  set  at  the  required  distance  apart-,  one  being 
narrow  and  the  other  of  a  width  sufficient  to  admit  the  cross- 
cutting  tool  and  bar  or  holder.  These  relieving  tool  holders 
are  firmly  fixed  to  the  face  of  the  reciprocating  ram  of  the 
slotting  machine  to  cut  two  parallel  slots  at  the  required  dis- 
tance apart.  When  the  in-cutting  operation  is  finished  the 
cross-cutting  relieving  tool  holder  and  tool  is  introduced,  and 
the  automatic  cross  traverse  of  the  table  carrying  the  work  is 
put  into  gear  and  the  relieving  cross-cutting  tool  then  cuts 
from  the  broad  slot  to  the  narrow  slot,  and  so  detaches  the 
surplus  piece  of  metal,  a  slot  being  formed  in  the  table  to 
permit  this  cross  traverse.  The  relieving  tool  holder  or  bar  is 
held  firmly  at  the  upper  end  in  a  bracket  attached  to  the 
broad  tool  holder  on  the  reciprocating  ram,  and  also  passes 
through  the  table  into  a  supporting  footstep  fixed  in  the  body 
of  the  machine,  thu&  givmg  support  to  both  ends  of  the  cross- 
cutting  tool  holder  or  bar  as  the  tool  reciprocates  and  cuts 
through  the  solid  web. 

Referring  to  the  illustrations,  Fig.  1  is  a  front  elevation 
and  Fig.  2  a  side  elevation  of  a  slotting  machine  showing 


tlie  two  in-cutting  relieving  tool  holders  in  position  with  tlicir 
tools  set  tlie  required  distance  apart  for  in-cutting  aud 
parallel  slotting  the  web  of  a  crauk  or  the  like.  Fig.  3  is  a 
plan  of  Fig.  2，  showing  a  (Tank  with  the  in-cutting  tools  in 
Uie  two  parallel  slots  which  they  have  cut  in  the  web  of  a 
crank.  Figs.  4，  5，  and  6  are  similar  views  respectively  to 
Figs.  1，  2,  and  3,  but  show  the  cross-cutiiiig  relieving  tool 
lioldcr  and  tool  in  position,  and  in  Fig.  6  just  reaching  the 
completion  of  its  cross-cut  from  the  broad  to  the  narrow  slot. 
Ill  these  views  A  denotes  tlie  IxmI  of  tlie  machine  ； 】{  the  stan- 
dard or  upright :  C  the  reciprocating  ram  ；  D  t  lie  broad  reliev- 
ing- tool  holder,  and  E  tlie  broad  relieving  tool  ；  F  the  narrow 
relieving  tool  liolfler  and  G  the  narrow  relieving  tool  ；  II  tlie 
('rank  ；  L  the  work  table  ；  J  the  actuating  screw  for  travers- 
ing the  same  longitudinally  and  K  the  cross  traverse  actuating 
screw  ；  M  tlie  bottom  slide  ；  N  tlie  holding- 
down  plates  for  the  table  ；  O  the  holding- 
down  plates  for  the  slide.  All  the  foregoing 
parts  operate  in  the  usual  way  to  cut  by 
means  of  the  relieving  tools  E  and  G  two 
parallel  slots,  one  broad  and  one  narrow,  in 
tlie  crauk  H，  as  clearly  shown  in  Fig.  3，  the 
table  L  with  the  work  being  traversed  by 
means  of  the  operating  screw  J  in  the  usual 
niia liner  up  to  tlie  reciprocating  relieving 
tools  E  and  G  which  cut  the  two  parallel 
slots. 

In  Figs.  4  to  6  the  iii-cutting  relieving 
tool  holder  F  and  relieving  tool  G  have  been 
detached,  although  this  is  not  essential,  and 
to  the  broad  tool  holder  D  is  applied  a 
bracket  S,  in  which  is  secured  a  cross-cutting 
relieving  tool  holder  or  bar  P  by  means  of 
pinching  screws.  The  tool  holder  or  bar  P 
passes  through  a  slot  in  the  table,  and  at  its 
lower  end  enters  a  sleeve  secured  in  a  cylin- 
drical boss  T  cast  in  the  bed  plate.  The 
tool  holder  or  bar  P  carries  the  cross- cutting 
relieving  tool  R，  which  is  set  at  right  angles 
to  the  slot  U  of  the  broad  slot  T,  and  facing 
ill  the  direction  of  the  narrow  slot  V.  By 
then  actuating  the  cross  traverse  screw  K， 
table  L,  carrying  the  work  H,  is  set  in 
motion,  and  the  cross-cutting  tool  R  cuts 
from  the  broad  slot  U  to  the  narrow  slot- 
V，  and  so  completely  detaches  the  surplus 
piece  W  of  metal  from  the  web  of  the 
work.  The  machine,  it  will  be  seen, 
enables  crank  webs  of  any  depth  to  be  cut  out  from  the  solid 
at  one  setting,  thus  effecting  great  economy  in  working,  as 
the  cutting  tool  is  simple  and  inexpensive,  and  requires  very 
little  upkeep  as  compared  with  sawing. 


ELECTRIC  MOTOR  TROUBLES. 

In  the  operation  of  induction  motors  trouble  is  sometimes 
experienced  from  the  sudden  stopping  of  the  machine  even 
though  the  load  does  not  exceed  the  rated  value.  The 
common  cause  of  lliis  is  the  rubbing  of  the  rotor  against  the 
teeth  of  the  stator.  The  air  gap  of  the  induction  motor  is 
usually  made  very  small,  for  the  sake  of  keeping  the  power- 
factor  as  liigh  as  possible.  Hence  when  the  motor  stops  the 
air  gap  should  be  investigated. 

Low  voltage  on  the  line  is  another  cause  of  iiiductiou- 
motor  trouble.  If  the  motor  load  is  unsteady  and  the  line 
voltage  low,  the  machine  may  stop  and  the  fuses  be  blown  as 
the  load  quickly  swings  to  some  relatively  large  value.  The 
torque,  or  turning  effort,  of  a  motor  of  the  kind  in  question 
is  proportional  to  the  square  of  the  applied  voltage.  Trouble 
is  sometimes  experienced  in  starting  an  induction-niotor 
because  attempts  are  made  to  start  it  on  too  low  a  voltage. 
Low  voltage  on  a  motor  may  be  caused  by  an  uubalaiiced 
voltage  on  the  line. 

Vibration  in  an  iiuluc-tion  motor  may  be  due  to  the  fact 
that  the  si  i  a  ft  is  sprung,  or  it  may  be  that  there  is  an  un- 
balanced niagiietic  pull  on  the  rotor  due  to  an  uneven  clear- 
ance in  the  ah'  gap  or  to  the  eccentricity  of  the  rotor. 
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If  one  phase  of  the  stator  on  a  Y- connected  3-pliase  motor 
is  open-circuited,  the  motor  will  not  start;  if  it  is  started 
mechanically,  it  will  run  as  a  single-phase  motor  and  the  load 
it  can  carry  will  be  materially  reduced.  An  ammeter  con- 
nected in  each  phase  will  give  current  readings  in  only  two 
of  them.  If  the  motor  is  delta-connected,  current  will  flow  in 
each  lead,  but  the  currents  will  be  unbalanced.  In  either 
case,  if  the  machine  is  not  started  mechanically,  the  rotor  will 
remain,  stationary  and  simply  act  as  tlie  secondary  of  a  trans- 
former. The  whole  machine  will  rise  to  a  high  temperature, 
and  the  conductors  on  the  rotor  may  be  badly  burned  in  as 
many  places  as  there  are  poles  in  the  stator  winding. 

The  faults  which  may  develop  in  direct-current  motors  are  ： 
Sparking  at  the  brushes  ；  heating  of  commutator,  armature, 
or  bearings  ；  noisy  operation  ；  running  at  wrong  speed  ；  an d 
failure  of  motor  to  start. 

Sparking  at  the  brushes  is  not  usually  objectionable,  if 
moderate  in  duration  and  amount.  If  allowed  to  continue 
beyond  these  limits  it  will  burn  and  roughen  the  commutator, 
thus  aggravating  the  difficulty.  Sparking  may  be  caused  in 
several  ways，  among  which  are  :  too  much  current  on  arma- 
ture, brushes  not  set  at  neutral  point,  commutator  has  high 
bars,  or  poor  brush  contact.  To  decrease  the  effect  of  spark- 
ing on  account  of  the  armature  carrying  too  m ucli  current, 
the  driven  load  should  be  reduced,  the  strength  of  the  mag- 
netic field  should  be  increased  or  the  size  of  driving  pulley 
decreased.  If  the  motor  starting-box  has  too  little  resistance, 
it  will  cause  the  motor  to  spark  badly  at  first,  owing  to  a 
very  sudden  start.  In  this  case  the  only  remedy  is  an  increase 
of  resistance  to  cut  down  the  voltage  applied  to  the  armature 
terminals. 

To  find  the  correct  neutral  position  for  the  brushes,  care- 
fully shift  the  brushes  backward  or  forward  until  sparking 
is  minimised.  If  the  brushes  are  not  exactly  opposite  in  a 
two-pole  macliine  or  90。  apart  on  a  four-pole  machine,  they 
should  be  made  so  by  counting  the  commutator  bars  and 
dividing  by  either  two  or  four,  as  tlie  case  may  be.  To 
remedy  high  bars  on  the  commutator  or  flat  bars  or  project- 
ing mica,  smooth  the  commutator  witli  a  fine  file  or  fine  sand- 
paper, the  latter  being  applied  by  a  block  of  wood  which 
exactly  fits  the  commutator.  If,  however,  the  commutator  is 
very  rough  or  eccentric,  it  should  be  turned  down  in  a  latlie. 
On  large  machines,  a  slide-rest  attachment  is  usually  provided 
for  either  turning  off  or  grinding  the  commutator  without 
removing  the  armature  from  the  bearings.  To  improve  the 
bnish  contact,  draw  a  strip  of  sandpaper  back  and  forth  be- 
neath tlie  brush  with  the  rough  side  scraping  tlie  carbon.  See 
that  the  brush  holders  work  freely  ；  lack  of  this  may  be  the 
cause  of  poor  brush  contact. 

Armature  heating  may  be  caused  by  moisture  in  the 
armature,  unequal  strength  of  magnetic  poles,  or  by  exces- 
sive current  in  the  armature  coils.  Excessive  eddy  currents 
in  the  armature  core  may  cause  heating,  too.  Heating  from 
this  last  cause  may  be  distinguished  by  tlie  fact  that  it  is  not- 
accompanied  by  any  sparking  at  the  bruslies.  If  ihere  are 
excessive  eddy  currents  in  the  conductors  and  not  in  the  iron, 
this  will  be  shown  by  the  conductors  becoming  hotter  than  the 
iron  on  no-load  running.  In  this  case  the  roiiductors  sliould 
be  reduced  in  thickness,  or  else  they  sliould  be  split  up  into  a 
number  of  strands,  which  sliould  be  twisted  together.  Bevel- 
ing off  the  edges  of  tlie  pole  pieces  may  also  reduce  the 
trouble. 

If  for  any  reason  a  motor  armature  has  become  damp,  it 
may,  in  the  case  of  a  small  machine,  be  dried  bv  being  placed 
in  an  oven  kept  at  the  proper  temperature,  while  a  larger 
armature  can  usually  he  dried  by  liolding^  about  tliree-fourths 
the  normal  full-load  current  on  it  continuously  until  it  is 
dry,  the  armature  being  turned  over  occasionally  in  the  mean- 
time by  hand. 

Unequal  strength  of  magnetic  poles  、vill,  in  llie  case  of 
motors  having  multipolar  fields  and  parallel  windings  in  tlie 
armature,  cause  excessive  currents  to  flow  in  tlie  armature  and 
thus  to  heat  it.  The  trouble  usually  is  thai  the  armature  is 
closer  to  some  of  tlie  poles  than  to  others,  and  tlie  disorder 
may  be  corrected  by  slightly  shifting  the  bearings,  but  in  some 
cases,  especially  wlien  direct-connected,  it  is  preferable  to  shift 
the  field  magnet,  Wlien  the  armature  gets  out  of  centre  from 
too  much  bearing  wear,  however,  ilie  jtroper  proce<lure  is  to 
replace  the  bearings  witli  new  ones. 


Heating  of  tlie  commutator,  like  sparking,  may  occur  in 
direct-current  machines,  and  in  the  commutator  types  of 
alternating-current  machines.  There  are  various  causes  for 
commutator  heating,  among  which  are  :  Heat  spread  from 
another  part  of  machine,  sparking,  carbon  brushes  heated  by 
current,  friction  of  brushes  on  commutator  or  bad  connections 
ill  the  brush  holder.  If  the  heat  in  the  commutator  comes 
from  another  part  of  the  machine,  start  up  the  motor  with 
the  parts  cool  and  run  for  a  short  time.  The  seat  of  the 
trouble  is  in  the  part  tliat  heats  first.  Any  of  the  causes  of 
sparking  will  cause  heating,  wliich  may  be  slight  or  serious. 

An  overheated  commutator  will  decompose  carbon  brushes 
and  cover  the  commutator  with  a  black  film  which  offers  re- 
sistance to  the  efficient  collection  of  current.  Carbon  brushes 
require  less  attention  than  copper,  because  they  do  not  cut 
the  commutator,  and  their  high  specific  resistance  usually  re- 
duces sparking,  but  it  may  also  cause  tliem  to  heat  more  than 
copper  brushes.  The  friction  produced  by  the  brushes  will 
generate  heat,  which  can  be  detected  even  when  the  brushes 
carry  little  or  no  current.  Reflu(,e  the  spring  tension  and 
decrease  voltage,  keeping  up  speed  by  weakening  field 
strength. 

The  cause  of  bearings  heating  should  be  found  and  re- 
moved promptly,  but  heating  may  be  reduced  temporarily  by 
applying  cold  water  or  ice  to  them.  This  should  be  resorted 
to  only  when  it  is  absolutely  necessary  to  keep  running,  and 
great  care  should  be  taken  not  to  allow  any  water  to  get  upon 
the  commutator,  armature,  or  field  coils,  as  it  might  short- 
circuit  or  ground  them.  If  the  bearing  is  very  hot,  the  shaft 
should  be  kept  revolving  slowly,  as  it  might  stick  to  bearing, 
if  stopped.  Heating  of  bearings  is  due  to  a  lack  of  oil,  si i aft 
roiigli,  grit,  or  other  foreign  matter  in  bearings,  shaft  and 
journal  too  tight,  shaft  sprung,  or  bearings  out  of  line,  too 
great  a  load  on  belt,  or  bearings  heated  by  hot  armature,  com- 
mutator, or  pulley.  A  rough  shaft  should  be  turned  to 
smoothness  in  a  lathe  and  the  bearing  fitted  to  tlie  new 
diameter.  It  is  very  difficult  to  straighten  a  bent  shaft  ；  it 
might  be  hent  back  or  turned  true,  however,  but  usually  a 
new  shaft  will  be  necessary.  In  lining  up  bearings  by  either 
raising  or  lowering  tlie  bearing  on  its  seat,  or  by  moving  it 
sideways,  it  is  well  to  note  tliat  an  even  air  gap  must  be  main- 
tained at  all  times,  to  avoid  any  trouble  due  to  an  unequalised 
magnetic  pull  on  tlie  armature.  If  there  is  too  great-  a  load 
or  strain  on  belt,  which  would  cause  heating  of  bearings,  re- 
duce the  belt  tension,  or  use  larger  pulleys  and  lighter  belt, 
so  as  to  relieve  the  side  strain  on  the  shaft.  The  slipping  of 
tlie  belt  oil  tlie  pulley  may  heat'  one  or  bot  h  bearings. 

Noisy  operation  may  arise  from  the  pulley  or  a niiiiture 
being  out  of  balance,  a  shoulder  on  the  sliaft  or  the  shaft 
collar  striking  against  the  bearing,  chattering  of  the  brushes, 
and  so  on.  'These  causes  may  be  discovered,  as  a  rule,  witliout 
great  difficulty. 

Operating  at  wrong  speed  is  generally  a  serious  matter  in 
an  establisliment  where  reliable  speeds  are  essential.  The 
speed  may  be  either  too  low  or  too  high.  A  low  speed  may 
come  from  either  a  low  voltage,  overload,  short-oirouit .  or 
ground  in  armature  or  shaft  tight  in  bearings.  A  high  speed 
may  result  from  either  a  weak  inagnetic  field  or  voltag^e  too 
high.  Any  of  these  faults  can  be  easily  remedied  by  adjust- 
ing tlie  voltage,  field,  or  load  to  the  iiaine-])late  rating.  A 
sliort-circuitecl  armature  coil  is  often  caused  by  a  piece  of 
solder  or  other  metal  getting  between  the  commutator  bars 
or  their  connections  witli  the  armature.  If  the  short-circuit 
is  within  the  coil  itself,  the  only  effective  remedy  is  to  rewind 
the  coil. 

When  a  motor  fails  to  start,  tlie  trouble  is  generally 
outside  the  motor  itself.  The  trouble  usually  is  an  open  cir- 
cuit somewliere,  or  else  tlie  imu'liine  is  not  properlv  connected 
to  tlie  line. —— " Electrician  and  Mechanic." 


Brighton  Railway  Electrification. —— The  new  electrified  Lon- 
don Bridi^e  lo  Crystal  l>alace  line  of  the  London,  Brighton, 
and  South  Coast-  Railway  was  formally  opened  a  few  days 
a 0^0.  This  brings  up  the  total  length  of  suburban  lines  of 
tliis  coinpany  worked  elect rii^ally  to  about  20  miles.  Tlie 
other  routes  are  Victoria  to  Crystal  Palace  and  Victoria  to 
London  Bridge.  Unlike  almost  all  other  electric  railway 
companies  in  this  count r\\  the  single-pliase  alternating  cur- 
rtMit  iiietliod  of  working  is  utilised. 
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admitted  of  a  wide  range  for  ex perunents,  and  as  a  rule  loci 
tu  satisfactory  results. 

Variable  Conditions  Affecting  Chilling.  -  As  many  who  an; 
interested  in  founding  are  not  cogjjisaiit  of  wliat  is  involved 
ill  the  chilling  of  cast  iron,  the  following  recital  is  given  of 
actions  that  take  place  and  of  conditions  that  exist  in  the 
process  of  chilling  : ― 

(*•/)  Iron  is  chilled  prior  to  any  forinatioii  of  graphite. 
A  chill  may  be  made  harder  by  continuing  to  cool  it  while 
the  adjoining  metal  is  still  in  a  scini-nioltoii  state  or  very  hot  ； 
as  by  this  actio u  any  backward  aiiiR'aliiig  to  soften  the  chill 
IS  more  or  less  retarded. 

(/>)  Under  like  coiuliiioiis  the  lower  the  silicon,  and  the 
liiglier  tlie  sulphur  and  carbon,  the  deeper  the  chill. 

(r)  Under  like  conditions  the  chill  will  be  deeper  the 
smaller  the  area  of  the  cross-section  to  be  chilled. 

(f/)  Under  like  conditions  the  】ess  the  thickness  in  the 
chiller  below  what  can  be  utilised  the  less  the  ('hill  in  t he 
casting. 

(e)  The  longer  the  casting  remains  in  close  contact  with 
its  chiller,  while  its  metal  it*  in  a  cliillable  state,  the  deeper 
the  chill. 

(/)  Tlie  more  fluid  or  the  hotter  the  metal  used  in  pour- 
ing a  chiller  mould,  all  other  conditions  being  the  same,  the 
deeper  the  chill,  from  ^iii.  to  possibly  j|ia.  ；  and  the  greater 
the  cliillable  nature  of  the  metal,  the  more  pronounced  this 
effect. 

((/)  Not  all  grades  of  cast  iron  are  cliillable.  It  requires 
as  a  rule  for  iron  of  a  general  carbon,  less  than  2  per  cent, 
of  silicon  and  above  0  06  per  cent,  of  sulphur. 

(h)  On  account  of  the  variable  percentages  of  silicon, 
sulphur,  and  carbon  required  to  produce  chilled  castings, 
ranging  from  175  down  to  0,50  for  silicon,  from  O'lO  down 
to  0"05  for  sulphur,  and  from  4*00  down  to  2*50  for  carbon, 
it  can  be  seen  that  there  must  he  what  are  commonly  called 
"grades"  in  cliillable  irons. 

Mould  for  Making  Comparative  Chilling  Tests. —  In  order  to 
make  comparative  tests,  a  twin-chiller  mould  was  designed, 
shown  in  Figs.  4,  7,  and  8(    By  having  the  two  moulds  com- 
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Fig.  2.  Fig.  3. 

Castings  with  Gbey  Extekior  and  Chilled  Intekior. 

billed  so  that  they  could  be  poured  from  the  same  basin,  it 
was  possible  to  make  all  the  conditions  alike  in  both,  except 
the  one  which  it  was  desired  should  vary  for  the  particular 
test  under  way.  The  mould  was  further  designed  to  produce 
conditions  similar  to  those  existing  when  casting  chilled  car 
wheels  aud  rolls.  In  making  these  latter  castings  the  con- 
traction of  the  chilled  crust  aud  the  expansion  of  the  chiller 
create  a  space  between  the  exterior  body  of  the  casting  and 
the  interior  face  of  the  chiller.  The  ability  to  create  a  space 
as  above  in  this  experimental  mould  and  to  apply  a  beat- 
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NEW  PROCESSES  FOR  CHILLING  AND  HARDENING 
CAST  IRON, 

BY  THOS.  D.  WEST. 

Conditions  are  occasionally  such  that  an  *'  inside  chill"  is 
produced  in  castings,  by  which  is  meant  thai  a  casting  willi 
a  grey  or  soft  exterior  may  have  the  interior,  or  portions  of 
it,  composed  of  a  hard,  white,  or  chilled  iron,  as  shown  in 
Figs.  2,  3,  9，  aud  10.  While  inside  chilling  is  claimed  to  be 
produced  by  hydraulic  pressure,  this  is  nob  the  inside  chill 
which  has  puzzled  fouiidryinen,  aud  prior  to  the  mocliaiiical 
creation  of  inside  chill  by  the  author,  no  one,  as  far  as  】i(> 
knows,  has  explained  how  it  could  be  produced  at  will.  Tlie 
discovery  of  how  this  can  be  done  is  due  largely  to  experi- 
ments which  tlie  author  has  been  coiiductiug  during  tJic  ])ast 
two  years  with  a  view  to  overcoming  the  defects  now  existing 

in  chilled  car  wheels,  and 
this  investigation  led  to 
other  lines  of  research,  as 
will  be  seen  herein. 

Most  of  the  experiments 
、， ^■l^-—     /^~^^\         -    -'  3-    were  made   at   the  West 
A  tr/CfP -，' "ghcf^  •:'  \     Steel    Casting  Company, 
丄 pi  t      Cleveland,     Ohio.  This 

company  makes  castings 
by  the  converter  and  cru- 
cible methods,  the  former 
requiring  a  cupola  similar 
to  that  used  in  iron  found- 
ing, and  so  permitting  the 
casting  of  chillable  metals. 
The  irons  used  were  ap- 
proximately of  the  follow- 
ing composition  :  Carbon, 
2-75  to  3-25  ；  silicon,  1'75 
to  2  00  ；  sulphur,  around 
^  w    -        006  ；     manganese  and 

Fig.  1, 一 Mould  for  Test  Bars  that  phosphor,  each  aboufc  0  04. 

Solved  INS 腦 GHiLL  Properties.  j„    caseS    where    a  mOie 

chillable  metal  was  desired,  small  portions  of  stick  or 
powdered  sulphur  were  dropped  on  top  of  the  molten 
metal  when  in  the  hand  ladle. 

In  Fig.  1  is  illustrated  the  experiment/  that  created 
mechanically  an  inside  chill.  This  gives  views  of  the  mould 
used  in  casting  test  specimens  in  open  sand  of  the  size  seen 
in  Fig.  5.  The  bar  A  was  cast  against  a  chiller  block  as  at 
E,  while  bars  B,  C，  and  D  were  surrounded  with  rammed  sand . 
The  bars  having  been  poured,  the  gate  connections  F，  G，  II， 
and  I  were  broken  and  the  sand  around  C  and  D  removed 
as  soon  as  their  solidification  would  permit.  When  it  was 
thought  C  and  D  would  stand  the  pressure  of  tongs,  they  - 
were  lifted  quickly,  and  C  was  doused  into  a  pail  of  water, 
while  D  was  broken  by  an  assistant  to  display  conditions  of 
its  interior.  The  immersed  bar  C  having  cooled  to  a  dark 
colour,  it  was  taken  from  the  water  and  broken,  and  dis- 
played an  inside  chill,  such  as  is  seen  at  E。  Fig.  9.  The  bar 
D  showed  an  interior  condition  bordering  on  semi-molten 
metal.  The  chilled  bar  A  showed  that  the  chiller  E  had 
chilled  the  surface  of  A  about  iin.  deep,  while  tlie  bar  B  had 
a  nice  grey  fracture.  Bars  A  and  B  were  not  removed  from 
their  moulds  until  nearly  cold. 

The  philosophy  of  mechanically  creating  an  inside  chill 
exists  in  the  outside  body  of  a  casting  cooling  slowly  enough 
to  allow  the  carbon  to  take  a  graphitic  form,  while  the  inner 
body,  which  is  not  wholly  solidified,  is  cooled  so  rapidly  that 
the  carbon  is  held  iu  the  combined  form,  similar  to  the  way  it 
is  held  iu  the  molten  metal. 

The  graphitic  state  of  the  carbon  iu  the  solidified  body 
causes  the  iron  to  be  grey  and  soft,  while  the  combined  state 
causes  it  to  be  hard  and  white,  or  chilled. 

The  ability  to  create  an  inside  chill  by  strictly  physical 
inaiiipulation  led  to  the  belief  that  it  might  be  practicable  to 
increase  the  depth  of  a  chill  beyond  what  present  chillers  can 
do  with  like  irons.  Especially  was  this  thought  practicable 
for  such  castings  as  chilled  car  wheels  and  rolls.  Several 
methods  were  devised  for  testing  purposes  ；    these  devices 
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ganese,  bone  dust,  hardening  powder,  and  poisonous  cyanide. 
Tliese  tests  were  made  with  a  view  to  determining  whether 
such  filling  of  the  space  would  increase  the  depth  of  chilling 
in  a  bar,  or  cause  it  to  be  any  harder  than  when  the  chiller 
remained  in  close  contact  witli  the  b  ir  until  tlie  latter  was 
nearly  cold. 

No  noticeable  effects  were  produced  by  the  use  of  these 
intended  liankners.  The  thickness  of  cliill  of  the  bars  kept 
in  close  coiiiact  witli  their  chillers  exceeded  that  of  the  treated 
bars  by  from  :}:in.  to  ■Jin.  This  was  to  be  expected,  as  the 
withdrawal  of  the  chillers  1)  to  create  a  packing  space  broke 
the  contact  of  the  chillers  with  their  bars  at  the  crucial 
moment,  so  far  as  their  effectiveness  was  concerned  in 
increasing  tlie  depth  of  tlie  chin. 

Second  Experiment  for  Discovering  Value  of  Hardening  Materials. 
― In  this  series  of  tests,  bolli  chillers  were  pulled  back  al  the 
same  moment  to  create  spaces  adjacent  to  both  hars，  as  at 
K，  Fig.  4.  The  tests  were  to  discover  if  any  great dcpt  li  of 
chill  or  hardening  was  produced  by  packing  one  of  tlie  sj)aces 
quickly  with  the  materials  used  in  the  first  experiments  while 
the  other  space  was  left  open.  The  series  showed  the  chill  to 
be  from  ^in.  to  ^iu.  deeper  in  several  of  the  treated  bars 
than  in  the  iion-treated  bars. 

Tests  for  hardness,  except  for  the  cyanide,  showed  a  gain 
of  6  to  10  per  cent,  by  the  scleroscope.  One  cyanide  test 
with  companion  all-chilled  bars  averaged  68  for  the  treated 
and  70  for  the  non-treated  :  while  with  another  set  of  com- 
panion bars  which  were  not  chilled  the  non-treated  bar  gave 
58  and  the  treated  bar  50  on  an  average.  This  sofUMiiug 
action  of  the  cyanide  may  have  been  due  to  tlie  fact  that 
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the  bars  were  not  cooled  in  water  aft<*r  treatment,  as  is 
necessary  when  case-hardening  steel  with  cyanide.  A  ptn'idiar 
effect  of  the  cyanide  is  to  produce  a  denser  and  a  finer  crystal- 
lisation of  the  treated  chilled  face  about  ^in.  thick. 

Immersion  Experiments. 一 For  this  series,  open  saiul  moulds 
of  tl"、  jjlaii  shown  in  Fi)^.  1  were  used,  and  by  the  aid  of  an 
assistant,  two  of  the  four  bars  were  removed  as  soon  as  the 
crust  solidification  permitted .  One  of  these  bars  was  im- 
mersed and  moved  aroiuul  in  a  pan  of  nuid,  which  in  some 
tests  had  salt  mixed  with  it,  while  the  second  bar  was  simul- 
taneously submerged  in  a  pail  of  water.  These  tests  were 
duplicated  by  having  the  pan  nearly  filled  with  a  high  fire- 
test  oil  in  place  of  the  nuul.  Tests  made  by  the  second  use  of 
the  open  sand  mould,  Fig.  1 ,  showed  tliat  the  nuicl  or  oil  cool- 
ing had  little  or  no  efl'ert  in  cliilling,  on  the  average,  wliile 
the  water  cooling  was  radical  in  its  action.  A,，  B'，  C,  and 
1)'，  Fig.  9，  give  a  fair  illustration  of  these  tests.  A'  is  tlie 
chiller-cooled  bar  ;  B'  the  all-sand  one  ；  C  the  imul-rooled 
bar,  and  D'  tlie  one  placed  in  wat^r.  Bars  .V  ami  IV  were 
both  left  ill  tlieir  moulds  to  cool  naturally.  Tlio  bar  D' 
displayed  an  inside  chill,  as  seen  by  the  white  appearance  at 
D'  ami  tho  grey  comers  and  surface  indicated  by  M'.  The 
best  sample  of  this  effect,  which  was  closeiy  dupluated  in 
several  tests,  is  seen  at  E'  in  connection  with  the  chiller-cooled 
companion  bar  F',  which  latter  was  cast  against  the  face  of 
the  cluller  E,  Fitr.  1,  tlio  same  as  bar  A'  in  Fig.  9.  Tlie  bar 
F'  showed  that  a  liardtM*  grade  of  iron  was  used  than  for  A'. 

The  writ(M''s  ex po ritMu-e  in  producing  this  inside  chill 
nuH'hanically  deinonst rales  it  to  he  a  sensitivo  process  par- 
taking of  numerous  forms,  yet  all  verifying  its  practicability. 
Tt  is  not  ii!i])rol)ablo  that  cast  iiis^s,  or  sections  of  tl" 、川， will 
eviMilually  be  produced  in  a  ret^ular  manner  for  connnerrial 


absorbing  element  to  it  in  connection  with  other  actions  or 
treatment  referred  to  later  on,  made  it  possible  to  conduct  a 
large  number  of  very  satisfactory  comparative  tests. 

In  order  to  obtain  a  variable  action  so  far  as  the  chillers 
P,  Fig.  4,  were  concerned,  the  braces  M  were  removed  and 
the  wedges  N  driven  down.  If  it  were  desired  to  have  the 
space  K  in  botli  moulds,  two  persons  were  employed  to  work 
ill  unison  at  their  respective  ends.  The  wedges  N  would  not 
be  knocked  down  until  the  metal  filling  the  mould  showed 
evidence  at  the  top  edge  of  the  bars  of  having  solidified  suffi- 
ciently to  produce  a  self-sustaining  crust.    Tt,  was  rather 


Fig.  4.— Mould  for  Making  Chilled  Twin  Spi^cimens  for  Fkacturk  Tests. 

remarkable  in  the  air-cooling  tests,  to  be  described  later  on, 
how  clearly  the  rate  of  cooling  and  inner  solidification  could 
be  judged  by  the  changing  colour  of  the  hot  metal  at  the 
top  edge  of  the  bars  next  the  chillers. 

In  casting  bars  intended  to  be  kept  in  dose  contact  with 
their  chillers,  either  the  ruimers  connecting  the  pouring  basin 
with  the  mould  must  be  broken  as  soon  as  the  metal  in  them 
has  solidified  sufficiently  to  permit  such  action  ；  or  care  must 
be  taken  when  pouring  the  moulds  not  to  fill  them  any  higher 
than  the  level  of  the  bottom  of  the  pouring  runners.  By 
these  means  the  disturbing  influence  due  to  the  contraction 
of  the  runners  and  pou ring  basin  is  avoided. 

Fig.  5  shows  the  form  and  size  of  the  pattern  used  for 
moulding  the  bars,  while  Fig.  6  is  that  of  the  manipulative 
chiller  P  employed  in  these  tests.  Each  of  these  chillers 
weighs  31bs.  14oz.,  and  the  bars  made  from  the  pattern,  Fig. 
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Pig.  5.— Fractuhk  Test  liAit  Pattern  ；    Fio.  (； •—  Manuti.ative  ('hilleh. 

5，  averaged  3 lbs.  and  4oz.  As  Figs.  7  ami  8  show  devices 
for  other  purposes  than  those  displayed  in  Fig.  4，  comments 
on  tliem  are  (l('t'('n'('(l. 

First  Experiments  for  Discovering  Value  of  Hardening  Materials. 
Til  starting  to  use  the  twiii-cliiller  moulds  shown  in  Figs. 
,1，  7，  and  8，  tlie  first  nia]uj)ulation  was  to  draw  back  the 
chiller  P  of  one  mould  about  .jin.  from  the  face  of  its  bar 
casting  as  soon  as  the  latter  had  solidified  sufficiently  to  have 
a  self-supporting  cnist  facing  tlie  chillor,  whilo  tlie  coin- 
paniou  bar  was  left  in  close  contact  with  its  chillor  until  of  a 
dark  colour  (.vrr  Fig.  ^I). 

Tn  various  tests  a  jin.  sprur  K，  Fig.  4，  was  formed  bv 
moving  back  the  chillor,  and  the  elTect  tried  of  quirkly  pack- 
ing dilTerent.  】naterials  into  this  space  upon  the  backward 
inovement  of  tho  chiller.  The  materials  tried  at  difTeront 
times  were  fine  sand,  coke  dust,  rharcoal,  powdered  man- 
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use,  having  a  grey  or  mottled  exterior  crust,  wliile  ilio 
adjoining  or  interior  body  of  metal  will  be  of  a  mottled, 
chilled,  or  white  iron.  The  writer  can  conceive  of  castings 
ill  which  this  combination  of  hardness  might  prove  useful, 
but  as  his  ideas  might  be  considered  visionary,  ho  refrains 
from  mentioning  them. 

Hardening  a  Chilled  Body  when  Hot  by  Impingement  of  Air 
Against  its  Surface.  Special  attention  wms  paid  in  this  st'rh's 
of  tests  to  the  hardening  effect  of  air  applied  directly  to  the 
hot  chilled  face  of  a  bar.  For  tests  of  this  character  it  is 
essential  that  tlie  depth  of  chill  in  the  comparative  bars  be 
of  the  same  thickness.  This  condition  was  obtained  by  ad- 
mitting the  air  to  the  treated  bar  only  after  it  was  tliought 
the  inner  metal  had  all  solidified,  so  that  it  could  not  be 
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Fig.  H.— Chiller  Mould  for  Testing  Chill tNG  Effect 

Cooling  Chiller. 
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held  responsible  for  any  variation  of  depth  of  cliill  in  the 
treated  bars.  Only  three  specimens  of  this  series  were 
tested  by  the  scleroscope,  as  given  in  Table  I.  ；  but  from 
filing  and  grinding  tests  made  as  a  check  on  the  results  it  is 
evident  tliat  a  chill's  hardness  can  be  very  materially  in- 
creased by  applying  air,  &c.，  as  herein  described. 

Table  I. ― Scleroscope  Tests  for  Hardness ， 


Set  1 

Set  2 

Set  3 

Average  of  increase  in  hardness  effected   

56 
48 
8 

65 
58 
7 

(51 

53 
8 

*  The  wfiter  is  under  obligations  to  the  kindness  of  Mr.  Walter  D.  Sayle, 
president  or"  the  Cleveland  Punch  and  Shear  Works.  Cleveland,  O.,  for  the 
scleroscope  tests  iiiveu  herein. 

Tests  of  the  grey  sides  of  the  chilled  bars  for  the  second 
and  third  sets  in  Table  I.  gave 
52  and  42  respectively,  showing 
them  to  average  25*4  softer  than 
the  cliilled  sicfes  whijch,  had  re- 
ceived the  air  treatment. 

Effect  of  Air  Saturated  with  Water. 

― This  series  was  conducted  with 
a  view  to  learning  whether  air 
saturated  with  water  might  be 
more  effective  than  air  alone  in 
creating  a  cliill,  or  in  hardening. 
There  was  some  difficulty  at  the 
start  ill  obtaining  satisfactory 
saturation,  but'  this  was  finally 
secured  by  the  use  of  a  device 
which  made  it  possible  to  vary 
the  proportion  of  air  or  water  as 
desired.  The  series  was  instruc- 
tive in  demonstrating  that  so  far 
as  th&  chilling  was  concerned 
there  was  little  to  be  gained  by 
the  saturated  air,  or  what  was 
gained  would  be  secured  by  the 
use  of  a  greater  volume  of  air 
alone,  so  that  the  water  could  be 
dispensed  with.  This  is  not, 
however,  to  belittle  tlie  effectiveness  of  saturated  air  as  a 
hardening  mediiun,  for  among  tlie  tests  in  which  saturated  air 
was  strongly  applied,  one  gave  70  for  the  treated  bar  and  52 
for  the  non-treated  bar,  a  gain  of  34  6  per  cent,  due  to 
hardening. 


Softening  Effect  of  Annealing  Chilled  Iron. 一 Specimens  of  this 

series  of  tests  were  cast  in  the  iwiii-cliiller  mould,  as  arranged 
in  Fig.  8，  without  applying  any  air  cooling  to  either  chillers. 
This  gave  the  same  depth  of  chill  in  both  bars.  Several 
sets  were  cast  and  annealed,  but  only  one  set  was  tested  by 
Mie  scleroscope.  Other  sets  showed  by  filing  and  grinding 
til  at  they  checked  closely  with  those  tested  by  the  scleroscope. 
The  aiiiiealiiig  was  done  as  follows :  The  bars  were  taken  out 
of  their  mould  together  ami  one  left  in  tliei  open  air,  of  about 
70°  Fall.,  while  the  other  was  laid  on  the  bottom  of  a  hot 
crucible  furnace,  the  oil  fire  having  been  shut  off,  ami  left 
there  about  12  hours.  The  chilled  side  of  the  iinai.iiealed 
bar  tested  at  68  and  the  grey  side  at  45.  The  chilled  side 
of  the  annealed  bar  tested  at  47  and  the  grey  side  35.  This 
gave  a  difference  for  the  chilled  sides  of  21，  and  for  the  grey- 
sides  of  10. 

Relative  Efficiency  of  Warm  and  Cold  Chillers.  - Tn  order  to  be 
assured  of  correctness  in  his  resea relies,  the  author  under- 
took to  determine  the  efficiency  of  different  metals,  and  of 
different  thicknesses  of  metal,  for  chillers,  and  tlie  relative 
efficiency  of  warm  and  cold  chillers.  To  detennine  the  latter 
two  chillers,  both  alike,  were  used,  one  of  which  was  heated 
to  various  temperatures,  from  one  bearable  to  the  hand  to 
one  that  would  burn  the  flesh,  while  the  other  chiller  was 
kept  at  tlie  temperature  of  the  atmosphere.  The  first  three 
sets  of  these  tests  were  made  on  a  day  when  the  thermometer 
registered  62°,  and  the  second  set  of  four  tests  wtieii  it  was 
55'\  The  tests  showed  from  j^in.  to  -j^in.  greater  depth  of 
chill  in  the  bars  having  the  cold  chiller  than  those  having 
the  heated  ones.  Having  recently  read  the  claim  that  a 
warm  chiller  would  chill  deeper  than  a  cold  oue,  it  was 
thought  necessary  to  learu  whether  swell  was  a  fact,  as  it  is 
unreasonable  to  expect  siicli  a  result. 

Efficiency  of  Different  Thicknesses  for  Chillers.  ^ To  determine 
the  effect  of  different  thicknesses  for  chillers,  tests  were  made 
by  tlie  writer  at  the  Cleveland  branch  of  the  National  Car 
Wheel  Company,  as  well  as  at  the  foundry  of  tlie  West  Steel 
Casting  Company.  For  this  series  open  sand  moulds  were 
used,  as  seen  in  Fig.  11.  The  chillers,  as  shown,  were 
respectively  |in., 臺 in.，  |in.,  lin.,  2in.,  and  Bin.  thick,  and 
all  2iii.  wide  by  9in.  deep. 

The  test  specimens  cast  against  these  chillers  in  the  wheel 
foundry  were  l|iu.  by  21in.,  and  8in.  long,  and  at  the  steel 
foundry,  because  of  having  a  less  chilling  metal,  tliey  were 
of  the  size  shown  in  Fig.  5.  The  top  row  of  fracture  views, 
Nos.  1  to  6，  Fig.  10,  is  a  fair  representation  of  results 
obtained.      The  thickness  of  chill  in  the  samples  sliown  in 
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Fig.  9.— Samples  of  Tkst  Bars. 

Upper  row  shows  results  of  immersion  experiuieuts.    In  the  lower  row,  E'  shows  an  inside  chin,  F'  a  chiller-cooled 
btii',  and  the  rest  illustrate  the  superiority  of  air  chilling  over  metal  chillers. 


Fig.  10  is  approximately  as  marked.  A  study  of  these 
samples  demonstrates  that  the  efficiency  of  chillers  in  general 
use  is  far  from  being  in  accord  with  their  thickness.  The 


Sin.  chiller,  for  example,  produced 
(.'hill  than  the  lin.  chiller. 


but   j'^gin.  more  depth  of 
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Aside  from  their  value  in  other  ways,  these  tests  suggest 
the  advisability  of  makers  of  chilled  rolls,  car  wheels,  &c.， 
trying  steel  metal  chillers  in  place  of  the  much  heavier  cast- 
iron  ones.  Steel  chillers  need  be  made  only  of  the  thickness 
required  for  efficiency  in  cooling,  and  would  still  be  strong' 
enough  to  resist  the  contraction  and  expansion  strains  to 
whicli  chillers  are  subjected.  There  is  a  liability  of  difficulty 
being  encountered  in  using  steel  chillers  on  account  of  ilie 
steel  warping  tlirougli  repeated  heating.    By  using  ribs  or 


4 
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Fig.  10.— Samples  of  T^st  Baks. 

Upper  row  illustrates  efficiency  of  chillers  of  different  thicknesses;  lower  row,  results  with  sand-faced  uiouid,  and 

air-cooled  bars  containing  vanadium  and  titanium. 


giving  a  special  form  to  steel  chillers  this  objection  may  be 
greatly  reduced,  if  not  wholly  overcome. 

Efficiency  of  Different  Metals  for  Chillers. —— It  was  important, 
at  least  to  the  writer,  to  know  whether  any  difference  existed 
in  the  efficiency  of  chillers  of  grey,  white,  or  all-chilled  cast 
iron  or  of  steel  or  wrought  iron.  Tests  were  made  with  these 
different  metals  at  both  foundries.  Two  sets  of  chillers  were 
used,  one  2in.  square  and  the  other  lin.  by  2in.,  all  close 
to  9in.  long.    Aside  from  grinding  one  face  of  these  chillers 


taneously  to  create  a  space  between  the  bars  and  their 
cliillers,  as  seen  by  the  opening  at  K,  Fig.  4.  The  plates  S 
removed,  air  of  about  501bs.  pressure  was  admitted  to  one  of 
the  pipes,  as  at  W,  Fig.  7,  vvliicli  passed  down  the  bore  of 
it's  chiller  to  find  exit  at  X，  and  at  the  orifices  1  to  8  to  the 
exterior  of  the  chiller  ；  from  whence  it  passed  upward  and 
escaped  to  the  externa]  atmosphere  from  around  the  opening 
Y  in  the  plan  view  of  Fig.  8. 

Ill  the  use  of  chillers  for  car  wheels,  rolls,  &c.，  the  con- 
traction of  the  casting  and  ex- 
pansion of  the  chiller  leave  a 
space  between  tlie  two,  and  these 
1  est s  were  therefore  well  adapted 
to  demonstrate  whether  iuter- 
mhIIv  or  externally-cooled  chillers 
used  for  this  rlass  of  castings 
would  produce  a  deeper  chill 
t  hail  those  not  cooled.  Half-a- 
dozen  tests  were  made  wit li out 
findiiig  any  practical  difference 
in  the  depth  or  character  of  the 
chill  produced  by  the  air-cooled 
chiller  bars  ami  that,  of  theii 
compaiiioiis  which  were  not 
:*ooled. 

Following  these  tests,  fully  six 
more  were  made  witli  the  plates 
S  omitted  on  both  sides,  so  as  to 
have  the  bars  cast  d  i  rectly 
against  the  face  of  their  chillers, 
as  displayed  in  Fig.  8.  Here 
both  bars  remained  in  close 
contact  with  their  chillers 
colour.      In    casting   these  bars 


dark 


until    cooled   to  a 

air  of  about  501bs.  pressure  was  admitted  to  one  side  only, 
passing  down  the  pipe  W  and  escaping  at  the  lower  exits 
seen  at  X，  and  thence  passing  upward  to  the  external  atmo- 
sphere through  the  space  I.  It  was  a  surprise  to  find  that 
this  method  proved  practically  no  more  effective  than  that 
just  described.  These  tests  appear  to  confirm  those  illus- 
trated in  Fig.  11  by  demonstrating  that  there  is  a  limit  to 
which  the  thickness  of  a  chiller  affects  its  efficiencv,  and  that 
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Fig.  11.— Testing  Efficiency  of  Different  Thicknesses  of  Chillei". 

to  remove  the  scale  and  make  them  smooth,  as  with  all  other 
chillers  used  in  the  experiments  of  this  paper,  they  were 
chipped  or  ground  at  their  lower  ends,  if  needed,  to  make 
them  all  of  the  same  weight.  The  plan  of  the  open  sand 
mould  used  is  shown  in  Fig.  12.  The  test-bar  patterns  were 
of  the  same  size  as  used  for  the  tests  of  Fig.  11，  about  four 
sets  being  cast  from  each  size  pattern.  While  slight  diffe- 
rences in  the  thicknesses  of  the  chills  resulting  from  chillers 
of  the  different  materials  seemed  to  iiidic-ate  that  one  or 
another  of  the  materials  produced  the  deepest  chill,  iliere 
was  so  little  practical  difference  in  the  results,  taking  an 
average  of  all  tlie  tests,  that  none  of  the  chillers  could  be 
rated  as  being  decidedly  better  than  llie  others. 

Value  of  Cooling  Chillers.— The  chief  information  sou^'lit  iu 
this  series  of  tests  was  whether,  wlien  a  casting  coiit raots 
away  from  a  chiller,  the  depth  of  chill  is  increased  by  cool- 
ing the  chiller,  and  at  what  point  the  cooling  ceases  to  have 
this  effect.  The  chillers  for  these  tests  were  arranged  so 
as  to  liave  tlie  orifices  1  to  8，  Fig.  7，  turned  away  from  tlie 
face  of  the  mould  as  in  Fig.  8.  This  pave  a  solid  surface  to 
tlie  body  of  the  chiller  fronting  the  mould,  and  prevented 
the  air  used  to  cool  the  chiller  from  iinjiin^iiit^  on  the  liol 
face  of  the  bar.  For  the  first  tests,  intervention  plates  S 
were  used  for  fronting  each  chiller,  after  the  ideas  disjilayed 
in  Fig.  7.  As  soon  as  solidification  of  the  metal  at  the  face 
of  these  plates  would  permit,  they  were  pulled  out  simul- 


FiG.  1-2. —Testing  Efficiency  of  Different  Mktals  t'oit  Chillers. 

its  efficiency  cannot  be  assisted  by  artificial  lueaus.  They 
forcibly  illustrate  the  fact  that  if  little  or  nothing  is  to  be 
gained  by  holding  a  casting  in  close  contact  with  a  cooled 
chiller  until  it  becomes  of  a  dark  colour,  it.  would  be  unreason- 
able to  expect  any  benefit  from  a  heat-absorbing-  medium 
passing  rapidly  through  the  internal  body  of  a  chiller  or  over 
its  outer  external  surface  when  a  space  existed  between 
the  two. 

.  {To  be  continued,) 

Personal.  ~ Air.  W.  J.  Guy,  of  Sheffield,  has  been  a])|)oinU*d 
inaiiager  at  Newburn  Steelworks  in  succession  to  Mr.  W.  E. 
Hampton,  who  lias  roinoved  to  Biriiiiiighani.  The  new  ofTu'ial 
has  lie  Id  several  ini  porUuit  posts.  lie  has  come  from  tlie 
Sheffield  works  of  Messi-s.  John  Brown  &  Co.,  Ltd.,  of  Shef- 
field and  Clvdebauk,  and  was  associative!  witli  that  wrll-ktiowii 
firm  for  over  10  years. 

Engineer  Decapitated  at  a  Mill.  —At  the  River  Mill,  Dukiii- 
"t'ld,  on  I  ho  lili  iusi.,  1  lu'  di  t  apitaled  body  of  t  he  engineer 
was  found  on  t  he  top  platform  of  the  rope  race.  Tlie  |)Iat  furin 
is  only  5ft.  square.  Two  ropes  were  off  the  pulley,  but  how 
the  accident  ha]>pened  is  unknown.  The  ropes,  \vln<  h  wero 
only  tightened  about  a  fortnight  apo,  are  e«tiniat<*d  to  travel 
at  a  speed  of  a  mile  and  a  hali  a  minute,  and  it  is  presumed 
that  in  attending  to  bis  duty  his  bead  became  entangled  with 
tliein. 
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MACHINE  FOR  TESTING  THE  HARDNESS  OF  METALS. 

We  illustrate  herewith  (a  machine  for  testing  the  liardiiess  of 
metals,  the  invention  of  R.  Guillery,  44，  Avenue  de  Sei^ur, 
Paris.  It  depends  upon  the  principle  enunciated  by  liriiiell, 
in  which  the  hardness  of  a  metal  is  measured  by  the  impres- 
sion produced  by  a  ball  of  given  diameter  loaded  with  a  given 
number  of  kilograms.  Under  the  usual  conditions  the  ball 
is  10  mm.  diam.  and  supports  a  load  of  3,000  kg. 
The  relation  between  the  load  ami  the  spherical  surface  of 
the  impression  is  called  by  Briiiell  tlie  coefficient  of  hardness 
of  the  metal.  It  is  particularly  interesting  to  cleterniiiie  this 
coefficient  since  for  the  carbon  steels,  that  is,  for  the  ordinary 
steels,  it  is  very  nearly  proportional  to  the  tensile  coefficient 
i:i  the  relation  of  '36  to  1. 

Fig.  1  is  a  transverse  section  of  tlie  apparatus.  Fig.  2 
is  a  front  view  with  the  eccentric  lever  in  section.  Figs.  3 
and  4  represent  sections  through  the  lever  for  the  case  when 
only  a  single  stroke  is  used  in  the  trial.  The  apparatus  at  its 
lower  part  carries  a  nest  of  Belleville  springs  (springs  con- 
sisting of  a  metallic  disc,  in  which  the  central  portion  is  pro- 
vided with  an  aperture  and  is  raised  above  the  rest  of  the 
periphery,  two  of  these  springs  being  placed  together,  so  that 
their  peripheries  are  in  contact),  bearing  on  the  one  hand 
against  a  ball  support  A  internally  threaded  for  the  purpose 
of  mounting,  and  on  the  other  hand  against  the  base  by 
abutment  washers  and  a  hollow  ring  B  of  elastic  metal  filled 
with  mercury  and  coiiiiiiunicating  with  a  glass  tube  C  placed 
outside  the  frame  and  indicating  at  a  given  temperature  the 
pressure  employed.  At  its  upper  ])art  the  apparatus 
carries  a  lever  D  turning  through  a  limited  angle  ；  this  lever 


Fig.  1.  Fig,  2. 

Machine  for  Testing  Hardness  of  Metals. 

by  its  eccentric  axle  E  and  its  ball  bearings,  imparts  to  the 
half  bush  F  a  vertical  movement  which  is  greater  for  the  full 
stroke  of  the  lever  than  the  inaxiiiium  impression  of  the  ball 
on  soft  metals.  This  movement  when  transmitted  to  the  ball 
M  causes  a  depression  of  the  Belleville  springs  equivalent  to 
the  load  of  3,000  kg.  required  in  the  Brinell  test.  The  half 
bush  F  rests  on  the  socket  G  kept  in  contact -witli  it  by  the 
spring  H，  which  tends  always  to  raise  it.  The  socket  G  is 
screw  threaded  and  carries  two  screws  J  and  K，  with  hand 


wheels,  telescoped  in  eacli  other,  so  as  to  allow  any  thickness 
of  Kietal  to  be  tested  })ot  weeii  the  hall  M  and  t  he  universally 
jointed  support  N. 

Figs,  3  and  4  show  a  modification  suitable  for  tests  per- 
toniKHl  wit  li  a  single  st  rc^ke,  tor  exani  pic,  in  test  ing  lieated 
metals.  The  eccentric  axle  S，  whicli  t  urns  on  rollers,  is  pro- 
vided with  a  hexagonal  extension  over  which  the  lever  R  can 
be  slipped  :  l)y  removing  t lie  Ifwer  ami  replacing  it  on  another 
side  of  the  hexagon,  the  stroke  of  tlie  lialf  b iish  c.-m  f>e  iii- 


FiG.  3.  Fig. 


creased,  so  that  it  is  always  greater  than  the  impression, 
together  with  the  depression  of  the  Belleville  springs.  An 
electric  contact  P  indicates  througli  a  bell  wIumi  tlic  load 
of  3,000  kg.  has  been  attained.  The  test  is  continued  until 
the  bell  sounds  ；  the  pressure  exerted  by  tlie  ball  on  the  piece 
tested  is  tlien  3,000  kilos.  The  spherical  surface  of  the  im- 
pression is  then  measured,  and  the  quotient  of  3，0()()  kilos  by 
the  area  in  square  millimetres  is  tlie  required  coeffirit'ut  of 
hardness. 


REPORTS  ON  THE  RECENT  DUST  EXPLOSIONS. 

The  report  of  Mr.  H.  J.  Jackson,  II. M.  Inspector  of 
Factories,  who  conducted  an  enquiry  into  the  explosion  at 
Messrs.  J.  Bibby  &  Sons'  factory  at  Liverpool,  on  November 
24tli,  when  39  persons  were  killed  and  101  injured,  has  just 
been  issued.  During  the  process  of  inanufacture  of  the  oil- 
cake, the  firm  used  meal  which  had  been  treated  with  naphtha, 
and  Mr.  Jackson  reports  that  in  his  opinion  the  explosion  was 
due  to  the  ignition  of  a  dense  cloud  of  dust  produced  by  the 
breaking  of  the  driving  belt  of  the  "  street  end  dressing 
machine  "  disintegrator.  The  disintegrator  belts  were  8in. 
wide,  they  ran  at  a  speed  of  about  5,000  per  minute,  and 
the  wprknien  stated  that  when  they  broke  they  caused  a 
(-■loud  of  dust  like  a  fog  ，，  for  a  minute  or  two,  due  to  the 
dislodging  of  accumulations  of  dust  on  the  girders,  machinery, 
and  plant.  Experiments  showed  that  a  dense  cloud  of  this 
dust  yielded  an  explosion  with  (1)  an  ordinary  lucifer  match 
when  ignited  in  the  dust  :  (2)  the  flame  of  an  ordinary  gas 
jet  ；  (3)  the  flash  caused  by  fusing  an  electric  fuse  wire  ；  (4) 
the  spark  produced  by  breaking  circuit  of  an  electro-magnet. 
The  inspector  expresses  the  opinion  that  while  the  striking 
of  a  match  might  have  been  the  cause  of  the  initial  flash 
which  brought  about  the  explosion,  it  may  have  been  due  to 
the  breaking  of  a  magnet  wire,  or  to  the  bursting  of  the  un- 
covered fuse  on  the  temporary  switchboard  at  the  very 
moment  when  a  dense  dust  cloud  was  formed  by  the  breaking 
of  the  disintegrator  belt.  Mr.  Jackson  makes  a  number  of 
recommendations  applicable  where  carbonaceous  dust  is 
generated,  which  include  provision  for  the  prevention,  inter- 
ception, or  removal  of  dust  ；  the  prohibition  of  matches, 
smoking,  naked  gas  lights,  and  electric  lamps.  He  says 
underground  rooms  are  unsuitable  for  disintegrators,  or  for 
grinding  machinery,  and  suggests  that  the  roof  of  a  room 
used  for  that  purpose  should  offer  little  resistance  to  an 
explosive  force. 

The  report  has  also  been  issued  of  Mr.  W.  S.  Smith,  H.M. 
Inspector  for  Dangerous  Trades,  on  the  explosion  at  the  works 
of  Messrs.  William  Primrose  &  Sons,  Glasgow,  on  November 
lOtli  last,  which  caused  the  deaths  of  two  men  and  three 
children,  and  injuries  to  eight  persons.  In  this  case  also 
the  cause  is  attributed  to  the  ignition  of  carbonaceous  dust, 
probably  bv  a  spark,  but  more  probably  by  a  naked  lii^lit,  the 
direct  suggestion  being  tliat  the  explosion  followed  a  fall  of 
dust  from  an  overhead  beam  on  to  a  Bunsen  burner. 


3^ 


Q 


746  THE    MECHANICAL    ENGINEER.  [June  14，  1912 


THE  FUNCTION  OF  THE  LABORATORY  IN  THE  TRAINING 
OF  AN  ENGINEER.* 

. BY  PROF.  E.  、V.  MARCHANT,  D.SC.  (lOND.),  M.I.E.E. 

The  confereiR-e  recently  held  by  the  Institution  of  Civil 
Engineers,  whatever  other  effects  it  may  have  producecl,  has 
aroused  a  great  deal  of  interest  in  the  subject  of  engineering 
training.  It  is  not  proposed  to  deal  at  length  in  this  paper 
with  the  general  question  of  the  proper  training  for  an 
engineer,  but  it  may  be  of  interest  to  make  some  attempt  to 
summarise  the  main  conclusions  on  which  there  appeared  to 
be  agreement  at  the  recent  conference. 

Ill  tlie  first  place  it  must  be  recognised  tliat  it  is  impossible 
to  indicate  any  royal  road  to  becoming  an  engineer  ；  the  path 
pursued  must  depend  very  largely  on  the  individual,  and 
what  may  be  good  for  one  is  bad  for  another.  Tlie  three 
essential  conditions  are  :  (] )  That  tlie  engineer  should  have 
a  good  general  education  as  a  foundation  for  his  future  know- 
ledge, and  that  this  education  should  iuclude  a  good  ground- 
ing in  mathematics  ；  (2)  iliat  he  should  have  a  good  college 
training  which  should  include  a  grounding  in  the  general 
priijciples  underlying  all  branches  of  engineering  ；  (3)  that 
lie  should  have  a  good  workshop  training  or  pupilage. 

These  conclusions  appear  nowadays  to  be  almost  obvious, 
and  it  is,  perhaps,  hardly  necessary  to  state  them  save  to 
emphasize  the  fact  that  hardly  a  voice  was  raised  which  did 
not  recognise  that  all  three  things  were  essential,  and  that 
an  engineer  could  not  be  regarded  as  fully  trained  luitil  he 
had  gone  through  all  these  phases  of  his  education.  Beyond 
that  point  it  is  very  difficult  to  go.  The  most  varied  views 
were  expressed  as  to  the  most  desirable  order  in  which  to 
place  the  last  two  stages,  whether  to  put  college  training  first 
or  to  have  it  after  a  training  in  works,  or  whether  to  have  it 
sandwiched  in  between .  The  author's  own  view  is  that  it 
is  best  to  have  college  training  first  and  works  afterwards, 
and  for  the  student  to  gain  the  knowledge  of  practical  work , 
that  it  is  so  desirable  for  him  to  have,  during  his  college 
career  in  the  long  vacation  of  his  college  course.  These 
matters  lie,  however,  beyond  the  scope  of  this  paper. 

It  is  only  with  the  second  stage  of  the  engineer's  education 
that  this  paper  specifically  deals.  There  are  laboratories  in 
schools  and  laboratories  in  works  which  serve  most  useful 
purposes,  but  these  laboratories  are  not  places  where  engineer- 
ing training  is  given.  The  college  laboratory  is  the  only- 
place  designed  with  a  view  to  giving  training  suitable  for  an 
engineer,  and  it  is  not  to  be  expected  that  either  the  school 
or  the  works  will  ever  succeed,  even  if  they  should  attempt 
to  do  so,  in  providing  instruction  which  would  enable  a 
college  laboratory  to  be  dispensed  with.  Engineering  is  a 
profession  which  deals  with  three  things  :  materials,  machines, 
and  men.  Of  the  last  of  these  things  no  amount  of  teaching 
will  ever  succeed  in  giving  any  real  knowledge,  the  only  way 
to  learn  being  by  experience.  This  is  a  fact  well  known 
and  universally  recognised,  but  what  holds  for  the  last,  holds 
for  the  two  first  also,  though  not  perhaps  to  the  same  degree. 
To  know  anything  about  materials  and  machines  it  is  essen- 
tial that  one  should  have  experience  in  the  use  of  them. 
Knowledge  gained  by  experience  is  real  knowledge,  and  is  not 
soon  forgotten  and  lost,  and  it  is  with  the  object  of  instilling 
some  of  this  real  knowledge  about  materials  and  machines 
that  the  laboratory  has  been  created.  Although,  therefore, 
it  may  appear  that  the  function  of  the  laboratory  in  an 
engineering  training  is  comparatively  small,  as  forniinj^  onlv 
one  part  of  the  college  training,  it  is  really  fundamental,  the 
most  fiuidamenlal  part  in  tlie  training  of  an  engineer,  and  an 
engineer  trained  without  laboratory  practice  has  missed  the 
greater  part  of  what  a  college  can  teach  him. 

An  engineering  laboratory  was  first  estahlisluMl  in  Eng- 
land, as  far  as  the  author  is  aware,  by  Prof.  Kennedy,  and 
since  it  was  founded  at  University  College,  London,  inam' 
engineering  laboratories  have  been  built,  some  simple,  some 
"lost,  elaborate  in  every  detail  of  equipment.  Tt  is  om、  of  t  lie 
objects  of  (his  paper  to  discuss  what  is  the  best  kind  of  labora- 
tory for  educational  purposes.  Before  discussing  this  question 
i"  greater  detail  it,  will  be  (lesirable  to  state  as  siinply  as 
possible  what  a  laboratcn-y  IraininL^  may  be  expected  to  do 
for  the  average  student.  Tlie  chief  functions  of  ativ  scientific 
laboratory  are  :  (1)  To  teach  the  art  of  deduction  from  experi- 
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incnt.  (2)  To  give  a  practical  knowledge  of  the  operation  of 
the  machines  with  which  tlie  laboratory  is  intended  to  deal. 

There  can  be  no  doubt  that  the  type  of  laboratory  in 
which  the  student  does  notiiing  but  make  observations  is  of 
very  little  value.  After  the  preliminary  interest  has  evapor- 
ated, the  student  will  lose  interest  in  his  work,  his  inherent 
laziness  (and  the  word  inherent  is  not  intended  to  be  in  any 
sense  in  disparagement  of  the  average  student)  will  be  en- 
couraged, and  what  is  perhaps  the  most  important  result  of 
all,  the  student  will  gain  no  real  knowledge  of  tlie  actual 
behaviour  of  the  machinery  with  which  he  has  to  deal  ；  lie 
will  be  unable,  for  example,  to  carry  out  a  test  on  his  owji 
responsibility,  because  he  will  never  have  had  the  experience 
of  making  the  necessary  preparations  for  the  tests  he  has 
made. 

It  is  not  necessary  that  the  machinery  used  should  be  of 
great  size.  For  most  purposes  a  machine  of  10  li.p.  to  15  h.p. 
is  sufficient,  and  there  is  a  further  advantage  in  the  use  of 
small  machines,  in  that  the  student  can  be  given  a  freer  liand 
in  making  the  necessary  connections  and  arranging"  the  test- 
ing appliances.  With  very  large  machines  the  value  of  the 
material  used  means  that  much  greater  care  must  be  exer- 
cised before  a  test  is  started  ；  in  many  cases  it  is  the  custom 
for  all  arrangements  for  the  test  to  be  made  beforehand  by 
the  laboratory  staff.  The  disadvantage  of  tliis  practice  is 
obvious,  and  its  necessity  is  in  itself  a  reason  why  large 
machines  are  undesirable.  At  the  same  time  the  use  of  small 
machines  exclusively  for  laboratory  practice  is  also  undesir- 
able, since  the  student  does  not  obtain  that  sense  of  scale,  as 
Prof.  Unwin  recently  put  it,  which  it  should  be  one  of  the 
objects  of  a  laboratory  training  to  give.  It  is  questionable, 
however,  whether  the  expenditure  involved  in  the  provision 
of  large  plant  is  altogether  justified,  since  it  is  usually  possible 
to  arrange  for  tests  to  be  made  on  outside  plant  of  large  power 
or  for  students  to  participate,  as  assistants,  in  tests  that  are 
being  made  elsewhere. 

The  advantage  of  carrying  out  one  or  two  tests  outside 
the  laboratory  under  ordinary  practical  conditions  is  very 
great,  and  it  would  be  of  assistance  if  engineers  would  give 
even  greater  facilities  than  they  have  done  in  the  past  for 
students  to  gain  this  very  valuable  experience.  One  is  aware 
of  the  natural  objection  that  may  be  felt  to  students  being 
present  at  official  trials,  but  there  are  many  observations  that 
have  to  be  made  in  a  trial,  whicli  the  student-  can  make  as 
well  as,  if  not  better  than,  the  ordinary  assistant,  and  the 
practical  advantage  he  gains  is  very  great.  The  laboratory's 
main  object  is  to  give  knowledge  of  fundamental  principles, 
and  for  this  purpose  a  series  of  tests  devised  witli  the  object 
of  bringing  out  some  fundamental  point,  or  an  experiment 
on  .  a  piece  of  apparatus  specially  designed  to  emphasize  a 
particular  phenomenon,  is  the  best  means  for  instruction. 
Besides  giving  knowledge  of  machines,  it  is  essentia)  that  the 
laboratory  tests  should  give  a  knowledge  of  the  qualities  of 
the  materials  used  in  engineering  construction,  of  the  con- 
ductivity of  metals,  of  the  insulating  qualities  of  materials, 
and  of  their  power  to  resist  strain,  of  the  magnetic  qualities 
of  iron,  and  of  the  laws  of  temperature  rise  in  simple  cases. 
Besides  this,  the  calibration  and  testing  of  instruments  (and 
the  accuracy  of  observation  attained  bv  tests  of  this  kind  of 
work  is  of  fundamental  value)  forms  an  important  part  of 
the  training  whicli  the  laboratory  should  afford. 

Laboratory  work  appeals  especially  to  the  English  tem- 
pp''ament，  wliicli  is  experimental  rather  than  theoretical,  and 
it  may  be  used  、vith  advantage  to  a  greater  extent,  the  author 
believes,  in  English  institutions  than  in  those  of  some  other 
countries.  In  spite  of  this  fact,  the  laboratory  has  reached 
its  greatest  development  in  Germany  and  America,  largely 
because  the  funds  that  liave  been  available  for  educational 
purposes  have  been  much  ^'reater  as  a  rule  tliaii  they  have 
been  here.  In  Germany,  especially,  the  laboratories  in 
Berlin,  Dresden,  Carlsruhe,  and  some  other  places,  can  liardly 
fail,  at  fi rst  sight,  to  cause  a  pang  of  envy  in  tlie  minds  of 
those  wlio  have  to  work  with  far  fewer  facilities.  In  some 
cases,  which  it  is  not  necessary  to  specify,  the  equipment  does 
not-  appear  to  have  been  devised  in  tlie  best  wav.  Too 
is  left  for  tlie  student  to  do.  He  is  ap]>allefl  by  tlie  conijilexii y 
of  the  appliances  、vith  wliich  he  has  to  deal,  and  the  average 
student  fails  to  understand  exactly  what  lie  is  doing  when 
he  is  carrying  out  a  test.  In  the  later  stajjes  of  his  training, 
it  is  most  desirable  that  a  good  deal  sliould  be  left  to  the 
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student's  initiative.  He  should  be  required  to  carry  out  a 
complete  series  of  tests  on  a  given  plant,  he  should  make  these 
tests,  as  far  as  possible,  on  his  own  responsibility,  he  should 
connect  up  his  own  instruments,  and  write  a  report  on  the 
test,  similar  to  that  which  would  be  required  if  the  test  were 
being  made  officially. 

In  some  cases  the  student  appears  to  be  set  a  definite 
routine  in  his  laboratory  course,  the  organisation  of  the  labor- 
atory work  appears  to  b&  almost  military  in  its  precision,  and 
the  inevitable  result,  as  far  as  the  English  student  is  con- 
cerned, is  to  deaden  his  intelligence  and  make  him  a  far  less 
useful  member  of  the  engineering  profession  than  he  would 
have  been  had  be  been  given  greater  freedom  and  allowed  to 
act  on  his  own  initiative. 

There  lias  been,  and  still  is,  a  great  tendency  in  the  equip- 
ment of  laboratories  to  standardise  the  arrangements 
adopted.  To  a  certain  extent  this  is  almost  a  necessity,  since 
the  apparatus  and  machinery  required  for  simple  tests  is 
bound  to  be  very  similar,  and  the  nature  of  the  tests  can 
hardly  vary  to  any  great  extent  if  they  are  to  illustrate  the 
same'  laws.  In  the  higher  branches  of  training  there  would 
seem  to  be  much  less  reason  for  any  great  similarity  between 
laboratories.  The  field  of  knowledge  which  can  be  covered 
by  the  student  when  his  studies  are  more  specialised  is  neces- 
sarily smaller,  the  total  amount  of  time  available  for  instruc- 
tion is  comparatively  short,  and  even  if  it  were  possible  for 
him  to  spend  a  longer  time  at  his  training  it  seems  very 
doubtful  whether  any  advantage  would  be  really  gained  by 
him.  This  being  so,  it  would  appear  that  the  most  desirable 
course  to  adopt  would  be  to  restrict  the  provision  of  machinery 
and  apparatus  in  any  given  laboratory  to  the  branches  of 
electrical  engineering  in  which  the  professor  and  his  staff 
are  most  intimately  concerned.  As  a  matter  of  fact  this  is 
precisely  what  has  happened  and  what  is  bound  to  happen  in 
laboratory  equipment,  and  it  is  the  course  which  is  most  likely 
to  be  useful  in  providing  engineering  education  for  all  the 
types  of  citizen  that  may  require  it.  It  would  be  most  unfor- 
tunate if  all  laboratories  outside  a  central  institution  were 
to  concern  themselves  with  the  training  of  engineers  up  to  the 
point  at  whicli  they  begin  to  do  really  interesting  work,  and 
that  they  should  then  be  transplanted  to  a  central  college 
where  all  advanced  work  and  research  work  was  to  be  under- 
taken. If  sucli  a  co-ordination  were  proposed  to  be  carried 
out  (and  it  is  not  in  the  author's  view  at  all  a  feasible  pro- 
position), it  would ,  from  the  point  of  view  of  tlie  laboratory 
training,  be  much  better  if  the  preliminary  training  were  all 
given  in  a  central  institution  and  that,  after  the  first  two 
years  of  preliminary  training  had  been  received,  tlie  students 
should  then  be  drafted  off  to  the  laboratories  which  were  best 
adapted  to  provide  a  training  in  that  branch  of  engineering 
which  they  were  anxious  to  follow. 

With  things  as  they  are,  of  course,  such  a  proposal  is 
altogether  out  of  the  question.  All  laboratories  are  now  pro- 
vided more  or  less  completely  with  the  material  necessary 
for  giving  a  good  preliminary  training  ；  it  is  to  be  hoped  that 
unnecessary  duplication  may  be  avoided  in  the  further  pro- 
vision that  has  to  be  made  to  meet  the  requirements  which 
modern  developments  have  rendered  necessary.  The  necessity 
for  this  restriction  in  the  scope  of  work  is  also  desirable 
from  the  purely  educational  standpoint.  The  modern 
tendency  both  in  general  and  engineering  education  appears 
to  be  against  specialisation.  'This  may  be  sound  theoretically, 
and  the  position  is  one  for  which  it  is  very  easy  to  give  ample 
justification,  but  is  seems  very  doubtful  whether  a  greater 
degree  of  specialisation  would  not  give  better  results  in 
general  education,  and  there  is  no  doubt  whatever  that  a  more 
specialised  training  is  much  better  for  engineers  than  one 
which  covers  a  greater  range  of  subjects.  Whatever  branch 
of  engineering  a  student  may  subsequently  take  up,  he  will 
be  far  better  able  to  cope  with  new  problems  and  to  solve 
difficulties,  if  he  has  had  experience  in  the  complete  solution 
of  some  problem,  if  he  has,  for  example,  carried  out  an  ex- 
haustive series  of  trials  on  a  given  piece  of  machinery,  than 
if  he  has  been  given  a  very  broad  general  training  in  all 
branches  of  engineering.  The  great  function  of  the  labora- 
tory, as  has  been  already  stated,  is  to  teach  the  art  of  deduc- 
tion from  experiment,  but  it  would  seem  in  many  modern 
laboratories  that  this  function  has  been  entirely  lost  sight  of 
and  its  function  perverted  into  a  training  in  the  art  of  read- 
ing instruments  correctly  and  drawing  curves. 


The  chief  argument  tliat  has  been  used  against  specialisa- 
tion is  that  the  engineer  does  not  know  what  he  will  have 
to  do  subsequently.  A  distinguished  schoolmaster  once  said 
to  the  author,  "  If  I  were  in  a  motor  car  that  was  running 
away  down  hill,  my  one  prayer  would  be  that  the  chauffeur 
should  have  been  taught  Latin."  I  am  not  prepared  to  agree 
with  this  dictum,  but  it  emphasizes  the  point  that  the  primary 
object  of  engineering  education  is  education,  and  that  good 
education  is  a  far  more  important  thing  than  the  acquisition 
of  a  knowledge  of  facts. 

Although  tlie  laboratory  is  fundamental  as  far  as  the 
training  of  an  engineer  is  concerned,  it  may  be  well  to  flefine 
some  of  its  limitations.  The  work  of  an  engineer,  as  distin- 
guished from  that  of  a  test-room  assistant,  is  primarily  tlie 
design  of  a  machine,  or  a  transmission  line,  or  a  power 
station,  or  of  some  other  engineering  structure.  That  is,  liis 
work  is  constructive  and  not  analytical.  The  training  wliicli 
the  laboratory  gives  is  mainly  in  methods  of  analysis,  and  it 
is  a  matter  for  discussion  as  to  how  much  of  a  student's  time 
should  be  spent  in  work  of  this  kind,  and  liow  much  in  the 
constructive  design  which  it  will  be  his  main  business  to 
achieve  in  his  subsequent  career.  There  is  no  question  that 
the  training  now  given  in  laboratories  is  adequate  as  far  as 
practical  requirements  are  concerned,  for  it  is  tlie  practice  of 
some  works  to  employ  college-trained  men  in  their  test  rooms 
almost  exclusively,  and  to  take  them  direct  from  college  to 
do  this  work.  The  main  object  of  a  college  course  is  not, 
however,  to  turn  out  men  of  this  type,  but  rather  engineers 
who  shall  be  responsible  for  new  works  of  construction.  It, 
is,  of  course,  impossible  for  a  college  (and  no  college  has,  with 
possibly  one  exception,  attempted)  to  produce  a  fully-trained 
and  qualified  engineer.  The  practical  training  under  com- 
mercial conditions,  tlie  knowledge  of  men,  and  of  the  econ- 
omic possibilities  of  a  works  can  only  be  gained  by  practical 
experience  in  works,  and  it  is  one  of  the  drawbacks  of  design 
work  undertaken  at  colleges  that  tlie  student  has  not,  as  a 
rule,  got  the  kind  of  knowledge  it  is  essential  for  him  to  have 
if  he  is  to  make  a  successful  design .  The  student  works  under 
direction,  he  has  comparatively  small  opportunity  of  using 
liis  own  powers  of  initiative,  and  his  work  tends  to  become 
very  largely  the  copying  of  drawings  which  have  been  made 
ill  former  years  by  other  students.  It  is  not,  of  course,  neces- 
sary that  the  work  done  should  be  of  this  character,  but  it  is 
very  difficult  to  avoid  the  kind  of  result  that  has  been  indi- 
cated. The  student  is  bound  to  be  governed  in  liis  design  by 
empirical  formulfP,  and  in  most  cases  it  is  not  possible  to  test 
tlie  design,  after  it  has  been  made,  by  running  the  inaclnne 
or  station  that  may  have  been  under  consideration.  It  is  a 
notable  fact  that,  at  Cornell  University,  where  design  classes 
were  part  of  the  college  course  some  years  ago,  these  courses 
have  now  been  replaced  by  analytical  courses,  in  which  actual 
machines,  the  operation  of  whicli  is  known,  are  analysed  and 
their  performance  predicted  from  the  figures  available  for  the 
material  of  which  they  are  made.  At  the  same  time,  a  well- 
supervised  drawing  office,  under  the  direction  of  a  thoroughly- 
qualified  teacher,  is  one  of  the  most  successful  means  of  edu- 
cating an  engineer  that  can  be  devised,  and  the  difficulties  met 
with  in  practice  in  obtaining-  the  desired  results,  are  diffi- 
culties which  are  not  inherent  in  the  system,  but  are  diffi- 
culties which  could  easily  be  overcome  under  proper  condi- 
tions. 

One  of  the  most  valuable  uses  to  which  a  laboratory  can 
be  put  is  for  research.  This  work  should  be  regarded  as  one 
of  the  most  important  parts  of  the  training  of  an  engineer, 
because  it  teaches  liini  better  than  anything  else  the  art  of 
deduction  from  experiment  and  the  art  of  observation.  The 
precision  and  accuracy  necessary  to  investigate  a  new  pheno- 
menon is  far  greater  than  is  required  in  the  case  of  tests 
whicli  are  being  repeated  and  of  which  the  main  results  are 
known .  It  is  difficult,  in  most  laboratories,  to  carry  on 
research  work  on  a  very  large  scale,  but  there  is  no  reason 
why  work  done  with  small  machines  and  small  apparatus 
should  not  prove  as  valuable  as  that  which  has  been  carried 
out  with  larger  plant. 

In  most  cases  it  is  the  carrying  out  of  the  work  that  is  of 
the  greatest  value,  and  not  the  result.  A  great  many  papers 
are  published  not,  mainly,  in  engineering  subjects,  of  very 
problematical  value,  but  in  so  far  as  these  represent  an  honest 
attempt  at  investigation  in  some  subject  they  are  good,  thouEfh 
some  question  may,  perhaps,  be  raised  as  to  tlie  advisability 
of  publishing  the  result  in  extenso. 
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NOTE  ON  THE  INVESTIGATION  OF  FRACTURES.* 

BY  F.  liOGEKS,  J 丄 ENG. 

It  is  rarely  possible  to  investigate  systematically  the  cause  of 
ail  unexpected  fracture  by  known  methods  without  rather 
long  and  laborious  research.  The  consequence  is  that,  more 
or  less  pardonably,  this  is  made  the  excuse  in  the  majority 
of  cases  of  tests  to  destruction  for  not  investigating  at  all. 
Since  a  large  class  of  failures,  including  principally  all  faults 
which  may  be  broadly  classed  as  some  form  of  segregation, 
and  usually  excluding  lieat  treatment,  is  due  to  more  or  less 
localised  fault,  it  is  highly  desirable  that  the  fracture  itself 
should  be  studied  if  possible.  The  general  appearance  ami 
so-called  "  grain  ''  of  the  fracture,  and  possibly  any  non- 
mstallic  inclusion,  if  not  too  minute,  can  easily  be  noted,  but 
it  is  notorious  that  every  attempt  to  obtain  information  about 
structure  by  applying  the  microscope  directly  to  the  fractured 
surface  has  failed. 

A  few  metliofls  have  been  suggested  for  obtaining  a  cross- 
section  through  the  fracture,  and  examining  this  by  means  of 
the  microscope.  In  Rosenliain's  inethod ，十 copper  is  heavily 
deposited  upon  the  fracture  during  about  eight  days.  I  have 
obtained  good  results  without  this  delay  by  gently  pressing 
a  number  of  leaves  of  Dutch  metal  (imitation  gold  leaf)  into 
contact  with  the  fracture,  and  binding  by  means  of  a  small 
steep  clamp.  Doubtless  quite  perfect  results  could  be  obtained 
by  a  combination  of  the  two  methods ― /)•，  after  depositing 
copper  for  a  short  time,  perhaps  three  or  four  hours,  in  order 
to  form  a  more  perfect  mechanical  protection  for  the  fracture, 
leaves  of  Dutcli  metal  could  be  clamped  against  the  copper. 


Fig.  1.— Bromide  Pbints  from  Cut  Sections  and  Fractures. 

Another  useful  method  is  to  cast  a  fusible  alloy,  melting  at 
about  100°  C.  ，  against  the  fracture.  This  also  usually 
requires  the  use  of  the  clamp. 

The  drawback  to  such  methods  is  that  they  are  very 
laborious,  giving  little  more  than  a  mathematical  line  upon 
the  actual  fracture  for  each  section  taken,  and  there  is  always 
tlie  possibility  that  the  ultimate  cause  of  weakness  may  not 
lie  in  one  of  the  sections  taken.  Consequently,  it  occurred  to 
me  that,  if  even  a  comparatively  rough  chemical  examination 
of  the  fractured  surface  could  be  made,  as,  for  example,  by  a 
method  of  contact  printing,  it  might  be  quite  as  valuable  on 
tlie  whole  as  the  more  elaborate  niicrosco]>ic  methods  ；  and 
whilst  giving  sufficient  indication  for  many  practical  purposes 
as  to  the  cause  of  failure,  it  might  also  in  other  cases  be 
useful  as  a  preliminary  to  tlie  examination  by  llie  elaborate 
methods,  thus  indefinitely  minimising  labour  spent  upon 
trying  to  find  the  position  of  the  fault  which  had  caused  the 
trouble. 

After  experiments  ii\  several  directions,  1  ha ve  adopted  a 
method  which  is  virtually  a  morlificalioii  of  tlie  well-known 
method  of  obtaining  a  "  sulphur  print  "  from  a  cut  surface. 
A  piece  of  a  specially  prepared  tissue,  which  consists  of  a 
gelatine  emulsion  of  silver  bromide,  coated  upon  a  verv  stifT 
grease  clay,  is  soaked  in  a  dilute  acid  solution  a 川 taini""'  also 
a  tou、she"ing  agent,  and  immediately  pressed  into  contact 
、vitli  the  clean  fracture  for  a  few  seconds  and  withdrawn. 
The  entire  process  occupies  no  more  than  a  miniito.  Precise 
details  are  —en  in  the  Appendix. 

In  order  to  find  whether  it  would  be  possible  to  intn'pi'pt 
with  certainty  the  meaning  of  such  a  print,  it  was  desirable  to 
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determine  what  relation  exists  between  a  print  from  a  frac- 
ture, and  a  print  obtained  by  the  ordinary  metliod  from  a 
neighbouring  cut  section,  and  also  to  establish  what  nature  of 
contrast  was  to  be  expected  between  an  actually  segregated 
region  and  an  un segregated  region  in  the  same  fracture. 
On  this  account  some  prints  are  shown  (see  Fig.  1)  for 
mutual  com parison,  which  have  been  made  upon  cut  sections 
and  fractures  by  the  special  tissue,  and  upon  cut  sections 
and  fractures  by  means  of  a  standard  make  of  bromide  paper, 
which  is  frequently  used  in  sulphur  printing.  Bromide  paper 
was,  in  fact,  one  of  the  first  means  tried  for  printing  from  a 
fracture,  and  it  was  found  necessary  to  press  or  hammer  it 
into  contact  with  the  aid  of  tlie  same  stiff  clay  subsequently 
used  for  making  the  tissue.  The  effect  of  different  durations 
of  contact  of  tlie  print  with  the  metal  is  also  shown.  The 
reproductions  are  accompanied  by  an  explanatory  legend. 

The  first  and  most  striking  fact  that  was  established  was 
that  the  printing  of  a  fracture  proceeds  at  an  astonishingly 
greater  speed  than  the  printing  of  a  iieiglibouriiig  cut  surface. 
This  is  shown  by  a  comparison  of  No.  4  (fracture)  with  No.  3 
(cut),  Fig,  1.  In  these  the  depth  of  printing  has  been 
restricted  by  using  very  dilute  acid  and  brief  duration  of  con- 
tact. A  print  from  a  fracture  made  with  the  same  concen- 
tration of  acid  and  duration  of  contact  as  either  Nos.  1，  2,  or 
5  (Fig  i ),  which  approximate  to  the  ordinary  method  of 
sulphur  printing  from  cut  surfaces,  would  sliow  only  an 
um'et'ognisfible  black  smudge.  If  one  may,  for  argument's 
sake,  assume ― what  is  not  necessarily  strictly  accurate ― that 
the  proportion  of  sulphur  indicated  is  inversely  proportional 
to  the  duration  of  contact  and  concentration  of  acid  necessary 
to  give  a  print  of  a  definite  depth  of  colour,  then  it  appears 
that  the  percentage  of  sulphur  indicated  by  a  print  from  a 
fracture  is  of  the  order  of  one  hundred  times  as  great  as  that 
indicated  by  a  print  from  a  neighbouring  cut  section. 
This  cannot  mean  anything  else,  I  think,  than  that  the  frac- 
ture has  picked  its  way  through  the  minute  sulphide  specks 
with  correspondingly  great  preference.  This  would  not  be 
surprising  if  we  were  dealing  with  an  alloy  containing,  sav, 
0'4  per  cent,  of  sulphur,  in  which  the  manganese  sulphide 
would  be  expected  to  form  a  network.  In  steels  containing 
less  than  0  04  per  cent,  of  sulphur,  we  are  well  aware  that 
tlie  sulphide  rarely  exists  as  a  partial  network,  but  almost 
solely  as  minute  isolated  lens-shaped  particles,  Iviug  in  the 
direction  of  the  length  of  tlie  forging  or  of  rolling. 

It  is  interesting  in  this  connection  to  recall  that  at  a  meet- 
ing of  the  Sheffield  Society  of  Metallurgists  and  Engineers 
in  January  last,  Dr.  Stead  showed  a  photomicrograph  of  a 
sulphide  area  in  a  piece  of  steel  which,  after  polishing,  liad 
been  bent  in  a  plane  at  right  angles  to  the  surface  phot o- 
gra plied.  An  incipient  crack  was  seen  to  have  travelled 
through  the  little  area  of  manganese  sulphide,  aiui  to  be 
making  its  way  into  the  metal  at  each  of  its  ends. 

It  may  conceivably  be  argued  that  the  relatively  rough 
preparation  of  t lie  cut  samples  for  printing  has,  by  causing 
a  certain  amount  of  **  flow  ，，  of  the  surface  of  the  metal  to 
cover  and  so  protect  the  sulphide,  been  in  part  responsible 
for  the  great  difference  between  cut  surfaces  and  fractures 
respectively.  This  is  not  so,  however,  for  a  piece  of  steel 
gives  much  the  same  depth  of  colour,  whether  printed  as 
roughly  cut  off,  or  after  smooth  filing:,  or  after  polishing  on 
emery  papers,  nr  after  polishing  as  for  careful  niicrosi-opic 
examination.  Fm  lher,  imu-li  protect  ion  is  hardly  to  be 
expected,  as  the  acid  、voul(l  probably  soon  dissolve  away  any 
possible  thill  film  of  metal  :  and  in  any  event,  unless  a  sul- 
phide speck  were  t horouiililv  covered,  it  would  not  he  effec- 
tually protected  from  the  action  of  the  acid.  Tlie  great 
difference  between  a  print  from  a  fracture  and  a  print  from  a 
neighbouring  cut  surface  seems  to  be  indepeiidpiit  of  the 
mode  of  fracture  ；  it  is  found  to  be  of  the  same  kind,  whether 
the  fracture  was  caused  by  tensile  stress,  slow  bendinp, 
repeated  severe  bending,  or  shock.  It  is  also  of  the  same 
sort  in  steels  ranging  from  dead  mild  up  to  1"3  per  rent, 
carbon  tool  steel . 

It  seems  to  me  that  the  extraordinary  decree  of  solortion 
of  a  pat h  tlirouf^h  the  sperks  of  manganese  sulpliicle  as  the 
line  of  least  resistance  to  fracture  strongly  confirms  (he 
desirability  of  keeping  t>ul]iliur  low,  if  any  ooiifirmat if)n  ))v 
needed .  No  known  iiielliod  of  t reatinent  will  bring  llio  siilplmr 
into  a  less  harmful  form  thau  the  usual  little  longitudinally 
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arranged  rods  of  niaiiganese  sulphide.  ITenoe  the  inherent 
unsoundness  of  the  remark  one  sometimes  hears,  to  the  effect 
that  "  0'05  per  cent,  of  sulphur  would  be  equally  safe  "  in 
steels  wliii'h  now  usually  contain  under,  say,  0'035  per  cent., 
apart  from  the  absence  of  any  nKir^iii  of  safety  for  local 
variations  from  the  analysis  taken  in  the  usual  position. 

It  is  quite  probable  that  the  path  of  least,  resistance  also 
follows,  in  a  similar  Tnaiuier,  the  minute  liigh  phosphorus 
regions,  so  far  as  is  compatible  with  the  difference  in  tlie 


•oiicliisiou, 


Fig.  '2.— Print  from  paut  uf  Kiiacture  of  a  Steel  Tyuk 

forms  in  which  phosphorus  and  sulphur  are  known  to  occur 
in  steel.  Perhaps  a  printing  method  could  be  devised  to 
establish  this,  but  it  was  considered  that  a  sulpluu'  method 
would  be  quite  sufficient  for  most  practical  applications,  and 
on  the  whole  preferable  to  a  phosphorus  method  as  an  index 
of  segregation. 

The  present  expression  of  opinion  tha t  the  selection  of  the 
path  of  fracture-  is  largely  biased  to  the  actual  sulphur  and 
phosphorus  bearing  areas,  is  by  no  means  inconsistent  with 
the  view  that  fracture  in  low  to  medium  carbon  steels,  under 
repeated  alternations  of  stress,  tends  to  prefer  a  path  through 
ferrite,  which  has  been  confirmed  by  others  for  different  kinds 
of  stress.  Not  only  has  pure,  well  crystallised  ferrite  a 
peculiar  weakness  of  its  own  under  dynamic  stress,  but  in 
steels  which  contain  ferrite,  the  tendency  for  the  sulphur 
and  phosphorus  to  be  associated  geographically  with  the 
ferrite  is  well  understood. 

There  seems  to  be  no  doubt  that  the  method  of  printing 
from  a  fracture  here  described,  although,  as  may  be  expected, 
rather  a  rough-and-ready  than  a  pretty  test,  can,  with  a  little 
care  and  practice  in  its  use,  be  relied  upon  to  indicate  a 
segregated  area  in  a  fracture.  There  are  slight  variations  in 
the  depth  of  colour  in  the  print,  due  to  the  differences  in 
contact  pressure  over  the  various  irregularities  of  the  surface. 
One  soon  learns  how  to  allow  for  these  by  observing  the  shape 
of  the  surface,  which  is  also  shown  in  its  impression  in  the 
tissue. 

Some  examples  of  prints  from  fractures  are  given  in  Figs. 
2  and  3,  and  the  position  of  the  segregation,  if  any,  is  indi- 
cated. It  should  be  borne  in  niiiul  that  part  of  the  variation 
of  depth  of  colour  in  the  reproductions  at  places  where  no 
segregation  is  indicated  is  due  to  the  light  and  shade  effect, 
caused  by  the  fact  that  the  print  is  also  an  impression  of  the 
fracture. 

Fig.  "2  shows  a  print  on  the  special  tissue  takeu  from 
a  part  of  the  fracture  of  a  high-class  steel  tyre.  The  position 
of  the  bore  is  shown,  and  it  is  seen  that  a  satisfactory  print 
has  been  obtained  along  the  full  length  of  the  bore,  and 
extending  about  an  inch  and  a  halt'  inwards  from  the  bore. 
This  is  more  than  is  ordinarily  likely  to  be  necessary  for  this 
class  of  tyre.  This  fracture,  which  was  deliberately  made 
for  the  purpose  of  printing,  shows  no  signs  of  segregation. 

Fig.  3  represents  a  print  upon  the  special  tissue  taken 
from  a  rail  in  a  position  as  near  as  was  couveuieiit  to  the 


topmost  portion  of  the  ingot  used.  In  spite  of  this,  no 
marked  segregation  is  sliowii.  The  print  is  merely  a  trifle 
darker,  generally  towards  t lie  w(")  of  the  rail.  T n  this  case, 
the  liead,  web,  and  base  were  printed  (m  three  separate  por- 
tions ot*  tissue,  and  subse([ucntly  pieced  together.  The  lighter 
areas  in  the  base  were  caused  by  allowing  some  splashes  of 
the  acid  solution  to  fall  on  tliis  portion  whilst  printing  from 
tlie  web. 

it  is  hoped  that  the  rough-and-ready 
Metliocl  of  printing  frorn  a  fracture  here 
brought  forward,  will  be  found  useful 
whenever  unexpected  results  are  obtained 
,11  tests  to  destruction,  such  as  in  falling 
weight  tests  of  rails,  tyres,  or  axles,  in 
tensile  tests  of  all  kinds  of  material,  and 
beiuliiig  tests  of  plates.  It  is  probably 
the  simplest  and  quickest  method  of  in- 
vestigating a  fracture  at  present  avail- 
able, and  should  sliow  instantly  whether 
breakage  has  been  assisted  by  serration 
or  not.  With  obviously  necessary  pre- 
cautions, there  is  no  reason  why  the 
method  itiight,  not  be  applied  to  a  fracture 
which  has  occurred  in  service. 

APPENDIX. 

Details  of  Puepauation  and  Use  of 
THE  Tissue. 

It  is  hoped  that  it  will  soon  be  pos- 
silile  to  purchase  the  tissue  prej)are(l  ready 
for  use.  In  the  meantime,  the  followiug 
details  will  enable  any  one  to  prepare  a 
supply  which  can  be  stocked  for  use  as 
required. 

(7c///. ― Melt  together  lib,  of  vaseline  and  one  ordinary 
wax  candle.  The  minimum  possible  quantity  of  the  mixture 
that  will  give  a  stiff  cohering  clay  is  incorporated  with  finely 


Fi(i.      PuiNT  FROM  Fracture  of  a  Stekl  Rail. 

gruuiul  and  dried  whiting.  This  is  rolled  into  sheets  about 
-jLiu.  thick.  Plasticene  is  too  soft  for  the  purpose,  and  its 
colour  is  against,  it,  but  it  will  auswer  if  stiffened  by  the 
additiou  of  wiiitiug. 
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Silver  Bromide  Emulsion. ― Digest  the  following  together 
at  about  43^  C. : — 

Water   150  cubic  centimetres. 

Gelatine   15  grammes. 

10  per  cent,  hydrochloric  acid    ...      3  cubic  centimetres. 

Potassium  bromide    8'4  grammes. 

Then  add  the  following  solution,  also  heated  to  43。  C. : ― 

Water    50  cubic  centimetres. 

Silver  nitrate   10  grammes. 

Tlio  whole  is  digested  at  about  43。  C.  for  about  a  quarter  of 
an  hour.  Chill  rapidly  to  set,  cut  up,  wash  in  a  jelly-bag  for 
two  hours,  re-melt. ，  add  a  further  15  grammes  of  gelatine,  and 
the  emulsion  is  ready  to  be  coated  upon  its  support.  It  can 
l)e  stored  by  allowing  it  to  set,  and  putting  a  little  carbolic 
acid  in  alcohol  upon  the  surface. 

(loatmr/. 一 Warm  a  sheet  of  the  clay,  sprinkle  finely 
powdered  calcium  sulphate  upon  it,  rub  lightly  until  greasi- 
ness  is  removed,  dust  off  the  excess  of  calcium  sulphate.  Im- 
mediately pour  a  little  of  the  melted  emulsion  on,  and  spread 
with  a  gla^ss  rod  and  by  tilting  the  slieet  about.  Leave  in  a 
horizontal  position  to  dry. 

To  take  a  Print  from  a  Fracturr. ― Soak  the  tissue  for 
2f)  to  30  seconds  in ― 

Water   100  cubic  centimetres. 

Sulphuric  acid    1  cubic  centimetre. 

Alum   5  grammes. 

•See  that  the  surface  of  the  gelatine  is  well  wetted  by  the 
solution,  which  is  assisted  by  gently  stroking  with  the  finger, 
then  instantly  apply  and  press  into  contact  by  means  of  the 
fingers.  Withdraw  tlie  print  in  about  twelve  seconds,  or 
rather  longer  in  llie  case  of  exceptionally  pure  steels.  Chiefly 
on  account  of  the  difficulty  of  keeping  the  whole  of  the 
tissue  satisfactorily  wetted,  it  is  on  the  whole  best,  in  the  case 
of  large  and  very  irregular  fractures,  to  print  the  surface 
in  several  overlapping  portions.  It  is  quite  easy  to  print  a 
very  irregular  fracture  in  pieces  about  Sin.  by  2in.,  whilst 
with  a  fairly  regular  surface,  5in.  by  Sin.  gives  no  trouble. 

Fixinf 卜 ― This  can  be  done  as  usual  for  a  print,  in  hypo., 
but,  owing  to  the  risk  of  stripping  the  gelatine  from  the  clay, 
is  best  omitted.  It  is  sufficient'  to  rinse  the  print  gently,  and 
allow  to  dry  at  once. 

Description  of  Fig.  1. 


Number. 

Printed  upon. 

Sulphuric  Acid, 
per  cent. 

Duration  of  Con- 
tact, Minutes. 

Surface. 

] 

Bromide  paper 

1 

5 

Cut. 

2 

5 

1 

Cut, 

:i 

1 

Cut. 

4 

1 

Fractured. 

5 

Tissue 

1 

5 

Cut. 

0 

1 

Cut. 

7 

1 

r> 

Fraotuml. 

8 

1 

Half  fnifturod. 

half  cut  . 

Much  depends  on  "keeping  both  the  solution  and  the  steel 
cool  :  the  temperatures  should  nob  exceed  about  20°  C.  A 
little  practice  is  necessary  in  order  to  know  how  much  pres- 
sure to  use.  It  is  worth  remembering  that  there  are  usually 
two  fractured  surfaces  to  each  fracture. 


THE  GENERATION  OF  ELECTRICITY  BY  CARBON  AT  HIGH 
TEMPER  ATUKES. 

At  a  recent  meeting  of  the  Physical  Society  oi  LoiuloD.a  paper 
oil  "The  Generation  of  Electricity  by  Carbon  at  High  Tem- 
peratures/' by  Dr.  J.  A.  Ilarker,  F.R.S.,  and  Dr.  G.  W.  C. 
Kaye,  was  read  by  Dr.  Ilarker.  The  experiments  described 
owe  their  origin  to  some  contamination  phenomena  wliich 
were  encountered  when  tubes  of  refractory  rare  earths  were 
baked  in  carbon-tube  resistance  furnaces  at  temperatures 
from  1,500°  C.  upwards.  It  was  found  that  the  tubes  ofton 
had  their  outer  surfaces  carbonised  to  an  appreciable  depth, 
while  the  inner  surfaces,  though  freely  exposed,  were  】m，（'li 
less  attacked.  The  blackening  was  presumably  caused  bv 
l)articles  shot  from  tho  (arbo:  walls  of  the  furnace  witli 
velocity  high  enough  to  penetrate  the  refractory  materi;>I 
after  crossing  a  few  millimetres  of  air  at  atinospheriV  pressmv. 
- The  pre  li  mi  nary  experiments  on  I  lie  iiaturo  of  tliese  par- 
tides  were  carried  out  by  the  use  of  two  insulated  exploring 


electrodes  of  carbon  inserted  into  an  alternating-current  fur- 
nace. They  were  connected  externally  to  a  battery  of  cells 
and  the  potential-current  curves  were  determined  for  the  elec- 
trode gap  in  the  furnace  at  a  number  of  temperatures.  No 
appreciable  current  could  be  detected  at  temperatures  below 
about  1,400°  C.，  but  as  the  temperature  rose  it  was  found  that 
quite  small  electromotive  forces  gave  rise  to  steady  currents  of 
relatively  enormous  magnitude.  For  example,  with  8  volts, 
currents  up  to  10  amperes  have  been  obtained  at  a  tempera- 
ture of  about  2,500°  C.  The  relation  between  current  ami 
temperature  was  found  to  be  of  an  exponential  character. 
The  magnitude  of  the  currents  made  it  evident  that  the 
atmosphere  of  the  furnace  was  ionised  to  an  unusual  degree 
at  higli  temperatures,  and  the  authors  were  led  to  try  tlie 
effect  of  temperature  alone  in  the  absence  of  any  applied 
potential.  Accordingly  the  battery  was  cub  out,  and  while 
one  of  the  electrodes  remained  stationary  within  the  furnace 
the  other  could  be  suddenly  displaced  to  a  colder  or  】iot.t€r 
part  of  the  furnace.  The  resulting  difference  of  temperature 
manifested  itself  as  a  transient  current  in  the  circuit,  wliicli 
in  some  cases  amounted  to  2  amperes.  The  current  died 
away  when  the  two  electrodes  attained  the  same  temperature. 

In  the  apparatus  shown  the  movable  electrode  was  moved 
in  and  out  of  the  】iot  region  of  the  furnace  by  】iieans  of  a 
clockwork  mechanism.  The  pulsating  electric  "current  thus 
produced  was  large  enough  at  high  furnace  temperatures  to 
light  up  a  nest  of  small  glow  lamps,  the  illumination  waxing 
and  waning  as  the  movable  electrode  moved  in  and  out.  The 
experiment  has  been  inodified  in  later  work  by  keeping  both 
electrodes  stationary  and  water  cooling  one  of  them.  The 
cold  electrode  was  made  up  of  a  brass  tube,  which  in  some 
cases  was  provided  with  a  carbon  sleeve.  A  continuous  cur- 
rent can  thus  be  generated.  Its  direction  is  sucli  as  would 
be  produced  by  a  discharge  of  negative  particles  from  the 
hot  electrode.  As  before,  no  potential  is  applied.  At  the 
lower  temperatures  small  positive  currents  have  also  been 
detected  ；  at  high  temperatures  negative  currents  up  to  nearly 
an  ampere  have  been  measured.  The  whole  of  the  experi- 
nieiit's  were  conducted  at  atmospheric  pressure  and  almost 
entirely  with  low-voltage  alternating-current  furnaces. 

HEENAN  &  FROUDE'S  CONDENSER. 

The  accompanying  sectional  vi(nv  sliows  a  (It'sigii  of  condenser 
for  steam  or  other  vapour,  the  invention  of  Messrs.  Heenan 
and  Fronde,  Ltd.,  4，  Chapel  Walks,  Manchester,  Mr.  James 
Bliss,  and  Mr.  A.  B.  Cleworth.  The  condenser  comprises  a 
rotary  apparatus  with  spiral  or  concentric  plate  in  combina- 
tion with  a  suction  pump  to  form  a  partial  vacuum  in  the 
drum  casing  and  draw  off  any  air  introduced  by  the  steam 
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Hkknan  it  FnorDE's  Condenser. 

ami  liberated  therefrom.  Tlie  chamber  A  is  made  stoaui 
tight,  and  has  fitted  to  it.  at  one  end  an  inlet  pipe  C  and  at 
tlie  other  end  an  outlet  pipe  D  for  the  condensing  water.  It 
is  also  fitted  above  the  wat(M'  level  with  a  steam  inlet  pipe  B， 
through  whirh  the  steam  or  other  vapour  to  be  condensed 
enters  and  comes  into  contact  with  the  film  of  cold  water  on 
the  plates  of  the  revolving  drum  F  :  the  large  condensing 
area  thereby  presented  to  the  ent<^r—  steam  or  vaj^onr 
rapidly  condenses  the  same.  Tlie  clianiber  A  is  at  the  other 
ci"l  fitted  with  an  exhaust  pipe  G  connected  as  shown  with 
a  suction  pump  E，  which  is  capable  of  maintaining  a  con- 
siderahle  degree  of  varunin,  for  example,  up  to  Gibs,  or  71bs.， 
ill  I  lie  chamber,  and  draws  off  any  air  introduced  by  the 
steam  or  liberated  therefrom.  ' 
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BITUMINOUS  COAL  PRODUCERS  FOR  POWER  * 

BY  C.  M.  GARLAND. 

In  the  development  of  the  power  producer  for  the  gasilu-a- 
tion  of  fuels  containing  above  12  per  cent,  volatile  matter,  tlie 
luaiiufacturers  at  an  early  date  divided  tlieinselves  on  the 
question  of  the  method  of  handling  this  troublesome  consti- 
tuent, and  proceeded  with  their  developments  along  two 
diverging  lines.  In  one  they  sought  to  convert  the  conden- 
sible  combustible  constituent  of  the  volatile  matter  into  fixed 
combustible  gases  by  drawing  this  product  through  either  the 
whole  or  part  of  the  incandescent  fuel  remaining  after  vola- 
tilisation ； in  the  other  to  separate  the  condensible  portion 
from  the  permaueut  gases  after  these  had  left  the  generating 
chamber.  The  former  group  accordingly  turned  their  ener- 
gies to  the  development  of  down-draught  and  double-zone 
arrangements,  while  the  latter  bent  their  efforts  towards  the 
production  of  efficient  up-draught  generators  and  tar- 
haudling  apparatus.  It  has  been  the  fortune  of  the  writer 
to  observe  the  operation  of  a  number  of  plants  of  the  latter 
type,  and  to  analyse  the  results  of  the  operation  of  others.  It 
is  the  object  of  this  paper  to  present  some  of  tlie  data  accumu- 
lated, which  are  necessarily  more  or  less  fragmentary  in 
character. 

Description  of  Apparatus. ― The  plants  are  all  of  two  general 
types,  suction  and  pressure,  while  the  apparatus  is  essentially 
similar  in  each,  varying  prin- 
cipally in  size  and  general  ' 
arrangement.  Fig.  1  shows  a 
vertical  section  through  the  pro- 
ducer, scrubber,  and  the  water- 
sealed  gas  main  which  is  charac- 
teristic of  the  arrangement  of  all 
later  plants  up  to  about  1,000 
h.p.  capacity.  The  pressure 
plant  differs  from  the  suction 
plant  by  the  addition  of  a  fan-type 
blower,  frequently  installed  in 
duplicate,  and  a  regulating 
holder.  This  latter  in  tlie  earlier 
plants  served  as  a  large  storage 
reservoir,  with  capacity  sufficient 
to  keep  the  engines  operating 
from  3  to  10  minutes  in  cases  of 
emergency.  It  was  also  thought 
that  this  large  capacity  tended 
to  ensure  greater  uniformity  in 
the  composition  of  the  gas  sup- 
plied to  the  engines,  so  that  the 
holders  were  placed  in  series  with 
the  engine  and  scrubbers.  In  more 
recent  plants  the  size  of  the  holder 
has  been  greatly  reduced ,  and  in 
most  cases  floats  on  the  line  so 
that  the  gases  do  not  pass  through 
this  piece  of  apparatus.  This 

change  has  been  brought  about  partly  by  the  fact  that  a  large 
storage  capacity  is  not  required  and  in  many  places  is  un- 
desirable. Also  the  mixing  effect  of  the  gases  in  the  holder 
has  proved  a  fallacy.  From  Fig,  1  it  will  be  noted  that  the 
producer  A  is  of  the  water-sealed  type,  with  central  blast  B， 
and  superimposed  vaporiser  C.  The  gases  pass  direct  from 
the  producer  to  the  scrubber  D，  which  is  provided  with  a  ver- 
tical baffle  E  from  the  scrubber  to  the  water-sealed  main  F， 
and  from  this  to  the  tar  extractor  G.  This  latter  piece  of 
apparatus  is  of  the  centrifugal  type,  and  is  illustrated  in  Fig. 
2.  The  extractor  has  been  in  use  a  number  of  years,  and  was 
brought  out  by  Mr.  F.  V.  Matton,  of  the  Camden  Ironworks. 

Referring  to  Fig.  2,  the  gas  enters  at  A  and  meets  a  stream 
of  water  at  B.  The  mixture  flows  upon  the  rotating  vanes  C， 
and  is  discharged  into  the  stationary  vanes  D.  The  water  and 
a  portion  of  the  tar  is  thrown  out  against  the  casing  E，  and 
follows  this  around  to  the  drain  F，  which  discharges  into  the 
seal  pit  G.  The  gas  leaving  the  stationary  vanes  D  re-enters 
the  rotating  vanes  H  on  the  opposite  side  of  the  disc  I.  The 
gas  here  meets  a  stream  of  water  from  the  nozzle  J,  moving 
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ill  the  dire<'tiori  opposite  to  the  gas  wliidi  removes  the  remain- 
ing tar.  The  gas  leaves  at  K.  The  extractors  arc  usually 
designed  to  deliver  the  gas  under  a  low  pressure,  and  are  built 
in  】nore  than  one  stage  for  the  larger  powers. 

A  portion  of  the  steam  generated  in  the  sup(，rimp<jsed 
vaporiser  C  in  Fig.  1  is  used  to  saturate  the  blast.  The 
amount  supplied  is  indicated  by  the  temperature  shown  on 
the  tlierinometer  H，  which  extends  into  tJia  blast  pipe  I.  The 
steam  pressure  on  the  vaporiser  is  inaiiitained  constant  by 
the  back  pressure  valve  J，  while  the  air  pressure  on  the 
inaiii  K  is  also  constant.  The  valve  L  is  therefore  used  to  vary 
the  amount  of  steam  delivered  to  the  blast.  The  butterfly 
valve  M  comiects  with  the  holder,  and  regulates  tlie  amount 
of  blast  delivered  to  the  producer.  Changes  in  the  position 
of  this  valve  do  not  affect  the  relative  proportions  of  air  and 
steam.  In  more  recent  plants  a  thermostat  located  in  the 
blast  pipe  operatesi  a  throttle  valve  in  the  steam  line  from 
the  vaporiser  in  order  to  maintain  a  constant  temperature  of 
tlie  blast. 

The  fuel  is  fed  to  the  producer  by  the  hand-operated  centri- 
fugal charging  device  N，  which  ensures  a  very  even  distribu- 
tion of  fuel.  This  consists  of  the  hopper  provided  with  the 
ribbed  charging  bell  0，  wliicli  is  rigidly  mounted  on  the  shaft 
P  and  held  against  its  seat  by  tlie  counterweight  Q.  When 
the  fuel  is  charged  the  bell  is  lowered  by  tlie  arm  R,  and  at 
the  same  time  rotated  by  the  arm  S.    Both  arms  are  hand 
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Fig.  1.— Section  of  Gas  Producer  Plant. 

operated.  After  the  fuel  is  charged,  the  counterweight  Q 
causes  the  bell  O  to  seat.  A  sliding  cover  closes  the  top  of 
the  hopper,  which  prevents  the  escape  of  gas  while  dropping  a 
charge  of  fuel. 

With  this  brief  general  description  it  will  not  be  necessary 
to  describe  a  number  of  individual  plants.  In  order,  however, 
to  indicate  the  extent  and  variety  of  the  work,  Table  I.  giving 
the  equipment,  service,  load  conditions,  &c.，  has  been  pre- 
pared from  a  number  of  representative  plants  operating  on 
different  fuels. 

Thermal  Efficiency  of  the  Producer. ― The  efficiency  depends 
to  a  certain  extent  upon  the  amount  of  volatile  matter  con- 
tained in  the  fuel.  For  fuels  containing  as  high  as  30  to  50 
per  cent,  of  volatile  matter,  the  thermal  efficiency  based  on 
the  higher  beating  value  of  the  gas  is  about  66  per  cent" 
while  the  efficiency  based  on  the  effective  heating  value  of  the 
gas  is  ordinarily  5  per  cent,  lower  than  this,  or  62*7  per  cent. 
Where  the  volatile  matter  does  not  exceed  20  per  cent,  the 
efficiency  is  somewhat  higher,  and  70  per  cent,  based  on  the 
higher  heating  value  of  the  gas  is  an  average  figure.  The 
lower  value  is  approximately  G6*5  per  cent.    In  plants  of  the 
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present  type,  however,  thermal  efficiency  is  not  necessarily  of 
paramount  importan<:e，  for  more  often  it  is  a  question  of  the 
adaptability  of  the  producer  to  a  given  fuel  or  to  several 
fuels,  a  lid  of  cont  imiit  v  and  reliability  oi"  operation. 

Composition  of  the  Gas.— The  (opposition  of  tlie  gas  and 


71*5  cub.  ft.  For  lignite  the  volume  of  standard  gas  varies 
betwoen  36  and  40  c  ub.  ft.  per  pound. 

Cleanliness  of  the  Gas. ― A  large  number  of  tests  have  been 
made  on  the  cleanliness  of  the  gas  delivered  by  the  tar  extrac- 
tors in  tlie  above  plants.    The  results  of  these  detenninations 


Table  I. ― Bituminous  Coal  and  Lignite  Plants' 


Plant   

A 

B 

C 

D 

E 

F 

1  一 

Type  of  plant   

Suction 

Su (； tion 

Pressure 

Pre^ssure 

Suction 

Suction 

Pressure 

No.  of  profiueera   

1 

3 

2 

2 

1 

2 

No.  of  tar  extractors   

1 

1 

2 

2 

1 

2 

Inside  diameter  of  producer? ？， ft. 

6 

8 

6 

5 

7 

u 

0 

1 

1 

0 

0 

0 

W  ，、o            4-  o  ¥*     4"i  V  f -  r  <1  /">  4 八 T» »!， 

I> |JlII  t?    ViXl    tJA  Vl  ixL  hyfl  S  

" 

0 

1  \ 
\  t 

u 

Size  of  holder,  (:u.  ft  

5，000 

.'-»,嶋:】 

Rated  capacity  of  plant,  b.h.p. 

225 

140 

議 

MM) 

500 

125 

ri(M) 

Light  and  power 

Light  and  power 

Light  aiiil  power 

Li<^ht  and  pmvcT 

Mill 

PiiinpiiiL^ 

Li<^ht  ail  1  power 

<iiis  fitr  lieating 

Years  ]>lant  in  operation  .... 

2 

2i 

1.1 

(P. 

2 

5 

Hours  per  day  in  operation    . . 

11 

18—24 

24 

10-24 

24 

Days  jier  week  in  oj)erati()n    . . 

0 

(■».') 

(U— 7 

() 

Load  factor,  per  cent  

About  100 

Variable 

Variable 

About  100 

Al"mt  M) 

Uniform 

Variable 

Variable 

Variable 

Variable 

Uniform 

I'liiform 

Illinois  coal 

^Various 

Pocahontas 

Pocaliontas 

Lignite 

Litrnitc 

Focalionlas  Xe \v 

Proximate  analysi?(  fuel  ： 

Kivcr. 

Fixed  rarhon .  per  feiit. . . 

.55-30 

32- 10 

73-70 

71-40 

16-4 

20-30 

Vi)latjle，  per  cent  

35-47 

17,7 

21-70 

5!-2 

3- 00 

Hi 

2-20 

25-7 

23.11 

Ash,  per  cent  

(i-23 

17- 00 

7-0 

4' 70 

6-7 

(i.78 

B.T.U.  per  !b  

13,500 

14,700 

14,700 

8.')()0 

14,700 

tlie  heating  value  are  coin paratively  uniform  where  proper 
attention  is  given  to  the  operation  of  tlie  producers.  Table  II. 
shows  the  gas  analyses  taken  on  a  seven  day  test,  which  was 


Texas  bituminous  coal  used  when  determining  solid  matter  in  the  gas. 

are  given  in  Tabk  HI.    From  these  it  will  be  seen  that  the 
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Fig.  2.-175  n  r.  Tar  Extractor. 

made  on  the  plant  marked  C  in  Table  I.  The  calorific  values 
by  the  calorimeter,  taken  every  t  wo  hours,  are  plotted  in  Fig. 
3.  The  average  higher  heating  value  of  the  gas  was 
1441  B.T.U.  per  cubic  foot  afc  62°  Fah.  and  30in.  mercury 
pressure.  The  average  lower  heating  value  was  approximately 
136  B.T.U.  under  the  same  conditions  of  pressure  and  tem- 
perature. For  fuels  containing  greater  ])ercentages  of  vola- 
tile imiUer  there  is  a  tendency  towards  an  increase  in  the 
calorifu'  value  of  the  gas  due  to  tlie  increase  in  liyclrocarhons. 
With  the  lignites,  for  example,  the  higher  heating  value  of 
Hie  gas  may  average  as  mnvh  as  155  B.T.U.  per  cubic  foot. 

Volume  of  Gas  Generated.  -Tho  volume  of  gas  generated 
1""'  pound  co;il  (lejuMHls  upon  the  coinpositioii  of  the  roal 
ai!tl  the  condition  of  the  fiiel  bed.  In  tlie  seven -day  test 
(Tal、lp  IT  ),  the  volume  of  tho  st aiulard  gas  genera t*Hi  per 
imu"(l  ot  run  of  mine  Pooahunlas  coal  was  a! 屮 mxiinately 


amount  of  solid  matter  in  tlie  gas  has  been  reduced  to  a  very 
small  quantity,  and  averages  0'0206  grains  per  cubic  foot  of 

standard  gas.  The  efficiency  of  the  tar 
extractor  is  given  also  in  several  cases. 
Tliis  was  taken  as  tlie  ratio  of  tlie 
■weight,  of  solid  matter  in  the  gas  leaving 
the  extractor,  to  the  weight  of  solid 
matter  in  tlie  gas  entering  the  extrac- 
tor, multiplied  bv  100.  The  deter- 
minations  were  made  by  d  rawing 
samples  of  the  gas  through  three  thick- 
nesses of  filter  paper,  on  which  the 
solid  matter  was  deposited.  In  most 
cases  simultaneous  samples  were  taken 
from  the  entering  and  exit  sides  of  the 
extractor.  These  samples  were 
measured  by  calibrated  meters. 

It  will  be  seen  from  tlie  results  of 
Table  III.  that  the  average  weight-  of 
solid  matter  per  cubic  foot  of  standard 
gas  is  not  sufficient  to  cause  trouble  in 
engines  of  ordinarily  good  tlesii^n. 
Experience  seems  to  indicate  that  wil li 
003  grains  of  solid  matter  per  cubit- 
foot  in  the  gas,  the  engine  valves  re- 
quire cleaning  once  in  two  or  three 
weeks.  There  is  no  trouble  from  tliis 
source  in  plants  that  are  proi>erly 
o])erate(l,  and  tlie  cleaning  of  tlie  valves 
would  not  be  considered  a  liardsliij). 
In  making  the  above  determinations,  no  attempt  was  made 
to  separate  the  tar  from  tlio  dust,  as  tliis  was  not  deemed  of 
su fiicieiit  importance. 

Handling  of  the  Tar.— In  the  earlier  plants  considerable 
difruult y  was  ex perieiu-ed  by  the  tar  acciumilat iiiij  in  the 
s(  rul)l)ers  and  i)i]K>  linos,  whicli  caused  freijueiit  shutdowns. 
In  almost  every  case  this  trouble  was  due  to  lack  of  ex|>erienoe 
OM  the  part  ot  tlie  builders  in  designing  these  parts,  and  to 
tho  operators  who  failed  lu  lake  proper  precautions  and  pro- 
fit by  tlieir  first  troubles.  At  the  present  time  and  for  the 
more  modern  plants  it  can  bo  safelv  said  that  trouble  from 
this  cause  has  almost  ent irely  ceased.  The  \vat<>r-seale<l  gas 
main  lias  solved  tlie  pipiiiij  (lifTU'ultv,  while  refinement  in  tlio 
design  of  tlie  other  parts  and  close  attention  to  detail  lias 
acromplished  the  same  elTect  for  these. 

Til  so  far  as  tlie  yield  of  tar  is  concernod,  thero  are  hut 
three  oLjeotious  that  ran  lx»  urged  against  this  *  ( 1)  Loss  in 
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efficiency  of  the  plant  due  to  the  removal  of  a  combustible 
ccustituent  from  the  fuel  ；  (2)  the  expenditure  of  power  in  the 
driving  of  the  tar  extractor  for  the  removal  of  this  consti- 
tuent ； {6)  difficulties  in  the  disposal  of  tlie  constituent. 

Taking  it  for  granted  that  the  lar  in  every  instance  can 
be  disposed  of  satisfactorily,  as  it  can  be,  the  answer  to  these 
objections  is  that  it  is  entirely  a  question  of  economy,  and  if 
it  does  not  pay  to  handle  this  element  then  bituminous  coal 
is  either  not  the  fuel  to  use,  or  a  producer  ])lant  is  not  the 
kind  suitable  to  the  conditions. 


Table  II, ― Gas  Analyses,  Seven-day  Test.    Plant  C. 


Day 

CO., 

0., 

CO 

H 

CH^ 

Day 

CO., 

0. 

CO 

H. 

CH^ 

5 

6 

0-2 

24 

1 

7 

65 

4 

5 

5-0 

0-4 

23-0 

]0 

80 

2-3 

4 

0 

0-2 

27 

G 

9 

83 

3 

3 

4 

■0 

0 

2 

25-4 

10 

52 

3-3 

1st*  1 

6 

8 

0-4 

22 

6 

10 

36 

2 

0 

4th  H 

4 

fi 

0 

2 

24-2 

9 

(50 

3-3 

5 

8 

0-2 

23 

6 

13 

80 

2 

4 

2 

0 

4 

25-1 

11 

70 

2-() 

4 

0 

0 

25-8 

12 

00 

2-6 

6 

0 

0 

3 

20-8 

10 

r>3 

21 

8 

2 

0-3 

17 

5 

11 

30 

3 

4 

5th 

3 

5 

0 

2 

25-5 

9 

50 

2-fi 

( 

5 

2 

1-2 

21 

8 

14 

00 

2 

5 

4 

5 

0-2 

25 

9 

13 

40 

2 

2 

4 

2 

0 

2 

24-7 

9 

15 

3-5 

4 

8 

0-2 

25 

5 

11 

60 

2 

fith 

5 

0 

0 

3 

24-7 

9 

40 

3-8 

2nd  、 

4 

G 

0-4 

26 

3 

10 

(50 

2 

4 

9 

0-7 

18 

7 

12 

43 

3 

0 

5 

0 

0 

2 

24-2 

0 

15 

3-4 

5 

0-3 

24 

5 

8 

50 

2 

2 

4 

9 

0 

3 

24-8 

11 

03 

2-0 

7 

2 

0-2 

19 

6 

10 

53 

3 

6 

0 

3 

25-7 

12 

00 

2- (5 

\ 

7 

3 

0-1 

20 

1 

10 

30 

2 

0 

7th  - 

9 

0- 

3 

25-0 

12- 

00 

2-0 

5 

3 

0- 

4 

25-3 

lo- 

80 

20 

7 

8 

0-4 

18 

8 

10 

90 

3 

8 

4 

5 

0- 

3 

25-6 

ft- 

80 

2-2 

5 

2 

0-4 
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One-half  day  only. 


The  magnitude  of  the  above  items  is  fairly  well  known. 
The  loss  ill  thermal  efficiency  (1)  varies  from  12  per  cent,  for 
fuels  containing  from  15  to  20  per  cent,  volatile  matter  to 
17  per  cent,  for  fuels  containing  above  or  near  30  per  cent, 
of  volatile  matter.  The  amount  of  power  (2)  required  to 
drive  the  tar  extractor  depends  upon  the  nature  of  the  tar 
produced.  With  lignites,  for  example,  which  produce  a  thin 
yellowish  tar  resembling  very  nearly  a  heavy  oil,  the  power 
required  is  at  least  25  per  cent,  less  than  the  amount  required 
for  bituminous  coals.  For  bituminous  coals  this  power  varies 
from  5  per  cent,  of  the  power  of  the  plant  in  a  plant  of 
100  b.li.p,  to  about  3*5  per  cent,  for  a  plant  of  1,000  b.li.p., 
and  it  is  believed  that  this  figure  will  be  reduced  almost  one- 
half  in  the  near  future.  As  to  the  difficulties  in  the  disposal 
of  the  tar  (3),  there  is  in  some  instances  a  ready  market  for 
the  tar  product,  so  that  this  may  be  disposed  of  to  advantage, 
la  other  cases  where  boilers  are  in  service,  it  can  be  burned 
without  difficulty  under  these  boilers. 


Table  III. 一 Tests  on  Clean/mess  of  Gas  delivered  by  Tar 

Extractors. 


Effici- 

Grains, 

ency 

p 

Per  cent. 

solid 

Ex: 

Plant 

Determinations 

Fuel 

Volatile. 

matter 

tractor 

per 

cent. 

A 

1 

Illinois  coal   

310 

0  0150 

96-0 

B 

2 

Texas  Bituminous  . , 

47  0 

0-0062 

99*5 

C 

11 

Pocahontas   

17-7 

0-0163 

D 

21-7 

0-0585 

E 

2 

51-2 

0-0050 

99-5 

F 

2 

22-8 

0-0227 

*  Tar  extractors  opei*ated  at  1,000  r.p.m,,  instead  of  1,500  r.p.m.  rated  speed 
Dry  sorubber  used  beyond  tar  extractors  in  this  plant  ；  solid  matter  in  gas  leaving 
dry  scrubber  0  0421  grains  per  cubic  foot. 


The  usual  method  of  handling  the  tar  is  to  place  the  ex- 
tractor over  a  pit  containing  water  into  which  the  mixture  of 
tar  and  water  from  the  extractor  is  discharged.  The  pit  is 
arranged  so  that  the  tar  may  be  skimmed  from  this  into  a 
barrel  or  receiver.  Where  a  receiver  is  used  it-  is  provided 
with  an  airtight  cover,  and  when  the  receiver  is  filled  the 
cover  is  put  in  place  and  either  steam  or  air  under  pressure 


placed  above  the  tar,  which  forces  it  through  piping  to  the 
point  of  disposal.  Where  the  tar  is  thick  and  heavy,  it  is 
necessary  to  provide  the  receiver  with  a  steam  coil  to  keep 
tlie  tar  in  a  fluid  cojidition. 

The  Fuel  Required. ― It.  can  almost  he  safely  said  tliat  any 
fuel  can  be  used  in  any  well- designed  producer  of  ilie  up- 
(h'auglit  type.  If  the  fuel  cannot  be  used  the  probabilities 
are  that  the  fault  is  either  in  the  operation  or  in  the  design 
oi  the  producer.  The  reason  for  this  is  that  tliere  are  hut 
three  fundamental  requirements  for  the  successful  gasifica- 
tion of  a  fuel.  These  are^  uniform  distribution  of  the  blast, 
unifoDii  distribution  of  the  green  fuel,  and  uniform  removal 
of  ash.  These'  three  are  essentially  ojie,  as  they  are  so 
closely  related  and  interdependent  that  they  reduce  to  uni- 
form distribution  of  the  blast.  When  these  requirements  have 
been  met  in  the  design  of  the  producer,  tlie  writd*  lias  never 
found  a  fuel  that  could  not  be  gasified,  at  much  higher  rates 
and  with  much  less  labour  than  is  considered  possible  by  the 
majority  of  engineers.  , 

An  example  in  which  the  difficulty  lies  in  tlie  operation  of 
the  producer  is  illustrated  in  tlie  case  of  the  Texas  bitu- 
miaous  coal,  Plant  B,  Table  I.  This  was  a  highly  caking 
coal,  and  the  operators  of  the  producer  stated  tliat  it  was 
iiiipossiljle  to  use  tins  fuel  in  the  producer.  After  observing 
the  ODeration  for  a  few  hours  it  was  found  that  tlie  difficulty 
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Fig.  3— Heating  Value  (Higher)  op  Gas  for  144  Hours  Continuous  Run, 

Plant  C. 

was  due  to  the  caking  properties.  When  full  hoppers  of  fuel 
were  dropped  upon  the  hot  bed  the  fuel  fused  into  a  solid 
mass  through  which  the  blast  could  not  penetrate.  By  charg- 
ing a  lialf  hopper  of  fuel  every  15  minutes  in  place  of  a  full 
hopper  every  30  mimites,  there  was  no  further  difficulty. 
The  analyses  of  Table  I.  indicate  the  variety  of  fuels  that  are 
being  used  successfully. 

Reliability. ― Referring  to  Table  I.，  from  the  last  reports 
obtained  about  one  year  ago,  Plant  D  had  been  in  successful 
operation  for  over  five  years  without  a  shutdown  and  without 
having  the  fire  drawn  from  the  producers.  The  last  reports 
from  Plant  A  indicated  highly  satisfactory  results  and  no 
shutdowns,  the  engine  pulling  full  load  and  a  large  portion  of 
the  time  as  much  as  15  per  cent,  overload.  Fig.  3  shows  the 
heating  value  of  the  gas  taken  every  second  hour  for  144  hours 
continuous  running,  while  Table  II.  shows  the  analyses  of  the 
gases  taken  over  the  same  period  from  Plant  C,  Table  I. 
Two  8ft.  producers  were  in  operation  for  the  full  period.  The 
engines  pulled  an  average  load  of  568  kw.  with  a  maximum 
of  640  kw.  for  one  hour,  and  a  minimum  of  405  kw.  for  one 
hour.  The  coal  consumption  was  I'TSlbs.  per  kilowatt-lioiir 
at  the  generator  terminals,  including  a  24-lioiir  stand-by,  and 
the  rate  of  gasification  was  about  lOlbs.  of  coal  per  squa 
foot  of  fuel  bed  per  hour.  The  fuel  used  was  Pocaliontas  run 
of  mine. 

Plant  F  is  used  for  irrigation  work  where  the  load  is 
intermittent'.  At  times  it  operated  at  full  load  24  hours  per 
day,  and  at  other  times  oulv  10  hours  per  day.  Results  have 
been  entirely  satisfactory.  Tlie  same  is  true  of  E,  wliirh 
operates  a  cotton  meal  mill.    This  is  one  of  the  most  successful 
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lignite  plants.  Tlie  latest  reports  state  that  lignite  screenings, 
costing  less  than  50  cents  per  ton,  are  being  used  successfully. 

Plant  G  showed  a  fuel  consumption  of  r651bs.  of  coal  at 
full  load  per  kilowatt-hour  at  the  generator  terminals,  r89]})s. 
at  three-quarter  load,  and  2'21bs.  at  one-hall  load,  when 
operating  on  Pocahontas  coal .  On  New  River  slack  the  coal 
per  kilowatt-hour  is  approximately  I'Glbs.  at  about  full  load. 

Plant  B  was  reported  unsatisfactory,  it  was  found  on 
investigation  that  for  two  years  the  plant  had  been  operated 
from  18  to  24  hours  [>er  day,  and  the  station  logs  showed  that 
the  engine  had  pulled  a  25  per  cent,  overload  for  about  two 
hours  during  the-  peak  every  evening.  Any  fuel  that  ('ou】d 
be  picked  up  in  the  open  market  was  used,  and  the  man  that 
operated  the  producers  also  fired  two  boilers  for  running 
about  400  h.p.  in  high-speed  steam  engines. 

Producer  Plant  Costs. ―  The  cost  of  producer  plants  and  of 
operating  are  by  no  means  fixed  quantities,  so  that  it  is  very 
diflicult  to  give  figures  that  are  general  and  that  can  be 
safely  applied  to  any  and  every  case.  Each  plant  requires 
ii:dividual  cousicleration  in  order  that  no  mistakes  or  mis- 
understandings may  arise.  The  first  cost  depends  upon  (a) 
the  service  or  load  coiiditious,  that  is,  continuous,  interinit- 
teiit,  or  variable  load,  and  the  magnitude  of  the  load.  These 
determine  the  necessity  for  duplicate  or  spare  apparatus,  and 
the  number  of  units  into  which  the  plant  should  be  divided. 
(b)  Upon  the  design  of  the  producer.  With  a  given  fuel  one 
type  of  producer  may  gasify  50  per  (； ent.  more  fuel  than 
another  type,  or  one  type  may  be  capable  of  continuous 
operation,  while  still  another  may  require  a  light  load  dur- 
ing the  period  of  the  removal  of  ash.  (r)  Upon  the  method 
of  generating  steam  for  the  blast.  That  is,  whether  or  not 
the  producer  generates  its  own  steam  supply  or  requires  that 
this  should  be  generated  in  separately-fired  boilers,  either 
direct  fired  or  exhaust  fired.  Where  the  producer  generates 
its  own  steam  supply  the  first  cost  of  the  producer  plant  is, 
as  a  rule,  much  less  expensive  than  the  installation  of  either 
direct  or  exhaust-fired  boilers,  (d)  Upon  the  characteristics 
of  the  fuel.  One  fuel  may  be  gasified  at  a  much  higher  rate 
than  another,  thus  reducing  the  size  of  the  producers 
required,  (e)  Upon  the  percentage  of  ash.  With  low  per- 
centage a  plain  water-sealed  producer  is  satisfactory.  With 
percentages  above  12  or  15  per  cent,  a  rotating  table  and  cone 
bottom  become  desirable  in  order  to  reduce  the  labour  costs. 
(/)  Upon  the  scrubbing  apparatus  required.  This  depends 
upon  the  amount  of  volatile  matter  in  the  coal,  and  the 
characteristic  of  the  products  resulting  from  the  volatile 
matter  which  appear  in  the  gas.  ((/)  Upon  the  method  of 
handling  the  coal.    (//)  Upon  local  conditions. 

The  operating  costs  are  very  intimately  connected  with 
the  first  cost,  and  depend  upon  (a)  the  character  of  the  fuel. 
Some  fuels  require  a  greater  amount  of  labour  than  others. 

(b)  The  design  of  the  producer.  A  properly -designed  pro- 
ducer will  require  much  less  labour  than  a  poorly-designed 
producer  when  operating  on  a  given  fuel  at  a  given  rate  of 
gasification.  In  some  instances  small  changes  in  the  arrange- 
ment of  the  admission  of  the  blast  to  the  producer  have 
reduced  the  labour  required  to  operate  at  least  50  per  cent. 

(c)  The  amount  of  ash  contained  in  the  fuel,  (d)  The  coal- 
handling  machinery,  (e)  Facilities  for  handling  tlie  tar.  ( f) 
Supervision,  In  every  instance  where  the  ])lant  is  under  t he 
direction  of  a  iiiaii  that  understands  tlie  apparatus,  and  lias 
given  his  thought  to  the  operation,  the  oj>crating  costs  are 
greatly  reduced.    {(/)  Local  conditions. 

Each  producer  should  be  of  the  water-sealed  type  for  con- 
tinuous operation  since  the  fuel  is  a  bituminous  coal  of 
medium  grade  containing  a  fair  amount  of  ash.  The  steam 
for  the  blast  may  be  obtained  by  the  use  of  a  superimposed 
vaporiser,  a  vaporiser  placed  between  the  producer  and  tlio 
scrubber,  an  exhaust  boiler  or  an  independent ly- fired  boiler. 
The  latter  is  very  uneconomical  and  has  ； i 】ii"rh  initial  cost . 
i>o  that  it  is  not  used  in  jK)wei'  work  at  the  present  iiu\e.  The 
exhaust,  boiler  is  economical  provided  there  is  no  other  use 
for  the  steam  that  may  be  thus  generated.  The  li rst  cost  is. 
however,  high,  and  as  in  many  cases  it  imust  be  located  at  a 
distance  from  the  producers  and  requires  more  or  less  atten- 
tion, its  use  ill  plants  of  this  size  and  for  tliis  purpose  is 
hardly  justifiable. 


The  vaporiser  or  boiler  between  the  producer  and  scrub- 
ber, while  an  excellent  arrangement  for  anthracite  plants,  is 
unsuitable  for  bituminous  coal  plants  on  account  of  the  solid 
niatter  that  is  carried  in  the  gas.  The  superimposed  vaporiser 
tliorci'ore  remains  as  the  last  choice.  This  is  low  in  first  cost, 
Hiicl  while  it  absorbs  a  certain  amount  of  radiant  heat  from 
the  fuel  bed,  which  could  otherwise  be  utilised,  it  is  couve- 
】iieiit，  requires  little  or  no  attention  and  essentially  no  repairs, 
s->  thai  for  small  and  medium-sized  bituminous  plants  it  is 
the  most  economical  method  of  generating  steam  for  the  pro- 
ducers, and  will  therefore  be  selected. 

To  rarli  producer  a  static  scrubber  will  be  coiiiierted,  as 
shown  ill  Fig.  1.  These  scrubbers  will  in  turn  connect  to  a 
Writer-sealed  gas  main.  Since  the  plant  is  to  operate  con- 
tinuously, two  tar  extractors  and  two  fan  blowers  will  be 
required,  one  of  each  for  a  spare.  Tlie  tar  extractors  and  fan 
blowers  should  be  driven  by  electric  motors  direct  connected  ； 
3.)  h.p.  or  40  h.p.  motor's  will  be  required  by  the  former, 
while  5  h.p.  or  7.\  li.p.  inolors  will  be  required  for  tlie  latt-er. 
The  coal-haiidling  apparatus  will  consist  of  a  30-ton  coal  bin 
located  above  the  second  producer  with  spouts  to  the  coal 
hoppers  of  each  producer.  A  track  bin  will  be  located  near 
the  producer  house,  and  an  elevator  used  for  delivering  the 
coal  from  the  track  bin  to  the  30-tou  coal  bin  above  the  pro- 
ducers. 

The  ash  removed  from  the  water  seals  of  the  producer 
will  be  loaded  into  a  small  car,  which  may  be  hoisted  into 
either  a  railroad  car  or  ash  wagon  by  means  of  a  block  and 
tackle  or  an  air  lift.  The  building  will  be  of  steel  frame 
construction  with  corrugated  iron  sides.  A  charging  plat- 
form will  be  built  around  the  producers. 

Future  Developments. ― Plants  of  the  type  described  have 
proved  reliable  and  economical  in  practically  every  case.  Par- 
ticularly is  this  true  for  plants  operating  on  poor  fuels,  like 
the  lignites,  and  plants  operating  on  high  priced  fuels.  Tlie 
economy  obtained  depends,  liowever,  to  a  large  extent  upon 
the  intelligence  displayed  in  the  operation  and  in  the  design 
of  the  plant. 

The  future  for  these  plants  is  also  promising,  as  more  eco- 
nomical results  are  now  recognised  as  attainable,  through  the 
following  improvements  which  reduce  the  first  cost  of  the 
plant  and  also  the  operating  costs  ：  (a)  Increase  in  the  rate  of 
gasification  ;  (b)  decrease  in  the  power  required  to  drive  the 
cleaning  apparatus ；  (c)  utilisation  of  waste  heat.  Increase 
in  the  rate  of  gasification  has  been  made  possible  by  a  careful 
study  of  the  effect  of  the  distribution  of  the  blast  on  the 
operation  of  the  producer. 

A  number  of  years  ago  t  he  writez'  demonstrated  on  a  small 
anthracite  producer  in  the  mechanical  engineering  laboratory 
of  the  University  of  Illinois  that  certain  fuels  could  be 
gasified  at  rates  as  high  as  401bs.  per  square  foot  of  fuel  bed 
per  hour  without  difficulty.  The  results  of  one  of  these  tests 
were  presented  to  the  Society  at  the  annual  meeting  in  1909."^ 
Later,  while  operating  on  lignite  in  Texas  wliieh  produced  a 
very  fine  ash  and  caused  considerable  trouble  in  the  ordinary 
central  blast  producer,  the  prime  reason  for  the  satisfactory 
gasification  of  one  fuel  at  a  very  high  rate  of  gasification  and 
the  failure  in  the  gasification  of  another  fuel  at  the  same 
rate,  、vas  most  clearly  and  forcibly  deiuoiistrated. 

These  two  experiences,  with  ； i  study  of  the  operation  of  a 
1  a rge  number  of  prodiu'ers  on  bituniiiious.  senii-bituininous, 
lignites,  anthracites,  and  semi-anthracites,  have  led  to  t lie 
complete  realisation  of  the  three  fundamental  requirements 
that  m list  be  met  in  the  successful  gasification  of  all  fuels  as 
previously  set  forth,  viz.  :  {(i)  Uniform  dist ribution  of  the 
green  fuel  ；  (//)  uniform  removal  of  ash  :  (,')  iiiiifonn  distribu- 
tion of  the  blast. 

A  study  of  the  producers  on  tlio  market  to-day  will  reveal 
the  fact-  that  there  are  few  if  any  that  meet  all  of  these  com- 
paratively jsitnple  requirements.  A  few  have  partially  done 
so  and  have  proved  successful  at  low  rates  of  gasiiicatioti,  or 
at-  high  rates  on  certain  fuels.  Tlie  Moml  producer  illustrates 
the  latter,  although  this  fails  entirely  to  meet  the  ii rst  and 
seroinl  ro(|uiroimMi(s,  but  very  liearly  moots  t ho  tliir'l.  which 
is  (lio  most  important  aiul  the  end  desired. 

The  Taylor  producer  illustrates  the  former,  for  as  it  was 
designed  it  failed  to  meet  requirements  b  and  r,  and,  while 

' Tosling  Suction  Gas  Producers  with  a  KOrling  Ejector.  Trans.  Vol.  31,  p.  831. 
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successful  for  gasification  of  lOlbs.  and  under,  was  never 
capable  of  higher  rates  on  average  fuels.  A  change  in  accord- 
ance with  the  above  requirements  demonstrated  that  a  gasi- 
fication of  151bs.  was  accomplished  with  the  same  ease  as  lOlbs. 
had  been  accomplished  in  the  past,  when  operating  on  a  poor 
grade  of  anthracite. 

From  this  study  and  investigation  it  has  become  apparent 
that  average  fuels  can  be  gasified  at  rates  from  50  to  150 
per  cent,  greater  than  the  present  rating  of  producers  (91bs. 
to  lOlbs.  per  square  foot  of  fuel  bed  per  hour),  and  with  no 
increase  in  labour.  This  means  a  great  reduction  in  the  first 
cost  of  producer  plants  and  also  in  the  operating  costs. 
Furthermore,  the  same  principles  produce  the  same  results  in 
large  producers  as  in  small  producers,  so  that  it  is  just  as 
practicable  to  build  a  producer  of  large  as  of  small  diameter, 
while  the  labour  per  square  foot  of  fuel  bed  required  in  the 
operation  of  the  producer,  the  first  cost,  and  operating  costs 
are  greatly  reduced.  A  producer  9ft.  diam.  inside  the  lining, 
having  an  area  of  636  sq.ft.，  requires  less  labour  to  operate 
than  two  producers  6ft.  diam.  (area  56'5  sq.ft.)，  while  the 
quality  of  the  gas  is  more  uniform  than  that  obtained  from 
one  of  the  smaller  units.  Tlie  same  is  true  of  the  producer 
lOJft.  diam.,  which  is  easier  to  operate  than  two  producers 
7ft.  diam.  It  is,  however,  true  that  the  gas  from  two  smaller 
producers  will  probably  be  more  uniform  in  quality  than  the 
gas  from  one  large  producer.  In  any  case  where  continuous 
operation  and  uniform  condition  are  essential,  at  least  two 
units  should  be  installed.  The  writer's  experience  would 
indicate  that  producers  up  to  15ft.  inside  diameter  are  prac- 
tical. The  power  required  to  drive  the  cleaning  apparatus 
lias  previously  been  referred  to. 

Utilisation  of  the  waste  lieat  is  an  item  that  has  received 
some  attention  in  tlie  past,  but  not  as  mucli  as  it  warrants. 
As  a  rule,  the  average  gas  plant  is  extremely  wasteful  of  lieat. 
About  12  per  cent,  of  tlie  heat  in  the  fuel  is  thrown  away  in 
the  scrubber  water,  while'  about  60  per  cent,  is  thrown  away 
in  the  cooling  water  to  the  engine  cylinders  and  in  the  exhaust. 
These  last  two  quantities  are  available  for  steam  raising  in 
the  bituminous  coal  plant.  Approximately  2 A 1  bs .  of  steam 
can  be  generated  per  brake  liorse-power  of  the  engine.  Where 
there  is  a  fairly  uniform  load  and  a  demand  for  this  s1>eam,  it 
can  be  obtained  at  a  coniparatively  small  cost,  ami  wlien 
credited  against  the  cost  of  gas  at  the  same  rate  as  the  cost 
of  steam  by  direct  firing,  reduces  the  cost  of  gas  from  tlie 
plant  from  \2  to  20  per  cent.  If  there  is  no  demand  for  steam 
for  heating  or  other  purposes  it  may  be  used  for  tlie  genera- 
tion of  power  either  in  engines  or  turbines. 

In  the  case  of  a  1,240  b.h.p.  plant,  3，1001bs.  of  steam  cah 
be  obtained  from  the  engine  exhaust  and  jackets  per  hour. 
For  good  economy  the  exhaust  boilers  sliould  be  of  the  low- 
pressure  self-contained  type,  generating  steam  under  about 
51bs.  or  lOlbs.  pressure.  The  heating  surface  should  be 
approximately  twice  the  amount  per  brake  horse-power  as  that 
used  in  direct-fired  boilers.  It  should  not,  however,  be  suffi- 
cient to  reduce  the  temperature  of  the  leaving  gases  below 
220°  Fall.,  unless  a  cast-iron  boiler  is  used.  Boilers  for  this 
purpose  can  be  made  practically  automatic  in  operation,  and 
as  a  rule  can  be  attended  by  the  engine-room  operators,  so 
that  there  is  essentially  no  additional  operating  cost  involved. 


METALLURGICAL  DEVELOPMENTS  IN  IRON  AND  STEEL* 

BY  JOHN  S,  UNGER. 

The  increased  demand  for  steel  and  the  many  new  purposes 
to  which  iron  or  steel  is  being  applied  is  shown  by  the  fact 
that  in  1880  the  United  States  produced  541bs.  annually  per 
unit  of  population  ；  in  1890,  1531bs.  ；  in  1900,  3981bs. ;  in 
1910，  6401bs.,  or  about  12  times  as  much  as  30  years  ago. 
During  the  last  decade  the  production  and  consumption  of 
the  metal  iron  has  increased  about  60  per  cent.  As  the  con- 
sumption per  unit  increases  and  the  demand  extends  to  those 
nations  not  now  large  users  of  iron,  the  following  conditions 
will  result :  New  fields  of  raw  material  will  be  found  ；  inferior 
raw  materials  must  be  employed  ；  new  processes  of  manufac- 
ture will  be  developed,  capable  of  dealing  with  material  of 
poorer  quality  ；  and  substitutes,  either  metallic  or  otherwise, 
will  be  offered  for  iron. 

*  Paper  read  at  the  New  York  meeting  of  the  American  Iron  and  Steel  Insti- 
tute, May.  19]2. 


The  gradual  exhaustion  of  lump  ores  has  forced  the 
employment  of  from  80  to  100  per  cent,  of  fine  ores  in  the 
blastfurnace.  Such  ores  are  usually  inferior  physically  or 
metallurgically  to  lump  ores,  and  require  some  preliminary 
preparation.  Washing,  magnetic  separation,  pneumatic  or 
other  forms  of  concentration,  followed  by  some  form  of 
agglomeration,  such  as  sintering,  nodulising,  or  briquetting, 
are  growing  very  rapidly  and  extending  to  other  fine  mate- 
rials, which  were  practically  waste  products  in  the  past.  The 
success  attained  in  treating  flue  dust,  pyritic  residues,  ami 
even  iron  or  steel  turnings,  has  caused  metallurgists  to 
demand  that  these  artificial  products  be  made  the  equal  of 
the  better  grades  of  lump  ore,  in  order  that  their  use  may  be 
extended  beyond  the  blastfurnace  to  the  steel  furnace,  in 
which  a  lump  ore  is  almost  a  necessity. 

Coal  capable  of  producing  liigh-gracle  coke  by  the  older 
methods  is  only  found  in  certain  localities.  In  the  manu- 
facture of  by-product  coke  it  has  been  shown  that  coke  of 
liigli  quality  can  be  made  by  the  proper  admixture  of  coals, 
some  of  wliioli  alone  are  unfit  for  coking  purposes.  This  coke 
is  the  equal  of  the  older  coke,  thus  opening  up  a  new  source 
of  supply,  and  in  addition  tlie  by-products  of  the  process  are 
conserved. 

It  may  be  said  that  it  requires  about  21  bs.  ore,  lib.  coke, 
；^】 b.  limestone,  and  4^1bs.  of  air,  or  a  total  of  8】bs.  material 
to  make  lib.  of  iron  and  ^Ib.  of  slag,  while  6  J  lbs.  of  gaseous 
products  are  given  off.  Fifty-six  per  cent,  of  tlie  material 
going  into  a  furnace  is  air.  The  average  variation  between 
winter  and  summer  season  in  temperature,  pressure  and 
moisture,  and  moisture  content  will  be  as  much  as  15  to  20 
per  cent.,  while  the  variation  in  a  single  day  may  be  8  per 
cent.  Refrigeration  of  the  air  or  flesiccation  of  the  blast  has 
been  tried  as  a  remedy,  resulting  in  more  regular  working  of 
the  furnace,  more  uniform  quality  of  product,  and  a  saving 
of  about  2s.  per  ton  of  pig  iron  produced. 

Thin-lined,  water-cooled  furnaces  have  been  used  in 
Europe  for  some  years.  In  the  United  States,  four  or  more 
furnaces  have  been  in  blast  for  some  time  with  promising 
results.  It  appears  that  the  blastfurnace  of  tlie  future  may 
be  likened  to  a  cylindrical  furnace  set  in  a  tank  of  water 
reaching  from  the  ground  to  the  top  of  the  furnace.  This 
preservation  of  constant,  lines  in  the  interior  of  a  furnace  and 
the  use  of  a  lining  of  tlie  proper  thickness  to  maintain  an 
economical  heat  balance  have  shown  a  reduction  in  fuel, 
greater  regularity  of  working,  and  less  variation  in  product. 

The  use  of  the  waste  gases  with  their  attendant  savings, 
for  gas  engine  purposes,  is  more  nearly  a  mechanical  problem 
and  not  properly  within  the  scope  of  this  paper.  It  is  suffi- 
cient to  say  that  the  majority  of  future  installations  will  be 
of  this  kind.  Where  steam  engines  are  installed,  they  will 
be  connected  with  low-pressure  turbines  in  order  to  conserve 
as  much  of  the  available  energy  as  possible. 

Within,  a  few  years  the  use  of  the  Bessemer  process  has 
declined  very  rapidly,  being  supplanted  by  the  basic  open 
hearth.  This  was  mainly  brought  about  by  the  scarcity  of 
Bessemer  ores  and  the  fact  that  open-liearth  steel  is  slightly 
more  ductile  than  Bessemer  steel  of  the  same  strength.  A 
combination  of  the  two  processes,  known  as  the  duplex  pro- 
cess, is  used  with  success  at  several  plants.  All  steel-making 
processes  of  a  purifying  character  are  necessarily  oxidising 
at  some  stage  of  the  operation.  The  making  of  crucible  steel 
is  not  one  of  purification,  but  depends  for  its  superiority  on 
the  use  of  pure  materials  and  their  fusion  out  of  direct  con- 
tact witli  the  fuel. 

The  electric  furnace  for  the  manufacture  of  ferro  alloys 
is  indispensable  and  has  come  to  stay,  while  the  profitable 
use  of  the  moderate-sized  electric  furnace  as  a  substitute  for 
the  production  of  steels  of  similar  qualities  to  frucible  steels, 
will  likely  revolutionise  the  crucible  steel  industry  within  a 
few  years.  The  electric  production  of  pig  iron  need  not  be 
considered  at  this  time.  In  localities  where  fuel  is  scarce 
and  expensive  and  ore  and  power  are  cheap,  it  will  probably 
be  of  importance. 

Several  steel  processes  have  been  brought  out,  mostly 
combinations  of  oldei*  methods.  In  one  it  is  proposed  to  tap 
the  metal  from  the  blastfurnace  into  a  rolling  open-hearth 
furnace,  arranged  with  tuyeres  on  one  side,  in  which  the 
metal  is  blown,  the  slag  removed,  the  furnace  moved  back  to 
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a  normal  position,  wliere  the  operation  is  finished  by  the 
open-hearth  process. 

Open-liearth  furnaces  with  removable  ends  and  roofs  arc 
frequently  employed.  One  of  the  latest  modifications  is  a 
removable  body,  which  cat.  be  used  as,  ^'ontainer  or  ladle  and 
which  is  picked  up  by  a,  crane  and  carried  to  the  point  of 
casting,  thus  retaining  the  heat  in  the  steel  and  avoiding  the 
use  of  a  ladle.  Water-coulcd  ports,  frames,  and  doors  are 
common.  The  success  attending  the  water-cooling  of  blast- 
furnaces indicates  that  within  a  few  years  an  open-hearth 
furnace  equipped  with  water-cooled  ports,  sides,  and  roof  will 
be  the  regular  practice. 

The  use  of  natural  gas  as  a  fuel  m  favoured  localities  is 
of  great  importance  to  the  steel  industry.  This  fuel  is  free 
from  injurious  impurities  and  of  high  calorific  value.  As  the 
fields  from  which  this  gas  is  drawn  become  exhausted,  it  is 
constantly  necessary  to  develop  new  territory  to  keep  up  the 
supply.  Since  the  supply  does  not  equal  the  demand,  the 
cost  becomes  prohibitive  and  substitutes  must  be  used.  The 
result's  obtained  with  fuel  oil  ami  tar  are  very  encouraging. 
At  some  plants  wliere  they  are  so  situated  in  regard  to  blast- 
furnaces, open-hearth  furnaces,  and  by-product  coke  ovens, 
llie  excess  blastfurnace  gas  is  used  to  coke  the  coal,  while  the 
higher  quality  by-product  gas  is  used  either  alone  or  with 
producer  gas  in  the  open-hearth  or  heating  furnaces. 

Deep  cementation  and  that  of  lesser  degree,  called  case- 
hardening,  were  formerly  performed  by  means  of  solid  carbon 
or  compounds  carrying  a  large  percentage  of  carbonaceous 
matter.  The  increased  use  of  superficially  hardened  material 
in  gears,  roller  bearings,  cutters,  tools,  projectiles,  &c.，  has 
brought,  out  solid  compounds  of  great  activity,  and  promoted 
the  use  of  a  number  of  gases,  vapours,  and  mixtures  of  the 
same  which  act  very  rapidly  and  at  much  lower  temperature 
than  formerly  required  in  cementation  by  gases  or  solids. 

Piping  and  segregation,*  which  are  of  widely  different 
character,  are  usually  classed  together,  as  they  come  under 
the  general  heading  of  ingot  defects.  As  a  rule  they  exist 
together,  but  in  many  cases  either  one  or  the  other  will  exist 
in  such  a  limited  degree  as  to  be  negligible. 

Piping  may  be  caused  by  the  shrinkage  of  the  metal 
during  solidification,  or  it  may  be  due  to  cavities  formed  by 
gases  imprisoned  in  the  steel ,  or  to  a  combination  of  both 
causes.  For  more  than  50  years  attempts  have  been  made  to 
reduce  piping.  These  embrace  covering  the  top  of  the  ingot 
with  molten  slag  or  steel,  liquid  compression,  cooling  the  top 
of  the  ingot  slowly  by  a  mould  in  which  tlie  top  is  made  up 
of  material  which  absorbs  heat  slowly,  keeping  the  metal 
liquid  by  gaseous  or  solid  fuel,  or  the  electric  arc,  casting  in 
a  vacuum,  the  addition  of  some  substance  which  creates  a 
lii^Ii  temperature  at  the  top,  or  tlie  addition  of  elements 
which  absorb  the  gases.  New  schemes  are  brought  forward 
constantly,  but  an  analysis  shows  them  to  be  modifications 
of  older  principles.  None  have  been  universally  adopted. 
All  fail  to  accomj)lisli  completely  the  result  intended.  A  few 
improve  the  conditions,  others  are  impracticable,  while  in 
practically  all  the  cost  is  prohibitive,  except  for  tlie  more 
expensive  steels.  Some  alloy  steels  pipe  very  much  more  than 
ordinary  steels,  and  even  in  ordinary  steels  it  may  be  said 
that  the  shrinkage  cavity  extends  to  a  greater  deptli  in  the 
ingot  of  a  high-carbon  steel  than  in  one  of  low  carbon. 

Segregation  is  the  separation  of  t  he  more  fusihle  com- 
pounds of  the  steel,  as  the  carbides,  phosphides,  and  sulpliitles 
of  iron,  to  that  part  of  the  ingot  which  is  the  last  to  solidify. 
Elements  having  the  characteristics  of  true  metals,  wliich 
alloy  with  iron  in  all  proportions,  as  nickel  or  manganese, 
segregate  very  little  or  none  at  all,  while  the  non-metals, 
such  as  carbon,  phosphorus,  and  sulphur,  are  the  worst 
o (Tenders.  The  only  real  cure  for  segregation  must  be  one  of 
tliese  three  remedies  :  Instantaneous  solid  ill  cat  ion  of  the  liquid 
steel,  the  use  of  steel  containing  elements  wliicli  do  not 
segregate  under  ordinary  coiulitions  of  cooling,  or  the  use  of 
pure  iron.  None  of  these  remedies  is  practical,  but  tlie 
nearer  these  conditions  are  approached  the  less  the  segre- 
gation. 

、VTie"  all  is  considered,  probably  the  cheapest  an<l  safest 
n"、tli()fl  of  dealing  with  piping  and  segref^ation  in  the  ordi- 
"aiv  iiifrot  of  3  to  4  tons  it  is  to  allow  the  steel  to  nml 

i"  the  n^gular  way.  discard  30  per  cent,  froni  tho  top  and 
use  the  leinaiuder.    This  discard  may  not  always  remove  all 


pipe  ami  segregation,  hut  the  pipe  which  remains  will  close 
up  in  working,  and  the  segregation  be  of  such  slight  extent 
as  not  to  be  injurious. 

Those  alloys  in  which  iron  predominates  will  now  he  con- 
sidered. Of  the  80  known  elements,  about  one-half  have 
been  combined  with  iron  in  greater  or  less  proportions. 
Ordinary  commercial  steel  is  an  alloy  commonly  made  up  of 
about  10  elements.  Some  of  these  elements,  such  as  sulphur 
and  phosphorus,  liave  always  been  considered  injurious. 
Nearly  all  purifying  processes  have  had  the  reduction  of  these 
two  elements  as  their  primary  object.  Sulphur  is  sometimes 
added  to  low-sulphur  steel  to  confer  the  property  of  rapid 
inacliiniTig,  while  a  certain  percentage  of  phosphorus  is  of 
great  value  in  preventing  the  sticking  together  of  a  pack  of 
sheets  or  to  ensure  a  firmly  adhering  coat  of  spelter  in 
galvanising. 

All  the  elements  present  or  added  produce  certain  l)eiie- 
iicial  or  injurious  effects,  depending  on  the  amount.  Man- 
ganese up  to  1'25  per  cent,  is  a  necessity  ；  from  this  point  up 
to  6  per  cent,  it  produces  hardness  and  brittlencss,  rendering 
the  ma,terial  unlit  for  service.  When  the  steel  carries  about 
12  per  cent.,  a  slightly  magnetic,  hard,  ductile  alloy  of  great 
value  in  the  arts  is  obtained. 

Silicon  produces  souiulness,  but  renders  the  steel  harder. 
In  steel  castings  rarely  more  than  O'oO  per  cent,  is  used,  as 
higher  percent-ages  yield  a  hard  casting  difficult  to  rnacliiiie. 
A  steel  containing  1  per  cent,  manganese,  175  per  cent, 
silicon,  and  0"50  per  cent,  carbon  will  sliow  after  j)roper  lieat 
treatment  an  elastic  limit  of  200,0001bs.  ami  an  elongation 
of  10  per  cent.  Steel  containing  about  3  per  cent,  of  silicon 
is  difficult  to  forge  or  roll,  but  when  finished  and  properly 
heat  treated  will  show  very  valuable  magnetic  properties, 
which  are  indispensable  to  the  electrical  engineer.  This  steel 
is  one  of  the  newer  alloy  steels. 

Carbon  varying  from  traces  to  150  per  cent,  produces 
marked  physical  changes,  and  seems  to  show  the  most  pro- 
nounced effect  of  any  element.  Until  the  advent  of  alloy 
steel,  and  even  since  then,  its  proportions  largely  govern  the 
various  properties  of  tlie  entire  range  of  steels. 

Nickel  alone  or  with  other  elements,  as  cliroiiiiuin  or 
vanadium,  improves  the  strength  of  steel  without  materially 
decreasing  the  ductility.  At  least  five  classes  of  nickel  steels, 
ranging  from  3  to  36  per  cent,  nickel,  are  important  iron 
alloys.  The  36  per  cent,  alloy,  called  invar,  is  remarkable 
ill  possessing  the  least  expansion  or  contraction  per  unit  of 
temperature  of  any  metallic  substance. 

Vanadium  is  one  of  the  newer  elements  to  he  added  to 
iron.  It  seems  to  rank  next  to  carbon  in  intensity  of  effect, 
and  is  used  in  small  percentages,  usually  from  0*25  to  0'50 
per  cent.  It  aids  in  raising  the  elastic  limit  of  the  st^el  to 
within  70  to  90  per  cent,  of  the  ultimate  strength,  ami  im- 
proves its  resistance  to  failure  uiuler  repeatedly  applied 
dynamic  stresses. 

Tungsten  was  used  by  Mushet  in  the  development  of  self- 
hardening  tool  steel,  contributing  the  property  of  lmr(k""n"' 
while  cooling  in  the  air.  This  discovery  was  tlie  beginning 
of  the  great  developments  made  in  the  tungsten,  molybdenum, 
chromium,  high-speed  tool  steels  of  the  present  dav. 

Of  tlie  newer  element's  alloyed  with  iron  might  be  men- 
tioned boron,  titanium,  arsenic,  antimony,  bismuth,  copper, 
and  magnesium.     Some  of  these  alloys  look  very  prmnisinp. 

The  use  of  alloy  steels  contaiuiug  other  than  tlie  regular 
elements  is  growing  very  rapidly.  One  factor  that  has  con- 
tributed to  tlieir  growth  is  the  threat  advam'e  made  in  the 
automobile  industry.  Statistics  sliow  tliat  over  GOO, 000  tons 
of  alloy  steel  was  made  during  1910,  or  more  than  three  times 
as  much  as  in  1909. 

Heat  treatment  niay  l)e  defined  as  the  careful  lieatinp  of 
steel  to  a  jiredetentiiiierl  temperature,  followed  by  a  slow  or 
rapid  cooling,  usually  followed  by  a  second  heating  to  a  lower 
temperature  than  the  first.,  then  by  rapid  or  slow  roolinp. 
The  teniperaturos  used  ； uul  (he  njotluMl  of  cooliiicr  employed 
vary  as  the  compositimi  of  the  steel  or  its  uses  vary.  " 

Treatment  affects  the  mechanical,  chemical,  electrical,  and 
pliysical  qualities  of  the  metal.  Ili^h  temperatures  are  not 
always  essential  to  these  rhanpes.  CVrtain  steels  will  hccoinc 
""'(V  times  stronn-er  at  -180、  C.  and  show  very  little  rhanpe 
i"  (luctilily.  Other  steels  non-inagnetic  at  ordinary  tem- 
peratures become  highly  magnetic  at  the   temperature  of 
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liquid  air.  Prolonged  healing  iu  boiling  water  will  destroy 
the  hardness  of  a  carefully  tempered  edge  tool.  Heating  a 
soft  steel,  not  ordinarily  sensitive  to  heat  treatment,  to 
between  ^00。  and  400。  （J.  and  then  quenching  will  show  a 
marked  reduction  iu  ductility  and  a  decided  difference  in 
solubility  when  acted  upon  by  chemical  agents. 

Steels  may  be  separated  into  three  classes  :  Soft  steels  up 
to  0'25  per  cent,  carbon,  medium  steels  from  0  *2G  to  0*75  per 
cent,  carbon,  and  hard  steels,  or  those  above  0.75  per  cent, 
carbon. 

Soft  steels,  such  as  sheets,  wire,  or  tubes,  are  but  slightly 
changed  by  heat  treatment,  unless  the  action  be  continued 
over  a  very  long  period.  In  some  cases  this  may  prove  detri- 
mental. Very  few  attempt's  liave  been  made  to  treat  steel  of 
this  grade  beyond  an  annealing  or  normalising  to  ensure 
uniform  heating  and  cooling  throughout. 

Medium  steels  furnish  by  far  the  largest  portion  of  the 
tonnage  of  all  steel  produced.  In  this  class  is  found  all  the 
harder  and  stronger  varieties  of  boiler  and  ship  plates, 
machinery  steel,  rails,  axles,  steel  castings,  car  wheels,  shaft- 
ing, woodworking  implements,  most  of  the  structural  and 
bridge  material,  and  a  large  quantity  of  the  steel  used  in 
automobiles  and  agricultural  machinery.  The  medium  steels 
have  not  always  been  treated,  except  for  such  special  cases  as 
armour,  guns,  crank  shafts,  connecting  and  piston  rods,  or  any 
material  in  which  great  strength,  durability,  and  security  are 
required.  Almost  all  alloy  steels  belong  to  this  class.  On 
account  of  their  thermal  susceptibility  they  are  usually  heat 
treated  to  develop  their  best  properties.  - 

The  annealing  of  steel  castings  in  important  work  is  essen- 
tial. Very  little  strength  is  sacrificed,  while  the  toughness 
as  indicated  by  bending  or  twisting  has  been  increased  from 
two  or  four  times  that  of  the  untreated  casting. 

Railroad  axles,  shafts,  and  forgings  were  not  heat  treated 
in  the  past.  As  the  alloy  steels  with  their  accompanying  heat 
treatments  were  brought  out,  attention  was  immediately  given 
to  the  treatment  of  ordinary  steels.  Most  forgings  are  being 
heat  treated  at  the  present  tfime.  It  is  believed  that  the  treat- 
ment now  being  given  to  gears,  shafting,  rails,  wheels,  plates, 
bars,  and  machinery  parts  will  grow  until  practically  all  such 
material  will  be  used  in  a  heat  treated  condition. 

Hard  steels,  known  as  tool  ste-els,  are  not  often  used  in  an 
untreated  state.  These  steels  were  the  first  steels  made  and 
were  valuable,  as  they  could  be  made  intensely  hard  by  heating 
and  quenching  in  water.  It  was  found  that  this  hardness 
could  be  modified  by  subsequent  heating  or  tempering,  yield- 
ing a  tool  or  implement  of  great  value.  A  temperature  of 
400''  C.  removes  this  hardness  and  makes  the  tool  too  soft  to 
cut  hard  metals. 

The  classic  researches  of  Taylor  and  White,  the  inventors 
of  the  treatment  of  high  speed  chromium-tungsten  tool  steels 
at  such  elevated  temperatures  as  were  supposed  to  destroy  such 
alloys,  are  an  important  point  in  the  metallurgical  history  of 
tool  steels.  This  discovery  completely  changed  a  part  of  the 
hard  or  tool  steel  industry  and  revolutionised  machine  tool 
operations.  This  treatment  yielded  a  steel  of  such  wonderful 
cutting  properties'  that  machine  tools  all  over  the  world  liad 
to  be  built  much  stronger,  of  greater  power,  and  capable  of 
being  driven  at  much  higher  speeds  than  formerly. 

When  the  great  changes  in  railroad  material  in  the  last 
quarter  of  a  century  are  considered  it  is  reasonable  to  believe 
that  the  freight  car  of  the  future  will  regularly  carry  a  load 
of  100  tons.  Its  size  will  only  be  limited  by  bridge,  tunnel,  or 
other  clearances.  A  reinforced  concrete  roadbed,  carrying  a 
track  of  1501bs.  to  2001bs,  rails  on  steel  supports,  or  perhaps 
duplicate  rails  laid  a  few  inches  apart  on  each  side  of  the 
track,  will  probably  be  the  standard  practice  a  few  years 
hence.  As  the  elastic  limit  of  the  axle  wheel  and  rail  are 
approached,  a  higher  limit  will  be  required,  limited  only  by 
what  the  steel  maker  can  produce  and  by  the  point  to  which 
this  may  be  carried,  and  still  retain  sufficient  traction  under 
engine  wheels  to  move  the  load.  To  distribute  the  load,  four 
wheels  may  be  mounted  on  the  same  axle,  or  additional  wheels 
and  axles  put  under  the  future  car.  The  effort  to  secure  a 
st'roiig  material  of  tlie  least  weight,  in  order  to  reduce  the 
dead  load  carried,  will  always  exist.  Similar  progress  will  be 
made  iu  tlie  iiiacliiiiery  ami  building  world, 

•  The  demand  for  a  stronger,  lighter,  less  corrodiblo  metal 
will  continue,  and  its  use  will  be  governed  by  its  extra  cost  in 


comparison  willi  regular  material.  Iron  rusts  more  rapidly 
when  exposed  than  almost  any  of  the  other  rommoii  nioials. 
The  attempts  to  protect  it  by  coalings  or  metallic  coverings 
have  done  much  to  increase  its  durability.  It  is  not  an  ex- 
aggerated statement  to  say  that  future  researches  will  develop 
a  method  of  treating  iron  which  will  greatly  retard  or  wholly 
prevent  corrosion.  How  this  is  to  be  accoinplislied  is  left  to 
the  future.  Exposure  to  a  gas  or  vapour,  aided  l)y  heat,  pres- 
sure, or  the  electric  current,  may  render  the  iron  entirely  pas- 
sive, or  diminish  tlie  effect  of  atmospheric  coiulit  ions.  It  may 
be  that  more  than  such  a  simple  ireatnient  will  be  necessary, 
and  that  after  such  a  passive  condition  has  been  produced  it 
must,  be  fixed  or  made  permanent  by  additional  treatments,  as 
quenching,  exposure  to  other  gas<3s  or  vapours,  or  to  chemical 
solutions  to  obtain  the  desired  result. 


CIRCULATION  TEST  OF  A  STEAM  BOILER. 

The  "  Iron  Age,"  in  its  issue  for  May  3()th，  gives  the.  results 
of  a  test  for  water  circulation  of  a  Robb-Brady  Scotch  boiler 
at  tlie  Sewerage  Pumping  Station,  Framingham,  Mass.  The 
boiler  was  equipped  with  thermometer  oil  wells  at  the  four 
points  indicated  in  the    accompanying   illustration.  With 


ThermomQlBr 
'J 


Section  of  Boileb  showing  Location  of  Thermometeks. 

water  in  the  boiler  at  about  80°  the  fires  were  started  and 
readings  of  the  thermometers  taken  every  5  mins.  The  fol- 
lowing table  shows  the  results  of  the  tests  ： ― 

Tests  of  Water  Temperatures  hi  a  60  h.jj.  Robb-Bvachj 
Scotch  Boiler, 


Time 


Thermometer 
No.  1. 


Deg.  Fall. 


Thermometer 
No.  2. 


Deg.  Fall. 


Theiniio  meter 
No.  3. 


Deg.  Fab. 


Thermometer 
No.  4. 


Deg.  Fah. 


Safety  valve  blowing  off. 


A  New  Alloy  for  Tubes  and  Armour  Plate. ― Prof.  G.  Jarijuier 
has  discovered  a  new  alloy  named  "  Argilite."  It  is  intended 
for  the  manufacture  of  pipes,  tubes,  and  armour-plate,  and 
consists  of  90  per  cent.  aliuiiiniuHi,  6  per  cent.  roj)j>er,  2  ]>er 
cent,  silicon,  and  2  per  cent,  bismuth.  The  advantages 
claimed  for  it  are  lightness,  hardness,  and  resistance  to  pres- 
sure and  corrosive  actiou. 
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INDUSTRIAL  AND  TRADE  NOTES, 

Light  Railway. ― The  Board  of  Trade  luis  rec-ently  confirmed  the 
niidernientioiied  Order  made  by  the  Light  Railway  Commis- 
sioners : Clayton- le- Moor's  Lij^ht  Railway  Order,  1912，  authorising 
the  construction  of  a  liji;lit  railway  at  Clayton-le-Moors. 

Amalgamation   of   Locomotive   Engineers   and   t'  c   A.S.R.S.  Rejected. 

― The  Associated  Society  of  Locomotive  Kngijieers  and  Firemen, 
at  their  triennial  con fercncti  at  Leeds  on  the  7th  inst.，  discussed 
tlie  question  of  amalgamation  with  the  Amalgamated  Society  of 
Railway  Servants,  with  the  view  of  forming  one  powerful  union.  By 
135  votes  to  seven  tlie  proposal  to  iunal»^a mate  was  rejected.  It  was 
contended  that,  if  amalgamation  took  jilace,  the  locomotive  engi 
neers  and  firemon  would  lie  in  the  minority  compared  with  other 
grades  in  the  railway  service. 

The  Demarcation  Dispute  at  Cammell.  Laird's.  ―  An  important 
•shipl'iiilding  conference  w  as  hold  on  the  4th  iiist.  at  Carlisle,  and, 
after  sitting  from  noon  till  6-30，  the  following  offifial  statement 
was  made  to  the  Press :  The  SliiphtiiWing  Employers'  Federation 
met  the  Executive  of  the  Boilorinakers'  Society,  together  with 
tlie  local  represeiitaiives  fiom  the  Birk('nli(rfa(l  district,  to  discuss 
the  question  dt'inarcation  which  Jiad  aiisen  ;it  Messrs.  Cam- 
inell,  L;iir*(l,  iV  C'o.'s  woiks.  Mr.  James  H.  Hoolds,  president  of 
the  Shipbuilding  Federation,  was  in  the  chair,  and  aftor  con- 
siderable discussion,  the  question  was  thereafter  remitted  to  a 
looal  coiiferetu'o  for  i'lirtluM'  foiisidoration ,  with  a  view  to  settle- 
ment. 

Electric  Light  and  Power  for  Japanese  Mines. 一 The  British  Act- 
injj;  Consul-Cjlcneral  :it  Seoul  reports  that  a  Tokio  company,  acting 
as  agents  ioi'  a  well-known  ({erniaii  firm,  have  preitared  ； i  soliemo 
lor  supplying  cleotrio  po\v<M-  to  the  gold  and  "Ui(*r  mining  com- 
panies in  Nor  til  Pyeng-an  Province,  and  w  ill  (k'vote  a  capital 
of  about  £102,000  to  the  purpose.  The  German  firm  will  supply 
all  the  necessary  plant  and  machinery,  which  will  be  similar  to 
that  installed  at  the  Fusluin  coal  minos.  The  new  power  plant 
will  he  erected  at  llpil)i,  and  power  and  light  w  ill  bo  supplied 
id  n"glih(miing  towns.  Accordinjj;  to  tlie  local  Press,  the  Tokio 
company  has  also  obtained  the  option  to  l)uikl  ； m  electric  railway 
i'roiii  a  point  on  the  8eonl-Wijii  11  ail  way  near  Shinanjii  to  the 
Valu  river,  traversing  the  mining  districts  of  Unsan  and  Yeng - 
l""i，  Iiiit  details  of  the.  scheme  are  not  yet  fortlicoining. 

Oil -engineering  Exhibition.  ―  A  meeting  of  inaiiuf'aotnrers  and 
otiiers  intt'iestcd  in  the  oil  engineering  industry  was  recently  held 
in  London  i n  coiniection  with  the  tOrthconiin^  ()il-entj;ineerin^ 
Exiiihitiori,  which  is  to  lorm  an  important  part  of  the  Hardware 
and  Ironmongery  Exhibition  to  be  held  at  Olympia  from  Septem- 
hor  7th  to  17th.  This  will  be  the  first  exhibition  directly  con- 
cerned with  the  engineering  side  of  the  oil  iiulustry.  The  exhibi- 
tion will  be  divided  into  sections  dealing  with  (1)  oil-field  equip- 
ment ； (2)  traiisportj  iiirhidiug  tank  steamers,  wagons,  &c.  ；  (3) 
oil  f  11(^1  systems  ；  (4)  oil  engines  ；  (5)  oil  refining  ；  (6)  oil  lighting 
and  heating  ；  {7)  oils  for  fuel,  lighting,  lubricating,  &(•. ;  (8)  the 
world's  oil  fields  ；  (9)  geoiogk'al  photographs,  &('.  The  organisa- 
tion of  tho  general  exhibition  is  under  the  direct  ion  of  Mr.  G.  D. 
Smith,  while  the  oil  on^iiieerinf^  section  is  in  tho  hands  of  Mr. 
S.  H.  North.  Particulars  may  ho  obtained  from  the  offices  of  the 
Exhibition,  119,  Finshiirv  Pavement,  E . C . 

The  Cambrian  Combine's  Co  partnery  Scheme. ― Mr.  D.  A.  Thomas, 
of  the  Cambrian  Combine,  recently  gave  some  details  of  the  co- 
partnery sc'Iienie  which  his  directors  are  contemplating  in  connec- 
tion with  the  Combine's  new  pits  at  Gilfaoh  Goch.  I  quite  realise, 
he  says,  that  the  coal-ininin^  industry  does  not  lend  itself  to  co- 
p:x rtiuM'sliip  by  reason  of  its  speculative  cha meter  and  widely 
varying  amount  of  profit  from  year  to  your.  Moreover,  wliilo  [ 
believe  that  the  proposal  wo  shall  make  will  be  of  substantial 
value  to  the  workmen,  it  will  be  really  only  a  smali  contribution 
towa  rds  settling  the  unrest  so  prevalent  a  bout  the  rouiitry  at  tlio 
present  time,  and  I  foar  also  that  tl"、  mim'rs'  leadors  in  South 
Wales,  or  at  any  rat(、  tlit*  Socialistic  section,  will  not  t'ii(.("ir:ige 
the  nioii  to  take  advantage'  of  tl"'  offt'r.  Wliat  ]  should  really  like 
to  see  would  bo  the  Miners'  Federation  acquiring  a  ('ontmlliiig 
interest  in  a  colliery  ami  working  it  themselves.  To  suggest  thai 
vested  interests  would  combine  to  prevent  the  success  of  such  an 
eiilorprisc  is  childish. 

A  Board  of  Trade  Exhibition. ―  Tl"'  Hoard  of  Triule.  on  tlio  recom- 
nuMidat ion  of  t  li'  i r  A(l\  is(»' v  Committee  on  ( '"nmu'rcial  I nti  ll i 
p;enoe,  have  arraii^iHi  for  tho  loniiat  ion.  by  H.M.  Ti  iuio  Connnis 
sionors  in  the  Self- Gov《、n、ing  Dominions,  of  extensive  ('oll'、<t">ns 
of  samples  of  liaidwaro,  hollow-warej  and  tools,  of  foreijj:n  niaiin 
fac'tiiro,  whirh  compote  on  a  large  scale  in  tlioso  Dominions  with 
similar  goods  of  United  Kingdom  origin.    The  samples  will  l;p 


accompanied  in  all  cases  by  detailed  information  as  to  country 
of  niaimlacture,  prico,  rates  of  customs  duty,  and  other  matters 
affecting  tho  trade.  A 】arge  number  of  samples  of  tliis  kind  have 
"mv  been  received  from  H.M.  Trade  CommissioiuM*  for  South 
Africa.  Arran^enHMits  liave  been  made  with  tho  CliamlxTs  of 
Commerce  at  Hiniiin^hani  iiiu]  Slioffiold  for  thtMr  exhibition  in 
those  cities  at  an  early  date.  The  samples  will  subsoqupiitly  be 
exhibited  in  London,  and  the  Hoard  of  Trade  will  also  he  glad  to 
arrange,  so  far  as  practicable,  for  thoir  exhibition,  wholly  or  in 
l>:u't，  at  other  industrial  or  cominercial  centres  where  such  a 
(oiirse  seems  likely  to  he  of  pnictif'al  utility.  The  samples  from 
the  other  self-governing  Dominions  will  be  dealt  、vith  in  a  simi- 
lar manner  as  soon  as  they  are  received. 

Mining  Certificates.—  Tho  Home  Secretary  has  given  notice  that 
he  has  approved  a  large  numhcr  of  mining  schools,  institutions, 
and  authorities  for  the  purpose  of  granting  certificates  to  fire- 
men,  examiners,  and  deputios  luider  the  provisions  of  S<H'tioii  11 
of  the  Coal  Minos  Act,  1911.  、'(>  person  will  ； if  tor  Jaiuiary  1st， 
1913,  l>o  eligible  to  he  appointed  or  to  act  as  a  fi〖vimui,  oxaiiiijitT. 
or  deputy  unless  he  po8se.sst's  a  oortificate  from  ait  approved  school, 
institution,  or  authority.  This  rcqTiirement  will  apply  to  existing 
fironioii,  &x\,  as  well  as  to  firenuMi  heroatter  appointed.  All  appli- 
cations for  information  as  to  the  examinations  to  be  held  tor  tin* 
purpose  of  the  grant  of  cortificates  should  addrossed  to  tho 
approved  mining  schools,  institutions,  and  autlmiitif's,  and  not 
to  the  Home  Office.  The  S(»c  ivtar.v  of  State  hopes  to  he  ai)le  to 
issi")  a  supplementary  list  of  approvod  sohools,  institutions,  and 
juitliorities  shortly. 

Rubber  Manufacture  for  Electrical  Purposes  in  Japan.— H.M.  Com- 
mercial Attach,i  at  Yokohaiiui.  in  a  recent  report  on  the  trade  of 
Japan  in  1911，  states  that  in  tho  electrical  department  of  tho 
rubber  industry  considerable  progress  has  boen  made  in  Japati. 
The  one  difficulty  with  which  tlie  mills  liavt*  to  oontciid  is  tho 
lack  of  experienced  technical  men.  They  have  iip- to-dat''  machi- 
"(M'y，  but  the  industry  is  so  young  in  Japan  that  there  are  no 
native  trained  rubber  chemists.  Several  mills  have  experimented 
with  foreign  instructors,  but  the  result  has  】iot  bf^eii  satisfactory 
ill  most  cases,  owing  to  the  inability  of  the  instructors  to  niako 
themselves  understood  and  the  iiiadcciuacy  of  interpreters  ior  this 
purpose.  The  difficulty  is  one  which  will  doultlless  disappear  as 
tinio  (^nables  the  technical  men  to  acquire  their  experience,  but 
many  costly  mistakes  have  beon  made.  The  manufacture  of  insu- 
lated wire  has  already  had  it's  influence  in  checking  the  import 
of  European  rul)her-eovered  \vin\  and,  in  addition  to  this  maiui- 
fiu'ture,  three  of  the  largest  mills  ha ve  installed  plants  for  iiiak- 
inK  lead-covered  teleplione  and  hi^h-tensioii  cables.  Altlion^li 
this  is  hardly  directly  connected  with  the  rubber  industry,  tlio 
tact  that  mi  lis  have  braneli(»d  out  in  this  direction  merits  atten 
tion,  as  huving  a  liearin^  on  tlie  future  importation  of  lii^h- 
tension  cables  from  abroad. 

Co-operative  Production  in  France. ― Tho  Juno  number  of  "  Co- 
l^artiUM'siiip  "  contains  an  interesting  article  on  tlio  j^row  tli  of 
workmen's  productive  organisations  in  Fi anco.  These  associa- 
tions are  luiifh  more  iiiuuerous  in  Ki-aiice  than  in  this  connti y. 
The  last  official  report  describes  them  as  "  associations  fornuHl  by 
workmen  for  carrying  on  their  trade  in  common,"  and  states  that 
ill  the  beginning  of  last  year  thoy  immbered  498.  In  188"  then* 
were  only  10.  The  trades  ca rried  on  arc  of  tho  most  (li、、>rs*' 
kinds.  Tliey  perform  work  for  co-operative  distriltiitive  siort^s. 
lor  municipalities  and  tho  Central  Government  on  contract,  ami 
for  the  general  public.  Ono  association,  called  "  The  Workers  in 
Instruments  ot"  Precision/'  consists  of  higlily-skilled  mechanics, 
whose  sole  work  is  making  teloplioiie  instruments.  It  employs 
about  130  moil,  all  of  whom  a iv  paid  at  th<^  same  rate,  irrospoc 
tive  of  output,  viz.,  1  OJd.  por  liour.  The  niauaj^er  g,»ts  tho  saino 
pay  as  the  m，u'li:uii(、，  with  cerlain  alU)\\  ances  for  extra  t'xp»'nses. 
This  society  began  IG  years  a^o  witli  t wo  men.  In  191 1  the-  498 
societies  had  from  20,000  to  'Jo,(X)0  inonibers.  ^[einbersliip  is 
^uenorally  confined  to  the  nienihers  of  ono  particular  trade  union. 
Tho  profits  are  ili、  i 山、 （i  in  idoiuls  on  wnges  and  on  ca pital 
irufsted  liy  the  w  orkiiu'n. 

Hydraulic  Cranes  at  Plymouth. ― At  the  G  roat  West  or  n  Dorks. 
Plyinonlli,  tl">rt'  h;i vo  Uvii  liCtMilly  iiistalled  five  qui('k-a('ti，ig 
hydraulic  cnuios.,  in  substitution  for  steam  cranes.  The  now 
<'i*aiies  will  raise  three  tons  to  a  ht^ight  of  B5ft.  at  a  radius  of 
'"iOft.  a iid  run  on  a  14ft.  7in,  track,  the  pedestal  nrch  on  wliich 
tl"、v  :ut'  mounted  perinittiii*:  railway  rolling  stock  to  pass  undor 
tl"、m.  Tlio  load  is  lilttHi  l»y  tliivo  rams,  working  on  :i  sinj^le 
cross-luMd.  and  tlu»  cranes  can  turn  "  roiiiul  and  rnuiul."  this 
ijptM  ation  hoiiiji  ell'ected  by  four  di root-acting  ra nis.  which  thrust 
in  turn  against  a  steel  forged  crank  bolted  to  the  central  pivot  of 
tlio  era ne.  Lifting  or  lowering,  derrickiiip;.  and  slew i up;  are  per- 
toiniod    hy    hydraulic    pow  er,    eitluT    simultaneously    or  iiide- 
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peudently,  the  cranes  being  capable  of  derrickins  with  the  full 
load  from  50ft,  to  20ft.  radius.  In  tests  of  the  lifting  iiiul  sknv- 
iuix  the  former  operation  was  performed  at  the  rate  of  300ft.  a 
minuto  and  tlic  latter  at  GOOft.  a  iniiuitc  at  HOft.  radius,  these 
sjxhhIs  bein<;  50  per  cent,  better  than  were  specified.  Tlio  jih  is 
pushed  out  by  a  direct-acting  liydraulio  ram,  and  in  tlio  evoiit 
of  anything  breaking  the  predominating^  balance  weight  pulls  tlio 
jib  up  to  a  state  of  rest  and  thus  prevents  risk  of  accident 
throuKit  the  jih  dropping.  The  cranes  were  supplied  by  Messrs. 
Tiinnett,  Walker,  &  Co.,  of  Leeds. 

Ironmoulders'  Lock-out  Settled.  ―  A  settlement  was  come  to  on 
Monday  last  in  the  Falkirk  moulders'  dispute,  as  a  result  of  wliich 
the  men  resumed  work  on  Thursday.  The  dispute  arose  as  the 
result  of  the  strike  of  -t。0  moulders  employed  at  the  Canon  Com- 
pany's Mungal  Fouiulry,  Bainsford,  on  a  question  of  the  workiti^ 
ooiiditions,  the  men  asserting  that  owing  to  the  inadequate  supply 
of  material  from  iho  t'lirnaces  they  were  not  kopt  continually  oin- 
p loved  during  the  working  hours.  This  resulted  in  the  nu'ii's  、vafi:t、s 
being  eonsiderahly  reduced  and  in  their  requiring  to  work  very 
long  hours  in  order  to  make  casts  when  they  could  ohtain  the 
material.  The  disputo,  after  being  the  suhjfM't  of  negotiations, 
culminated  in  a  lock-out  of  about  4,300  mem  Iters  of  th(、  Central 
Iroiimoulflers'  Association  in  the  Falkirk  district.  Last  、、eek  the 
Board  of  Trade  intervened,  and  a  conference  、vas  arranged  between 
the  executive  of  the  Central  Ironmoulders'  Association  and  the 
light  castings  section  of  the  Scottish  Federation  of  Iron  and  Steel 
Foniiders;  This  conference  was  held  on  Monday  at  Glasgow,  and 
at  the  close  the  following  communication  was  made :  "  On  the 
invitation  of  the  Boa rd  of  Trade  u  conference  took  place  l)etweo]i 
the  executive  of  the  Light  Castings  Founders'  Section  of  the 
Scottish  Employers'  Federation  of  Iron  and  Steel  Founders  and 
the  executive  of  the  Central  Ironmoxildors'  Association,  Mr.  Isaac 
Mitchell,  of  the  Board  of  Trade,  being  present.  After  prolonged 
negotiations  ii  settlement  was  arrived  ； it,  ami  it  was  agreed  that 
all  the  men  should  resu me  work  on  Thursday  morning." 

Standardisation  of  Engineering  Catalogues. ― A  lecture  on  this 
subject  was  delivered  by  Mr.  Arthur  Boui*ne  at  a  recent  ineetiii*; 
of  the  Junior  Institution  of  Engineers,  in  the  cou ise  of  which  he 
pointed  out  that,  although  the  initiation  of  the  movement  for  the 
standardisation  of  trade  literature  had  its  hi rth  several  years 
ago,  inarmfac'tiii'ei's  both  in  this  and  other  countries  seemed  slo、v 
to  move  definitely  in  the  matter.  Manufacturers  had  not,  he 
observed,  been  slow  to  realise  the  very  great  benefit  accruing 
from  scientific  and  systematic  advertising  in  the  technical  and 
daily  Press  ；  why,  then,  should  not  a  little  more  ('are,  science, 
and  system  be  brought  to  bear  on  the  extremely  important  ques- 
tion of  catalogue  production,  upon  which  so  much  money  Avas 
spent  ？  Under  existing  conditions  it  was  really  difficult  to  know 
how  to  file  catalogues,  and  of  the  many  systems  in  vogue  he 
doubted  if  any  was  really  satisfactory.  He  advocated  not  only 
the  adoption  of  a  standard  size,  but  also  the  confining  of  one 
article  to  one  catalogue.  Manufacturers  seemed  at  the  present 
time  to  be  devoting  a  considerable  amount  of  attention  to  export 
trade,  but,  in  his  opinion,  the  large  amounts  spent  annually  in 
the  dispatch  of  elaborate  and  costly  catalogues  abroad  was  for  all 
practical  purposes  wasted.  "What  buyers  abroad  welcomed  was 
literature  that  gave  not  only  detailed  illustrations,  but  also  full 
and  complete  information,  such  as  net  ； ukI  gross  weiglits,  ship- 
ping measurements,  code  words,  and  approxiniatt>  prices,  so  that, 
if  necessary  a  quotation  could  bo  given  without  having  to  refer 
home.  It  Mils  really  surprising  Avliat  a  large  percenta<^o  of  cata- 
logues failed  in  this  respect. 

Coal  and  Iron  in  Derby  and  Notts.— A  paper  on  "  The  Coal  and 
Iron  J iHlustrios  of  Derbyshire  and  Nottingliainsliire  "  was  con- 
tributed by  ]\] r.  George  8.  Bra^^jjie  at  the  recent  meeting  of  the 
8ur\  eyors"  I  iistitutioii  held  at  Buckingham.  He  stated  that  in  their 
final' report,  issued  in  190o,  the  Iloyal  Commission  appointed  in  1£01 
estimated  the  net  available  tonnage  of  coal  remaining  tinworkccl 
in  the  proved  coalfields  of  Derbyshire  and  Nottinghamshire  at  u 
depth  not  exceeding;  4,000ft.  to  be  7,360  million  tons.  The  Geo- 
logical Committee  of  the  same  Coniniissioiij  in  estimating  the 
resources  of  the  concealed  ami  unproved  coalfields  at  doptlis  of 
less  than  4,000ft. ^  considered  there  were  23,000  million  tons  in 
the  eastward  extension  of  the  Yorkshire  and  Notts  coalfield  into 
Lincolnshire.  Speaking  I'oughly,  one-half  of  this  extension  nii;j;Iit 
be  rtH-koned  as  belonging  to  the  Nottingluimsliin'  coalfield.  Asso- 
ciated Avitli  these  coal  sea  ins,  and  formerly  worked  with  them  to  ;i 
large  extent  for  pi^-irou  making,  were  seams  of  chiy  ironstone, 
either  in  beds  or  nodules.  The  discovery  of  the  more  cheaply- 
worked  iron  ores  of  Lincolnshire,  Northamptonshire,  and  Leices- 
tersliire  had  a  1  mostly  entirely  done  away  with  the  working  of 
the  flay  iron-stone.  In  the  northern  pa rt  of  Derbyshire  wore 
extensive  quarries  of  mountain  limestone,  a  large  portion  of  the 


produce  of  which  was  used  in  i\w  nianui'actnro  of  pi^  iro?»  an  a 
Hux.  The  output  of  liniesione  from  this  county  was  the  next 
larf^ost  to  that  from  Durham,  a  mounting  in  the  year  1899  to  over 
l:i  million  tons.  Tlio  pig- iron  iiKhi.stry  was  of  the  ^^reatost  im- 
portance, iind  ill  Derby  and  Nutt-s  ther<?  wero  33  fu niiiccs  in  blast 
at  the  end  of  January  last. 

Compulsory  Working  of  Patents. ― At  tho  16th  a niinal  ((mgrt^ss  of 
tho  International  Association  lor  the  Protoction  of  Industrial 
Property,  recently  held  in  London,  various  dolf^^ntcs  spok**  on  the 
quostioii  of  compulsory  working  of  patents.  M r.  T.  F.  Iselin 
said  there  appeared  to  be  an  almost  unanimous  opinion  among 
the  dflogates  that  the  omission  to  work  a  patented  invention 
should  not  result  itr  the  revocation  of  the  patent  Init  to  tJ"'  gr;mt- 
ing  of  compulsory  li(-enses  and  that  each  State  should  m:ik<'  rules 
for  tlic  execution  of  this  provision  by  means  of  its  internal  h»gis- 
liition.  Mr.  Henri  A  Hart  (Paris)  remarked  that  the  agitation  in 
favour  of  the  abolition  of  forfeiture  for  noii- working  iiuide  great 
headway  until  the  passing  of'  the  Patent  Act  in  1907,  which  was 
followed  by  ii  proposal  in  France  to  strengthen  the  system  of 
C()ini>nl.s()ry  forfeiture  by  way  of  reprisal  for  measures  taken  in 
this  country.  It  was  very  unsatisfactory  to  le;ivo  to  tli"  fou rts, 
"liasc  opinions  might  vary,  tlio  duty  of  decidin;^;  whether  an 
inventor  who  failed  to  work  his  patent  was  jiistifiod.  Ho  urged 
the  congress  to  maintain,  as  they  had  done  on  previous  occa- 
sions, that  the  system  of  forfeiture  for  non-working  of  patents 
should  be  replaced  by  conip\ilsory  licenses.  Mr.  S.  W.  Gilk't, 
representing  the  Manchester  Chamber  of  Commerce,  urged  the 
British  delegates  to  romemhor  that  compulsory  working  which 
beiietiied  the  consumer  in  this  country  was  thf*  only  weapon  that 
they  had  lie  re  against  the  foreitj;ii  patentee.  He  agreed  that  com- 
pulsory working  should  be  supplemented  by  compulsory  licensing, 
l)ut  the  licensing  alone  had  been  tried  in  this  country  and  it 
failed,  mid,  as  there  was  no  tariff  in  this  country,  th<*  power  of 
revocation  was  the  only  power  they  had  to  enforce  the  introduc- 
tion of  new  manufacture,  Avhicli  was  tho  principle  on  which  tlit; 
patent  laws  were  based.  The  Manchester  Chamber  held  that  th(> 
consumer  benefited  by  compulsory  working.  The  congress  passed 
a  resolution  that  the  failure  to  work  a  patented  invention  should 
not  lead  to  the  revocation  of  the  patent  but  to  the  granting  of 
compulsory  licences,  each  State  making  rules  for  the  execution  of 
this  provision. 

British  Trade  with  Switzerland. ―  According  to  the  report  of  H.M. 
Consul  at  Zurich  on  the  trade  of  Switzerland  during  1911,  tim 
tutal  value  of  imports  from  the  United  Kingdom  during  the  past 
year  was  £3,994,300,  as  compared  with  £4,o07,UOO  in  1910.  Tho 
valuo  of  exports  from  Switzerland  into  this  country  was 
£8,510,800  in  1911,  as  compared  with  £8,014,000,  showing  a 
deci'ease  in  imports  from  the  United  Kingdom  of  £51'2,7f)(),  and 
an  increase  of  Swiss  exports  to  the  United  Kingdom  of  £502,800. 
The  report  goes  on  to  state  that  the  year  1911  was,  on  the  whole, 
a  satisfactory  one  for  trade  and  industry  in  Switzerland,  although 
in  some  branches  progress  was  slower  as  compared  with  the  pre- 
vious year.  As  a  proof  that  Swiss  trade  is  becoming  year  by  year 
more  prosperous,  it  may  be  stated  that  the  total  foreign  trade  of 
the  country  has  steadily  increased  from  £75,463^000  in  1901  to 
£122,246,000  in  1911，  or  62  per  cent.  Swiss  industry ,  however,  is 
beginning  to  feel  the  growing  foreign  competition,  as  well  as  the 
prohibitive  protective  tariffs  of  many  countries,  which  affect  the 
more  costly  products  of  Swiss  iiuiiiufacture,  and  many  of  the 
larger  firms  lia ve  been  compelled  to  establish  branch  factories  in 
France,  Gcrniaiiy,  and  the  United  States.  This  enforced  removal 
of  home  industries  is  regarded  as  a  serious  national  danger.  The 
1  ei)ort  makes  some  sui^gestions  for  improving  our  trade  with  Swit- 
zerland. It  states  that  there  are  many  firms  who  send  their 
representatives  to  GJermany,  France,  Austria-Hu!i<^ary.  and  Italy, 
and  a  visit  to  the  principal  centres  of  trade  iii  'Switzerland 
^Zurich,  Berne,  Basic,  and  Geneva)  might  w ell  hv  included  at 
little  extra  expenditure  of  time  and  numey.  If,  liowever,  it  is 
not  convenient  to  send  travellers,  the  appointment  of  Swiss 
agents,  who  arc  generally  able  to  coi* respond  in  English,  would  be 
tho  most  likely  way  of  securing  a  better  share  of  trado.  The 
iH^cessity  of  catalogues  being  printed  in  the  French  or  (； erniaii 
lanj^，iage，  also  of  weights  and  iiirasures  Ijeing  ^ivcii  in  the  met ric 
system  ami  prices  quoted  in  fratics,  has  previously  bctMi  t'liiplui- 
sized.  One  of  the  principal  Swiss  trade  organs  stated  that 
British  exporters  would  undoubtedly  gain  a  considerable  advan- 
tage Ijy  adopting  such  a  reform,  which  has  long  Ix^eii  (»arnestly 
desired  by  the  leading  Swiss  firms  interested  in  tlio  importation 
of  British  goods.  The  total  value  of  (ienna n  nud  Vveuvh  imports 
into  Switzerland  during  1910  was  i;2l>,(iL>8.8()0  aiul  £13,8Ha,6()0 
respectively,  as  compared  with  our  £4,.)()7,1(H).  Tho  t^r eater 
volunio  of  business  done  by  thcsv  two  countries  is  no  doubt  due 
to  some  extent  to  the  larger  iiumluT  of  travellers  employed. 
Gorniauy  has  4,797  travellers  and  Frauco  1,31)5,  while  the  Uuiv  U 
Kingdom  has  ouly  67. 
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NEW  PATENTS. 

'Specifications  of  the  following  are,  now  published^  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^**  53,  Netv  Bailey  Street,  Manchester, 
MECHANICAL.  1910. 

Supply      heated  :iir  to  boiler  riiriiaccs.    Houslcy.  28200. 

1911. 

Milling  cutters  and  inctliod  of  iiuinuracturing  same.  J';i、vtu'i  aiirl 
Lawton.  4034. 

Method  of  and  apparatus  for  iccoveriiifj;  lioai  in  I'ui'iiacos.  Xon 

ForoH.  4101. 
Kotary  explosion  engines.    J{ uppc.  4200. 

■Raising  or  forcing  liquids  ami  compressing  t'lastic  lliiids.  Hum- 
phrey. 11817. 
Ships'  steering  gear.    Harrison.  12000. 

Hr;i ko  m(»c'liani.sm  of  colliery  \viiulin^  olivines.    Slin;_:;l(、y.  TiOfi."). 
( '(imposition  for  laying  of  coal  dust  in  niiix^s.     Bo、vm;m.    11*0 7S. 
I'roccss  for  the  solidification  of  p('tn>l(>mn.    ("'nird.     llM o8. 
Apparatus  for  the  transmission  oi  i>(>、v<'r.    SU'ttim'r  ^lascliiiicii- 

bau  Akt.-Ges.      Vulcan."  12231. 
Cai'hurctters  for  intcrnal-comlmstion  engines.      、Vliit<'，  and  J). 

Napier  &  Son,  Ltd.  12244. 
Automatic  train  stops  and  recorders.    iVIcC'olluni.  12422. 
Alloys  of  zinc.    Bayliss  A*  Clark.  124o7. 

()p(M*;itin^  of  railway  points  and  switches.    Tliomso'i.  12^3!). 
Luljricatit    pviinpj    especially   applicablo   t"  intonial-conibustioii 

engines.    Daiinler-Motoreii-Ciesf^nscliaft.  12o7(). 
Rotary  engines.      Van  Deventor  and   Huffaio  Forge  C'oni]);i uv. 

12623.  • 
Fluid-pressuro  braking  apparatus.    Cloud.  12001. 
Manufaotiiro  of  weldloss  steel  tiihos.  T;ill>"t,  :ui(l  Talbot-Stead  Tiilic 

Coinpiniy.  1^2724. 
Sand  inouldin*:;  iiiachiiies.    Phillips.  12802. 

Machines  for  pressing  or  stamping  sheet  iiiotal.      C'rabtico  and 

Crabtrce.  12815. 
Mine  ventilation.    Tubben.  128'Vi. 
_F(M、d -、 vaU"'  heaters.    Clarke.  1307'"). 
Steam  turbines.    Baumann.  13308. 
Lifts  or  hoists.    Mallot  &  Mallott.  14i>82. 

Cutters  for  finishing  gear  teeth.  ISrou  it  (V  Sons  (Hiuidcrs- 

field),  Fitd.,  and  Hi'own.  14()4o. 
Machine  for  measuring  the  (vntrif n;j;:il  i'<trce  ("  a 

son.  14789. 
Vice's  and  clamps.    Venables.  15111). 
Appai'atns   for   purifying;   water   l，y  li(、；iting. 

15229.  ,  ^ 

Tramway  track  points.    Bellvo  & 】>otts.  15554. 
Hand-steering  gear  for  sliips.    Absalom  &  Willis. 
Lubricant  feed  arrangements,  for  engines  of  motoi- cars.  Th 

son.  17850. 

Regulating  devices  for  clastic-fluid  tiu  hiiios.     Warn  ick 

iiery  Company  (1908).  18156. 
Combined  crane  locomotives.    11.  A'  W.  H;nA  thorn,  Leslie, 

and  StrakfT.  18527. 
Feodiu^j;  and  distributing  oil  mi(l(、r  picssiirf'  to  iii"'rii;il  ( 

tioii  engines.    JCxccutors  of  、V.  J .  "(、，l^slla、、 .     1 IM  II. 
Ceiitrif uj^al  governors.    Amphlctt . 

Jj^iiitiiig  device  for  miners'  safety  lamps.     l，；is"、rl>sk i.    ] 978o. 

H iist^pro()fiii*i;  iron  a nd  stool.    .Johnson.  l!)S()S. 

liistrnnuMits  for  indicatin^i  variations  in  thickness.  Spiniioy. 

Heater  attachniont  for  oxplo^ion  cni^i 
Delivery  pipe  for  casting  api)aiatus. 
X  lit  lock .    J)olaniore.  'ilG-M. 
Steam  boilers.    Grillo.  21908. 
Snpe  rli^ato  rs .    M  os  t  n ' .    222 1 3 . 
A |ii);ir;itus  lor  liltorin;j;  li 山 ri ('； "iiij^  oils 
Bnik、r  (  Imniiig  apparatus.  Pontiini. 
J)rivi"g  belts.  AVcbb. 
Luliricators.    D'OultiMnoiii.  2^)070. 
Spi'in^  i):i('kinjj:  rinj^s  lor  pistons.    Hansen  iV  1*1 
J*'!ui<l  in(^ssiM('  pump  ^<>v(M*nin;^  nu'cluniisiii.  Tii 
MoaiKs  for  rotnrnin;:  ，m('()nsmii(、'l  pi'oclucts  of  (•< 

i'uriiac'os  ot  stoam  1)<uI<m*s.     Wait.  t?(;l:H. 
\'alve  gear  tor  in"".n:il-(i>"il" 卜 ti""  ，>n,"in '-、     ""'M'Irr  A-  1)， 

26(j41. 

】，（》rt'Uh?si(>"  tools.     BaUiwm.  274()0. 

INstoMs.    Soc.  Motallui'^i<|iio  (1<*  M (川 tl>;»r(l  A uliiovr.  *JSo!U. 
Valve  n;oa y  lor  the  air      川 ps  ol  "itrrmil- cumhu" i，m  tMi^iincs.  (:('1，. 
Sulzer.  L>8<»()7. 

1912. 

Settin;:;  ，"  U"、  rolls  in  iiniv(、rs:、l  rolliiij^c  mil  Is.  Sell;;*'.  ； iml 
Doutsch  liUX<*inl)urjj.is(  lu»  IUm  jiw ci  ks  uiul  H  lit  t«*ii  A k t .  ('rs. 
101*.  * 
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.Ma 


&  Co. 
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TIV. 


Carburettors  for  internal-combustion  engines.      Bailey,  liailcy, 

and  Dale.    307.  ' 
Ste|)-by-step  rolling  mills.    Ackennnim.  1183. 
J'ixliaiist  siltMicers.    Larkiii-s  A'  Sliaw.  1402. 
Pulleys.     How  (MI  <V:  Walkor.  14G7. 
Pulleys.     Brill"?'.  1408. 

Jiiteriial  (■oinhu.stion  t'nginos.     Von  Haiidorft".     11)81 . 

Travelling  cranes.    Sliitmaii      Carhrao.  2.「W37. 

Exliaust  valves  for  two-stroke  cvclc  internal  ((川 il 川 stimi  ♦•ii'^iiies. 

Cloudsloy.    3025.  ' 
('liucks  for  l)orin^  innchiiio.s  and  】；itlH>s.    】i:mi('!s.    381 7. 
Apparatus  for  starting  iiiteriial-coinhustiou   engines.  liluxaiu. 

3903. 

Gas-producer  plants.    Fuwa.  4895. 

Centrifugal  fans.    L(，ik!("'.    MiH3 . 

Propellor.s  and  fans.    Jirierloy.  f)4(>8. 

Apparatus  for  compressing  air  or  (^as.     liidilicli.    ( io.^M . 

Vaporising  chambers  for  inttTiial  ('')"il'usti(»'i  riij^im's.  Kul'<irts 

and  Yfmiij^.  (>809. 
lU'vcrsihlo  screw  propeiloi's.    Price.  7517. 

Transmission  inechanism  of  autoniohilos.    ()('st(>rn'i(.liiM  l"'  Daiin 

l('r  Motoron  Akt.-Ges.  8008. 
Floating  (lock  lor  raising  siiiikcii  v(»ssels.    Ijv  Sa in  a;^*'.  8101. 

ELECTRICAL  1911. 

Operating  electric  i';ul\\  av  track  points  aiul  switches. 

438.).  ^ 
Trolley   bases   tor   electrically- pr(>p('U('(l  、.（'lii(h>s. 

liailless  Electric  Traction  Company.    121  (VJ. 
Automatic  telephone  instrument.    lilusoy.  12135. 
('md-grip  electric  lamp  h(>l(l(»r.    W'jiltoi*.  12177. 
Conipouiid  or  mixture  for  prcst'rvin;;  tlie  cloctri 

metals.    Vi^ticanlt  X'  Ht'hcrt.  l.'US.'i. 
Portable  electric  battery  】anii»s.     I'ordes.     ]  18(K). 
Arraii^oniont  tor  autoiiiatic  volta^  rej^uiation  of  nlicv 

creasing   the   current   in  case   of  short-circuit. 

18280. 

Protective  (I(、vk'es  for  electiicnl  apparatus.  liritish 

Houston  Company.    1 9.*)83 . 
Arc-i'uptii rin^^  devices  for  electricjil  ； ippaiatus.    AIl;:enuMii('  Kl('k- 

ti-ic-itats  Ges.  20409. 
Klectrk'  controllers.    Canfield.  20o:il. 

Dynamos  for  mine  exploding.    Stoi'liiig  Teloi>li(HU'  aiul  KIcctric 

I    C 垂 imny.  21913. 
Coiuioctiou  for  li^^litiiiij;  metallic  Viipour  electric  lanip-s.  Quaiz- 

lainjKMi  Gos.  23284. 
Arc  lamps.    AVeiss.  2o89<). 

Commutation  of  dircct-currciii  (h  naino.s.    Siemens  Bros.  Dvikhiki 
Works.    27212.  *  ' 

1912. 

F」（>('t，i(';il  selective  connecting  api):u;iUi、  "pt'nitrd   troiii  a  dib- 
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METAL  QUOTATIONS. 

TUESDAY,  JUNE  11th. 

Aliiiniiiium  ingot   "70/ -  per  cwt. 

"         wire,  according  to  sizes,  &c  from  1 02/-  " 

，，         sheets        ，，            ，，                      ，.  1 20/-  ，， 

Antimony                                           £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    (1.  per  lb. 

"     tubes  (brazed)    1 1  Ad. ,， 

，，       ，，     (solid  drawn)   ，， 

Copper,  'Standard   £78/10/-  per  ton. 

Iron,  C'loveland   54 /-  ，， 

,， Scotch    (HV-  ，， 

Lead,  English    CIS/-/-  ,， 

,, Foreign  (soft)    £17/S/"  •， 

Mica  (ill  original  cnscs),  small   (hI.  to  3/-  |>cr  lb. 

"            ，,            ，，       iimliimi   to  'i/-  ,, 

"            "            ，，       largo   7/r>  to  1 1/-  ，, 

Quicksilver   £8/.»/-  per  bottle 

fcJilvcr   28  J  (I.  per  oz. 

SprUrr    £2.V1  了 /"  i*er  ton. 

Tin.  Mork   £207/10/- ，， 

'I'm  plates    I4/H  ,， 

Zinc  sheets  (Silrsian)   £2tl/-/ -  ，， 

(Stettin  ；  Vicillc  Montngne)   £211/7 /(i  ,, 
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Possibilities  of  the  Oil  Engine  in  Britain. 

The  oil  engine  is  very  much  to  the  fore  at  present.  This  we 
owe  largely  to  the  success  of  the  Diesel  oil  engine,  ami  hence 
it  is  not  to  be  wondered  at  if  many  people  assume  that  the 
Diesel  oil  engine  is  the  only  one  of  any  importance.  We 
may  admit  at  once  that  the  Diesel  engine  possesses  an 
advantage  over  all  others  in  the  matter  of  fuel  economy,  and 
that  where  fuel  ecoiioTny  is  the  most  important  factor  to  be 
considered  the  selection  of  a  Diesel  engine  in  preference  to 
all  others  can  generally  be  justified.  At  the  same  time  it  is 
important  to  recognise  that  fuel  economy  is  never  the  only 
factor  to  be  considered,  and  is  by  no  means  always  the  most 
important  or  a  controlling  factor.  First  cost,  reliability, 
simplicity,  flexibility  of  control,  ease  of  starting,  and  local 
conditions  must  all  be  taken  into  account.  For  instance, 
we  are  apt  to  overlook  the  fact  that  the  petrol  engine  is  a 
true  oil  engine,  although  differing  radically  from  the  Diesel. 
For  all  but  the  heaviest  motor-car  work  the  petrol  engine 
is  almost  without  a  rival  in  present-day  practice,  and  cer- 
tainly the  Diesel  engine,  and  even  the  simple  paraffin  engine, 
are  conspicuous  by  their  absence.  Yet  petrol  costs  about 
six  or  more  times  as  much  per  gallon  as  the  crude  oil  con- 
sumed by  the  Diesel  engine,  in  addition  to  which  the  petrol 
engine  is  thermally  not  much  more  than  two-thirds  as  efficient 
as  the  Diesel  engine,  so  that  its  fuel  cost  is  about  ten  times 
that  of  the  latter. 

Attention  is  drawn  to  the  motor-car  engine,  because  it 
illustrates  in  a  striking  manner  how  unsafe  it  is  to  rely  upon 
any  one  factor  as  the  sole  one  influencing  the  choice  of  an 
engine.  No  doubt  one  of  the  factors  accounting  for  the 
supremacy  of  the  petrol  engine  is  the  important  one  that  it 
was  established  before  its  rival  had  become  really  formidable, 
and  it  may  be  that  in  time  the  Diesel  will  develop  along  lines 
sufficient,  taken  in  conjimction  with  its  lower  fuel  cost,  to 
justify  its  widespread  adoption  for  motor-car  work.  At 
present,  however,  the  petrol  engine  possesses  qualities  wliioli 
more  than  counter-balance  the  serious  disadvantage  of  liigli 


fu-jl  (； ost.  It  is  easy  to  start  and  independent  of  a  supply 
of  compressed  air.  It  is  comparatively  simple  in  construc- 
tion, and  its  adjustments  are  such  as  can  be  entrusted  und?r 
usual  conditions  to  the  average  amateur.  Also,  it  is  light  in 
weight,  low  ill  first  cost,  ； uul  more  reliable  in  small  sizes 
and  under  road  coiiditioiis  t-liaii  one  would  expect  the  Diesel 
to  be.  Again,  there  are  many  situations  in  agriculture  and 
iiuliistry  where  a  simple  oil  engine  is  valuable,  and  at  pre- 
HQui  i'he  petrol  or  the  paraffin  engine  can  generally  justify 
themselves  against  the  Diesel.  In  a^M-icultural  work  espe- 
cially, simplicity  and  robustness  are  essentials  of  success, 
although  at  the  same  time  fuel  is  an  item  not  to  be  despised. 
Hence  the  paraffin  engine,  which  comes  intermediate  between i 
the  Diesel  and  the  petrol  engine,  both  in  first  cost  and  fuel 
cost,  has  here  a  strong  hold. 

On  the  other  hand,  the  Diesel  engine  is  doing  a  work 
bByond  tiie  powers  of  the  other  two.  It  is  extending  the  field 
of  the  oil  engine  enortnously,  and  opening  up  possibilities 
which  were  scarcely  dreamed  of  two  or  thres  years  ago.  In 
tliis  country  the  oil  engine  is  not  so  advantageously  situated 
as  in  India,  parts  of  C^liina  and  the  United  States,  Russia, 
and  other  European  countries.  Oil  prices  have  fluctuated 
a  good  deal  this  last  few  years,  and  coal  prices  naturally  vary 
from  point  to  point,  but  a  fairly  common  ratio  between  fuel 
oil  and  steam  coal  prices  in  England  is  4*5  to  1.  In  some 
iniportani  districts  in  India  the  ratio  is  nearer  2*5  to  1，  and 
other  countries  can  show  ratios  even  more  favourable  to  the 
oil  engine.  The  ratio  of  the  fuel  consumptions  of  steam  and 
Diesel  engines  varies  widely.  It  depends  upon  the  engines 
themselves,  their  duties,  and  the  quality  of  the  coal.  For 
iiistaiu-e,  under  steady  load  conditions  a  high-class  steam 
turbine  installation  will  develop  a  kilowatt-hour  on 
about'  21hs.  of  coal,  and  a  Diesel  engine  on  ^Ib.  of  oil, 
so  that  the  ratio  of  fuel  costs  in  this  country  under 
these  conditions  is  about  1.75  to  1  in  favour  of 
steam.  In  inland  colliery  districts  the  ratio  is  more 
like  two  to  one,  and  for  very  large  installations  is  even  more 
favourable  to  steam -  On  the  other  hand,  conditions  are  not 
always  favourable  to  steam.  Thus,  under  central  station  con- 
ditions 31bs.  of  coal  per  kilowatt-hour  is  a  first-class  figure. 
This  is  accounted  for  by  the  fact  tiiat  the  average  load  is  less 
lluui  the  full-load,  and  also  by  the  banking,  leakage,  and  radia- 
t  ion  losses.  Provided  the  load  variations  are  not  extreme,  the 
oil  engine  scarcely  suffers  by  a  fall  in  load,  and  in  general  scores 
oil  t  his  ； point.  It  also  lias  no  stand-by  losses  woi't li  meiit ioii- 
iiig.  Hence,  so  far  as  fuel  costs  are  concerned,  central  station 
(.■oiulitions  favour  the  oil  engine.  In  small  stations  with  heavy 
pea k  loads  the  slaiul-by  losses  are  usually  heavy,  and  in  many 
yuch  cases  t  lir  oil  engine  very  (hn-ifledly  bents  tlie  steam  plant 
on  1  lie  matter  of  fue】  costs.  For  factory  driving  the  oil  engine 
is  less  favourably  situated.  Its  starting  effort  is  somewhat 
defective  vvliere  the  engine  is  belted  or  roped  direct  to  tlie 
shafting,  and  a  clutcli  or  an  elerti'ir  drive  is  ； in  obvious 
niec'haiiical  improvement.  Both  are  in  use,  but  the  electric 
drive,  unless  there  are  some  co u n te r ba  1  a n ci n g  advantages, 
imposes  a  somewhat  serious  handicap  due  to  the  electrical 
transmission  losses. 

Fuel  cost  is  not  the  only  factor  to  be  considered.  Capital 
outlay  is  iniportaiit.  For  large  units  in  electric  j)ower  stat ions 
t  he  capital  charges  are  in  favour  of  sleani,  but  tlie  advantage  is 
not  so  marked  in  the  casa  of  small  stations.  Lubricating  oil  is 
a  somewhat  costly  item  for  Diesel  engines,  but  water  is  cheap. 
Labour  in  the  engine-room  when  running  is  importanl,  and 
especially  so  in  large  stations,  but  there  is  no  equivalent  to 
boiler-house  labour.  Reliability  has  to  be  considered, 
especially  in  factories  (lepemleiit  on  one  engine,  ami  it  would 
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be  surprising  indeed  if  a  comparatively  new  engine  like  the 
Diessl  were  as  reliable  as  its  older  and  more  rompletely 
developed  rivals.  The  Diesel  engine  is  also  less  flexible  than 
inosl  of  its  rivals,  except  perliaps  tlie  gas  engine  ；  and  in  some 
instances,  as  where  tlie  load  is  liable  to  wide  fluctuations  or  tlie 
speed  may  have  to  h^  much  reduced,  this  is  a  serious  drawback. 
For  factory  driving  the  reciprocating  steam  engine  possesses  an 
advantage  over  all  forms  of  intenial-comhustioii  engine  on 
account  of  its  great  flexibility.  Thus,  if,  as  very  oftreii 
liappens,  the  load  is  increased  after  the  engine  is  installed,  or, 
as  also  not  infrequently  happens,  tlie  load  lias  been  uiider- 
estijiiated,  (lie  steam  engine  will  romfortably  carry  t he  extra 
load  up  to  30  or  50  per  cent.,  but  tlie  Diesel  engine  has  almost 
lu)  margin  of  surplus  power.  Several  failures  have  resultefl 
from  such  overloading,  and  the  possibility  of  such  failure  is  a 
factor  to  be  allowed  for. 

The  above  discussion  is  necessarily  somewhat  genera],  but  is 
sufficient  for  our  present  purpose,  which  is  to  indicate  broadly 
the  fields  in  which  at  present  the  Diesel  engine  shows  a  fair 
prospect  of  success  and  in  wliicli  it  is  therefore  deserving  of 
careful  consideration  by  those  who  may  be  considering  the 
installation  of  a  power  plant.  One  serious  criticism  to  the  dis- 
cussion may  be  offered ,  and  that  is  the  comparative  absence  of 
niention  of  the  gas  engine.  This  has  been  done  to  avoid  undue 
complexity  in  the  comparisons  and  not  from  any  desire  to  sliglit 
the  strong  claims  of  this  form  of  engine.  The  discussion  shows 
that  the  Diesel  engine  is  at  its  best  where  it  drives  an  electric 
generator  and  not  when  coupled  dim'tly  to  a  heavy  load  like 
that  imposed  by  extensive  shafting.  Its  chief  merit  is  high 
thermal  efficiency,  and  its  second  the  way  in  which  this  is 
maintained  under  stand-by  conditions.  As  a  result  the  extra 
cost  of  oil  fuel  is  often  more  i  liaii  neutralised  in  electric  power 
stations,  and  for  small  stations  the  advantage  lies  with  the 
Diesel  engine.  For  such  work  tlie  re  is  a  promising  future 
before  the  Diesel. 


TESTS  OF  JACOBS.S 隱 ERT  LOCOMOTIVE  FIREBOX, 

A  FEW  months  ago  we  briefly  intimated  that-  a  series  of  tests 
were  to  be  conducted  by  Dr.  W.  F.  M.  Goss  at  Coalesville, 
Pa.,  for  the  Jacobs-Slnipert  United  States  Firebox  Company, 
of  New  York,  on  a  boiler  fitted  with  a  firebox  of  t he  Jacobs- 
Sliupert  type  in  comparison  with  one  of  similar  size  fitted  witji 
tlie  usual  type  of  firebox.  Three  distinct  series  of  tests  were 
to  be  made,  viz.  ：  Series  "  A  "  to  determine  the  evaporative 
efficiencies  of  the  two  fireboxes  independently  of  the  remaining 
portions  of  the  boilers :  series  ((  B  ，'  to  determine  the  evapora- 
tive capacities  of  tlie  boilers  as  a  whole  :  and  series  C ''  to 
dt^teriniiie  the  Ijeliavioiir  of  the  two  boilers  under  low  wattT 
conditions.    A  report  covering  the  tests  scheduled  under  series 

A  ，，  has  been  submitted  by  Dr.  Gos^  and  is  reprodiK-ed 
bsluw  : ——  " 

1  beg  to  submit  the  following  report  of  progress,  covering 
the  work  done  in  testing  boilers  at  the  testing  plant  in  Coates- 
ville.  The  tests  of  series  '•  A  "  oi  the  outline  approved  have 
been  entirely  completed,  with  results  wliicli  in  general  terms 
a  re  s  4  fortli  l)?lo\v. 

The  Boilers. ~ Two  boilers  have  been  employed  in  the  tests, 
one  having  a  firebox  of  the  radial-stay  type,  hereinafter 
referred  to  as  the  radial-stay  boiler,  and  the  other  having  a 
iirebox  of  the  Jaoobs-Shiinert  boiler.  J^oth  boilers  are  iden- 
tical ill  their  general  diinensioiis,  wliirh  are  as  follows: - 


Outside  diameter  of  shell  of  boiler  at  front  end  70iii. 

Diameter  of  shell  at  throat  83;in. 

Number  of  2.j in.  tubes   29n 

Length  of  tubes    】8i". 

Inside  length  of  firebox  1 

1  nside  width  of  firebox   
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The  purpose  of  the  tests  of  series  "  A  ，，  was  to  determine 
for  each  boiler  the  evaporation  from  the  firebox  and  from  the 
tubes  separately.  To  make  surli  a  determination  possible,  the 
back  tube-sheet  was  extended  in  all  directions  to  the  outside  of 
the  boiler,  thus  forming  a  diaphragm  completely  separating 
the  water  space  on  tlie  two  sides  of  this  tube-slieet.  By  this 
device  each  boiler  was  made  in  effect  two  boilers,  the  heating 
surface  of  one  being  all  portions  of  the  firebox,  excepting  the 
front  tube-sheet,  and  the  heating  surface  of  the  other  being 
the  tubes  and  tube-sheets. 

In  carrying  out  the  tests,  each  compartment  was  supplied 
witli  weighed  water,  as  though  it  were  a  se])arate  boiler.  The 
quality  of  the  steam  delivered  from  the  firebox  end  and  from 
\  he  barrel  end  was  determined  independently,  the  purpose 
being  to  deterniiiie  with  the  highest  possible'  accuracy  the 
lieat  delivered  through  the  walls  of  the  firebox  and  the  heat 
delivered  through  the  flues.  The  general  dimensions  of  inte- 
rest in  this  counection  are  as  follows  ： ^ 

Heating  Surface,  square  feet. 

Kadial  Stay  Jacobs-Shrperb 
Boiler.  Boiler. 

Ill  the  firebox   179'2  201 '9 

111  the  barrel    2805*1  2806*5 

Total  for  both  parts  of  the 

boiler    2984*3  3008*4 

Tests  with  Oil. ^ A  series  of  oil-fired  tests  have  been  run  on 
each  boiler.  Three  different  rates  of  power  have  been  employed 
in  each  series,  the  rate  of  fuel  consviniption  ranging  from 
SOOlbs.  of  oil  per  hour  to  2，1001b&.  of  oil  per  hour.  The  total 
water  evaporated  from  both  the  firebox  end  and  the  tube  end 
of  the  boilers  has  ranged  from  10，0001bs.  per  hour  to  14,0001bs. 
per  hour,  the  evaporation  per  pound  of  oil  being  approxi- 
mately IBlbs.  in  the  tests  of  lowest  power  and  approximately 
141bs.  in  those  of  highest  power.  In  all  these  tests  a  sur- 
prisingly large  percentage  of  the  total  work  is  done  by  the  fire- 
box. This  percentage  is  greatest  when  the  rate  of  power  is 
lowest.  Speaking  in  general  terms,  at  low  rates  of  power  from 
45  to  50  per  cent,  of  the  total  heat  transmitted  by  the  boiler  is 
absorbed  by  the  firebox.  With  increase  of  power  the  per- 
centage falls,  but  the  lowest  value  thus  far  obtained  is  approxi- 
mately 34  per  cent. 

As  the  heating  surface  of  the  firebox  is  a  comparatively 
small  fraction  of  the  total  heating  surface  of  the  boiler,  it  is 
evident  that  heat  is  transmitted  from  the  firebox  at  rates 
which  are  extremely  high.  For  example,  results  of  a  number 
of  tests  show  the  evaporation  of  more  than  501bs.  of  water 
per  foot  of  firebox  heating  surface  per  hour,  wliicli  rate  of 
evaporation  is  equivalent  to  the  development  of  】uore  than 
300  h.p.  by  the  firebox  alone.  In  estimating  the  significance 
of  these  results,  it  should  be'  remembered  that  in  the  experi- 
ments the  firebox  virtually  constitutes  a  boiler  by  itself, 
that  it  had  no  more  water  about  it  than  the  normal  locomotive 
firebox,  and  that  it  could  not  benefit  by  the  circulation  of 
water  from  the  forward  end  of  the  boiler  backward  into  tlie 
water  legs.  The  fact  that  fireboxes  subjected  to  such  condi- 
tions could  b&  worked  at  the  rate  of  power  stated ,  is  sugges- 
tive of  new  possibilities  in  boiler  design.  The  full  develop- 
ment of  these  data  will  make  a  record  of  facts  with  reference  to 
the  distribution  of  work  between  the  firebox  and  tubes  of  a 
modern  locomotive  boiler  which  have  never  before  been  deter- 
mined. 

The  experimental  results  have  not  yet  been  sufficiently 
studied  to  permit  a  final  statement  to  be  made  concerning  the 
relative  performance  of  the  radial-stay  boiler  and  the  Jacobs- 
Sliiipert  boiler.  It  appears,  however,  thai  the  absorption  of 
heat  by  the  Jacobs-Shupert  firebox  is  somewhat  in  excess  of 
that  absorbed  by  the  radial-stay  firebox,  and  that  taking  the 
boilers  as  a  whole,  the  Jacobs-Shupert  boiler  is  slightly  more 
efficient . 

Tests  with  Coal. ― The  oil-fired  tests  already  described 
have  been  duplicated  by  a  series  of  coal-fired  tests.  The  results 
obtained,  so  far  as  they  refer  to  the  distribution  of  work 
bet  ween  the  firebox  and  the  tubes  and  to  the  relative  perfor- 
uianre  of  the  radial-stay  boiler  and  tlie  Jacobs-Sliupert  boiler, 
are  in  entire  agreement  with  those  obtained  from  oil. 


THE  TRANSMISSION  OF  ELECTRICAL  ENERGY  BY  DIRECT 
CURRENT  ON  THE  SERIES  SYSTEM. 

I!V  J.  S.  IlKnil'IKLl). 

In  his  paper  of  Marcli  7th,  】907，  hearing  the  above  title, 
the  author  had  Mie  privilege  of  putting  before  this  Institu- 
tion some  facts  and  theories  in  regard  to  this  very  interesting 
system .  He  endeavoured  to  show  that  it  possessed  certain 
advantages  over  tlie  alternate-current  parallel  system  wliirli 
rendered  its  adoption  under  some  cinHinistances  advisable, 
and  that  for  certain  specified  applications  the  constant-current 
series  motor  possesses  peculiar  advantages.  He  also  dealt 
with  general  considerations  goveniiii^^  1  lie  design  under  vary- 
ing conditions. 

Since  writing  that  paper  matters  have  progressed. 
After  the  most,  careful  consideration,  tlie  Metropolitan  Elec- 
tric Supply  Company  decided  to  use  the  series  system  for 
supplying  their  western  area,  and  the  plant  was  put  to  work 
ill  Marcli  of  last  year,  and  has  been  running  steadily  ever 
since  :  two  sets  of  winding  gear  have  been  constructed,  and 
the  Moutier-Lyon  System  (the  largest  series  transmission  yet 
erected  by  M.  Thury)  has  been  largely  extended. 

The  western  area  system  of  the  Metropolitan  Company 
is  designed  ultimately  to  feed  an  area  containing  300  square 
miles,  the  extreme  distance  by  road  to  the  remote  points  from 
the  power-station  at  Willesdeu  being  about  28  miles.  Tlie 
company  hold,  and  are  now  working,  the  Orders  in  Soiitliall, 
Hanwell,  Brentford,  and  Acton ,  ami  possess  bulk-supply 
powers  in  the  remaining  districts  to  which  it  is  not  certain 
when  the  opportunity  will  arise  for  giving  supplies. 

Owing  to  tlie  small  load  existing  in  a  great  part  of  the 
district',  the  important  matter  was  to  design  a  system  which 
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Fig.  1.— Joint  for  100,009  Volt  Lead  Covered  Gable. 

would  involve  the  least  possible  cost  in  mains  and  at-  tlie 
same  time  admit  of  ready  and  inexpensive  expansion  to  meet 
the  requirements  of  a  rapidly  increasing  population.  It  was 
also  necessary  to  use  a  system  which,  while  being  inexpensive 
for  short  distances,  could  be  readily  extended  to  very  long 
distances.  Another  consideration  to  be  kept  in  view  was  that 
at  some  future  date  it  niight  be  advisable  to  carry  the  supply 
to  still  greater  distances.  In  short,  it  was  realised  that  a 
system  having  thes&  particular  advantages  might  be  of  great 
commercial  value,  and  in  view  of  the  fact  that  tlie  immediate 
cost  for  the  present  short  distance  was  not  greater  than  that 
o'f  other  systemy,  it  was  decided  that  the  possible  future  com- 
mercial value  was  sufficiently  great  to  warrant  a  departure 
from  existing  methods. 

Portions  of  the  area  are  already  supplied  by  existing  com- 
panies and  local  authorities,  some  by  alternating  and  some 
by  direct-current  systems,  and  it  is  coutemplated  that  in  time 
some,  or  all,  of  these  may  think  it  wise  to  supplement  their 
present  plants  with  a  bulk  supply.  In  such  cases  it  is  usually 
found  that  it  is  for  a  time  economical  to  use  the  bulk  supply 
for  part  of  the  load  and  to  employ  the  existing  plant  to 
supply  the  peak  load.  In  order  to  utilise  the  bulk  supply  to 
the  best  advantage,  it  is  necessary  to  work  it  in  parallel  with 
the  existing  plant.  In  the  case  of  an  alternating-current 
plant  it  is  very  difficult  t'o  take  a  supply  at  a  different  fre- 
quency, and  to  work  the  necessary  phase-changing  motor 
generator  in  parallel  with  the  local  plant.  With  the  series 
system  parallel  running  in  such  cases  presents  no  difliculty. 

It  was  decided  to  lay  mains  having  a  capacity  of  10,000  kw. 
with  sufficient  reserve  in  the  case  of  breakdown,  and  after  much 

*  Paper  read  before  Ihc  Institution  of  Electrical  Enginoors,  at  Glasgow,  Junu 
l-2tli,  191-2. 
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research  it  was  found  that  two  single-conductor  cables,  having 
a  core  of  0'  125  sq.  in.  section  with  ^in.  of  paper  insulation 
sufficient  for  100,000  volts  direct  current,  could  be  laid  in 
iron  pipe  at  less  cost  than  any  other  system  of  similar 
rapacity.  To  provide  for  continuity  of  supply  in  case  of 
breakdown  of  one  of  the  mains,  it  was  desirable  to  use  the 
earth  as  the  spare  conductor.  Further  research  having  shown 
that  this  was  possible  without  risk  of  interference  with  otlier 
electrical  circuits,  this  niethod,  with  the  consent  of  tlie  Board 
of  Trade,  was  decided  upon  :  1  lius  tlie  cost  of  a  third  or 
stand-by  cable  was  avoided. 

For  the  secondary  siij)ply  the  mains  are  of  imi(?h  less 
capacity,  and  can  be  tapped  at  frequent  intervals  to  supply 
small  sub-stations  for  town  and  village  lighting  and  fairly 
large  power  consumers.  A  somewhat  high  pressure  being 
necessary  for  this  purpose,  it  was  decided  to  use  3-phase 
alternate-curreat  mains  at  3,000  volts  pressure,  and  for  the 
low-tension  system  supplying  small  consumers  a  3-phase 
4  -wire  system  at  415  volts  pressure  between  phases.  This 
network  showed  lower  costs  and  greater  convenience  than  any 
other.  The  comparatively  higli  secondary  pressure  enables 
an  area  of  about  10  square  miles  to  be  worked  from  eadi 
Riib-st alien.      Thus  in  sj)ite  of  the  scattered  nature  of  tlie 
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demand  earli  sub  station  will  grow  to  c'onsiderabk'  dimen- 
sions, enabling  larger  plant  to  be  used. 

Cable  System. ^ -The  transmission  cable  system,  as  already 
stated,  consists  of  two  plain  lead -covered  paper-insulated 
cables  drawn  into  cast-iron  pipes  of  2iin.  inside  diameter, 
the  joints  being  made  wit li  yarn  and  clay  and  being 

electrically  bonded  by  nieatis  of  tliree  corrugated  iron  wedges 
wliic'li  bite  into  the  iron.  These  wedges  make  a  very  good 
joint  and  are  inexpeiisi ve.  Special  split  cast-iron  boxes  are 
used  to  liold  each  cable  joint,  and  small  split  boxes  arc  iii^nl 
at,  bends.  There  are  no  brick  pits  or  surface  covers  ：  the  cable 
is  surrounded  throughout  its  length  by  cast  iron  ；  thus  the 
cable  is  admirably  】）rotec'ted.  The  present  system  supplies 
from  the  power-station  to  Soutliall,  a  distance  of  about  7  miles. 

Tlie  joints  in  the  cables  are  made  with  paper  on  a  jiiethod 
developed  and  used  by  the  Metropolitan  Company  for  some 
years  on  tlie  10,()00-volt  concentric  cables,  and  described  by 
the  author  in  the  discussion  on  a  paper  by  C.  Vernier  on 
Tlie  Laying  and  Maintenance  of  Transmission  Cables. ' 

These  joints  are  shown  in  seotioii  in  Fig.  1 .  Tliev  aro 
made  in  the  following  way :  Tlie  lead  is  first  (  arel'iiliv  re- 
moved. Steps  are  niado  in  the  paper  insulation  by  carefully 
unrolling  each  layer  and  tearing,  not  cutting,  it  off,  so  as  to 
form  four  steps.  The  conduclors  are  joined  by  a  sweated 
sleeve,  and  the  whole  is  (、oveml  by  a  paper  ribbon,  li".  wide, 
wound  on  to  the  joint  off  a  reel.    In  tliis  way  the  paper  is 

' ••  .lournal  of  Institution  of  Electrical  Kngineevs/'  Vol.  XIiVU.,  pa^p  339. 1911. 


"ever  handled,  and  consequently  moisture  is  not  left  in  the 
joint.  A  lead  sleeve  is  then  drawn  over  the  joint,  and 
plumbed  to  the  lead  sheath  of  the  cable.  It  is  then  filled 
with  compound.  They  are  inexpensive,  and  have  proved 
themselves  most  reliable. 

Eadi  cable  length  of  220  yards  was  tested  in  the  factory 
to  75,000  volts  alternating  current  at  60  cycles,  the  pressure 


wooden  |)iillevs  and  a  cot  ton  rope,  whicli  provuieii  ample  in- 
sulation for  the  "laximum  pressure  given  by  the  machino. 
Small  ineclifinical  dH'ects  occurred  in  the  machine  and  caused 
delay  in  carrying  out  tlie  tests,  whicli,  in  fact,  have  not  yet 
been  completed.  When  connected  to  one  cable  with  its 
switch  gear  the  machine  maintained  for  periods  of  about  30 
minutes  a  pressure  of  130,000  volts,  ami  for  short  periods  a 


Fifi.  3.— Motor  Generator  showing  Insul\tkd  Foundations. 


nemo-  applied  for  10  minutes  ；  a  6ft.  piece  of  each  leiigtli 
luanufactured  was  tested  to  130,000  volts  alternating  current 
at  GO  cycles,  wliich  pressure  was  resist^nl  for  about  five 
minutes;  the  type  of  joint  used  was  tested  ii])  to  150,000  volts 
60  cycles  without  breaking  clown.  After  laying  the  whole 
length  of  cable  was  tested  to  an  alteriialc-ciirreiit  pressure  of 
20,000  volts  60  cycles  for  35  minut-es. 

Cable-testing  by  alternate  current  is  not  satisfactory 
unless  a  low  frequency  is  employed,  and  a  low  frerjuencv 
necessitates  tlie  use  of  very  large  transt'ormei^  in  order  to 
supply  tlie  charging  current  :  this  is  particularly  difficult 
where  very  high  pressures  are  required.  ConseqiiPiitly  it 
was  decidctl  to  test  tlie  cables  with  direct  current  at  a  pressure 
of  not  less  tlian  1 ;")(), 00(*  volt.^.  In  order  to  ()l)tain  this  pres- 
sure a  special  inacliiiie  was  const  nicled  o\'  a  similar  t vpe  to 
that  used  by  Mr.  Watson  in  tlie  ex])eriiii(Mit-s  ho  has  described 
to  til  is  Institution,  hut  having  a  greater  ^capacity.  The 
luacliiiie  coiisist.s  ot*  u  i^em'rator  of  the  Voss  type,  direct 
driven  by  a  motor  at  about 】 ，0()()  revs,  per  minute.  The 
generator  and  motor  are  coiii])letely  enclosed  in  a  case -iron 
case,  the  liigli-tensioii  terminals  'for  tlu*  supply  to  the  motor 
being  brought  through  the  case  by  large  ebonite  insulators. 
The  case  is  then  filled  with  nitrogen  at  a  pressure  of  200 lbs. 
per  square  inch.  The  motor  is  supplied  with  current  frotn 
the  small  generator,  which,  of  course,  owing  to  its  direct  con- 
nection with  the  】notor，  is  charged  at  the  full  pressure:  it 
is  therefore  necessary  to  insulate  this  generator  from  earth  in 
tlie  Kaine  way  as  the  whole  machine  is  insulated.  This 
generator  is  in  its  t urn  drivoii  by  a  motor  l)y  means  of  two 
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pressure  of  150,000  volts,  the  total  energy  put-  iiifo  the  cablo 
and  switch  gear  being  approximately  500  watts,  tliis  leakage 
being  due  to  small  discharges  at  various  points.  The  pres- 
sures were  measured  by  a  single-cell  Kelvin-type  voltmeter 
working  ill  compressed  air  at  a  pressure  of  2001bs.  pei'  square 
inch. 

The  author  regards  the  construction  of  this  machine  a.s  a 


Fig.  5.— Abmaturk  of  5,U00  Volt  Continuou«-currknt  Generator. 

notable  achievement,  and  thinks  that  Mr.  Watson  and  the 
makers  are  greatly  to  be'  congratulated. 

It  is  proposed  to  continue  these  tests  with  an  improved 
apparatus,  as  much  in'formation  is  required  not  only  in 
regard  to  the  insulation  of  the  cables,  but  also  in  connection 
with  the  machines  and  foundations.  The  tests  already  carried 
out,  together  with  the  experience  of  the  Moutier-Lyon  plant, 
are,  the  author  thinks,  quite  sufficient  to  prove  that  the  cable 
system  can  be  successfully  worked  at  a  pressure  of  100,000 
volts. 

Switch  Gear. ― Each  end  of  each  cable  is  connected  to  its 
own  switcbiug  panel,  shown  in  Fig.  2.  The  panel  contains 
two  switches,  one  for  coupling  the  cable  to  the 
power  station  or  sub-station  circuit,  and  the  other 
for  coupling  the  station  circuit  to  earth.  The 
two  switches  are  interlocked,  so  that  it  is  impos- 
sible to  draw  one  until  the  other  has  been  closed. 
The  instruments  consist  of  an  ammeter  in  the 
line,  an  a  in  meter  in  the  earth  circuit,  and  a  volt- 
meter to  show  the  pressure  between  the  line  and 
earth  ；  the  latter  is  provided  with  a  switch,  so 
that  it  can  be  conveniently  disconnected  from  the 
circuit.  Til 6  panels  provide  for  double  insulation, 
the  various  instruments  and  switches  being  care- 
fully insulated  with  large  porcelain  insulators 
from  the  panels  ；  the  frames  carrying  the  panels 
are  again  insulated  from  earth  -  It  is  a  special 
advantage  of  the  series  system  tliat,  with  the  ex- 
ception of  the  cable,  it  is  possible  to  provide 
double  insulation  at  all  points. 

Power  Station  Plant. It  was  decided  to  drive 
the  first  machines  by  means  of  synchronous  motors 
supplied  with  energy  from  the  alternate-current 
generators  already  installed  in  the  power  station. 
Later  on,  when  steam -driven  direct-current  set's 
are  installed,  these  machines  will  form  a  con- 
venient link  between  the'  direct  and  alternate- 
current  systems.  There  is  nothing  special  about 
the  synchronous  motors,  which  were  machines 
already  in  the  possession  of  the  company.  It 
was  for  this  reason  that  so  low  a  speed  of 
200  revs,  per  minute  was  chosen  for  the  direclM-iirrent 
generators. 

The  direct-current  generators  shown  in  Fig.  3  have  six 
poles.  The  conimutatoi's  are  60iu.  diani.  and  6^*iii,  long,  and 
contain  1,439  segments.  Since  the  maximum  current  to  be 
collected  is  120  amperes,  only  two  sets  of  brushes  are  required. 
Cousequently,  uot  only  does  the  communicator  run  almost 


witliout  noise,  but  tlic  wear  is  inappreciable.  Tlic  machines 
are  clesigued  to  ru»i  sparldessly  at  aiiy  load,  h\it  will  allow 
the  current  to  be  varied  from  70  to  120  amperes.  The  normal 
pressure  is  5,000  volts  :  this  is  tlic  Iiigliest  pressure  for  which 
a  machine  of  tliis  type  has,  so  far,  been  designed.  There- 
fore tho  output  of  the  machine  at  100  amperes  is  500  kw., 
and  al  120  ami>(>re*s  600  kw.  Tlio  ])orfori»iance  curves  of 
tliese  niacluues  are  shown  in  Fig.  4 ,  and  the 
armature'  in  Fig.  5. 

Tlie  current  is  maintained  const jiul  l)y  a  regu- 
lator which  serves  to  regulate  the  working  field  by 
moving  tlie  brushes  from  full  to  no-load  position, 
ai"I  at  the  same  time  shunting  a  part  of  the  field 
'  urreiit  by  means  of  a  di verier.  The  regulator, 
•shown  in  the  pliotograpli,  Fig  6,  and  in  the  dia- 
graiii,  Fig.  7,  is  driven  by  a  small  belt  from  the 
end  of  the  generator  shaft.  It  consists  of  a  small 
turbine  wholly  submerged  iti  oil.  The  turbine 
serves  to  maintaiji  a  i)ressur€  of  about  251bs.  per 
square  iucli.  In  the  case  containing  the  turbine 
is  a  vertical  cylinder  in  which  moves  a  gate  on 
a  vertical  sliaft  through  a  segment  of  the  cylinder. 
This  gate  is  immersed  in  oil,  and  the  supply  under 
pressure  from  the  turbine  can  be  directed  to  either 
side,  so  as  to  rotate  with  great  force  the  shaft  to 
which  it  is  attached.  This  shaft  is  geared  by 
means  of  bevel  wheels  to  a  horizontal  sliaft,  wliich 
acts  directly  on  the  brush-rocker.  The  supply 
of  oil  from  the  turbine  is  taken  tlirougli  a 
small  piston  valve,  which  serves  to  distribute 
it  to  either  side  of  the  gat©  above  rnen- 
tioiied.  The  position  of  the  main  valve  is  controlled  by  a 
solenoid,  tlirougli  which  the  main  current  passes,  pulling 
against  a  spring  and  controlling-  a  relief  valve.  It  will  be 
seen  that  the  governor  is  of  the  relay  type,  and  that  any 
variation  in  the  current  through  the  solenoid  chaugiug  the 
direction  of  the  flow  of  oil  brings  a  very  large  force  into 
action  to  move  the  I  rush  rocker  and  cliverter  switch.  The 
rocker  is  mounted  on  roller  bearings,  so  that  it  will  move 
with  great  ease,  and,  owing  to  this  and  the  great  force  exerted 
by  the  regulator,  there  is  very  little  possibility  of  failure. 
In  addition  to  the  main  spring,  there  are  additional  springs 
to  prevent  hunting  and  to  provide  for  the  even  distribution 


Fig.  6.— The  Gknkhatoii  and  Regulator. 

of  load  between  the  niacliines.  Tlie  changes  in  load  on  tlie 
system  are  not  very  rapid,  and  consequently  the  regulators 
are  not  adjusted  for  regulating  at  very  great  speed,  but  the 
type  of  regulator  is  capable  of  being  adjusted  for  handling 
variations  from  no  load  to  full  load  taking  place  in  less  than 
one  second. 

The  generators  are  clriveu  through  an  iusulatiug  coupling 
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of  til©  Zodal  type,  consisting,  as  shown  in  Fig.  3，  of  two 
fliscs  fitted  with  pins  and  rollers  for  carrying  the  main  for- 
ward driving  belt  and  reverse  belt,  which  is  necessary  to 
enable  the  set  to  be  started  from  the  direct-current  end  and 
t,o  keep  the  whole  coupling  rigid.  This  coupling  has  also  a 
slii?pi.ng  member  wliicli  is  essentially  a  disc  form  of  dutch. 
This  is  s©t  to  slip  when,  the  load  on  the  generator  exceeds  25 
per  cent,  overload.  If  the  action  of  the  governor  ,-ouId  be 
iiia.de  instantaneous  tliis  slipping  coupling  would  not  be  re- 
quired ； but  it  is  a  useful  device  to  prevent  damage  to  the 
generator,  and,  by  slipping,  it  gives  time  for  the  regulator 
to  bring  the  brushes  to  the  right  position  to  meet  sudden 
changed  conditions  of  load  on  the  system. 

The  regulators  used  on  these  】riachiues  are  naturally  a 
great  improvement  on  those  employed  on  some  of  M.  Tluiry's 
earlier  systems,  and,  although  this  plant  】ias  been  running 
only  some  nine  months,  further  improvement's  have'  been 
made  in  the  regulators  and  safety  devices,  and  it  is  probable 
that,  in  consequence  of  improvements  in  the  generator  and 
regulator  design,  it  will  be  possible  to  dispense  with  the 
slipping  coupling  in  future  sets. 

, In  addition  to  the  regulator  each  generator  is  fitted  with 
a  short-circuiting  switch  and  operating  niechaiiisiii,  which 
sliort-circiiits  tlie  machine  in  the  event  of  reversal  of  direc- 


w 
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Fig.  7  — Diagbam  of  the  Bbush  Regulator. 

This  could  happen  under  certain  conditions  ；  for  iii- 
stam'e,  if  the  coupling  belt  broke  on  one  generator  out  of 
several  in  series,  this  machine  would  pull  up  and  reverse  its 
direction  ；  as  soon  as  this  occurred  the  switch  would  short- 
circuit  the  machine  and  cut  it  out  of  circuit.  The  operatiiicr 
switch  shown  in  Fig.  8  for  putting  the  generator  into  circuit 
consists  of  a  four-point  rotary  switch.  This  is  mounted  on  a 
pillar,  which  also  carries  a  carbon  break-switch,  which  works 
I"  parallel  witli  the  rotating  switch  in  such  a  way  as  to  pre- 
vent damage  to  tlie  latter  by  tlie  arc  formed  when  the 
inductive  circuit  of  the  generator  is  opened.  In  addition, 
the  pillar  carries  an  ammeter  to  show  tlie  current  given  by 
the  machine,  and  a  voltmeter  for  lueasuriiio-  tlic  volts  across 
the  terminals.  It  was  decided  to  mount  tlie  swifrli  pillar  on 
the  frame  of  tlie  madiiiie.  Tliis  uiethod  is  a  great  iiuprove- 
ment  on  the  old  one  of  usiii":  a  separate  pillar  ;  it  makos  a 
neater  job,  is  less  expensive,  aiid  is  more  secure. 

In  addition  to  these  switches  on  the  machine  isolating 
switches  are  fitted  under  the  floor  for  the  purpose  of  discon'^ 
m、<'ting  tlie  machine  switches  frojn  tlie  circniit..  These  switches 
； ire  shown  in  Fig.  9  ；  they  are  four-point  switclies  suiiilar  to 
those  fitted  on  the  machines,  but  having  considerably  larger 
space.  The  switch  works  under  oil,  ami  tlie  cast-iron  box 
containing  tlie  switch  is  itself  enclosed  in  a  cast-iron  box, 
from  which  it  is  insulated  by  large  porcelain  insulators. 
These  switches  have  all  been  tested  with  a  ])ivssure  of 
110，000  volts  alternate  current  applied  for  about  10  nnnulos. 

The  generators  themselves  are  carefully  insulated  from 
earth'    The  details  of  the  foundations  are  sliowii  in  Fig. 
The  generators  are  bolted  to  concreto  blocks,  wliicli  are  su 
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ported  on  stoneware  insulators  embedded  in  highly  insulating 
as])halto,  the  space  round  the  beds  being  filled  in  with  pure 
bitumen.    This    inakes    a   very    much    soinuler    joh，  both 


Fig.  8.— Generatoh  Switch  and  Instuument  Pillar. 

mechanically  and  electrically,  than  the  older  method  of  sup- 
porting the  machines  on  pot  insulators. 

The  object  of  the  whole  design  of  the  cable  and  gear  inside 
the  station  is  to  make  it  practically  immune  from  eitlier 
mechanical  or  electrical  breakdown  :  all  live  metal  is  doubly 
insulated  from  the  point  where  the  cables  are  attached  to 
the  switchboards.  The  floor  itself  is  constructed  of  concrete, 
on  which  asphalte  to  the  thickness  of  2in.  is  carefully  laid.  It 
was  necessary  to  exercise  the  greatest  care  in  laying  tlie 
asphalt-e  in  order  to  provide  the  highest  possible  insulation. 
Careful  tests  were  made  on  the  asphalte  to  ascertain  its  in- 
sulating properties,  and  experiment  indicated  that  a  floor 
constructed  in  this  way  would  require  iiiaiiy  hundreds  of 
tliousands  of  volts  to  produce  a  puncture. 

In  】】iacliiiies  designed  for  sucli  high  pressures  it  is  im- 
portant to  limit  the  pressure  that  can  occur  between  either 
pole  of  the  machine  and  the  frame,  thus  not  only  reducini; 
the  stress  on  the  insulation,  but  at  the  same  time  Jiiiiiting 
any  possible  danger  from  accidental  contact  with  live  parts 
of  the  machine.  For  this  purpose  a  resistance  of  0'8  megohm 
IS  fitted  to  the  machine  frame,  the  ends  being  t'onnerted  across 
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Fui.  u.— Main  Isolating  Switch. 

the  terminals  of  the  inacliiuc.  The  centre  point  of  tliis 
resistance  is  connected  to  the  frame  of  tlie  machine,  and  con- 
sequently the  total  pressure  between  either  pole  and  the 
frame  is  limited  to  lialf  tlio  】）ressiire  given  by  the  niacliiiie, 
ami  an  operator  standing  on  the  frame  of  the  machine  and 
touching  one  pole  cannot  receive  more  current  than  the  higli 
resistance  will  allow  to  pass.  Guards  are  provuled  on  earli 
Jnacliine  to  prevent  accidental  contact  between  the  insulated 
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frame  of  the  direct-current  iiiacliines  and  tlie  earthed  frames 
of  the  alternate-current  motors. 

Three  motor  generators  are  now  installed  at  the  power 
station,  two  being  fitted  with  alternate-current  motors  for 
starting  from  the  alternate  side,  the  third  machine  being 
always  started  by  means  of  the  direct-current  generator. 

Sub-station  Plant.— The  plant  at  Southall  consists  of  three 
direct-current  motors "― shown  in  Fig.  10 ― driving  three 
250  kw.  generators  supplying  three-phase  energy  at  3,000 
volts  50  cycles.  The  machines  run  at  a  speed  of  500  revs, 
per  minute.  Owing  to  the  high  speed  at  which  these 
machines  run,  they  are,  for  their  output,  smaller,  and  the 
commutators  are  smaller  than  the  generators  at  the  power 
station.  The  motors  drive  the  generators  through  an  insulat- 
ing coupling  of  a  similar  type  to  that  used  afc  the  power 
station,  but  they  are  not  provided  with  a  slipping  member. 
The  speed  of  the  machines  is  kept  constant  by  a  regulator 
of  a  similar  type  to  that  employed  at  the  power  station,  with 
the  exception  that'  in  place  of  the  piston  valve  being 
controlled  by  a  solenoid  it  is  controlled  by  the  pressure  sup- 
plied by  the  oil  turbine.  This  pressure  is'  balanced  against 
a  spring.  Since  the  pressure  given  by  the  turbine  varies  with 
the  square  of  the  speed,  a  very  sensitive  speed  governor  is 
obtained.  Any  increase  in  the  speed  of  the  turbine  produces 
an  increased  pressure,  which  acts  on  the  piston  valve  which 
serves  to  convey  the  pressure  to  one  or  the'  other  side  of  the 
gate  which  controls  the  position  of  the  brushes.  The  motor 
regulator  is  provided  with  a  supplementary  spring,  which 
prevents  shunting  in  the  same  way  as  the  springs  on  the 
generator  regulators.  The  switch  gear  in  the  sub-station  is 
precisely  similar  to  that  in  the  power  station,  panels  of  the 


Fi".  10.— Motor  Generator  showing  Insxtlatkd  Foundations. 


same  type  being  fitted  :  the  mains  are  carried  to  isolating 
switches,  from  which  cables  are  laid  to  the  starting  switches 
on  the  machines,  tlie  only  difference  being  that  ammeters 
arei  not  required  on  the  motors,  and  consequently 
are  not  fitted .  The  generators  are  connected  to  the  main 
switchboard,  from  which  the  3,000-volt  feeders  are  carried 
to  the  sub-station.  The'  earthing  switches  are  connected  to 
the  earth-plates  in  a  similar  way  to  those  at  Willesdeu. 

(To  be  continued,) 


Rubber  from  Starch. ― A  method  of  producing  synthetic 
rubber  in  commercial  quantities  from  starch  was  explained  by 
Prof.  W.  H.  Perkin,  of  tlie  Manchester  University,  in  a 
lecture  recently  delivered  before  the  Society  of  Chemical 
Industry.  The  new  process  is  briefly  this.  Starch  is  con- 
verted into  either  of  two  substances,  acetone  and  fusel  oil,  by 
fermentation.  These  substances  are  then  by  chemical  means 
converted  into  isoprene,  the'  "  raw  product  ''  from  which  the 
ratification  rubber  is  produced.  The  isoprene  can  be  quickly 
converted  into  rubber.  Prof.  Perkin  explained ― owing  to  a 
discovery  made  by  his  colleague,  Dr.  Matthews ^ that  metallic 
sodium  causes  the  change  to  take  place  very  rapidly.  A 
means  of  producing  the  acetone  and  fusel  oil  had  been  dis- 
covered by  Prof.  Fernbacli,  of  the'  Pasteur  Institute,  who 
found  a  germ  capable  of  converting  the  starch  into  these  sub- 
stances. Complicated  chemical  processes  which  had  been 
carried  out  in  the  laboratory  were  also'  described.  Prof. 
Perkin  exhibited  a  specimen  of  synthetic  rubber  prepared 
from  isoprene  nearly  30  years  ago  by  Sir  William  Tild-en,  wlio 
was  present,  and  h©  said  that  even  then  it  had  been  shown  to 
be  capable  of  vulcanisation — tlie  one  real  test  of  its  commercial 
utility.  Dr.  Otto  Helmer,  the  analyst,  had,  Prof.  Perkin 
saifl,  verified  the  result, 


THE  CORROSION  OF  STEEL  AND  ITS  PREVENTION.* 

BY  AL1J:HT0N  S.  CITSHMAN. 

The  problem  of  the  corrosion  of  steel  may  be  considered  from 
two  distinct  points  of  view.  On  the  one  hand  we  might  dis- 
cuss the  manufacture  of  metal  specially  designed  to  be  slow 
rusting  and  resistant  to  corrosion,  while  on  the  other  hand  we 
might  confine'  ourselves  to  a  consideration  of  methods  of  treat- 
ment by  the  application  of  protective  coatings  or  in  other  ways, 
so  that  even  the  usual  grades  of  commercial  steels  may  be  made 
as  rust-proof  as  possible. 

It  seems  to  be  the  general  consensus  of  opinion  thai  the  old 
hand-worked  irons  which  preceded  the  products  of  our  modern 
pneumatic  processes,  possessed  a  wonderful  quality  of  resist- 
ance to  corrosion,  and  it  is，  therefore,  pertiuant  for  us  to  en- 
quire whether  a  study  of  ancient  speciinens  of  iron  and  steel 
may  not  point  the  way  to  improvement  on  t!ie  modeni  scale 
of  metallurgical  operation . 

Before  proceeding  with  this  line  of  enquiry,  however,  I 
would  like  to  point  out  the  importance  of  bearing  in  mind  that 
the  chemical  constitution  of  iron  or  steel  is  only  one  factor  of 
the  problem,  for  tlie  amount  and  kind  of  work  that  a  given 
product  receives  will  profoundly  influence  its  pliysical  char- 
acter and  qualities.  We  live  in  a  practical  age,  and  it  is  essen- 
tial that  we  should  consider  our  great  industrial  problems 
from  a  practical  viewpoint.  No  sensible  person  would  propose 
a  return  to  the  old  hand-worked  methods  of  manufacture,  for 
modern  conditions  are  not  conducive  to  the  success  of  such  an 
industry. 

The  most  ancient  specimens  of  iron  that  have  been  studied, 
as  far  as  I  can  ascertain,  have  been  recently  reported  upon  by 
Sir  Robert  Hadfield,  in  a  paper  on  "  Sinhalese  Iron  and  Steel 
of  Ancient  Origin,"  presented  before  the  Royal  Society  and 
also  before  the  Iron  and  Steel  Institute  of  Great  Britain. 
These  interesting  specimens  taken  from  the  Colombo  Museum 
consist  of  a  i'ud&  c'liisel,  a  nail,  and  a  bill  hook,  which  date  un- 
questionably from  the  fifth  century,  and  may,  therefore,  be 
said  to  be  about  1,500  years  old.  Considering  that  for  tlie 
larger  part  of  this  time  these  specimens  have  been  subjected  to 
the  corrosive  influences  of  nature,  they  are  in  a  remarkable 
state  of  preservation,  although  showing,  as  would  be  expected, 
some'  effect  of  the  ravages  of  time.  The  chemical  constitution 
of  the  three  specimens  was  very  similar,  as  shown  hy  the 
following  analyses : —— 


Chisel. 

Nail. 

Bill  Hook. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Carbon   

Trace 

Trace 

Trace 

Manganese  

_  Trace 

Sulphur   

0-003 

0-022 

Phosphorus  

0:28 

0-32 

0-34 

Silicon  

0-12 

on 

0-119 

Copper   

0-90 

U-012 

These  specimens  would,  of  course,  be  classified  as  wrought 
irons  and  not  as  steels,  but  from  the  viewpoint  of  their 
wonderful  resistance  to  corrosion  it  is  interesting  to  note  that 
carbon  and  manganese  are  absent,  with  very  low  sulphur, 
whereas,  according  to  the  standards  of  modern  iron  metallurgy 
the  phosphorus  content  is  extraordinarily  high.  The  high 
silicon  CO u tent  probably  represents  slag,  and  if  so  is  not  signifi- 
cant. We  should  expect  such  a  metal  to  be  cold-sliort  and 
brittle,  which  it,  undoubtedly  was,  but  unquestionably  mate- 
rial of  a  very  similar  constitution  could  be  made  to-day  in  an 
open-hearth  furnace,  and  subsequently  rolled  without  giving 
special  trouble. 

I  shall  now  present  some  data  on  some  specimens  of  iron 
which  have  been  recorded  in  this  countr)',  and  which  have 
shown  themselves  to  be  extraordinarily  resistant  to  corrosion. 
The  first  specimen  is  an  old  wrought  nail  known  to  have  been 
used  in  the  construction  of  the  Masonic  Hall,  at  Richmond, 
Va.,  in  1807.  Tliis  specimen  came  into  my  possession  in  1908 
with  the  information  that  it  had  been  found  half-driven  into 
the  old  oak  studding  so  that  the  head  and  lialf  of  the  shank 
was  exposed  to  the  weather  for  the  major  portion  of  its  century 
of  service.    It  was  in  a  marvellous  state  of  preservation,  the 

*  Paper  read  before  the  annual  meetinf^  of  tlie  America^  Iron  and  Steel  Ins^ 
tute,  May,  1912'  "  • 
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forged  edges  of  the  head  remaining  quite  sharp  ami  un rusted. 
The  analysis  is  remarkably  similar  to  that  of  the  old  Sinhalese 
wrought  irons  and  is  as  follows :  Carbon,  0*03  per  cent.  :  maii- 
gaiiese,  0'06  per  cent.  ；  sulphur,  0'013  per  cent.  ；  phosphorus, 
0-25  per  cent.  ；  silicon,  0.121  per  cent.  ；  and  copper,  0*027  per 
cent. 

The  next  speri 賺 u  is  an  old  band  or  sleeve  which  was 
attaclied  to  a  bronze  caimon  captured  from  the  British  by  the 
American  troops  at  the  stonning  of  Stony  Point,  in  1779. 
The  cannon  has  been  use<]  far  nioiuinieiital  purposes  and  has 
stood  for  many  years  exposed  lo  the  full  force  of  the  elements. 
The  iron  sleeve  has  been  woiulei-fully  rust-proof  and  the  old 
hammer  marks  made  wlieii  it  was  forged  are  clear  and  sharp. 
The  analysis  follows:  Carbon,  O'OlO  per  cent. ； 】Tianganese， 
0*010  per  cent.  ；  sulphur,  0'005  per  cent.  ；  pliosplioriis,  0  07 
per  cent.  ；  silicon,  trace  ；  and  copper,  0.080  per  cent .  Here 
again  we  find  low  carbon ,  manganese,  and  sulplmr,  wit li  a 
tendency  towards  high  phosphorus. 

Three  iron  links  taken  from  tlio  famous  (山 1  link  suspen- 
sion bridge  which  was  built  in  1809，  at  Newbiiryj)ort ,  Mass., 
and  known  as  the  Essex-Merrimac  chain  bridge,  were  shown. 
This  bridge  was  in  continuous  use  until  the  late  summer  of 
1909，  having  completed  practically  a  full  century  of  service. 
The  links  have  proved  themselves  wonderfully  resistant  to 
corrosion  under  most  severe  conditions  near  the  seashore.  The 
analyses  of  three  separate  links  are  as  follows  :- ~ 


Carbon 

Manganese 

Sulphur 

Phosphorus 

Silicon... 

Copper … 


liink  A. 


Per  cent. 

0-05 

Trace 

0-007 

0-032 

0-019 

0-043 


Link  B. 


Per  cent. 

0-12 

Trace 

0-01 

0-07 

0-047 

0-018 


Link  C. 

Per  cent. 

0  04 

0-01 

0-006 

0-02 

0-028 

Trace 


The  above  analyses  were  made  in  the  research  department 
of  the  American  Rolling  Mill  Company.  Material  from  the 
same  bridge  has  been  analysed  and  reported  by  Prof.  A.  P. 
Mills,  of  Cornell  University,  who  concluded  that  the  excellent 
resistance  to  corrosion  was  due  to  copper,  as  all  the  sample 
links  worked  on  at  Cornell  showed  higli  copper.  Tlie  links  in 
which  copper  was  absent  were  just  as  long-lived  as  those  which 
contained  nearly  one-half  a  per  cent,  of  that  element.  In  this 
connection  it  may  be  noted  that  the  copper  content  of  Sir 
Robert  Hadfie】d，s  old  irons  was  variable,  and  Sir  Robert  wrote 
me  as  follows,  under  date  of  March  19tb,  1912  ：  "  As  regards 
the  effect"  of  copper  in  adding  resistance,  all  the  specimens  are 
more  or  less  alike  ；  whereas,  if  this  element  has  any  influence 
the,  nail  ought  to  have  shown  less  corrosion  than  tlie  others. 
I  tliiiik,  therefore,  you  are  riglit  in  not  accepting  the  theory 
that  the  addition  of  copper  will  enable  iron  and  steel  to  resist 
corrosion/' 

Returning  to  the  analyses  of  the  Newburyport  links,  we 
find  again  a  tendency  to  low  carbon,  manganese,  and  sulpluir. 
with  moderately  high  phosphorus. 

A  sample  of  galvanised,  corrugated  roofing  was  found  on 
tli€  Isthmus  of  Panama,  where  it  had  been  abandoned  by  the 
French  many  years  ago.  The  corrosive  influences  are  so  severe 
on  the  Isthmus  that  samples  of  this  material  were  passed  from 
hand  to  hand  among  metallurgists  in  this  oountry.  as  an  in- 
teresting exhibit  of  durable  metal.  Although  the  durability 
may  be  largely  due  to  the  heavy  spelter  coating,  it  is  inore 
than  doubtful  if  our  inodern  steel  galvanised  sheet  would  last 
as  \ontr  in  that  atmosphere.  An  analysis  of  tlie  metal  is,  there- 
fore, of  interest,  and  is  as  follows  :  Carbon,  0'02  per  cent. ； 
m;m"'fmese，  0'04  per  cent.  :  sulphur  0,061  per  cent.  :  phos- 
phorus, 0-427  per  cent.  :  silicon,  012  per  cent.  ；  and  copper, 
()'031  per  rent.  The  sample  was  iiicliiied  to  he  brittle,  as  we 
sluuikl  expect,  with  such  lii^'h  pliospliorus  :  but  again  we  fiiul 
low  carbon  and  i"a";'a"ese,  with  sulphur  moderate. 

T<  sliould  be  slated  tliat  the  above  examples  of  ancienl 
irons  have  not  been  selected  in  order  lo  prove  iiny  point  what- 
soever, Thov  represent  everv  authentic  case  of  extraordinary 
corrosion  resistance  of  which  T  have  been  able  to  make  a  record . 
I  do  not  even  make  the  <'laini  that  these  records  prove  aiiv- 
tlunp,  but  T  submit  thorn  to  your  atlontioii  as  being  highly 
suggestive  and  interesting.    I  have  lone:  l>oHcv<vl  ； nul  liave  so 


stated  in  many  publications  that  extreme  purity  in  respect 
especially  to  manganese  and  sulphur  is  a  contributing  in- 
fluence towards  durability  in  a  material  whether  it  be  classified 
as  iron  or  steel -  I  am,  of  course,  not  luiniiiulful  of  tlie 
inelallurgical  difficulties  in  the  way  of  manufacturing  steel 
free  from  manganese  unless  the  carbon  is  also  to  be  eliminated. 
If  the  carbon  is  eliminated,  we  are,  in  niy  opinion,  dealing 
with  iron  and  not  wit li  steel,  no  matter  by  what  process  the 
inetal  has  been  manufactured.  From  tlie  viewpoint  of  resist- 
ance to  corrosion,  manganese  might  be  tolerated  if  sulphur  was 
absent,  but  here  again  we  run  into  a  metallurgical  diffirulty. 

It  lias  recenily  been  si i own  in  some  papers  presented  before 
1  he  1  roil  ami  Steel  Tiistiluie  of  Great  Britain,  that  the  tendency 
of  steels  to  corrode  increases  with  increasing  carbon  up  to  a 
certain  maximum .  This  is  in  accordance  with  tlie  electrolytic 
(.explanation  of  the  inecliaiiism  of  tlie  reactions  wliicli  produce 
corrosion.  The  electrolytic  •explanation  of  corrosion  is  now 
very  generally  accepted  by  scientific  men. 

To  sum  lip  t.lie  conclusions  that  have  been  reac-hed  as  the 
result,  of  many  scientific  st udies  of  corrosion,  it  mav  be  said 
that  homogeneity  or  freedom  from  at'  least  excessive  segrega- 
tion- is  an  essential  to  a  liigh  degree  of  corrosion  resistance  in 
either  iron  or  steel .  One  way  to  reacli  homogeneity  is  to  allow 
little  or  no  impurities  to  be  present  to  produce  segregation,  as 
is  done  in  the  manufacture  of  the  very  pure  irons  which  are 
now  made  in  open-hearth  furnaces. 

The  manufacture  of  commercially  pure  irons  in  opeii- 
hearth  furnaces  on  tlie  large  scale  of  operation  usual  in 
modern  steel-making  was  only  a  short  time  ago  considered  a 
metallurgical  impossibility,  and  even  now  in  Europe  there  are 
metallurgists  wlio  do  not  believe  that  it  can  he  done.  Not  so 
long  ago  a  leading  British  engineering  journal  stated  editori- 
ally that  the  making  of  oT>en -hearth  metal  free  from  man- 
ganese was  an  impossibility,  but  even  if  it  could  be  done  the 
metal  would  be  superoxidised  and  unfit  for  rolling  or  for  use. 

For  many  years  we  have  been  accustomed  to  turn  to  Nor- 
way and  Sweden,  when  iron  of  exceptional  purity  was  desired. 
Now  it  can  be  obtained  even  purer  in  this  country  on  a  larger 
scale  and  for  less  money.  In  my  opinion  tlie  acToinplisliinent 
of  the  inaimfacture  of  iron  of  extraordinary  purity  in  ihe 
open-hearth  furnace  should  be  noied  and  honoured,  as  it- 
would  undoubtedly  have  been  liad  its  development  taken  place 
on  the  other  side  of  the  Atlantic.  From  a  patriotic  Doiiit  of 
view,  if  for  no  other  reason,  it  is  satisfactory  to  reflect  that 
Europe  is  now  beginning  to  consider  this  country  as  a  source 
of  supply  for  the  purer  irons  for  which  for  many  purposes 
there  is  a  growing  demand. 

We  must  admit,  however,  tliat  tlie  manufacture  of  slow 
rusting  iron  or  iron  alloys  is  a  speciality  only  to  be  under- 
taken by  specialists,  and  that  the  ereat  mass  of  steel  tonnage 
that  goes  into  structural  material  calls  for  protection  from 
corrosion.  We  are  all  more  or  less  familiar  with  the  strenuous 
efforts  that  have  been  made  in  recent  years  to  improve  the 
methods  of  coating  iron  and  steel  with  protective  coatings  of 
other  metals  such  as  zinc,  lead,  copper,  and  various  allovs.  Tt 
is  evident  that  the  great  mass  of  steel  structural  material  that 
goes  into  service,  must  depend  upon  paint  coatings  for  its  pro- 
tection. We  all  know  that  there  are  liundreds  of  "  best 
])aiiits  "  offered  in  the  market  for  iron  and  steel  work .  As 
the  oiilv  perfect  test  of  paint  is  a  service  test,  considerable  time 
must  elapse  and  nionev  expended  before  we  can  find  out  tlie 
facts.  We  are  also  frequently  confronted  with  other  diffi- 
culties. If,  for  instance,  we  liave  c-om-luded  t hat  reA  lead  is 
M  safe  urinie  coater,  we  are  suddenly  confronted  with  tlie  fart 
that  all  red  leads  are  not  alike  and  also  that  the  conditions 
and  methods  of  a]>pliration  are  iniportant  factors. 

T  am  el  ad  to  nble  to  rpnoit  that  g^reat  progress  has  been 
made  as  the  result  of  tlie  apnliration  of  scientific  investigation 
and  principles  to  the  Efoneral  subject  of  nrotertive  roatin^s. 
As  t he  result  of  a  svsteiiial ic  series  of  exposure  tests  on  st<»el 
panels  erected  at  Atlantic  Citv  under  tlie  auspices  of  tlie 
American  Society  for  Testinsj  Materials,  we  now  know  how 
to  select  intelli^nitlv  materials  for  prime  roatinu  iron  aiul 
steel.  Wo  liavo  been  ahlo  to  divide  niffinents,  roimhlv  at  least , 
into  classes  km)、vi、  as  "  inhibitors  "  and  ''  stiinulalors  "  of 
corrosion .  Tlie  discovery  that  certain  substances  wlien  laid 
out  in  an  oil  film  on  tlie  surface  of  steel  actually  acrelerat**. 
while  otliers  clieck  or  retard  corrosion,  gives  us  a  basis  of 
scientific  selet  tioiis  on  which  to  、vrite  specifications!  for  pro- 
tective paints. 
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A  HEAVY  GRINDING  MACHINE. 

We  illustrate  herewith  tlie  latest  addition  io  ilie  extensive 
line  of  grinding  machines  manufactured  by  ilie  Churchill 
Machine  Tool  Company,  Ltd.,  PeiuUeton,  Manchester.  Tliis 
is  a  cylindrical  grinding  machine  of  massive  construction  in 
which  are  embodied  many  novel  features.  Tlie  machine  will 
grind  work  up  to  20in.  diam.,  and  has  a  capacity  in  the 
stays  for  shafts  lOiii.  diam.  by  14ft.  long.  Its  general 
appearance  is  shown  in  Fig.  1.    With  a  machine  of  tins  size 


traiisnuited  io  tlie  work  head  driving  box  through  tlie  vertical 
pillar  on  tlie  table.  The  adoj)t-i()ii  of  this  vertical  pillar  in 
the  \vork  drive  solves  the  difiicull  problem  of  driving  a  work 
liead  wliicli  is  adjustable  lengthwise  on  1  he  t  a  hip,  aiul  which 
table  has  also  a  swivelling  nioiion  for  llie  ^niiidiii^  of  taj)e] 
work,  without  the  necessity  of  using  universal  joints,  and 
therefore  gives  a  smooth  and  powerful  drive  under  varying 
coiidilions.  All  the  cliaiiges  of  speed  are  made  in  the  gear 
box.  Special  aiieniion  lias  been  given  to  the  design  of  the 
wheel  spindle  and  head.    These  are  of  especial  massive  con- 
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-Heavy  Cylindrical  Grinding  Machine,  constructed  by  The  Churchill  Machine  Tool  Co.,  Ltd..  Pkndi.eton.  Manchestku. 


it  is  desirable  to  so  locate  it  in  the  shop  that  a  crane  may- 
have  a  clear  run  over  it  for  the  purpose  of  lifting  work  in 
and  out,  of  the  machine.  To  tliis  end  it  has  been  so  arranged 
that  the  drive  is  entirely  self-contained.  The  simple  coupling 
of  a  motor  to  the  coupling  shown  in  Fig.  2  causes  the  whole 
of  the  motions  on  the  machine  to  be  driven.  This  arrange- 
ment does  away  entirely  with  overhead  works,  which  is 
especially  desirable  in  machines  of  such  large  capacity. 

The  grinding  wheel  is  26in.  diam.  by  4in.  wide,  and  the 
niacin* ne  can  also  be  arranged  for  a  wheel  32in.  diam.  It  is 
driven  direct  by  belt  from  the 
motor  coupling  shaft  through  a 
sliding  bracket  mounted  at  the 
rear  of  the  wheel  head,  and 
capable  of  adjustment  to  main- 
tain tension  on  the  belt  between 
the  top  driving  pulley  and  the 
cone  pulley  on  the  spindle.  Ten- 
sion is  maintained  on  the  verti- 
cal belt  from  the  motor  by  means 
of  a  pulley  mounted  on  the  head. 
The  shaft  in  the  sliding  bracket, 
motor  coupling  shaft,  and  the 
tension  pulley  all  run  on  ball 
journal  bearings.  The  upper 
shaft  at  the  rear  of  the  machine, 
which  is  driven  from  the  first 
motion  shaft  through  gears  and 
shown  in  Figs.  2  and  3，  trans- 
mits motion  to  the  sliding  table 
and  work  through  gear  boxes, 
and  also  drives  the  pump.  The 
drive  to  the  table  gear  box  shown 
to  the  right  in  Fig.  1  calls  for 
no  special  comment,  this 
being  a  special  design  on 
all  heavy  grinders  made  by 
this  company.  Incidentally 
we       may       say       that  the 

gear  box  has  16  changes  of  speed,  and  tlie  table  is  driven 
throu^^h  steel  reversing  wheels  which  give  an  exact  reverse, 
and  also  in  the  drive  is  introduced  a  slipping  clutcli  to  absorb 
all  shock  at  tlie  point  of  reverse. 

The  work  drive  is  a  special  feature  on  this  machine.  The 
motion  is  transmitted  by  belt  through  the  body  into 
box  shown  to  the  left  of  the  large  hand  wheel  in  Fig.  1.  A 
friction  clutch  is  arranged  in  this  box  for  the  stopping  and 
starting  of  the  work.  From  this  clutch  niotiou  is  transmitted 
to  the  long  shaft  in  the  front  of  the  body,  this  shaft  being 
carried  by  the  sliding  table.      From   there   the   motion  is 


structioiij  the  bearings  being  of  bronze,  adjustable  for  wear, 
and  are  self-oiling  ；  they  are  so  proportioned  that  long  life 
and  accuracy  are  easily  assured,  but  a  glance  at  Fig.  2  shows 
the  massive  proportions  of  tliis  head. 

The  machine  is  adapted  for  the  grinding  of  straight  and 
taper  shafts  and  also  crank  shafts.  It  is  provided  with  16 
work  speeds,  16  table  speeds,  and  three  wheel  speeds. 
Embodied  in  tlie  design  is  also  the  firm's  patent  quick  hand 
motion  to  the  wheel  head.  This  is  a  device  for  the  moving 
of  the  wheel  to  or  from  the  work  quickly,  and  is  entirely 


Fjlg.  2.— Heavy  Cvi^inuuical  GuindiN(;  M  \chink. 

additional  to  and  independent  of  the  fine  feed  with  which 
all  grinding  machines  are  necessarily  fitted.  On  large  grind- 
ing machines  it  is  often  impossible  for  the  operator  to  see 
when  the  wheel  is  brought  into  contact  with  the  work, 
especially  on  work  of  large  diameter.  To  overcome  this 
difficulty  there  is  embodied  in  the  patent  quick  hand  motion 
an  indicator  which .  wlien  once  set,  shows  the  operator  the 
posit  ion  of  the  wheel  iii  relation  to  the  work.  This  device  is 
of  proved  utility,  and  is  being  extensively  adopted  on  large 
grinding  machines.  'The  total  net  weight  of  the  machine  as 
illustrated  is  13  tons. 
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LOCATION  OF  FEED  WATER  ADMISSION  IN  LOCOMOTIVES.* 

The  general  practice  followed  in  feeding  lo<-omotive  boilers 
with  water  is  to  inject  it  througli  one  of  four  different  loca- 
tions, viz.  :  (a)  on  the  front  course  of  the  barrel  with 
individual  checks  about  l)oth  side  centres  ；  on  tlie  same 
('ours&  with  duplex  checks  on  the  bottom  centre  ；  and 
(r)  on  the  top  c&"tre，  as  well  as  (c/)  wit  h  individual 
checks  located  on  the  back  liead  of  the  boiler,  provided  witli 
interna!  pipes  (liscliarging  the  water  near  the  front  tube  sheet  . 
The  coiniiiou  practice  is  to  have  feed  water  enter  the  boiler 


Fig.  3.— Heavy  Cyltndricat.  Gkinding  Machtnk.    (See  p  769). 

in  a  solid  stream,  at.  a  low  temperature.  We  think  it  is  pretty 
well  conceded  that,  on  account  of  feed  water  being  cold  and  at 
a  lower  temperature  than  the  water  in  tlie  boiler,  tlie  uneven 
temperature  cause's  an  undue  contraction  and  expansion  o「 
the  firebox  sheets  ami  bottom  flues,  these  coiulitions  causing, 
according  to  local  conditions,  leaky  boilers,  premature  (lama"re 
to  materials,  and  also  expense-  in  remedying  these  defects. 

Some  roads  use  a  deflecting  plate  on  the  inside  of  the  boilor 
in  order  to  deflect  tlie  water  up  over  tlie  flues  after  it  enters 
the  boiler,  thereby  preventing  tlie  deposit  of  scale  on  the 
inside  of  the  shell,  between  tlie  shell  and  the  flues,  wliicli  is  a 


in  a  solid  stream  in  the  steam  space.  One  railroad  has  14  con- 
solidation engines  equipped  with  the  Phillipps  double  boiler 
checks,  and  it  is  said  to  be  an  improvement  all  around  over  the 
old  method  of  boiler  feeding. 

There  is  also  on  the  market  another  device,  kiTOwn  as  the 
Seddon  boiler  feed  device,  which  was  designed  and  pat-ent-ed 
by  Mr.  C.  W.  Sefldon,  superintendent  of  motive  power  of  the 
Dulutli,  Missabe,  and  Northern  Railway.  This  device  pre- 
sents an  entirely  new  idea.  The  feed  water  is  discharged  into 
the  steam  space  in  the  shape  of  a  spray  ；  these  small  drops 
absorb  the  lieat  and  fall  to  the  surface  of  water  in  the  boiler  at 
a  uniform  temperature.    Tliis  method  causes  incrusting  solids 

contained  in  the  water  to  sepa- 
rate before  mingling  with  the 
boiler  water,  and  these  solids  are 
rolleeted  in  a  sediment  pan, 
t  hereby  leaving  sheets  and  tubes 
free  of  scale.'  Another  feat ure 
of  this  sediment  pan  is  that  the 
feed  water  is  held  in  suspension 
before  being  allowed  Lo  mingle 
with  water  below,  until  it  over- 
llows  tlie  flange  at  the 
rear  of  the  pan  ；  thus  giving 
double  assurance  of  the  feecl 
water  becoming  heated  to  the 
s;iiiie  temperature  as  water 
； ilreadv  contained  in  the  boiler. 
One  railroad  has  96  en<;ines 
equipped  with  the  Seddoii  boiler 
feed  device,  and  the  records,  it,  is 
said,  show  some  very  gratifying 
results  from  its  use. 

Without  advocating  any 
special  device,  or  location  for  ad- 
mission of  feed  water,  we  wish  to  say  tliat  it  remains  an  undis- 
putable  fat-t  that,  this  location  should  be  such  as  to  eliminate 
entirely  the  damage  to  boilers,  whicli  is  caused  by  deliver- 
ing water  of  lower  temperature  than  that  contained  in 
boiler.  While  the  water  raised  by  an  inje<'tor  will  rise  in 
temperature,  tests  made  years  ago  show  that  it  will  drop  to 
the  bottom  of  i  he  boiler  because  of  its  specific  gravity. 
En^iiKMiieii  often  are  careless  in  the  handling  of  injectors,  not 
realising  the  damage  caused  by  a  flow  of  cold  water.  Another 
point  wliic'li  we  wish  to  bring  out  is  the  fact  that  90  per  cent, 
of  boiler  failures  can  be  tra<*e<l  below  the  boiler  chei'ks.  Our 


Temperature  Test  on  D.,  M.  d  N,  Consolidation  Locomotive  No.  312，  August  1G〃',  1911. 


(A)  Check  valve  in  steam  space.  (B) 
(C)  Check  valve  alltnving  uater  to  flow  into  bottom  of  boiler  through  angle  valve  (D).  (X) 
( Y)    Thermometer  on  hoUoni  wator  lino  j ust-  above  mud  ring.  (Z) 


Check  valve  in  water  space  on  centre  line  of  hoi  lor. 
Thornionu'for  on  top  wattT  line. 
'I'luTiiKuncttT  ill  feoci  pip" 


source  of  some  trouble.  This  sliows  some  iiuproveinent,  but 
still  curtails  the  life  of  fireboxes  and  does  not  prevent  engines 
from  leaking.  Another  device  used  to  some  extent  is  the 
upturned  elbow  in  the  boiler  check.  An  upturned  elbow  with 
a  contracted  nozzle  has  been  foinul  to  be  a  simple  and 
effective  device  for  equalising  the  tempsratm-e  of  feed  water, 
hut,  as  near  as  we  can  find  out,  it  only  brings  about  a  diflFe- 
reuve  of  15。  l)pt\veeii  the  temperature  at  the  top  and  boltom  of 
t he  boiler. 

A  more  recent  device  for  delivering  feed  water  to  a  loco- 
motive aiul  a  radical  move  in  the  1  oration  of  boiler  checks,  is 
tlie  Pliillipps  check,  with  wliirli  the  feed  water  is  delivered 

" Abstnict  of  roport  of  committee.  D.  G.  Foley,  cbairman.  preseuU'd  bofoie  the 
intv'rnational  Master  niMl(>rnink.'i-s'  AsRociatiou.  Pitlsburg.  Pa..  Mfty  14tli.  191-2. 


idea  is  to  fe^d  the  water  in  the  boiler  just  as  high  as  we  can 
and  spread  it  as  much  as  we  can  ；  if  any  of  the  members  will 
try  this  out  t hey  will  be  very  inu<-li  impressed  wif  li  tlie  results 
obtained. 

To  determine  the  most  desirabU'  iorat ion  for  the  admission, 
n  10  minutes*  temperature  test  was  tomlucted  under  three  of 
the  luethods  of  feeding  and  like  conditions,  when  the  results 
shown  bv  the  a(vonipanving  diagram  and  tables  were  obt-aiiie<! . 

The  top  t hennoinoter  was  located  at  tlie  water  line  and  con- 
n?('(<*d  to  tlie  firebox,  while  the  bottom  one  was  oonuect^d 
about  1  Sin.  above  the  foundation  ring.  It  will  be  observed 
from  the  sheets  that  the  greatest  temperature  dianges  took 
place  when  feeding  through  the  bottom  of  tlie  barrel,  be<ause 
t  he  hoi  t  oin  t  l】，"-i"o"iH 山、、 ppw;  1  G、，  Fall .  aiul  t  he  t(、】、  ojie 


( 'heck  Valve, 
'I'hernionu'tor. 


Before  injector  w  as  ojK'iu'd   

At  cikI  of  10  inimiU^s  of"  o\Hm  injector  

Thrt't'  111  in  utos  after  injer-tor  w  as  closed  

Difference  in  tomperaturo  Ix'twecu  time  of  opening  injector  and  ：1  mimiles 

after  dosing   

篇 (  ■reiice  })ot\v€'Oii  theriuonict crs  、•  aiul  X  1"k'IW('  injct-tor  \\  as  opened . . . . 
DitTorence  bet  ween  thi'nii(»ni('t('rs  V  and  X  3  niimitt's  after  injector  was 

closed   ―. 


A  01)011. 

B  closed. 

C  closer  1. 
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ditioiis,  and  operating  over  the  same  section,. 

Wlieii  the  water  was  fed  from  the  bottom  tlve  fireboxes 
except  the  crown  slieet  we're'  necessarily  renewed  yearly. 
Since  feeding  from  the  top  locomotives  on  the  sanie  section 
of  road,  operating  tlie-  same'  train  and  using  the  same 
water  have  doubled  the  service  with  a  correspondingly  less 
amount  of  firebox  attention. 

The  tubes  also  have  given  the  best  results  in  service  ami 
their  mileage  has  been  increased  50  per  cent,  bet  ween  renewals, 
when  feeding  from  tli&  top.     Cleaning  plugs  are  required  close 


4： -of  Boiler  ^ 


] ^HKte  Ban 


Diagram  of  Feep-watrr  Temperature  Test, 

to  the  duplex  check  when  it  is  applied  to  tlie  top  because  of 
deposits  of  foreign  matter  over  and  between  the  tubes  at  llie 
front  tube  sheet  end,  and  if  this  location  m  not  kept  deaii  the 
tubes  will  leak  in  the  front  tube  sheet  joint. 

In  our  opinion  feeding  from  the  top,  near  the'  front  tube 
sheet,  is  the  most  desirable  location  for  locomotive  boilers, 
because  we  find  the  mud  and  scale  better  distributed  through- 
out tlie  barrel  of  tlie  boiler  and  less  lime  and  magnesia 
deposits  are  found  adhering  to  tlie  pressure  side  of  the  firebox 
plates  than  when  feeding  from  any  otlver  location,  ami  this 
appears  to  be  why  better  results  are'  obtained. 

Tempemture  Effect  around  Fireboxes, 

Introducing  water  from  the  bottom,  sides,  and  top  of  locomotive  boilers 
with  a  No.  9  Gresham  injector  on  full  and  boiler  pressure  1 30lbs. 


Minutes. 
Test. 

Test  A. 
Feeding  from 

Bottom. 
Ther.  Temp. 
Bottom.  Top. 

Test  B. 
Feeding  from 
Side. 
Ther.  Temp. 
Bottom.  Top. 

Test  C. 
Feeding  from 

Top. 
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Bottom.  Tup. 
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dropped  95°  Fah.  Feeding  through  the  sides,  the  bottom 
tliermometer  rose'  23°  Fah.  and  the  top  one  dropped  46。  Fah. 
Feeding  through  tlie  top,  the  bottom  therinonieter  dropped  2° 
Fall,  and  the'  top  one  dropped  12。  Fah .  Tlie  fourth  method 
was  not  tested.  It  was  not  in  question  because  it  is  generally 
conceded  to  be  an  undesirable  location  for  engines  operating 
on  bad  water,  due  to  the  internal  pipes  becoming  full  of  scale, 
and  they  are  also  subject  to  breakage,  causing  damage  to  fi  re  - 
boxes.  Feeding  with  duplex  checks  tli rough  the  top  of  tlie 
boiler  was  found  the  most  desirable'  location,  because  of 
developing  the  least  fluctuation  in  temperature^  around  tlie 
firebox  and  tubes,  and  engines  wliicli  gave' considerable  trouble 
from  leakage  when  fed  from  the  bottom  or  sides  of  the  barrel 
we're  almost  free  from  it  when  fed  from  the  top,  under  like  con- 


NEW  PROCESSES  FOR  CHILLING  AND  HARDENING 
CAST  IRON.  * 

BY  THOS.  D.  WKST. 

(Concluded  from  p("j(i  744.) 

Chilling  Produced  by  Sand-faced  Moulds. ― It  was  desired  to 
ascei-laiii  whether  a  chill  could  he  created  by  air  under  pres- 
sure when  prevented  by  a  sand  coating  from  ^^ett  ing  directly 
jit  the  hot  surface  of  a  casting.  To  this  eiul  t  he  writer 
devised  t  he  method  illustrated  in  Figs.  7,  13,  and  14，  the 
t  wo  last  of  which  were  experimented  with  at  both  foundries. 
In  using  the  mould  shown  in  Fig.  7  an  intervention  core  was 
employed,  as  seen  on  the  left  side.  This  core  was  about  ^in. 
thick  ami  well  wired  so  that  tlie  head  pressure  of  the  molten 
metal  could  not  break  it,  wlieii  tlie  plates  R  and  S  were 
pulled  out  together  after  pouring  the  moulds.  The  first 
test  of  this  series  demonstrated  the  porosity  of  a  sand  mould's 
surface.  Although  this  was  a  very  hard  core,  the  501  bs.  air 
pressure  used  carried  the  air  through  it,  and  would  have 
blown  all  the  metal  out  of  its  mould  had  not  the  valve  been 
closed.  The  companion  bar  withstood  the  air  pressure  for 
the  reason  that  the  plate  S  had  formed  a  chilled  crust  on  the 
face  of  the  metal  in  the  mould  before  its  removal.  Further 
tests  with  these  cores  under  difTereiit  air  pressures  showed 
that  the  cores  prevented  any  (  hilling  action,  while  on  the 
other  hand  the  air  was  very  effective  on  the  opposite  side. 
The  difficulty  with  this  core  nietliod  lies  in  the  fact  that 


A  2,400  h.p.  Stumpf  Engine. —— A  Stumpf  engine  of  the  mid- 
cylinder  exhaust  type  has  been  in  use  since  February,  1912, 
at  the  Rombacher  Iron  Works,  Germany.  This  is  the  most 
powerful  unit  of  its  type  ever  built.  The  cylinder  diameter 
is  43in.，  and  the  stroke  52in.  The  engine  runs  at  120  revs, 
per  minute,  giving  a  piston  speed  of  17'2ft.  per  second.  The 
regulation  is,  it  is  stated,  exceptionally  exact.  No  appreciable 
drop  ill  speed  can  be  detected  even  with  the  highest  loads,  nor 
can  any  over-speeding  be  discovered  when  the'  load  is  suddenly 
removed.  The  engine  is  used  to  drive  a  24in.  rolling  mill. 
It  is  coupled  directly  to'  the  rolling  mill  shaft  and  lias  a 
flywheel  weighing  70  tons. 


Fig.  13.— Pipe  Sand-coated         Fig.  14.— All-Sand 
AiB-cHiLLiNG  Mould.  Air-cooled  Mould. 

air  under  sufficient  pressure  to  penetrate  the  core  and  carry 
off  heat  in  time  to  create  a  chill  will  pass  clear  through  tlie 
metal  when  the  latter  is  still  in  a  liquid  or  semi-molten  state. 
This  led  to  the  designing  of  the  method  seen  in  Figs.  13  and 
14.  By  a  study  of  the  sand-coated  pipe  P'，  it  can  be  seen 
that  any  pressure  up  to  2001bs.  and  over  can  be  employed 
without  causing  the  air  to  impinge  against  the  molten  metal, 
while  at  the  same  time  it  can  be  more  effective  than  the 
core  itself  in  conveying  heat  to  its  outer  surface  and  then 
to  the  atmosphere.  The  sand  coating  used  on  this  pipe  was 
but  ^in.  thick,  and  thoroughly  dried.  To  carry  off  the  gases 
from  tlie  sand  the  iron  pipe  was  closely  perforated  with  /^in. 
holes,  as  at  Q'. 

Air  under  60 lbs.  pressure  entered  at  E/  to  the  chamber  S' 
and  passed  up  through  the  holes  surrounding  the  pipe  P'. 
The  air  in  the  chamber  U'  was  free  to  absorb  heat  from  the 
pipe  P'  and  to  carry  it  rapidly  to  the  atmosphere.  Tlie 
moulds  were  poured  without  any  cope  or  covering,  care 
being  taken  to  fill  them  only  within  iin.  or  so  from  their 
tops.  In  about  10  sees,  after  pouring  the  mould,  the  air 
was  admitted  and  kept  in  action  until  all  the  metal  was 
thought  to  have  solidified.  A  fair  illustration  of  results  is 
seen  at  M'，  Fig.  10.  An  all-sand  moulded,  non-treated  com- 
panion bar  was  always  cast  from  the  same  ladle  that  poured 
the  treated  bar.    A  sample  of  this  is  seen  at  N'  on  the  right 

of  M'.   .   

*  Paper  read  before  the  American  Society  of  Mechanical  Engineers. 
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？， ig.  15.  -  illustii.vting 
Kktardation  of  Flow  of 
IIkat  Caused  by  Joints. 


There  is  little  doubt  but  that  the  pipe  P'  acted  as  a  chill- 
ing agent  without  the  use  of  air,  as  there  was  only  - ^in. 
thickness  of  sand  between  it  and  the  face  of  the  casting.  In 
fact,  a  test  made  without  the  air  showed  that  the  pipe  aided 
the  chilling,  since  it  gave  a  density  to  the  crust  of  the  cast- 
ing. Again  it  is  to  be  kept  in  mind  that  as  the  diameter 
of  the  casting  was  only  2|in.,  its  contraction  would  not  be 
sufficient  to  create  a  visible  space  between  its  outer  body  and 
the  face  of  the  mould,  as  is  generally  created  in  casting  chilled 
rolls,  car  wheels,  &c.    Because  a  chill  would  be  created  hy 

this  method  as  seen  at  M'，  is  no  posi- 
tive evidence  that  air  passing  through 
the  inside  of  a  hollow  roll  or  car-wheel 
chiller,  &c.，  would  create  a  deeper 
chill. 

In  the  all  sand  mould,  Fig.  14, 
which  was  also  dried,  the  air  passed 
up  through  holes  T'，  which  were  ^in. 
diam.  and  about  the  same  distance 
apart,  all  around  the  circumference, 
as  seen  by  the  plan  view.  The  air  escaped  freely  around  the 
top  at  V,.  The  holes  1"  had  but  about  ^in.  thickness  of 
sand  between  their  inner  exterior  and  the  face  of  the  mould. 
Castings  produced  by  tliis  method  showed  a  dense  exterior 
or  crust  of  from  Jin.  to  gin.  thick,  and  in  some  instances 
were  sliglitly  mottled.  Only  in  one  case  was  there  any  dis- 
play of  cliill,  and  this  was  of  an  irregular  character,  ^in.  to 
丄 ill.  thick,  created  inside  of  a  grey  crust  about  Jin.  thick. 
In  reality  this  was  an  example  of  inside  chill,  one  of  the 
factors  sought  in  iliese  experiments  being  to  learn  if  by  such 
methods  it  could  be  produced  at  will  and  if  it  was  controllable. 
It  was  intended  also  to  form  holes  as  at  V  with  very  thin 
pipes  drilled  closely  full  of  fVi"-  holes,  and  if  a  steady  pres- 
sure of  lOOibs.  to  1501bs.  of  air  could  have  been  secured, 
I'll rtlier  efforts  to  learn  the  practicability  of  obtaining  an 
inside  cliill  with  such,  or  similar,  methods  would  have  been 
tried. 

Study  of  the  principle  embodied  in  Figs.  7,  13,  and  14 
will  suggest  ideas  and  ways  and  means  by  which  grades  of 
soft  iron,  aside  from  chilling  iron,  can  be  made  more  dense 
or  crust-hardened  ；  also  by  which  castings  or  sections  of 
castings  may  be  cooled  to  prevent  contraction  cracks  and 
shrink  holes. 

Effect  of  a  Joint,  or  Space,  on  Transmission  of  Heat. ― It  is 

ovifieiit  tlial  in  ('Oiistrurtiiig  chillers  to  be  cooled  by  air,  &c.， 
sufficient  consideration  has  not  been  given  to  the  question  of 
transmission  of  heat.  An  excellent  article  by  Carl  Heriiig 
on  "The  Flow  of  Heat  Throng li  Furnace  Walls''^  might  be 
read  with  advantage  in  connection  with  this  paper.  Its 
author  offers  among  other  features  the  illustration  seen  in 
Fig.  15,  with  the  following  comments  :  "  Moreover,  the  writer 
noticed  recently  in  an  electric  furnace  tliat  the  teniperat  iire 
of  the  brick  at  a  in  the  sketch  was  considerably  cooler  than 
at  f) ― the  difference  was  so  great  that  it  was  easily  noticeable 
to  tlie  touch.  This  was  no  doubt  due  to  the  joint  which 
separated  the  one  from  the  inside  of  the  furnace." 

The  principle  illustrated  in  Fig.  15  is  similar  to  that 
involved  where  such  spaces  exist  as  at  K，  Fig.  4,  which 
greatly  retard  the  absorption  by  the  duller  of  heat  from  the 
castings.  It  all  emphasizes  tlie  utility  of  filling  such  a  space 
as  K  wit  li  a  heat-absorbing  medium  that  (-an  be  moved 
swiftly  from  an  inlet  to  an  outlet  to  carry  off  heat  for  cool- 
hardening,  or  chilling  purposes.  It  is  believed  that  a 
study  of  the  conditions  will  show  that,  a  rapid  passage  of  air 
or  other  Iieat-absorbintj  media  through  a  spare  as  at  K,  Fig. 
4,  is  very  efficient  for  the  purpose  of  extracting  and  conveying 
heat  quickly  both  from  the  interior  and  exterior  body  of  a 
hot  cast  'u\<^. 

Tests  of  Heat  Conductivity  of  Sand,  Iron,  and  Air. ― These  tests 
were  made  for  tlie  purpose  of  ascertaining  the  heat  con- 
ductivity of  moulds,  composed  of  a  sand  body,  atul  as;ain  of 
iron,  as  in  chillers,  instead  of  having  a  lieat-absorbiiis:  inediuni 
i"ipin<^e  directly  against  the  hot  surface  of  a  casting  with 
(、xUs  for  the  rapid  escape  of  the  medium  to  the  atmosphere. 
Tlie  tests  for  sand  conductivity  were  made  by  constructing  a 
dry  sand  core  1  .\in.  square  by  7.\in.  long,  with  a  §in.  port 
hole  lengthwise  through  the  centre.    This  core  had  part  of 
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the  outer  fare  of  one  end  cut  away  to  provide  an  exit  for  tlie 
air  forced  tlirougli  the  interior  of  the  core.  When  placed  in 
position  the  core  appeared  practically  like  the  chiller  seen 
on  the  right  of  Fig.  8.  The  tests  for  iron  coiuluctivity  were 
made  by  having  a  chiller  with  solid  face  and  other  conditions 
of  its  position,  as  seen  on  the  right  of  Fig.  8. 

In  conducting  these  tests  for  the  sami  and  iron,  as  well  as 
with  air  impinging  against  the  surface  of  the  hot  castings, 
only  one  end  of  the  flask  for  twin  moulds  was  used.  The 
mould  L  was  formed  with  the  same  pattern,  Fig.  5,  as  used 
for  making  all  other  bars.  The  moulds  were  poured  by  a 
direct  flow  of  the  metal  from  tlie  lip  of  tlie  ladle.  The  top 
of  the  bars  having  been  covered  witli  saud  and  a  plate  to 
confine  their  heat  so  that  the  thermometer  used  would  read 
correctly,  the  air  flow  was  started  down  tlie  interior  of  the 
core  or  chiller  and  found  an  escape  at  tlie  opening  X  and 
up  the  sides  I  to  the  top  around  Y,  thence  to  the  atmosphere, 
as  ill  Fig.  8. 

To  obtain  tlie  temperature  of  the  escaping  air,  the  bulb 
of  a  therm onieter  capable  of  registering  oOO^  was  held  directly 
above  and  resting  on  the  surrounding  sides  of  the  oj)eii 
space  at  Y.  An  assistant  recorded  the  time  and  the  varying 
temperatures  of  the  escaping  air  at  the  first  15  sees,  and  30 
and  afterwards  eacli  minute,  as  seen  by  lines  5  and  6 


sees. ， 


of  Table  II.  At  the  end  of  10  mins.  the  bulb  of  tlie  thenno- 
xneter  was  held  at  one  end  of  the  inlet  pipe  after  it  was  dis- 
connected, in  order  to  obtain  the  record  of  line  4.  At  the 
end  of  2  niins.,  and  after  tlie  plate  and  sand  liarl  l)eeii 
removed  from  the  top  of  the  bar,  the  bulb  of  the  thermometer 
was  placed  so  that  its  frame  end  rested  on  the  middle  of  the  top 
end  of  tlie  bar  for  3  mins..  that  the  natural  radiation  of  heat 
from  the  bar,  seen  in  the  last  line  of  Tal)le  II. ，  might  be 
recorded. 

The  variations  in  pressures  and  temperatures  seen  in  lines 
3  and  4  are  clue  to  changes  in  the  speed  of  the  compressors 
and  to  the  amount  of  air  being  taken  from  the  tank  for  other 


Fig.  16.~Spkcimen'  Bar  Cast  in  Opkn  S、nd  am*  Aktkkwards 
Frekd  of  Sand  and  Si  URou>.r>Ei>  by  \\  ater. 

purposes.  The  seeming  iuconsist-ency  of  the  temperature 
dropping  at  the  start  to  only  80。  and  94。，  while  that  which 
came  from  the  tank  of  the  compressors  is  134'  and  1 24",  as 
in  line  4，  is  due  to  the  temperature  of  the  rore  aiul  cluller 
at  the  start  being  that  of  the  atmosphere,  as  seen  in  line  -. 
For  these  reasons,  tlie  in-going  air  is  for  a  few  moments 
reduced  in  temperature. 

Table  II, ― Tevipcrature  Tests  made  of  Three  Casts、 
October  23rd,  1911. 
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Hotly  cooled  with  air  

Tomperatiirr  of  atmosphou',  degri'cs  KhIi  

Prossun'  of  air  used.  lbs  , 

Temperature  of  tank  air.  (icgircs  Fah  

Tomporat uro  t'M  ainng  hit  at  15  set*  

Tcmpcraturo  esca pin*:  air  at      stn*.  dcjirros  KaIi  , 

'IVmporaturo  rscapinj;  air  Ht  tto  sec.  cU'jiroos  Kali  

ToinpiTJiturc  r soaping  air  at  2  iniii.  "rgrcrs  FhIi  

Tempo raturr  rsrApin^  air  at  :t  mi".  ，lt'j:m、s  Kali  

Trniivniturr  csi-apiny  air  at  4  inin.  dc^irro  Knli  

IVmpcraturi'  rscnpin^  air  at  :、  iiiin.  ii<  j;rrrs  F;ih  

TrmpiTJitnn'  rsrapiii^  iiir  at  rt  iniii.  clrurro  Kiih  

Trill pi-niturc  cscapiiw  air  at  7  inin.  ( I ，• ，-、  Kah  

Trinpcraturi'  rsrapi'ig  air  at  8  inin. 小' gr''i's  KaIi  

Tempi' rat u re  csrapiny  iiir  at  9  iniii.  ，l('j;rrrr>  Kah  

Toinprnitiirr  OM-apin^  :"r  :it  1(»  inin.  d''j:rr,' -、  Kali.     . . 
Heftt  nulirttfxl  from  the  twirs  15  miii.  after  they  were 
poured,  degrees  Fah  


I  SaikI 

tV>r，、. 

OiilliT. 

52 

52 

55 

50 

134 

124 

841 

1»4 

HM» 

112 

•116 

Hi 

120 

1«2 

182 

1  i:io 

i  1:" 

17S 

135 

lT*i 

17  Z 

f 

17(» 

1  HO 

166 

1  138 

162 

208 

172 

of  lUr. 

]：{0 

:t，,i 

192 
70 


A  study  of  Table  II.  shows  the  sand  to  be  the  least  effec- 
tive as  a  conductor  of  heat,  while  the  iron  is  not  vorv  niurh 
better  when  compared  to  the  lonductive  power  of  air  applied 
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directly  to  the  surface  of  the  hot  bar,  as  recorded  in  the  last 
column,  line  17，  where  it  is  seen  that  from  the  moment  the 
air  impinged  upon  the  surface  of  the  hot  bars  its  temperature 
rose,  and  in  less  than  30  sees,  after  the  mould  was  poured 
reached  200。. 

Further  Experiments  upon  Direct  Application  of  Heat-absorbing 
Media. ―  The  following  experiments  were  largely  responsible 
for  patents  granted  May,  1912,  and  pending  on  direct-cooling 
and  treatment  processes  by  pressure  or  suction  for  chilling, 
hardening  relieving  internal  strains  in  castings,  &c.  These 
are  to  be  utilised  wherever  a  space  can  be  formed  adjacent 
to  a  casting,  either  artificially  or  by  the  natural  expansion 
of  the  chiller  and  contraction  of  the  casting,  also  when  the 
hot  surface  of  a  casting  is  freely  exposed  to  the  atmosphere 
or  not  surrounded  by  its  chiller. 

Two  twin  moulds  were  used  for  the  experiments,  each 
having  intervention  plates  placed  as  at  S，  Fig.  7.  After  the 
two  moulds  were  poured  from  the  same  pouring  basin,  and 
a  crust  was  formed  on  the  face  of  the  bars,  the  two  plates 
were  quickly  and  simultaneously  removed  from  the  mould, 


Cbilicr  block  F 


FiG.  17." Mould  for  Casting 
A  Chilled  Plate. 


Fig.  18. — Mould,  with  Space 
U  FOR  Molten  Metal. 


forming  spaces  as  at  K,  Fig.  4.  For  the  first  experiments 
air  of  201bs.  to  301bs.  pressure  was  admitted  to  one  of  the 
pipes,  W，  Fig.  7，  and  conveyed  directly  to  the  space  created 
by  the  removal  of  the  plates  S  through  orifices  1  to  8  in  the 
bore  of  the  chiller.  The  fast  darkening  of  the  top  edge  of 
the  face  of  the  treated  bar,  compared  with  that  of  the  com- 
panion bar  which  was  cooling  naturally,  gave  good  reason  to 
expect  considerable  difference  in  tlie  depth  of  chill  and  in  the 
density  or  hardness  of  the  chilled  face  of  the  two  bars.  The 
intervention  plates  S  were  2in.  wide  by  ^in.  thick.  A  slight 
coating  of  oil  was  given  the  faces  of  these  plates  next  the 
bars  to  prevent  their  uniting  with  the  metal,  and  to  permit 
their  being  drawn  out  of  the  mould  quickly  at  the  right 
moment. 

Experiments  with  Cooled  Air. ― Experiments  were  further 
made  with  air  cooled  by  passing  through  a  pipe  coil  sur- 
rounded by  a  mixture  of  two  parts  of  cracked  ice  and  one 
part  of  salt.  The  temperature  was  reduced  thereby  from 
85"^  to  45°，  but  no  greater  chilling  effect  was  discovered  in  the 
six  tests  conducted  on  this  plan  than  in  the  first  series  with 
the  air  as  it  came  from  the  tanks.  This  is  as  would  be 
expected,  since  the  reduction  of  the  temperature  of  the  air 
by  40°  is  so  small  in  amount  compared  with  the  temperature 
of  2,000°,  which  it  may  be  assumed  the  surface  of  the  molten 
bar  would  have.  An  increase  in  the  pressure  or  volume  of 
the  air  would  easily  discount  all  that  could  be  accomplished 
by  lowering  the  temperature  of  the  air  to  40。，  as  noted. 

Superiority  of  Air  Over  Metal  Chillers. ― Tests  were  also  con- 
ducted with  air  at  higher  pressures.  At  501bs.  pressure  a 
chill  was  created  for  a  depth  of  l^in.  in  the  air-cooled  bar, 
whereas  the  naturally  cooled  bar  had  a  depth  of  chill  of  only 
★in.,  as  seen  respectively  at  K'  and  L/  in  the  bars  G'  and  H'， 
Fig.  9.  The  grey  body  of  both  of  these  bars  displayed  a  fine 
texture  bordering  on  a  mottled  state.  This  test  removed 
every  possible  doubt  of  the  efficiency  of  air-cooling  for  chill- 
ing. Half  a  dozen  or  more  of  these  tests  were  made  before 
taking  up  others,  and  they  all  verified  the  results  of  the  first 
tests. 

Later  on  tests  of  the  same  character  were  conducted  by 
having  titanium  and  vanadium  in  the  metal.  Two  sets  of 
these  samples  are  shown  at  W  and  X、  and  again  at  Y'  and 
Z'，  Fig.  10.  Here,  as  in  G'  and  H'，  Fig.  9，  the  air  was  by 
far  the  most  effective  in  chilling.  The  air-treated  bars 
showed  about  |in,  depth  of  chill,  whereas  their  companions 
had  but  about  ^in.  chill. 

In  line  with  these  tests  a  series  was  made  to  determine 
whether  air  chilling  was  more  effective  than  chilling  by  means 
of  a  solid  chiller  held  in  close  contact  with  its  bars.  Samples 
of  bars  contrasting  these  two  methods  are  seen  at  I'  and  J', 


"Fig.  9，  the  air-cooled  bar  at  J'  having  fin.  chill,  while  tlie 
other  at  I'，  produced  by  the  close  r;ontact.  chiller   Ijar,  has 
in.  chill. 

(―， liilling  of  iron  must  be  done  before  all  the  eutectic  of  the 
metal  assumes  a  solid  form  or  any  graphite  is  formed,  ami 
with  like  irons  the  quicker  and  more  penetrating  the  cooling 
action,  the  deeper  and  harder  tlie  chill.  Tlie  direct  applica- 
tion of  a  heat-absorbing  medium  to  the  surface  of  a  liot 
casting,  as  soon  as  contact  with  its  duller  is  broken,  or  a 
crust  is  formed,  provides  means  at  a  critical  moineiit  which 
cannot  but  be  of  material  benefit  in  increasing  tlie  utility 
of  cooling,  densifying,  or  chilling  and  hardening  of  cluUable 
and  other  grades  of  cast  iron.  It  also  provides  means  for 
securing  a  softer  or  lower  chilling  and  using  a  stronger  iron 
in  car  wheels,  &c.，  obtaining  at  the  same  time  the  desired 
depth  of  chill. 

Practicability  of  Continuing  Chilling  after  the  Metal  Solidifies. 

― It  has  always  been  tlioiiglit  that  in  chilling  iron  tlie  action 
ceased  the  moment  the  molten  metal  solidified.  The  writer's 
late  experiments  show  that  such  is  not  the  case,  but  that 
with  cliillable  iron  there  exists  a  period  of  20  sees,  to  30  sees, 
or  more  after  the  formation  of  a  crust  before  any  graphite 
is  separated  out.  This  was  demonstrated  as  follows  ：  At  A, 
Fig.  16，  is  shown  a  casting  poured  in  open  sand,  while  at  B 
it  has  been  freed  of  its  sand,  this  being  done  about  2|  mins. 
after  tlie  casting  was  poured.  Space  C  was  then  immediately 
filled  with  cold  water,  kept  running  until  the  castini^  was 
cold.  Upon  breaking  the  specimen  it  was  found,  if  of  a  high 
chilling  iron,  to  be  a  homogeneous  body  of  all-chilled  or  white 
iron  with  a  discoloured  or  reddish  centre.  But  if,  instead 
of  surrounding  the  specimen  with  water  at  the  expiration  of 
2i  mins.,  there  were  allowed  to  lapse  3  mins.  to  3i  mins. 
before  doing  so,  the  crust  exhibited  graphitic  formation, 
while  the  interior  body  was  found  to  exist  in  a  mottled  or 
all-white  state,  showing  the  inside  chill  to  have  been  created. 

Two  New  Principles  in  Chilling, — These  tests  indicate  the 
existence  of  two  laws  positive  in  their  action,  as  follows  ： 
First,  cooling  or  chilling  is  effective  in  creating  or  continuing 
a  chill  in  a  casting  for  a  period  of  20  sees,  to  30  sees,  after 
its  molten  metal  has  solidified.  This  permits  a  continuation 
of  chilling  with  castings  like  rolls  and  car  wheels  which  break 
contact  with  their  chillers  immediately  after  the  formation 
of  their  chilled  crust.  Second,  graplutisation  having  once 
taken  place  in  the  crust  or  body  of  a  hot  casting,  no  sudden 
cooling  can  restore  the  carbon  to  its  original  combined  form, 
and  only  by  remelting  can  it  be  so  transformed  as  to  have  a 
chilled  or  white  iron  structure. 

Difficulties  Encountered  in  Creating  an  Internal  Chill. ― With 

chillable  irons  any  founder  can 
produce  a  casting  having  an 
outside  chill  with  a  grey  inte- 
rior ； but  to  produce  one  hav- 
ing a  grey  exterior  and  inside 
chill,  or  white  body,  is  another 
proposition.  Mention  has 
already  been  made  of  the 
sensitive  nature  of  such  a 
prodiici ion .  The  variable 
conditions  that  must  be  con- 
sidered and  controlled  to 
an  exactness  in  order  to 
create  a  perfect  inside  chill 
are  as  follows :  (a)  Tem- 
perature of  the  pouring  metal  ；  (h)  temperature  of  the  sand  ； 
(e)  atmospheric  conditions  and  temperature  ；  {d)  nature  of  the 
iron  ；  (e)  size  of  the  specimen  ；  (f)  temperature  of  the  water : 
{[/)  whether  the  specimen  remains  stationary  in  its  mould  to 
be  cooled  or  is  removed  or  moved  about  in  a  body  of  water. 

When  it  is  stated  that,  for  an  example,  with  the  siza  of 
specimen  seen  in  Fig.  I,  there  are  only  some  5  sees,  to  10  sacs, 
during  1  min.  when  the  perfect  inside  chill  can  be  created, 
all  students  of  this  problem  will  realise  that  at  present  it  is 
a  hit-and-miss  process.  The  writer  has  deemed  it  necessary 
to  give  all  the  above  facts,  so  that  anyone  undertaking  to 
produce  an  inside  or  internal  chill  will  not  be  led  to  affirm 
it  an  impractical  achievement.  It  will  be  well  to  state  that 
the  writer  is  of  the  opinion  that  when  one  can  obtain  ； i 
medium  chilling  iron  in  place  of  the  extremes,  such  will  be 
best  for  creating  an  internal  chill. 


T 

、tk 
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Fig.  19.— Chtllkd  Plate  with  H rating 
Block  Attached  and  Separated 
Casting. 
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Internal  Chilling  Tests  with  High  Silicon  and  Soft  Casting  Mix- 
tures. — Tests  made  by  t  he  writer,  assist  ed  by  AI  r,  \V .  J . 
Slraiigward,  superintendent,  at  the  Forest  City  Foundry  and 
Manufacturing  Company,  Cleveland,  Ohio,  showed  tliat  tlie 
liigh  silicon  in  their  light-work  mixtures  caused  "Q-aphitisatio" 
to  take  place  almost  immediately,  if  not  at  tlie  momeiil,  of 
solidification,  as  tlie  specimens  exhibited  no  white  or  even 
mottled  internal  structure  in  any  of  the  tests. 

Other  tests  made  at  tlie  Madison  Foundry  Company,  of 
Cleveland,  upon  supposed  non-cliilling  mixtures  with  silicon 
around  2'0  and  sulphur  under  0*08,  showed  ihai  these  per- 
centages of  silicon  and  sul])liur  marked  tlie  division  between 
chilling  and  non-chilliiig  irons  of  the  usual  good  working 
grade  of  foundry  mixtures.  Tlie  tests  showed  that  if  internal 
chilling  could  be  produced  with  mixtures  having  from  2'0  to 
around  3.0  per  cent,  silicon,  tliere  was  a  possibility  that 
something  was  wrong  with  the  physical  or  tlie  cherniral 
properties  of  the  mixtures. 

A  feature  of  these  tests  witli  soft  irons  was  that  they 
showed  a  swelling  in  ])lace  of  a  shrinkage  in  their  taps;  also 
a  greater  fluidity  of  metal,  or  length  of  time  before  solidi- 
fication took  place.  Although  these  bars  were  but  about 
Hin.  diam.,  they  remained  in  a  liquid  state  about  as  lon^ 
as  specimens  2|in.  diam.  cast  of  the  rhillable  car  wheel  metal. 

Standards  for  Internal  Chilling  Tests  of  Hard  and  Soft  Grades  of 
Iron. —— Founders  and  engineers  interested  in  castings  for 
machining,  &c.，  might  well  utilise  internal  chilling  tests  as 
a  means  of  determining  whether  there  is  anything  in  the 
chemical  or  physical  properties  of  mixtures  likely  to  cause 
('billed  edges,  hard  spot's,  &c.，  instead  of  waiting  for  this  to 
be  found  out  in  the  machine  shop.  The  writer  would  suge^est 
as  a  standard  for  such  tests  bars  Hin.  diam.  and  6in.  to  8iu . 
long  for  mixtures  ranging  from  1*2  to  3,5  per  cent,  silicon, 
a nd  bars  2*4in.  diam.  of  similar  length  for  mixtures  havintr 
from  0'5  to  1*25  per  cent,  silicon.  In  making  internal  chill- 
ing tests  care  must  be  exercised  not  to  immerse  a  specimen 
in  water  until  a  self-supporting  crust  has  been  formed,  or  an 
explosion  of  liauid  metal  may  occur.  The  use  of  a  fair 
amount  of  intelligence  and  caution  will  guard  against  such 
(laiisrers. 

Internal  Graphitisation  of  a  Chilled  Crust. —  Being  desirous  of 
knowing  whether,  after  the  greatest  depth  of  a  chill  is 
created,  it  is  possible  for  the  intense  heat  of  an  internal  bodv 
of  semi-molten  or  solid  metal  to  decrease  the  depth  of  a  chill 
by  graphitisation,  the  writer  conducted  the  following:  experi- 
ments :  An  open  sand  mould  having  a  chiller  block  F  was 
used,  as  seen  in  Fig.  17.  The  open  sand  mould  was  formed 
by  plate  patterns  |in .  and  |in .  respectively,  both  being  about 
Sin.  deep  and  1  Gin.  long.  After  the  r)】ates  were  poured  and 
solidified,  a  space  was  du^  out  for  about  "half  their  length, 
as  seen  at  TT，  Fig.  18.  This  space  was  filled  with  molten 
metal,  left  in  close  contact  with  the  chilled  plates  until  cooled 
to  a  dark  colour.  The  molten  metal  was  of  re^jiilar  car  wheel 
mixture,  and  the  tests  were  conducted  at  the  National  Car 
Wheel  Company's  plant,  Cleveland,  Ohio. 

Tests  were  made  with  the  plates  at.  different  temperatures 
from  til  at  at  which  the  molten  metal  would  fuse  the  face  of 
the  plate,  down  to  temperatures  at  which  the  plates  were  of 
a  dark  colour.  Upon  removing  these  plates  and  bodv  blocks 
of  metal  fi'om  the  moulds,  the  chilled  plates  would  be  sepa- 
rated from  the  blocks  of  metal  and  broken  at  about  the 
points  J  and  K，  Fig.  19，  to  display  any  contrast  that  misrht 
exist  due  to  the  treatment.  Only  in  one  case  was  the  plate 
inseparable,  and  in  this  instance  the  plate  and  block  were 
broken  bv  a  heavy  drop  bloclc. 

Tn  all  of  these  experiments  a  drawing  of  t-lie  chill  in  depth 
、vas  displayed  bv  reason  of  the  hot  molten  metal  causing  a 
graphitisation  of  the  chilled  face  abutiiTie:  it.  The  experi- 
Tnetits  made  with  tlip  hottest  plates  sliowed  the  greatest  effect, 
and  sucli  ； IS  to  produce  about  a  25  per  cent,  graphitisation 
of  tlie  chilled  plates  face  that  abutted  tlie  hot  metal.  Tins 
eRVd  was  exliibitod  by  a  fairlv  uniform  decrease  of  the 
j:i\M)liiiisa*ion  down  to  tlie  coldest  plates,  wliicli  showed  bui 
a  slight  ofTert  of  tlie  t  roatinent . 

The  Institution  of  Gas  Enjjinecrs.  ―  Tlie  Institution  of  Gas 
Euirinpers,  at  its  I'crei"  annunl  meeting  held  at  the  Eoval 
United  Service  Tnstitutioii,  "Wliilehall.  ele<'t^(l  Mr.  Corbet 
Woodall  as  president  for  the  ensuing  year,  wliirli  marks  the 
jubilee  of  llio  institution.  " 


AUSTRALIAN  RAILWAYS.* 

BY  THE  HON'.  J.  G.  JENKINS.  , 

In  dealing  with  Australian  railways,  it  may  be  necessary  to 
refer  for  a  moment  to  the  country's  location,  extent,  physical 
features,  and  climatic  conditions.  We  have  a  continent  island, 
lying  at  the  other  end  of  the  world,  having  an  area  of  about 
three  million  square  miles  and  a  coast  line  of  over  12,000 
miles,  with  for  the  most  part  a  fringe  of  hills  or  low  iiioini- 
tains  not  far  from  ihe  coast,  with  vast  plains  and  tablelands 
broken  by  occasional  hills  in  its  expansive  interior,  with  a 
variety  of  climate,  tropical,  semi-tropical,  and  temperate,  a 
rainfall  varying  according  to  locality  from  5iii.  to  nearly 
200in.,  rich  soil,  and  glorious  sunshine.  Such,  in  brief,  is 
Australia,  with  a  population  of  41  millions  of  peopk',  or  only 
one  and  a  half  for  every  square  mile  of  land,  while  here  in 
the  United  Kingdom  we  have  366  for  every  square  mile. 
These  are  farts  wliidi  lia vo  to  be  noted  wlieii  dealing  wit li  ； i 
country's  railways. 

Tlie  tirst  railway  was  started  in  New  South  Wales  in  1850 
by  a  private  company,  but  the  discovery  of  gold  in  difTomil 
parts  of  Australia  about  this  time  caused  a  general  riisli  of 
nearly  every  able-bodied  man  to  the  goldflelds,  so  tlie  private 
company  were  not  able  to  complete  their  railway.  The  same 
thing  happened  with  one  or  two  private  companies  "i 
Victoria  about  the  same  time,  and  in  both  colonies  appeals 
were  made  to  the  authorities,  and  the  lines  were  taken  over 
and  completed  by  the  respective  Governments,  so  it  is  more 
than  likely  that  the  State-owned  railways  of  Australia  are 
the  result  of  the  gold  discoveries,  for  from  these  early 
experiences  other  lines  were  proposed  and  constructed  by  the 
Governments  of  the  different  States,  and  the  national  system 
has  grown  up  with  the  population.  A  few  private  lines 
have  been  built,  but  they  have  mostly  been  purchased  by  the 
Governments.  So,  in  speaking  of  Australian  railways,  5t  is 
generally  understood  that  one  means  Government  -owned  lines. 

For  many  years  the  railway  growth  was  very  slow.  In 
1855，  five  years  after  the  commencement  of  the  first  line, 
tliere  were  only  23  miles  in  all  Australia,  and  (luring  the 
next  16  years,  up  to  1871，  there  were  only  220  miles  more 
added.  From  1871  to  ]891,  however,  9,000  miles  were  con- 
structed, and  each  year  since  has  added  to  the  mileage,  until 
on  the  30tli  June  last  year  there  were  about  17,000  miles  of 
Government  railways,  which  had  cost  about  £155,000,000,  or 
an  average  of  a  little  over  £9,000  per  mile.  When  this  is 
compared  with  the  great  expense  of  railway  construction  in 
this  country,  it  is  easy  to  see  that  the  money  spent  on  rail- 
ways in  Australia  is  bound  to  earn  a  good  return  as  popula- 
tion and  settlement  increase. 

Some  of  the  Australian  lines  have  been  rather  expensive, 
the  dearest  one  being  from  Melbourne  to  Bendigo,  100  miles, 
which  was  built  j ust  50  vears  ago  at  a  cost  of  £48,000  per 
mile.  On  the  other  hand,  many  lines  have  been  built  in  the 
different  States  at  less  than  £2,000  per  mile,  and  T  believe  one 
or  two  lines  in  West-  Australia  have  oiilv  cost  about  £1 ,000 
per  mile.  These  cheap  lines  have  been  the  means  of  opening 
up  and  developing  large  tracts  of  country  which  would  other- 
wise have  remained  unoccupied.  The  money  for  the  con- 
struction of  the  railways  has  been  mostly  raised  by  loan  in 
tliis  country,  each  particular  State  dealing  with  its  own  lines 
and  becoming  responsible  for  the  money  borrowed.  The 
mileage,  cost,  and  eaniiugs  of  the  railways  in  each  State  are 
of  special  interest. 

New  South  Wales  has  3,760  miles  of  Gcn'er:" 、叫 U  rail- 
ways, which  have  cost  ilol  ,000,000,  or  an  averasje  of  £13,550 
per  mile.  The  gross  earnings  last  year  were  £6,042,000,  ami 
after  paying  working  expenses  and  full  interest  on  capital, 
tliere  was  a  surplus  to  pay  into  the  State  Treasury  of 
£554,000.  This  was  not  an  exceptional  year,  for  (luring  tlio 
six  years  ondinj;  June  30tli,  1911,  there  was  a  not  surplus  of 
over  £3,000,000. 

Tn  Victoria  tliero  aro  3,528  miles  of  railways,  whicli  liav*» 
cost,  £44,200,000,  or  an  average  of  £12,500  per  mile.  Tho 
pross  earnings  for  the  year  endinp  June  30th,  1911,  were 
£4,900,000,  and  after  paying  working^  expenses,  interest  on 

•  Abstract  of  paper  read  before  the  Royal  Society  of  Arts.  May  21st.  1912. 
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capital,  and  ever  <£  100,000 ,  for  pensions  and  gratuities,  ihoy 
h ad  a  net  profit  of  £283, 000,  and  for  the  six  years  ending 
June  30th,  1911,  they  had  a  net  surplus  of  over  £900，0()0. 

South  Australia  lias  ]  ,457  miles  of  railways,  which  liavo 
cost  £11：, 680,000,  or  an  average  of  £8,700  per  mile.  Tlie 
net  surplus  last  year  was  £312,000,  and  for  the  last  six 
years  it  was  £1,388,000. 

Queensland  has  4,248  miles  of  railways,  tlie  most  of  any 
one  State  ；  they  have  cost  £27,300,000,  or  an  average  of 
£6,425  per  mile.  Total  revenue  for  year  ending  June 
30th,  1911,  £2,88^^,000  ；  net  surplus,  after  working  expenses 
and  interests,  £163,500  ；  net  surplus  for  the  previous  year, 
i.'218,000.  For  some  years  previous  the  returns  had  not  been 
Buffici^iit  to  pay  full  interest  after  working  expenses. 

Western  Australia  constructed  its  first  railway  in  1879， 
for  the  development  of  the  copper  mines  in  the  Northampton 
district  ：  since  that  time  the  discovery  of  rich  mineral  fields 
has  been  a  great  impotus  to  railway  construction.  Up  to 
June  301h,  1911，  there  were  *2,633  miles  of  Goveninieiit  rail- 
ways open  for  traffic  ;  they  had  cost  £12,000,000,  or  about 
<£5，000  per  mile,  being  the  cheapest  in  any  of  the  States. 
The  gross  revenue  for  the  year  was  £1,844,000,  after  paying 
working  expenses  ami  interest  on  capital,  leaving  a  net 
surplus  of  £224,500,  and  for  the  six  years  ending  June  30th, 
1911，  £884,000.  ' 

Tasmania  lias  463  miles  of  railways,  which  have  cost 
£4,000,000,  or  an  average  of  £8,650  per  mile .  Tasmania  is 
the  only  State  that  has  not  in  recent  years  been  earning  a 
net  surplus  over  and  above  working  expenses  and  interest  on 
expenditure,  but  lier  losses  have  been  small  in  comparison 
with  the  profits  in  the  other  States,  and  bhe  prospects  of 
further  traffic  over  the  railways  there  are  encouraging. 

Taking  the  railways  in  the  Conniiouwealtli  as  a  whole, 
the  net  surplus  over  working  expensed  and  interest  on  capi- 
tal for  the  last  six  years  has  been  over  £4,200,000.  It  seems, 
therefore,  that  there  need  be  no  doubt  about  the  safety  of 
the  money  lent  to  Australia  for  railway  construction. 

When  Australia's  indebtedness  is  referred  to  as  so  much 
per  head  of  the  population,  without  explanation  it  looks  as  if 
it  was  a  debt-ridden  country  ；  but  when  it  is  explained  that 
out  of  the  entire  indebtedness  of  between  250  and  260  million 
pounds,  25  per  cent,  of  it  is  lent  by  its  own  people,  whose 
knowledge  of  the  security  is  first-hand,  and  that  155  million 
has  been  spent  on  railways  which  have  paid  back  to  the 
revenue  in  surplus  profit  an  amount  of  over  £700,000  each 
year  for  the  last  six,  the  national  debt  appears  in  a  difTerent 
light.  Besides  this,  wharves,  waterworks,  electric  tramways, 
and  other  public  undertakings  are  returning  a  fair  rate  of 
interest  and  increasing  in  value  each  year. 

The  Australian  States  have  adopted  a  somewhat  uniform 
system  so  far  as  the  administration  of  their  railways  is  con- 
cerned. Prior  to  1888，  New  South  Wales  railways  were 
vested  in  the  Minister  for  Works  ；  in  that  year  an  Act  was 
passed  to  place  the  control  under  Railway  Commissioners,  in 
order  to  free  them  from  political  influence.  Three  Coniniis- 
sioners  were  appointed,  but  the  triple-headed  control  did  ncrt 
prove  altogether  satisfactory,  so  one  Chief  Commissioner  was 
appointed  under  an  amended  Act  of  1906.  In  Victoria,  even 
at  an  early  date,  the  necessity  for  removing  the  control  from 
political  influence  was  felt,  and  in  1883  Commissioners  were 
appointed  by  Act.  Queensland  and  South  Australia  adopted 
the  same  system  in  1888.  Western  Australia  in ,  1902  fol- 
lowed the  example  of  the  eastern  States,  and  placed  its  rail- 
ways under  the  control  of  a  Commissioner.  In  Tasmania, 
where  the  Government  railways  are  not  extensive,  the  control 
was,  until  recently,  vested  in  a  Minister,  but  the  Act  passed 
last  year  followed  the  example  of  the  other  States,  and  placed 
the  control  under  a  Railway  Commissioner- 

No  one  can  doubt  the  wisdom  of  placing  the  control  ami 
management  of  the  railways  under  Commissioners  instead  of 
allowing  tlieni  to  remain  under  political  control.  Of  course, 
railway  matters  are  still  discussed  in  Parliament,  for  no  line 
can  be  constructed  without  an  Act  authorising  it :  money 
can  be  voted  only  by  Parliament,  and  important  regulations 
and  alterations  of  rates  have  to  be  laid  on  the  table  of  the 
House  for  a  time  before  they  become  effective.      AH  this 


gives  members  who  represent  railway  districts  ample  oppor- 
tunity of  mentioning  real  or  supposed  grievances. 

Time  will  not  permit  of  my  dealing  with  the  engineering 
and  ot  her  difDcuH  ies  in  1  lie  const  ruct  ion  of  1  lie  railways.  From 
wliaX  was  previously  stated,  that  a  fringe  of  hills  or  nioun- 
tains  ill  many  places  separates  the  coast  from  the  interior, 
rt  will  be  seen  that  much  expense  and  skilful  engineering 
were  necessary  for  ilie  construction  of  many  of  the  lines. 
Special  mention  might  be  made  of  those  leading  out  of 
Sydney,  west  over  tlu、  Bluo  Mountains,  north  over  the 
Hawkesbury  River,  and  south  ilirough  tlie  Bulli  Paa.s.  The 
Toowoomba  line  in  South  Queensland,  and  the  Cairns  line 
in  the  north,  were  by  no  means  easy  to  construct ;  neither  was 
the  line  leading  through  the  hills  from  Adelaide  towards 
Melbourne.  Of  course,  there  are  no  curves  on  the  Australian 
lines  so  sharp  as  they  are  supposed  to  be  on  American  tracks, 
where  the  brakesman  on  the  back  car  is  said  to  be  able,  while 
going  around  the  curve,  to  light  his  pipe  from  the  engine- 
driver's  fire.  Some  of  the  Australian  curves  are  sharp 
enough,  however,  occasionally  to  give  the  passengers  the  sen- 
sation of  a  real  sea  voyage. 

When  the  first  line  of  railway  was  authorised  in  New 
South  Wales,  the  Colonial  Office  sent  out  a  dispatch  urging 
the  adoption  of  the  4ft.  8iin.  gauge  ；  but  the  engineer  was 
strongly  in  favour  of  a  5ffc.  3in.  gauge,  and  it  was  started  on 
that  basis.  Victoria  and  South  Australia  also  started  on 
that  gauge.  There  was  a  change  of  engineer  in  New  South 
Wales  before  iiiucli  work  was  done,  and  the  new  man  reverted 
to  the  original  suggestion  of  4ft.  8iiii.,  and  all  the  railways 
in  New  South  Wales  liave  been  constructed  on  that  gauge, 
while  all  Victorian  lines  are  5ft.  3in.  gauge.  South  Aus- 
tralian lines  are  partly  5ft.  3iii.  and  partly  3ft.  6iu.  All 
the  lines  in  Queensland,  Western  Australia,  and  Tasmania 
are  3ft.  Gin.,  while  the  lines  taken  over  by  the  Coininouwealtli 
from  the  South  Australian  Government  are  also  3ft.  Gin. 
gauge,  so  at  the  present  time  Australia  unfortunately  has 
three  different  gauges ― 3,760  miles,  4ft.  8iin.  ；  4,151  miles, 
5ft.  Sin.  ；  and  8,815  miles,  3ft.  Gin.  gauge. 

The  question  of  adopting  a  uniform  gauge  has  been  dis- 
cussed for  years,  and  the  inconvenience  and  annoyance  to 
travellers  under  the  present  system  are  frequently  mentioned, 
and  generally  magnified.  The  great  bar  to  the  adoption  of  a 
uniform  gauge  is  the  heavy  expense  in  the  alteration  of  the 
roadway  and  in  the  rolling-stock.  The  cheapest  system  to 
adopt  would  be  the  3 ft.  Gin. ,  but  that  is  not  likely  to  take 
place.  The  next  least  in  expense  would  be  the  4ft.  8^in., 
as  all  the  roadway  of  the  5ft.  3in.  would  answer  by  moving 
the  rails,  and  many  of  the  cuttings  and  tunnels  even  on  the 
3ft.  Gin.  would  be  wide  enough  for  the  4ft.  8iin.  line.  T 
notice,  by  recent  reports,  that  the  Common wealtli  Governineiit 
have  decided  upon  this  gauge  for  the  transcontinental  line 
from  Port  Augusta  to  Kalgoorlie.  This  will  mean  a  break 
of  gauge  at  each  end  of  the  line,  unless  South  and  West 
Australia  alter  their  gauges  accordingly,  which  is  not  likely 
for  some  years  to  come. 

By  the  transfer  of  the  Northern  Territory  from  the  Suutli 
Australian  Government  to  the  Commonwealth  the  Federal 
Government  have  become  the  owners  of  two  railways,  one 
from  Port  Augusta  to  Ooduadatta,  a  distance  of  478  miles, 
and  the  other  from  Port  Darwin  to  Pine  Creek,  145  iniles  : 
both  lines  are  oil  the  3ft.  Gin.  gauge.  These  lines,  623  miles 
ill  all,  have  cost  £3,420,000,  or  about  £5,503  per  mile. 

The  general  understanding  on  which  the  Northern  Terri- 
tory was  transferred  to  the  Conniiouwealtli  was  tliat  the 
Federal  Goverinneiit  should  construct  two  transcontinental 
railways,  one  connecting  West  Australia  with  the  east  by 
constructing  a  line  1,050  miles  long  from  Kalgoorlie  to  Port 
Augusta,  the  other  to,  connect  the  Northern  Territory  with 
the  south  by  building  a  line  about  the  same  length  from 
Pine  Creek  to  some  point  on  the  Port  Augusta  line. 

The  route  of  the  first  of  these  lines  from  east  to  west  has 
been  agreed  upon,  tlie  survey  】mide，  and  work  is  soon  to 
commence.  Unfortunately  there  appears  to  be  some  mis- 
understanding over  the  proposed  route  for  the  Northern 
Territory  line.  The  estimated  cost  of  the  construction  of 
these  two  transcontinental  lines  is  between  four  and  five 
million  pounds  each,  or,  roughly  speaking,  about  £9,000,000  : 
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this,  added  to  the  3/>  million  liability  on  the  lines  already 
taken  over  by  the  Couiinonwealth,  will  amount  to 
£12,500,000. 

From  purely  a  railway  point  of  view,  it  is  not  likely  tliat 
these  lines  would  prove,  for  some  years  to  come,  payable 
undertakings.  There  are,  however,  two  strong'  reasons  for 
the  work.  In  the  first  place,  all  military  authorities  for 
years  have  urged  the  necessity  of  these  lines  for  defence  pur- 
poses, more  especially  the  line  to  connect  Port  Darwin  with 
the  south,  thus  affording  tlie  opportunity  of  direct  ooninuuii- 
cation  with  a  naval  base  in  the  nortli,  wliere  it  would  be  most 
likely  to  be  needed  in  time  of  attack.  The  second  strong 
reason  more  particularly  for  the  north  to  south  line  is  that 
the  Commonwealth,  having  taken  over  the  Northern  Terri- 
tory, have  on  their  hands  335  million  acres  of  practically  un- 
developed and  unoccupied  land,  nearly  four  and  a  half  times 
as  much  as  the  United  Kingdom  with  its  population  of  45 
million,  while  this  vast  territory  is  populated  by  about  1,000 
wliites,  less  than  2,000  Chinese,  and  a  few  thousand 
aborigines.  This  vast  tract  of  laud  can  only  be  properly 
settled  and  developed  by  opening  up  means  of  ready  com- 
munication and  transport,  and  Australia  is  now  realising  this 
fact  more  clearly  than  it  did  years  ago  ；  and  those  who  have 
watched  the  aggressive  progress  of  the  Eastern  countries,  with 
their  overcrowded  millions,  must  see  the  necessity  for  speedy 
development  and  settlement  in  Australia. 

The  great  prosperity  of  Australia  during  the  last  few  years 
has  given  a  decided  impetus  to  railway  construction,  ami 
to-day  there  are  more  miles  of  railway  in  course  of  construc- 
tion, and  projected,  than  at  any  previous  time  in  its  history. 
Many  of  these  lines,  in  Queensland,  Western  Australia,  and 
South  Australia,  are  being  cheaply  constructed  as  feeders  to 
main  lines,  and  to  open  up  the  pastoral  and  agricultural 
lands. 

In  addition  to  the  Government  railways,  there  are  about 
1,200  miles  of  private-owned  lines  in  Australia,  about  half  of 
which  are  used  for  passenger  as  well  as  goods  traffic,  while  tlie 
other  600  miles  are  used  chiefly  for  carrying  minerals  and 
timber.  The  capital  cost  of  these  lines  is  between  three  ami 
four  million  pounds. 

The  electric  tramways  of  New  South  Wales  belong  to  the 
Government,  and  in  South  Australia  the  Government  prin- 
cipally control  them  in  conjunction  with  the  municipal 
authorities.  In  the  other  States  the  tramways  belong  to 
private  companies,  but  will  eventually  become  the  property  of 
the  corporations.  Melbourne  has  the  cable  tramway  system , 
and,  owing  to  its  expense  in  construction,  it  has  not 
extended  to  the  surrounding  suburbs  to  the  same  extent  as 
the  suburban  railways  have,  which  the  Victorian  Govern- 
ment now  propose  to  electrify. 

There  lias  always  been  a  division  of  opinion  i:i  reference 
to  tlie  advisability  or  otherwise  of  State-owned  railways. 
While,  generally  speaking,  Australians  themselves  are  in 
favour  of  the  system,  there  are  still  some  exceptions,  wlio 
think  it  would  have  been  better  to  have  kept  to  private 
enterprise.  From  many  years'  experience  in  Australia,  and 
from  an  intimate  acquaintance  with  the  working  of  the 
railways  in  one  of  tlie  St ates,  aiul  a  general  l<ii()\vl(Ml<^^e  of  the 
obliers,  my  opinion  is  that,  taking  into  consideration  that  the 
Governments  were  the  owners  of  the  laud  principally  to  be 
developed  and  settled,  and  that  the  seltkMueni.  could  not  be 
effectually  carried  out  without  means  of  transit,  tlie  interest 
of  the  public  has  been  best  studied  and  preserved  by  tho 
State-owned  system. 

It  Hi  list  not  be  considered,  however,  that  there  are  no 
(lifficulties  or  dangers  in  connection  with  State-owned  rail- 
ways. Before  tlie  appointment  of  Railway  Commissioners  in 
tlie  (lifTereut  States,  the  political  danger  was  an  apparent  one. 
By  j)l;iciiig  t lio  const riu'l ion  ami  control  of  the  railways  under 
Coininissioners  with  extensive  powers,  this  danger  has,  to  a 
certain  extent,  been  obviated.  There  is  also  the  danger  of 
strikes,  ami,  although  not  as  likely  on  the  GovoninuMit-  lines 
as  on  private  ones,  there  is  no  absolute  certainty  t hat  they 
might  not  take  place.  There  was  in  1903  a  railway  strike 
in  Victoria  which  was  of  a  somewhat-  serious  rliaractor.  This 
strike  was  brought  about  by  ovcr-zealous  leaders  of  tlie  em- 
ployes against  the  advice  given  them  by  some  of  the  more 
ros])onsible  and  cautious  men.  Tlie  result  was  most  un- 
satisfactory so  far  as  tho  men  were  (、om'erm、（l，  for  instead  of 


their  gaining  the  sympathy  of  the  public,  as  they  antici- 
pated, the  iuconveuience  and  disorganisation  caused  by  the 
strike  turned  the  sympathy  to  the  Government  and  against 
the  strikers,  and  in  the  end  the  men  found,  to  their  sorrow, 
that  there  was  no  good  result  to  themselves,  but  for  some 
of  them  loss  and  disappoiutment.  Since  that  time  there  have 
bee-h  no  railway  strikes  except  in  connection  with  the  tram- 
ways in  Sydney,  Brisbane,  and  Perth,  and  in  all  cases  the 
result  has  been  unfavourable  to  the  strikers. 

A  statement  that  is  often  made  against  the  Government 
system  is  that  you  do  not  get  the  best  and  most  able  meii, 
and  that  employes  are  not  as  industrious  as  on  private  works. 
But  little  reliance  can  be  put  on  these  statements,  for  it 
stands  to  reason  that  Governments  ran  afford  to  secure  the 
very  best  men  to  manage  their  works  just  as  well  as  the 
private  companies  can.  In  fact,  many  of  the  Railway  Com- 
missioners, as  well  as  the  engineers  and  general  traffic 
】iianagers，  have  been  selected  from  the  leading  officials  of 
private  companies,  and  some  of  the  private  companies  have 
been  glad  to  avail  themselves  of  the  services  of  men  who  have 
gained  extra  experience  hi  Australia. 

Travelling  accoiiiniodatiou  and  fares  for  passengers,  and 
freight  rates  for  goods,  compare  favourably  with  the  railways 
even  in  older  and  more  thickly  settled  countries.  In  fact, 
the  freight  charges  ou  agricultural,  pastoral,  and  】nineral 
products  are  in  many  cases  exceptionally  low,  in  order  to 
encourage  settlemenb  and  development. 

The  Government  ownership  of  railways  in  Australia  is 
often  used  as  an  argument  by  advocates  of  a  national  system 
in  Great  Britain.  This  is  a  matter,  however,  that  does  not 
come  within  the  scope  of  this  paper  further  than  to  add  that 
the  conditions  of  the  two  countries,  and  the  circumstances 
under  which  the  railways  have  been  constructed,  are  so 
different  that  the  greatest  consideration  should  be  given  to 
such  an  important  proposal.  The  result  of  nationalisation 
might  be  the  exact  opposite  to  that  expected  by  some  of  its 
warmest  advocates.  If  the  nation  as  a  whole  is  to  benefit,  it 
might  mean  a  great  reduction  in  the  number  of  employes  and 
】nucli  inconvenience  to  traders  and  residents  in  certain  locali- 
ties;  on  the  other  hand,  if  the  employes  and  trading  public 
are  to  benefit  by  tho  change,  it  might  result  in  a  heavy 
national  loss. 


Youth  Electrocuted.  ―  An    inquest  was   held  at  Hoyland 

Common,  on  a  youth  who  was  killed  on  Tuesday  morning,  the 
1  Itli  inst.,  at  the  Knoll  Drift  Colliery.  He  was  found  dead 
by  the  side  of  one  of  the  electrit-  coal-cutting  macliines.  Dr. 
F.  W.  Norton,  who  had  made  a  post-mortem  examination, 
said  that  several  parts  of  the  deceased's  body  were  burut,  and 
in  his  opinion  death  was  due  to  asj)liyxia  caused  by  an  elect ric 
shock.    The  enquiry  was  adjourned. 

Copper-wire  Tables.  ―  Some  little  time  ago  the  American 
liKsiitute  of  Electrical  Engineers  requested  the  U.S.  Bureau 
of  Standards  to  make  an  investigation  on  tlie  subjects  of 
fopper-wire  conductivity  and  temperature  coefficient.  The 
l^ureau  have  now  issued  their  report -  Their  investigation 
lias  resulted  in  the  establishment  of  standard  values  based  on 
measurements  of  a  large  number  of  representative  samples  of 
connnercial  copper  values,  which  in  certain  respects  are,  it  is 
？  la  ted,  more  satisfactory  than  any  preceding  stanJa  id  values. 
In  the  investigation  it  was  discovered  that  the  temperature 
coefficient  is  proportional  to  the  conductivity.  This  new  law 
has  been  corroborated  by  the  Keiohsanstalt  of  Germany  and  is 
of  considerable  importance  in  electrical  measurements.  It- 
was  also  discovered  that  bending  and  winding  a  wire  do  not 
change  the  temperature  coefficient,  and  consequently  the  in- 
ternal temperature  of  electrical  niacliinery  may  be  ('a】(、ulate<l 
from  resistance  measurements  with  greater  coiifuleme  tliaii 
heretofore.  A  proposal  from  Germany  of  a  standard  cou- 
(hu'tivity  based  upon  this  invest is^at ion  has  been  accepted  and 
will  probably  soon  be  universally  adopted.  The  report  gives  a 
history  of  wire  gauges,  showing  tliat  the  trend  of  practice  is 
toward  expressing  diameters  direct Iv  in  deoimal  fractions  of 
ail  inch.  The  report  contains  fifteen  tables,  including  com- 
plete reference  and  workins;  tables  for  annealed  copper,  l>ot h 
ill  English  and  met  ric  units.  Tables  for  copper  cables  and  for 
liard-drawn  aluminium  wire  are  also  given.  The  tables  have 
been  adopted  as  the  official  wire  tables  of  the  American 
Institute  of  Electrical  Engineers. 
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TESTS  OF  A  SIMPLE  ENGINE  TAKING  STFAM  AT  LESS  THAN 
ATMOSPHERIC  PRESSURE  * 

IJY  rUOF.  R.  C,  CA Kl'KNTEK. 

So  fa r  as  llie  writer  can  ascertain,  there  are  very  few  dat a 
available  as  to  the  economy  of  reciprocating  engiiiej^  when 
operating  with  less  than  atniospheric  pressure,  aliliougli 
numerous  tests  have  been  made  of  nearly  all  types  of  engines 
under  the  usual  conditions  of  steam  pressure  and  vacuum.  A 
considerable  amount  of  data  is  to  be  found  as  t'o  the  results  of 
steam  turbine  tests,  especially  when  of  large  size,  operating 
with  steam  of  low  pressure.  The  inipre^sian  generally  prevails 
that  the  steam  turbine  produces  mufli  higher  economy  t  han  the 
steam  engine  when  operating  with  steam  of  less  than  atmos- 
pheric pressure. 

The  investigation,  the  results  of  wliicli  are  given  here, 
cannot  be  said  to  prove  that  the  general  opinion  as  stated  above 
is  erroneous,  but  it  does  tend  to  indicate  thai  the  reciprocating 
jMston  engine  of  small  clearances  can  be  operated  with  low 
steam  rtressm'es  and  high  vacuum  with  remarkable  economy. 

The  particular  engine  which  was  investigated  is  of  the 
4 -valve  type  and  with  cam-operated  valve  iiierhatiisin  arranged 
to  open  and  close  with  great  rapidity.  The  total  clearance 
space  is  about  1  per  cent,  of  the  piston  displacement.  Tli^ 
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valves  are  located  so  as  to  make  the  losses  due  to  clearance  a 
minimum.  The  results  obtained  in  the  investigations  could 
not,  in  my  opinion,  have  been  produced  by  any  engine  built 
10  years  ago. 

The  cylinder  of  the  engine  is  24in.  diam.  by  24iii.  stroke. 
It  is  double-acting  with  admission  valve  seats  on  the  barrel  of 
the  cylinder  near  the  end,  and  exhaust  valve  seats  in  the  heads 
This  engine  was  developed  to  furnisli  power  from  steam  gene- 
rated by  the  heat  of  the  sun  in  plate  boilers  which  presented  a 
large  absorption  surface,  and  was  designed  by  F.  Shuman, 
general  manager  of  the  Sim  Power  Company,  of  Tacony, 
Peim.  Its  general  features  were  conceived  by  Mr.  Sluunan 
The  engineering  features  were  designed  and  developed  by  E. 
P.  Haines.  、 

The  engine  was  developed  to  meet  a  spsoial  deniaud  for  a 
steam  motor  of  small  power  that  would  give  the  highest  possible 
economy  with  low  steam  pressure  and  a  liigli  vacuum.  Its 
design  and  construction  were  undertaken  by  Mr.  Sluunan  after 

had  thorouglily  investigated  the  possibilities  of  obtaining  a 
commercial  engine  or  turbine  which  would  meet  his  require- 
ments. The  best  guaranteed  performance  for  a  25  li.p.  st-eani 
turbine  which  he  could  obtain  from  any  builder  was  about 
601b 千 per  brake  horse-power  per  hour  with  steam  of  atmos- 
pheric pressure  and  a  vHciuini  of  about  28in.    No  such  turbine 
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liMs  hcoii  l)uill ,  and  in  I  lie  proposals  tlie  cost  of  development 
would  ha \'v  fa  11  en  ni-iiicipally  011  M r.  SliuiiiHii  had  one  boon 
l)uill .  As  the  motor  was  to  be  employed  for  driving  a  pump, 
i.lie  reciprocating  engine  at  niorlerate  spssd  possessed  many 
advantages  over  the  turbine.  Mr.  Haines  was  quite  certain 
from  his  preliminary  studies  t liat  lie  could  construct  an  engin? 
of  about  20  h.p.  capacity  which  would  produce  a  brake  horse- 
power with  less  than  401bs.  of  steam  per  hour.  Several 
attempts  were  made  before  final  success  was  attained  ；  in  one 
of  which  atietnpts  the  entire  cylinder  and  head  were  lined  with 
Hoapstoiie  in  older  to  reduce  the  heat  losses.  Altliougli  lliis 
experiment  was  very  expensive,  it  did  not  accomplish  tlie 
desired  result.  Mr.  Shuman  only  proved  by  tliat  experiment 
what  was  already  well  known  to  scientific  men,  namely,  that 
the  principal  loss  of  heat  in  the  steam  engine  is  due  to  tlie 
deposit  and  re-evaporation  of  a  film  of  water  on  the  interior 
walls  and  not  to  the  loss  of  heat  through  a  good  conducting 
material . 

The  Fn^jne.  ― In  geiiend  appearaiu-e  llie  engine  is  not 
greatly  different  from  other  engines  of  sinnlar  size,  except  that 
its  working  parts  are  light  and  it  is  provided  with  a  rather 
long  coiuiecting  rod -  It  has  an  overliung  crank  and  an  (m" 
board  hearing.  Its  i^eneral  appearance  is  shown  iti  Fig.  1.  It 
can  be  turned  mulily  by  hand,  showing  that  tlie  friction  loss 
is  small. 

Two    eccentrics    are  used 

  wliicli  d rive  rocker  arms,  one 

of  which  operates  the  steam 
valves,  and  the  other  the  ex- 
haust valves.  Generally  speak- 
ing, the  valves  are  constructed 
so  as  to  reduce  the  clearance 
space  to  the  lowest  possible 
limit.  The  steam  admission 
valves,  two  in  muaber，  are  of 
the  slide  valve  type,  arranged 
to  move  parallel  to  the  axis  of 
the  cylinder  on  a  curved  seat  con- 
centric with  the  cylinder.  This 
design  afforded  steam  ports  with 
an  opening'  20  per  cent,  of  the 
piston  area.  These  are  on  the 
top  part  of  the  barrel  of  the 
cylinder  near  each  end,  and  are 
provided  by  tliis  construction 
■with  extremely  short  passages 
into  the  cylinder,  thus  making 
a  small  clearance  loss. 

The  exliaust  valves  in  this 
construction  are  especially 
novel  ；  they  consist  of  thin 
steel  plates  situated  inside  the 
cylinder  heads  and  are  vibrated  in  a  plane  perpendicular  to 
the  axis  of  the  cylinder.  Such  valves  are  extremely  unusual  iii 
the  construction  of  steam  engines  and  their  oneration  was 
studied  with  a  great  deal  of  interest.  In  structure  the  valve  is 
a  flat  thill  disc  provided  with  slots  which  are  made  to  register 
with  corresponding  openings  in  the  seat  by  the  action  of  the 
valve-moving  mechanism.  It  worked  smoothly  during  the 
test  ；  it  was  tight,  and  its  continued  use  apparently  increased 
its  tightness Tlie  fact  that  it  was  very  thin  and  that  it  was 
lieW  in  position  by  the  pressure  inside  the  cylinder,  doubtless 
explains  why  the  results  were  so  good.  Tlie  area  of  tlie 
exhaust  ports  when  open  is  very  large,  amounting  to  35  per 
cent,  of  the  piston  area. 

The  test  of  this  plant  was  conducted  at  Tacony,  Perm.,  bv 
Prof.  W.  M.  Sawdoii  and  myself.  Because  of  the  fact  that 
the  steam  pressure  was  very  low  and  that  the  work  was  done 
almost  exclusively  with  less  than  atmospheric  oressure,  tlie 
method  of  testing  which  had  to  be  adopted  was  quite  unusual. 
The  engine  was  arranged  to  exliaust  into  a  surface  condenser 
connected  to  a  vertical  air  pump.  Tlie  water  of  coiideii&atiou 
was  delivered  by  a  special  hot-well  pump  into  one  of  two 
tanks,  which  were  placed  on  weighing  scales  and  provided  with 
suitable  pipe  connections  and  valves  so  that  one  could  be  fill- 
ing wliile  the  other  was  emptying.  The  hot-well  iniinp  was 
provided  with  a  governor  for  maintaining  a  constant  level  in 
til©  hot-well.    Observations  of  the  water  level  were  also  taken 
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line  extending  from  the  main  steam  pipe  to  an  auxiliary 
receiver,  on  which  the  same  vacuum  was  maintained  as  on 
the  engine,  and  through  which  a  fair  sample  of  steam  could 
be  drawn  by  suction.  The  quality  of  the  steam  in  most  of 
the  tests  wliich  I  conducted  did  not  differ  greatly  from  96  per 
cent.  In  a  few  of  the  tests  comlucted  with  very  low  pressures 
tlie  quality  approximated  90  per  cent. 

Indicator  diagrams  were  taken  during  the  test,  special 
springs  being  carefully  calibrated  for  the  pressure  conditions 
under  which  they  were  operated.  Fig.  2  represents  the  type 
of  indicator  diagram  which  was  obtained  when  the  entering 
steam,  as  measured  in  the  receiver,  was  about  ilb.  above  that 
of  the  atmosphere.  Fig.  3  represents  the  form  of  diagram 
when  the  initial  steam  in  the  receiver  was  about  71bs.  less 
than  that  of  the  atmosphere.  On  both  the  diagrams  sub- 
mitted, a  saturation  curve  is  drawn  as  a  reference  line.  It 
will  be  noted  that  the  expansion  line  is  a  long  distance  from 
the  saturation  curve  at  tlie  point  of  cut>off，  especially  for  tlie 
case  of  the  higher  steam  pressure.  However,  it  will  be  noted 
tliat  these  lines  intersect  before  release,  indicatine^  that  the 
moisture  during  expansion  had  re-evaporated. 

With  steam  about  lib.  above  atmospheric  pressure  and 
with  a  vacuum  of  28in.,  the  engine  required  3r61bs.  of  steam 
per  brake  horse-power  hour.  With  the  same  steam  pressure, 
but  with  a  vacuum  of  28'8in.,  steam  consumption  was  28'81bs. 
per  brake  horse-power  hour.  These  two  tests  indicate  the 
very  material  effect  of  a  high  vacuum  under  such  conditions 
of  pressure.  With  a  steam  pressure  of  about  81bs.  absolute 
(6*75  below  atmosphere)  and  2 Tin.  vacuum,  37'81bs.  of  steam 
were  required  per  brake  horse-power  hour.  With  the  same 
steam  pressure,  but  with  a  vacuum  of  28'66in.,  35'71bs.  of 
steam  were  required  per  brake  horse-power  hour.  As  com- 
pared with  the-  Rankine  cycle,  the  efficiencies  vary  from  43'8 
to  52*4  per  cent. ,  depending  on  the  load  and  steam  pressures. 
On  the  whole,  the  results  will  certainly  compare  favourably 
with  any  published  results  of  any  small  steam  turbines  which 
I  have  &&en -  An  independent  test-  of  the  same  engine  was 
made  by  E.  P.  Haines  a  few  weeks  previous  to  the  tests  made 
under  my  supervision,  and  these  tests  showed  substantially 
the  same  results. 

Mr.  A.  S.  E.  Ackcirmann,  of  London,  made  a  series  of  inde- 
pendent tests  on  this  engine  a  few  months  later  than  those 
which  I  have  reported.  Mr.  Ackermauii  sent  me  the  general 
results  of  his  tests  and  also  a  diagram  on  wliich  he  had 
plotted  his  results  and  those  wliich  I  obtained.  Ilis  diagram 
is  appended  (Fig.  4).  This  diagram  was  constructed  by  using 
the  total  brake  horse-power  as  abscissas  and  the  total  water 
consumption  as  oi'dinaies.  The  plotted  results  all  fall 
remarkably  near  a  straight  line.  The  fact  tliat  the  results 
of  the  tests  of  many  kinds  of  prime  movers,  when  plotted  in 
a  similar  way,  fall  in  a  straight  line,  lias  been  proved  by 


nunierous  experniients,  and  this  ein])incal  law  is  for  tins 
reason  a  great  aid  in  deternuiiing  the  ；" vunu'v  of  iiulepeiulent 
tests  made  on  the  same  oriiii?  mover,  Tlie  fact  that  iii v 
tests  and  Mr.  Arkerniamrs  fall  on  the  same  straight  line  indi- 
cate the  substantial  accuracy  of  both  series  of  tests.  The 
straight  line  wliit-h  rharorterisc^s  results  plotted  as  explaine<l 
is  frequently  referre<l  to  as  Willan  s  line.  The  diagram  also 
shows  the  steam  per  brake  horse-power  per  hour  for  different 
load  coTiditions, 


Colliery  Ca^c  Mishap.  An  accident  occurred  at  the  New 
Wat  nail  Collierv  on  the  1  Itli  inst tluougli  a  supposed  rase  of 
over-windiiiiT.  Fourteen  workers  we  re  in  tlie  rage,  and  had 
an  unpleasant  experience  as  it  iieare<l  tlie  bottom  of  the  shaft, 
wliirli  it  struck  with  some  force. 


Figs.  2  and  3.— Typical  Cakds  fiiom  thk  Shuman-Haines 
Low-pREssunK  Engine. 

connecting  the  drain  pipe  to  an  auxiliary  receiver,  which  was 
connected  to  the  suction  side  of  the  air  pump  and  thereby  kept 
under  vacuum. 

The  steam  pressure  was  measured  by  a  U-tube  inercui'y 
manometer  attached  to  the  steam  pipe  near  the  steam  chest. 
This  was  kept  as  nearly  constant  as  possible  by  hand  regula- 
tion of  the  live-steam  valve  controlling  the  admission  of  steam 
into  the  large  receiver.  The  vacuum  was  measured  by  a 
cistern  mercury  manometer  connected  to  the  condenser.  The 
temperature  of  the  steam,  was  taken  by  a  thermometer  placed 
in  the  steam  pipe  near  the  cylinder.  Tlie  temperature  of  the 
exhaust  was  taken  by  a  thermometer  well  in  the  exhaust  near 
the  cylinder.  In  general,  all  therm ometers  and  pressure 
gauges  were  very  carefully  compared  with  standards  before 
and  after  the  test,  and  the  results  corrected  as  necessary. 

Ill  order  to  guard  against  any  water  vapour  in  tlie  dis- 
charge from  the  air  pump  which  should  have  been  charged 
against  the  engine,  it  was  condensed,  by  dischargiug  through 
a  long  pipe  extending  some  distance  outside  the  building. 
It  then  passed  through  a  trap,  was  weighed  and  considered 
as  steam  consumed  by  the  entwine.  A  gasometer  was  also 
placed  ill  the  air-pump  discharge,  and  so  arranged  that  tlie 
volume  of  air  pumped  in  a  given  length  of  time  could  1)? 
measured. 

Quality  det^nninations  of  tlie  steam  eut-ering  the  rylimler 
were  necessary  in  order  to  obtain  accurate  results,  for  tlie 
reason  that  tlie  steam  supplied  to  the  main  receiver,  as  already 
noted,  contained  a  considerable  amount  of  moisture.  This 
problem  was  a  very  unusual  one,  as  it  required  the  deter- 
mination of  the  moisture  in  the  sUaiii  supplied  at  atniosplierif, 
or  less  than  atmospheric,  pressure.  In  the  tests  made,  the 
steam  pressure  varied  from  slightly  above  atmospheric  pres- 
sure to  about  71bs.  below.  ^ 

The  scheme  of  arranging  a  calorimeter  for  working  under 
such  conditions  was  quite  original,  and  was  worked  out  in 
detail  by  Prof.  Sawdon.  The  results  which  were  obtained 
were  proved,  1)、'  subsequent  t^sts.  to  be  quite  accurate.  A 
separating  calorimeter  was  co]iiie<-t<^(l  in  an  auxiliary  steam 


by  means  of  a  glass  gauge,  and  a  correction  applied  for  diffe- 
rences of  level  whenever  necessary. 

The  engine  took  its  immediate  steam  supply  from  a  receiver 
24in.  by  42in.  The  receiver  was  supplied  with  live  steam 
from  a  low-pressure  solar  boiler  situated  in  another  building 
and  some  distance  away,  and  it  also  received  the  exhaust 
steam  from  the  air  pump  which  produced  the  vacuum  on  the 
system.  Tlie  live-steam  connection  from  tlie  boiler  was  pro- 
vided with  a  valve,  by  means  of  which  the  pressure  was  main- 
tained constant  by  hand  regulation.  The  main  supply  pipe 
was  exposed  to  the  weather,  which  was  quite  cold  at  the  time 
of  the  test  ；  as  a  result  a  considerable  amount  of  water  dis- 
cliarged  into  the  receiver  from  both  sources  of  steam  supply, 
tlie  height  of  which  was  determined  by  a  glass  gauge  and  was 
regulated  by  a  valve  on  a  drain  pipe.  During  some  tests  it 
was  sometimes  desirable  to  drain  tlie  receiver  when  the  pres- 
sure was  less  than  atmospheric  ；  this  was  accomplished  by 
/  W  M  Crank  End 
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REPORT  ON  A  DISASTROUS  LOCOMOTIVE  BOILER 
EXPLOSION. 

The  official  repoH  has  just  been  issued  on  the  disastrous 
locomotive  boiler  explosion  which  occurred  at  San  Antonio, 
Texas,  on  March  18th  last,  and  of  which  brief  particulars, 
accompanied  with  photo  views,  were  given  in  our  issue  of 
April  26th  (see  page  507  ante).  The  report  was  coTiducted  on 
behalf  of  the  Interstate  Commerce  Commission  by  Mr,  John 
F.  Ensign,  chief  of  the  Federal  Locomotive  Boiler  Inspection 
Bureau,  and  his  assistants,  and  is  reproduced  in  part  as 
follows  : —— 

The  engine,  No.  704，  belonged  to  the  Galveston,  II arris- 
burg,  and  San  Antonio  Railway,  and  exploded  while  standing 
on  a  yard  track  just  outside  the  company's  engine-house  at 
San  Antonio,  Texas,  the  result  being  the  (leatlis  of  26  persons, 
serious  injury  to  32  others,  and  the  moi'e  or  less  complete 
wreckage  of  all  of  the  buildings  in  the  immediate  vicinity  of 
the  accident. 

The  locomotive  was  a  heavy  passenger  one  of  4 ― 6 ― 0 
type,  using  crude  oil  for  fuel.  Ifc  was  built  in  March,  1908， 
by  the  American  Locomotive  Company.  The  firebox  was  of 
three-piece  construction  crown-bar  type.  The  working  steam 
pressure  was  2001bs.  per  square  inch.  The  barrel  of  the 
boiler  was  made  of  steel  ^iii.  in  thickness  in  three  sections  or 
courses,  constructed  with  butt  longitudinal  joints  with 
diamond-shaped  welts.  The  dome  was  located  on  the  third 
course.  The  wrapper  sheet  was  j|in.  steel,  the  back  head  sheet 
^in.  steel,  the  back  flue  sheet  ^in.  steel,  and  the  firebox  door 
sheet,  crown,  and  side  sheets  gin.  steel.  The  firebox  was 
stayed  with  rigid  bolts  of  ^in.  diam .  at  ends,  reduced  to  fin. 
at  centre  of  bolts,  four  rows  of  Tate  flexible  bolts  of  lin. 
diam.  at  top  of  firebox  and  two  rows  at  each  end,  staggered 
at  top  corners.  The  crown  bolts  were  driven  fit  with  counter- 
sunk heads,  l^iu.  diam.  at  the  bottom  end  and  lin.  diam.  at 
the  top  end,  extending  tlirougli  crown  bars  witli  nuts  on  top. 
The  crown  sheet  was  supported  by  15  crown  bars,  which  were 
supported  from  wrapper  sheet  by  168  sling  stays,  fin.  by  3in., 
and  12  sling  stays  Jin.  by  2f in.  The  flues,  numbering  355， 
were  of  2in.  diam.  The  boiler  was  equipped  with  three  Sin. 
Crosby  safety  valves.  The  locomotive  had  been  in  shop  for 
several  days,  and  was  being  prepared  for  service. 

At  the  time  of  the  explosion  an  employe  of  the  railway 
company  was  engaged  in  setting  the  safety  valves.    The  force 
of  the  explosion  was  such  that  the  boiler  was  literally  torn 
to  pieces.    One  piece,  consisting  of  wrapper  sheet  21ft.  4in. 
wide  and  10ft.  9in.  long,  with  12ft.  of  mud  ring  4Ain.  by 
5in.  attached  to  the  same,  as  well  as  the  dome  and  a  portion 
of  the  dome  course  5ft.  9in.  by  14ft. ，  together  with  a  portion 
of  the  second  course,  the  total  weight  aggregating  approxi- 
mately 16，0001bs.，  was  carried  ahead  and  to  the  right  a  dis- 
tance of  about  1,200ft.    The  boiler  head,  which  was  6ft.  6in. 
wide,  and  8ft.  in  height,  weighing  approximately  1 ,2501bs., 
was  hurled  in  the  opposite  direction_  a  distance  of  1,200ft., 
passing  through  the  back  and  side  walls  of  a  two-storey  frame 
residence.      A  part  of  tlie  first  course,  the  weight  of  which 
was  approximately  9001bs.，  was  also  carried  ahead  and  to  the 
right  a  distance  of  about  2,250ft.,  and  was  buried   in  the 
ground  over  5ft.    A  piece  of  tlie  second  course,  60in.  by  72in., 
weighing  about  9001bs.,  was  blown  tlirougli  the  walls  of  the 
blacksmiths'  shop  and  fell  about  75ft.  from  the  scene  of  the 
accident.    The  remaining  portion  of  the  boiler,  consisting 
of  the  sinokebox  and  front  flue  sheet,  a  part  of  the  first,  second, 
and  third  courses  and  throat  sheet,  also  the  back  flue  sheet 
and  about  150  flues,  were  torn  from  the  locomotive  frame, 
falling  bottom  upward  about  25ft.  forward  from  where  the 
locomotive  had  been  standing.    The  crown  sheet  with  flange 
of  flue  sheet'  and  one-half  of  the  door  sheet  were  blown  down 
between  the  frames,  as  were  also  the  side  sheets  of  firebox. 
Six  crown  bars  remained  attaclved  to  the  crown  sheet,  the  rest 
of  the  crown  bars,  nine  in  number,  being  torn  away  from  the 
crown  sheet  and  wrapper  sheet.    The  side  sheets  were  torn 
into  three  pieces  approximating  2001bs.,  5001bs.，  and  GOOlbs. 
in  weight,  respectively.      Both  of  tlie  driving  wheels  were 
forced  off  tlie  back  axle,  which  was  broken  about  2in.  inside 
of  the  right  wheel  centre  and  6iu.  from  the   end  thereof. 
Both  of  the  main  driving  wheels  were  started  on  tlie  axle, 
the  frames  bent  and  twisted,  both  piston  rods  and  the  top 
of  the  cylinder  saddle  were  broken .    The  tender  was  broken 


from  the  locomotive  and  blown  backward  about  100ft.  Tiie 
property  damage  was  estimated  to  be  about  <£9,450 ― £2,400 
to  ilic  locomotive  and  ,£7，0'「)（）  to  buildings. 

The  evidence  tendered  at  the  enquiry  brought  out  tlie 
following  facts  :  Locomotive  was  out  of  service  from  February 
2 1st  to  March  18th,  1912,  for  repairs,  during  which  time  the 
following  boiler  work  was  done  :  Two  hundred  flues  reset,  one 
back  head  brace  repaired,  one  front  flue  sheet  brace  and  two 
throat  stays  repaired,  eight  stay  bolts  removed,  safety  valves 
ground  in,  steam  gauge  tested  and  hydrostati (；  test  of  2501bs. 
pressure  per  square  inch  applied.  Repairs  were  completed 
about  5-45  p.m.,  March  17ili,  and  the  locomotive  fi red  up, 
but  no  steam  was  raised.  The  locomotive  was  again  fired  up 
about  6-10  a.m.,  March  18th.  Safety  valves  first  opened  at 
7-30  a.m.,  at  which  tinie  steam  gauge  registered  50U)s.  pres- 
sure. Safety  valves  were  screwed  down  and  again  opened  at 
about  8  a.m.,  when  gauge  registered  ISOlbs.  pressure.  There 
is  no  evidence  indicating  that  the  safety  valves  opened  at  any 
time  subj^equent  to  8-0  a.m.  Tlie  locomotive  had  a  heavy 
forced  oil  fire  from  8-0  to  8-55  a.m.,  at  which  time  the  explo- 
sion occurred. 

An  employe  of  the  railroad  company  was  engaged  in  set- 
ting the  safety  valves  at  the  time  of  the  explosion,  and 
although  the  evidence  showed  the  gauge  had  been  tested,  there 
was  no  evidence  that  the  siphon  pipe  leading  from  gauge  to 
boiler  had  been  cleaned  between  the  valve  and  tlie  boiler, 
which  is  the  point  where  it  would  be  most  likely  to  be 
obstructed  ；  neither  is  there  any  evidence  to  show  that  the 
valve  was  open. 

The  damage  to  the  boiler,  as  well  as  tlie  direction  in  which 
the  various  parts  of  tlie  boiler  were  blown,  indicates  con- 
clusively that  the  firebox  sheets  were  the  first  to  give  way,  as 
the  boiler  head  was  blown  backward  and  all  other  parts  of 
the  boiler  were  blown  forward,  the  flues,  flue  sheets,  and 
smoke  arcli  being  simply  turned  over  forward  and  thrown  to 
the  left,  while  the  wrapper  sheet  with  a  part  of  the  dome 
course  with  the  dome  attached  and  other  pieces  of  the  shell 
sheets  were  blown  for  long  distances  forward  and  to  tlie  right- 
Owing  to  the  damaged  condition  of  the  safety  valves  ami 
inability  to  recover  the  springs  and  valves,  a  test  thereof 
could  not  be  made.  The  castings  with  the  adjusting  screws 
were  found,  one  of  which  had  no  lock  nub  on  it.  Tlie  hexagon- 
shaped  heads  on  the  adjusting  screws  liad  the  corners  twisted 
off,  after  which  a  Stillson  or  pipe  wrench  had  apparently 
been  used  in  aii  effort  to  screw  them  down  further.  One  of 
the  adjusting  screws  was  bent  and  the  bottom  end  was  upset 
or  burred  by  the  pressure  that  had  been  put  on  it  .  The  con- 
dition of  the  threads  on  the  adjusting  screws  indicated  that 
they  had  been  recently  screwed  down  more  than  |in. 

A  careful  examination  of  the  crown-bar  sling  stays  showed 
that  they  were  made  of  wrought  iron,  while  the  specifications 
called  for  steel.  Tlie  sling  stays  were  badly  stretclied  and 
reduced  in  section  at  the  eyes  where  they  failed,  indicating  a 
gradual  rise  of  pressure  in  the  boiler.  Five  lin.  bolts  were 
used  to  attach  the  sling  stays  to  the  crown  bars  and  to  tlie 
wrapper  sheet,  where  l^in.  bolts  should  have  been  used  ； 
1  Jin.  bolts  were  specified  on  the  drawings,  except  on  the 
front  crown  bar,  where  lin.  bolts  were  specified.  The  crown 
bars  in  this  boiler  were  not  supported  on  the  sides  of  the 
firebox,  as  was  customary  in  the  older  type  of  crown -bar 
boilers,  therefore  all  the  support  was  from  the  sliug  stays. 

Five  crown-bar  sling  stays  taken  from  the  locomotive  were 
tested  by  the  United  States  Bureau  of  Standards  to  det-erniiiie 
the  load  the  stays  would  support  when  liii.  and  also  when 
1  ^in .  bolts  were  used .  The  bolts  used  in  making  these  tests 
were  those  which  were  in  use  in  the  boiler  at  the  time  of  the 
explosion.  Two  stays,  tested,  with  lin.  bolts,  failed  with  a 
total  load  of  26,6501bs.  and  21,8401bs.,  respectively.  Three 
stays,  tested  with  l|in.  bolts,  failed  with  a  total  load  of 
30,b001bs.,  33，8901bs.，  and  31，6201bs.，  respectively.  Using 
21 ,840Ibs.  as  tlie  strength  of  the  sling  stays  having  lin.  bolts, 
we  find  the  stays  had  a  factor  of  safety  of  only  12"67,  and 
using  the  highest'  test  figure  of  26,6501bs.,  we  ixud  the  factor 
of  safety  to  be  only  3'26.  Calculation  shows  that-  sling  stays, 
fitted  with  l-|-in.  bolts,  had  factors  of  safety  of  from  3*67  to 
4'15.  The  tensile  strength  of  the  material  in  the  sling  stays 
was  shown  by  test  to  be  43,2001bs.  to  48,o001bs.  per  square 
inch,  and  the  elongation  18  to  40*5  per  cent,  in  2in.  Tests 
of  the  sling  stays  show  that  the  failure  was  caused  by  the  bolt 
holes  being  drilled  too  near  the  ends  of  the  stays. 
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Eighty-six  stay  bolts,  nine  of  which  were  in  left  side,  63  in 
right  side  sheet,  and  14  in  flue  sheet,  were  found  broken  at 
the  wrapper  sheet  and  adhering  to  the  firebox  sheets.  Twenty- 
six  of  these  stay  bolts  were  found  to  have  been  fractwred, 
"-， partly  broken  before  the  explosion.  The  remaining  60 
were  in  such  condition  that  it  cannot  be  positively  stated 
that  they  were  fractured  prior  to  the  accident,  but  the  fact 
that  they  broke  at  the  wrapper  sheet  and  did  not  pull  through 
the  firebox  sheets  indicates  a  defective  condition.  Three 
stay  bolts  taken  from  the  boiler  were  tested  by  the  United 
States  Bureau  of  Standards,  and  the  material  was  found  to  be 
0 r  good  quality. 

The  steam  gauge  and  its  connections  were  destroyed,  so 
that  an  inspection  of  them  could  not  be  made,  but  it  is  pro- 
bable that  the  steam  gauge  did  not  indicate  the  correct  pres- 
sure. This  could  be  caused  by  a  defective  gauge  or  some 
obstruction  in  the  siphon  pipe,  or  by  a  valve  in  the  sij)lion 
pipe  being  closed,  or  nearly  so.  An  inspection  of  a  locomo- 
tive of  the  same  class  disclosed  the  fact  that  it  had  two  valves 
in  the  siphon  pipe.  When  these  valves  were  open  the  handle 
of  one  formed  a  right  angle  with  the  pipe  and  the  other  was 
parallel  witli  the  pipe.  This  arrangement  of  valves  is  very 
confusing  and  creates  a  dangerous  condition,  in  consequence 
of  wliicli  one  of  them  was  ordered  to  be  removed.  It  is  not 
k uown  whether  or  not  such  an  arrangement  of  valves  existed 
oil  the  locomotive  which  exploded. 

Tlie  evidence  shows  that  the  law  and  the  rules  governing 
the  inspection  of  locomotive  boilers  were  disregarded  by  the 
railway  company's  inspector  and  tlie  officials  in  charge  of 
such  work  at  this  point  in  the  matter  of  making  and  properly 
certifying  to  the  reports  required  by  law.  A  report  stating 
that  the  safety  valves  had  been  set  was  sworn  to  on  March 
1 6th,  1912，  by  the  railway  company's  inspector  and  the 
roundhouse  foreman  who  signed  it  as  the  officer  in  cliarge  of 
such  work.  The  evidence  shows  conclusively  that  the  safety 
valves  had  nob  been  set  at  that  time,  and  as  a  matter  of  fact 
it  was  while  this  work  was  being  clone,  on  March  18th,  that 
tlie  explosion  occurred.  The  evidence  also  shows  that  the 
inspector  failed  to  witness  the  testing  of  the  steam  gauge-  and 
that  the  injectors  had  not  been  tested  at  the  time  this  report 
was  made  out,  notwithstanding  which  facts  he  certified  under 
oath  that  this  work  had  been  done. 

The  opinion  was  expressed  at  the  investigation  that  nitro- 
glycerine or  some  other  high  explosive-  was'  used ,  but  nothing 
was  found  to  support  such  an  assertion.  The  question  has 
been  raised  by  those  who  suggested  this  theory  as  to  whether 
excessive  steam  pressure  could  cause  such  complete  destruction 
of  a  boiler.  The  most  violent  explosions  on  record  have  been 
caused  by  excessive  steam  pressure.  The  destructive  effects 
of  boiler  explosions  are  not  caused  by  the  steam  alone  which 
is  contained  in  the  steam  space  at  the  instant  the  initial  rup- 
ture occurs,  but  is  due  to  the  enormous  quantity  of  steam 
which  is  instantly  generated  from. the  water  contained  in  the 
boiler.  In  the  case  of  this  locomotive  the  water  level  was 
high,  the  pressure  very  high,  and  the  explosion  terrific. 
Careful  calculations  show  thai  the  stored  energy  in  the  boiler 
at  the  bursting  pressure  of  the  barrel  was  sufficient  to  raise 
the  boiler  approximately  a  mile  high.  The  flues  and  firebox 
sheets  show  no  indications  of  having  been  overheated,  and  the 
evidence  showed  that  there  were  three  gauges  of  water  at  the 
time  of  the  explosion. 

It  is  our  conclusion  that  this  explosion  was  due  to  excessive 
steam  pressure,  which  was  caused  by  an  employe  of  llie  Gal- 
veston, Harrisburg,  and  San  Antonio  Railway  Company 
tightening  the  adjusting  screw  of  the  safety  valves,  resulting 
in  an  accumulation  of  steam  pressure  beyond  the  endurance 
of  the  boiler.  Tests  made  of  the  parts  of  the  boiler  、vliu'li 
evidently  failed  first  demonstrate  that  llie  pre:?sure  on  t  he 
boiler  at  tlie  time  of  the  explosion  was  greatly  in  excess  of 
the  allowed  working  pressure.  Therefore  the  steam  gauge, 
either  on  accoimt  of  the  gauge  itself  being  defective  or  an 
obstruction  in  the  siphon  pipe  between  the  gauge  and  tlie 
boiler,  did  not  correctly  indicate  the  pressure.  The  railroad 
company  was  at  fault  in  requiring  or  permitting  inspections 
and  reports  to  be  made  in  a  manner  、vhidi  was  not  in  acrord- 
ance  with  tlie  law,  and  in  allowing  such  important  and  respon- 
sible work  as  setting  safety  valves  to  be  performed  by  an 
employe  of  wliose  experience  and  judgment  the  t-estimony 
shows  they  knew  practically  nothing,  and  in  keeping  a  boiler 


in  service  for  which  the  factor  of  safety  as  shown  by  test  was 
below  the  recognised  standard. 

The  rules  governing  the  inspection  of  locomotive  boilers, 
setting  of  safety  valves,  testing  of  gauges,  and  similar  work 
are  sufficiently  comprehensive  to  ensure  safety  if  properly 
and  int/elligently  complied  with.  However,  in  endeavouring 
to  obviate  a  recurrence  of  an  accident  of  this  character  the 
necessary  action  has  been  taken  making  the  use  of  two  steani 
gauges  obligatory  when  setting  safety  valves,  one  of  which 
must  be  so  connected  that'  it  is  in  full  view  of  the  person 
engaged  in  setting  such  safety  valves.  Similar  action  has  also 
been  taken  requiring  the  siphon  pipe  and  its  connections  to 
tlie  boiler  to  be  cleaned  each  time  the  gauge  is  tested. 


ELECTRICAL  HAULAGE  IN  MINES. 

At  a  joint  meeting  of  t  he  Yorkshire  branches  of 
the  National  Association  of  Colliery  Managers  and  the 
Association  of  Mining  EleHrical  Engineers,  m'ently 
lield  at  Leeds,  a  lecture  on  "  Electrical  Haulage  in 
Mines  ，,  was  de-live  red  by  Mr.  W.  C.  Mountain,  in 
the  course  of  wliicli  he  dealt  with  tlie  three  systems  oi 
haulage —— main  rope,  main  ami  tail,  and  endless  rope.  Com- 
paring the  two  latter,  he  said  that,  assuming  it  was  necessary 
to  bring,  in  10  hours,  600  tons  from  a  distance  of  a  mile  in -bye, 
280  li -p.  would  be  required  for  maiu  and  tail  haulage,  and 
75  h.p.  for  the  endless  rope  system.  In  choosing  a  system, 
they  had  to  be  guided  largely  by  circumstances,  but  points  to 
bear  in  mind  were  that  with  the  main  and  tail  system  tliev 
had  to  deal  with  a  load  consisting  of  the  weight  of  the  ro[>e, 
weight  of  the  tubs,  and  weight  of  tlie  coal  ；  while  with  endless 
rope  the  tubs  balanced,  the  rope  was  practically  balanced, 
and  all  they  had  to  deal  with  was  the  net  weight  of  the  coal 
which  they  were  moving,  plus  the  friction  of  the  rope.  As 
to  comparative  cost  of  working,  lie  quoted  two  examples :  A 
colliery  dealing  with  4,000  tons  per  day  on  the  main  and  tail 
system,  where  20  men  were  required  iu  the  tub  shop  to  keep 
the  tubs  in  repair,  and  another  dealing  with  3,000  tons  per 
day  on  the  endless  rope  system,  where  only  five  men  were 
required  for  tub  repairs.  The  life  of  the  rope  was  one  year 
oil  the  main  and  tail  system,  and  3^  years  with  endless  rope, 
which  went  to  show  that  the  constant  running  on  the  endless 
rope  plan  was  much  easier  on  the  rope  than  on  the  main  and 
tail  system.  He  was  not  one  of  those  advocates  of  elec- 
tricity who  thought  it  should  go  everywhere.  He  did  not 
think  it  should  be  put  iu  places  iu  a  mine  where  there  was 
likely  to  be  sufficient  gas  to  cause  an  explosion.  Prevention 
was  better  than  cure.  However  well  they  made  their  elec- 
trical machinery  and  totally  enclosed  it,  there  was  the  personal 
element  to  be  considered.  There  were  thousands  of  places 
in  mines  where  electricity  could  be  used  with  perfect  safety, 
but  it  was  a  mistake  to  try  to  spread  it  too  far  and  run  the 
risk  of  an  explosion  by  putting  motors  in  unsafe  places.  For 
such  places  he  reconinieiidecl  compressed  air,  placing  the 
compressors  as  near  as  practicable  to  the  haulages,  and  driving 
tliem  by  electric  motors.  He  advocated  electric  controllers 
where  they  could  be  satisfactorily  used,  in  preference  to  oil  or 
metallic  controllers. 


The  Cracking  of  Crane  Hooks, 一 In  a  recent  is^ue  of  "  Stalil 
iiiul  Eisen  *"  reference  is  made  to  the  cracking  of  t  raue  hooks. 
In  one  particular  case  the  hook  links  at  tlie  sides  of  a  yoke  for 
carrying  ladles  of  molten  ^-eel  showed  cracks  on  the  side  facing 
the  ladles,  but  the  cracking  developed  only  in  those  hooks 
nearest  the  open  end  of  the  furnace  building  and  thus  exposed 
to  the  weather.  The  cracking  was  thought  to  be  due  to  the 
combination  of  local  heating  from  radiation  from  tlie  iron  and 
the  chilling  from  exposure  to  the  weather.  A  steel  of  mode- 
rately hard  struct ural  grade,  which  had  been  purified  bv  the 
addition  of  silicon,  was  employed  for  the  hooks,  and  the  con- 
clusion was  drawn  that  a  softer  steel  without  the  additional 
silicon  should  be  used  for  these  hooks.  It  was  also  stated  that 
in  similar  cases  very  coarse  crystal  formation  results  from  local 
heating,  and  a  case  where  the  side  of  a  ladle  hook  cracked  was 
reported.  Frequently  tlie  hooks  are  found  to  be  highly 
brittle  and  break  under  side  shook  even  wlieii  not  subjected  to 
a  load. 
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METHOD  OF  STARTING  GAS  ENGINES. 

A  METHOD  of  starting  gas  and  other  internal -combust ion 
engines  in  which  a  succession  of  charges  of  petrol  or  other 
in  flammable  liquid  are  introduced  into  tlie  cylinder  or  into  tlie 
space  behind  the  piston  and  exploded  by  suitable  ignition  gear 
has  recently  been  patented  by  Mr.  A.  R.  Bellamy,  Spittlegate 
Iron  Works,  Graiitliani.  With  this  method  not  only  is  a  start- 
ing impulse  obtained,  but  also  a  number  of  subsequent 
impulses,  thus  rendering  the  starting  of  the  motor  easy  and 
positive.  Fig.  1  is  a  sectional  side  elevation  of  an  internal- 
combustion  engine  illustrating  the  met  hod  of  starting  by  intro- 
ducing the  petrol  through  the  open  charge  valve.  Fig.  2  is  a 
vertical  section  of  the  charge  valve  lantern  drawn  to  a  larger 
scale  and  showing  a  second  charge  of  petrol  being  introduced 


FIG.  2、, 


Al'.KANGEMENT  FOR   STARTINO   GAS  ENGINES. 

on  to  the  top  of  the  closed  charge  valve.  Fig.  3  is  a  sectional 
side  elevation  illustrating  the  method  of  int  roducing  the  charge 
of  petrol  from  a  pump  to  the  diarge  valve.  Fig.  4  is  an  eiul 
elevation  showing  the  method  of  operating  the  pump  from  the 
cam  shaft  of  t  he  engine. 

Referring  first  to  Fig.  1，  A  is  the  cylinder  of  the  gas  engine 
having  its  crank  B，  connecting  rod  C，  and  piston  D  placed  in 
the  position  to  obtain  the  most  effective  initial  stroke  when 
starting  from  rest.  E  is  the  combustion  chamber  and  F  is  the 
cliarge  valve,  which  is  shown  held  open  by  means  of  the  wedge 
G，  so  that  a  charge  of  petrol  can  be  introduced  by  liaiul 
through  the  orifice  H  on  to  the  top  of  the  charge  valve  F  past 
the  seat  of  the  valve  and  into  the  combustion  chamber  E  as 
illustrated.  After  the  charge  of  petrol  has  entered  the  com- 
bustion chaniber  E  the  wedge  G  is  withdrawn  and  the  charge 
valve  F  is  closed  by  the  action  of  the  spring  S.  Another  charge 
of  petml  is  tlien  introduced  on  to  the  top  of  the  charge  valve  F 
as  illustrated  in  Fig.  2.  This  charge  of  petrol  will  enter  the 
combustion  chamber  E  and  cylinder  A  as  soon  as  the  charge 
valve  opens  on  the  suction  or  charging  stroke.  The  first  charge 
of  petrol  in  the  cylinder  A  has  in  the  meantime  formed  an 
explosive  mixture  by  mixing  with  the  air  in  the  cylinder  A  and 
it  is  ignited  by  operating  the  magneto  by  hand,  and  tlie  first 
impulse  is  given  to  tlie  engine.  On  the  crank  B  making  one 
revolution  the  second  charge  of  petrol  which  is  lying  on  the 
outside  of  the  charge  valve  F  is  drawn  together  with  air  into 
the  combustion  chamber  E  and  the  cylinder  A  by  the  action  of 
tlie  piston  I)  and  fornung  an  explosive  mixture  is  compressed 
and  exploded  by  the  action  of  the  engine  and  a  start  is  thus 
effected. 

Fig.  3  shows  an  arrangement  whereby  further  cliarges  of 
petrol  are  introduced  through  the  charge  valve  into  the  coni- 


bustioii  chamber  E  and  cylinder  A  at  tlie  beginning  of  the 
(charging  stroke.  This  arraiigeiiieiit  comprises  a  small  ram  pump 
J  attached  to  th&  frame  of  the  engine,  and  which  can  be  initi- 
ally worked  by  hand  by  ineans  of  the  lever  K  ami,  when  the 
engine  is  got  into  inotioii,  by  the  action  of  the  cam  L  fixed  on 
t  lie  cam  shaft  M .  With  this  construction  to  start  the  engine 
tlie  crank  B  is  placed  in  the  position  previously  described,  the 
charge  valve  F  is  opened  as  shown  in  Fig.  1  and  a  charge  of 
ppt'rol  is  pumped  by  haiul  into  t  he  ('miilmstiori  chaniber  E. 
Tlie  charge  valve  F  is  then  closed  by  removing  the  wedge  G, 
and  the  explosive  mixture  in  the  combustion  chamber  E  and 
cylinder  A  is  ignited  by  operating  the  magneto  by  hand.  On 
1  lie  crank  B  making  one  revolution  the  caiii  L  on  the  cam  shaft 
moves  the  lever  K  which  operates  the  pump  J  ami  a  fu rther 
charge  of  petrol  is  forced  on  to  the  top  of  the  charge  valve  F 
ready  to  be  drawn  into  the  cylinder  A  on  the  first  suction 

stroke  of  the  piston  1).  By  these 
！ Means  a  series  of  explosions  can 
be  obtained  iiiit il  the  engine  has 
attained  a  sufficient  sf)eecl,  when 
tlie  lever  K  ran  be  thrown  out  of 
action  either  by  sliding  the  cam 
L  on  one  side  or  by  any  other 
well-known  device,  whereupon  the 
supply  of  petrol  to  the  charge 
valve  F  will  be  discontinued  and 
the  engine  turned  on  to  its  own 
supply  of  gas  or  other  inflam 
mable  vapour  with  wliich  it  is 
working. 

The  method  described  is  par- 
ticularly applicable  to  the  start- 
ing of  double  or  multiple  cylinder 
engines,  since  a  charge  of  petrol 
can  be  introduced  into  the  com- 
bustion cliani ber  of  one  cylinder 
of  the  engine  and  further  charges 
of  petrol  introduced  on  the  top  of 
the  cliarge  valves  of  any  other 
cylinders,  so  that  when  tlie  start- 
ing impulse  is  obtained  in  tlie 
first  cylinder  the  cliarges  of  petrol 
wliich  are  lying  on  the  tops 
of  the  cliarge  valves  of  the 
other  cylinders  will  successively 
be  drawn  into  the  combus- 
tion chambers  on  their  suction 
strokes  and  impulses  will 
be  produced  in  all  the  cylinders,  one  following  the  other,  thus 
effectively  starting  the  engine  A  punij)  can  also  be  attached 
to  each  cylinder,  or  a  pump  with  a  plunger  for  each  cylinder 
can  be  used  for  the  purpose  of  introducing  tlie  charges  of  petrol 
oil  to  tlie  cliarge  valves. 


A  New  Type  Large  Steam  Collier. ~ There  was  launched  on 
the  18th  iust.,  from  the  yard  of  the  Blyth  Shipbuilding  and 
Dry  Docks  Company,  a  new  type  of  coal-carrying  vessel,  built 
on  what  is  termed  the  arch  principle,  patented  by  Mr.  Max- 
well Ballard.  This  vessel  measures  279ft.  by  40ft.  Hin.,  with 
a  draught  of  about  18ft,  3 i n . ,  and  lias  a  height  of  deck  above 
water  of  about  7ft.  The  deadweight  capacity  is  3，  100  tons, 
and  the  service  speed  12  knots.  She  will  be  the  fastest  collier 
ill  the  North  Sea,  and  has  been  built  to  fulfil  all  Admiralty 
requirements  for  coaling  the  fleet  at  sea.  The  vessel  is  fitted 
with  eight  quick-working  winches  and  special  gear  arrange- 
ments, electric  lighting  and  signalling.  She  has  been  built 
according  to  Lloyds  100  Al  class,  is  intended  to  be  absolutely 
self-trimming,  and  will  have  the  deepest  and  clearest  holds  and 
hatchways  of  any  vessel  of  the  size  yet  constructed.  The 
saving  of  first  cost  to  the  owners ― W.  A.  Souter  Sr  Co. 一 the 
Sheaf  Steam  Shipping  Company,  Ltd.,  of  Newcastle-oii-Tyne, 
is  stated  to  have  been  no  less  than  11  per  cent,  upon  the  hull, 
while  there  will  b&  ssciu'ed  150  tons  more  deadweight  capaoitv 
than  is  obtainable  in  an  ordinary  type  vessel  of  similar 
(limeusions. 


782  THE    MECHANICAL    ENGINEER.  [June  21，  1912 


FUEL  AS  A  FACTOR  IN  LOCOMOTIVE  CAPACITY.^ 

BY  DK.  W.  F.  M.  (iOSS. 

The  power  developed  by  a  steam  locomotive  is  derived  from  the 
fuel  it  consumes.  Other  things  being  equal,  the  greater  its 
rate  of  fuel  consumption  the  greater  will  be  its  capacity.  Suc- 
cess ill  the  development  of  this  problem  long  ago  characterised 
the  locomotive  as  the  hardest  worked  of  all  types  of  steam 
plants.  This  characterisation  is  based  upon  the  fact  that  the 
draught  which  urges  the  locomotive  fire  is  unusually  strong,  its 
value  ;iH  measured  by  a  draught  gauge  under  normal  operating 
conditions  ranging  from  5in.  to  12in.  of  water  ；  that  tliis 
strong  draught  results  in  the  burning  of  from  lOOlbs.  to 
2001bs.  of  coal  for  each  foot  of  grate  per  hour,  and  a  rate  of 
evaporation  which  may  exceed  16lbs.  of  water  per  foot  of  heat- 
ing surface  per  hour. 

The  draught,  tlie  rate  of  combustion,  and  the  rate  of  evapo- 
ration are  matters  which  have  been  subject  to  little  change 
during  the  last  quarter  of  a  century,  but  the  demand  for 
increase  of  power  has  been  present  throughout  this  period. 
The  demand  has  been  met  by  increasing  the  dimensions  of  the 
locomotive.  Boilers  and  cylinders  have  gradually  been  made 
larger,  and  all  the  details  of  mechanism  have  been  designed  to 
control  and  transmit  the  increase  in  power  for  which  these 
changes  have  provided.  The  result  is  the  modern  locomotive  ； 
a  machine  of  unprecedented  power,  a  complete  steam  power 
plant  which,  as  represented  by  a  recent  design,  is  capable  of 
developing  a  horse-power  for  each  12r41bs.  weight. 

But  the  weight  of  the  modern  locomotive  cannot  be  greatly 
exceeded  except  at  the  expense  of  extensive  improvements  in 
track  or  through  the  adoption  of  an  arrangement  of  wheels 
which  will  permit  the  load  to  be  much  more  widely  distributed 
than  at  present.  As  it  is  not  likely  that  the  demand  for 
higher  power  will  cease,  the  problem  of  supplying  it  is  one  of 
more  than  academic  significance.  It  presents  two  possible 
lines  of  solution,  both  of  which  are  of  especial  iiit-erest  to  the 
members  of  this  association.  One  possible  line  of  development 
is  tlirougli  the  better  adaptation  of  fuel  to  the  needs  of  locomo- 
tive service,  ami  the  other  is  through  the  better  adaptation  of 
tlie  locomotive  to  the  requirements  of  the  fuel  which  it  has  to 
burn.  It  is  my  purpose  to  discuss  briefly  the  possibilities  of 
increasing  locomotive  power  by  attention  given  to  each  of  these 
lines  of  development. 

Anything  which  will  successfully  promote  the  combustion 
of  fuel  in  the  firebox  of  a  locomotive  will  at  the  limit  operats 
to  increase  its  power.  Every  pound  of  coal  effectively  burned 
represents  a  definite  output  in  the  form  of  power  at  the  draw- 
bar, and  if  through  care  in  the  choice  and  preparation  of  the 
fuel  the  rate  of  combustion  can  be  materially  increased,  it  is 
evident  that  the  maximum  capacity  of  a  locomotive  may  be 
advanced.  This  fact  is  lost  sight  of  when  locomotives  per- 
forming service,  in  which  maintenance  of  schedule  is  a  matter 
of  great  importance,  are  supplied  with  coal  that  is  bad  in  its 
composition  and  whicli  is  a  mixture  of  tlie  finest  dust  with 
lumps  of  every  possible  size.  Conditions  of  service  which 
demand  high  power  will  justify  unusual  care  in  the  selection  of 
fuels.  The  coal  used  under  such  conditions  sliould  liave  a  liigli 
thermal  value,  and  it  should  be  low  in  clinker  and  asli.  It 
should  be  sized  before  it  is  put  upon  the  locomotive  tender  and 
if  necessary  it  should  be  waslied  and  sized.  One  who  looks 
upon  sized  coal  in  a  car  and  tlien  upon  a  carload  of  run  of  mine 
coal  and  considers  that  on  the  grat-e  the  combustion  of  coal  can 
only  proceed  as  air  can  pass  through  the  bed  and  around  the 
individual  particles  of  coal,  will  easily  understand  the  superior 
advantages  ofTered  by  the  sized  fuel.  A  principal  advantage  of 
Uie  briquet  tod  fuel  so  much  vised  in  foreign  railroad  practice  is 
to  be  found  in  the  fact  that  the  briquettes  are  of  uniform  size. 
When  the  roal  fired  is  made  up  of  pieces  of  uniform  size,  it. 
ioYU\s  a  bed  on  the  grate  in  which  the  intersticps  hetweon  the 
pi<H,(、s  of  roal  are  luiifonn  and  the  admission  of  air  over  the 
c"|ii'e  area  of  the  grate  is  in  linely  divided  and  uniformly  dis- 
tributed streams.  The  result  is  that  every  part  of  tlie  fire  is 
maintained  in  a  condition  of  niaxinuun  efficienrv,  tlio  tempe- 
rature of  the  firebox  will  be  liigher  than  when  mixtures  of 
lumps  and  fine  coal  are  fired  ；  the  rate  of  combustion  will  be 
greater,  and,  as  a  consequence,  the  capacity  of  (ho  loroniolivo 
will  be  increased.  一 
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The  power  of  a  locomotive  cannot  be  increased  indefinitely 
merely  through  the  proper  selection  of  fuel,  but  the  limits  of 
its  maximum  performance  may  be  materially  extended. 
Through  care  in  tli©  selection  of  fuel  a  small  locomotive  may  be 
made  to  perform  the  service  of  a  larger  one,  a  saturated  steam 
locomotive  may  be  made  to  perform  the  service  of  a  superlieat- 
iiig  locomotive  of  the  same  class,  and  a  large  locomotive  may 
have  its  power  limit  materially  increased.  There  are  no 
objections  to  the  general  introduction  of  especially  prepared 
fuel  for  locomotives  excepting  those  of  cost.  The  fuel  bill  of 
the  railroads  is  already  an  enormous  one,  and  those  who  are 
responsible  will  always  hesitate  before  permitting  an  increase 
in  the  purchase  price  per  ton.  But  the  ultimate  cost,  when 
measured  in  terms  of  service  given,  will  be  found  in  many  cases 
justifiable.  Under  present  practice,  railroads  in  their  desire 
for  some  increase  in  power  do  not  hesitate  to  increase  tlie 
weight  of  their  locomotives  by  giving  them  larger  boilers,  b)， 
raising  their  steam  pressure,  by  the  adoption  of  compouiui 
cylinders,  and  by  the  addition  of  superheaters.  All  of  these 
are  expensive  measures,  but  they  liave  been  justified  in  practice 
by  the  results  obtained.  Tlie  more  careful  preparation  of  fuel 
is  to  be  looked  upon  as  a  means  to  an  end.  It  constitutes  an 
embellishment  in  locomotive  operation  and  is  not  different  in 
purpose  from  embellishments  in  design .  It  will  add  to  the 
expense,  but  will  give  a  return  in  increased  power  which  at  the 
head  of  important  trains  may  be  greatly  needed  for  the  main- 
tenance of  service.  I  believe  that  a  great  opportunity,  wliich 
as  yet  has  been  but  little  appreciated,  lies  awaiting  the  atten- 
tion of  the  prophet  who  will  proclaim  tlie  gospel  of  increased 
power  of  locomotives  through  the  more  careful  selection  of 
their  fuels.  The  time  is  at  hand  when  lump  coal  will  be 
washed  and  sized,  and  when  the  fine  coals  will  be  washed  and 
briquetted.  These  processes,  excepting  tliat  of  briquettint;, 
are  inexpensive  processes  and  a  demand  for  tlieir  employment 
will  soon  be  forthcoming  from  the  railroads. 

The  alternative  plan  whereby  the  power  of  the  locomotive 
may  be  increased,  is  that  which  provides  for  a  development  of 
its  design  along  lines  which  will  give  it  greater  capacity  to  con- 
sume the  indifferent  fuels  whicli  under  present  practice  are 
commonly  supplied  it.  What  changes  need  be  made  in  present 
practice  to  provide  a  greater  fuel-burning  capacity  ？  Tlie  first 
requisite  in  the  development  of  such  a  design  is  a  large  grat-e. 
The  fact  is  recognised  that  grate  areas  have  increased  enor- 
mously during  the  last  25  years,  that  whereas  their  area  used 
to  be  less  tlian  20  sq.  ft.,  they  now  have  an  area  which  is  often 
more  than  70  sq.  ft.  If  a  design  could  now  be  made  wliich 
would  permit  the  present  maximum  grate  area  to  be  doubled, 
several  important  results  would  at  once  be  secured.  First, 
while  the  total  amount  of  fuel  burned  per  unit  of  time  niiglit 
be  materially  increased,  the  rates  of  combustion  per  unit  area 
need  not  be  increased,  it  could  even  be  reduced.  The  increase 
of  power  would  be  proportional  to  the  increase  in  the  total  fuel 
burned,  while  the  reduced  rate  of  combustion  would  avoid  the 
necessity  for  special  care  in  the  selection  of  fuel,  would  allow 
the  use  of  fuels  now  normal  to  locomotive  service  :  would 
operate  greatly  to  reduce  the  loss  of  fuel  in  the  form  of  sparks, 
and  would  prolong  the  period  during  which  the  locomotive 
could  be  kept  in  continuous  operation. 

For  example,  when  6,0001bs.  of  coal  are  burned  per  liour  on 
a  60ft.  grate,  tlie  rate  of  combustion  is  lOOlbs.  per  foot  of  grate 
per  hour  and  the  spark  loss  with  many  fuels  represents  fuel 
values  which  approach  10  per  cent,  of  the  coal  fired.  The 
collection  of  ash  and  clinker  on  the  grate  so  nuuli  impedes  tlie 
draught  as  to  require  a  thorougli  cleaning  of  the  fin?  aft^r  a 
i*un  in  passenger  service  of  from  100  to  150  miles.  A  greater 
distance,  if  attempted,  must  generally  be  run  at  reduced 
power.  With  a  large  grate  these  conditions  are  all  dianged. 
The  burning  of  6,0001bs.  of  coal  on  a  rJOft.  grate  would  reduce 
tlie  rate  of  combustion  to  oOlbs.  per  foot  of  grate  per  Iiour,  aiui 
tl"、  spark  loss  to  2  or  3  per  cent.,  and  would  permit  continuous 
operation  for  a  passenger  run  of  300  inilos  betwco"  tlie  rlpanintr 
of  fires.  It  is  t rue  that  tlie  larger  j^rate  would  be  at  soino  dis- 
advantage with  reference  to  losses  in  the  form  of  fuel  left  on 
tlie  grat-e  at  the  end  of  the  run,  and  in  the  larger  amount 
required  to  cover  the  grate  in  the  process  of  starting  fires  ;  but 
tliese  would  be  entirely  neutralised  hy  the  possibility  of 
increased  iiiileagro  between  the  starting  of  new  fires.  With  tlie 
larger  grate,  only  half  as  inany  new  fires  would  need  to  be- 
uiade  per  thousand  miles  run  as  were  formerly  required. 
While  the  same  total  amount  of  coal  is  burned  in  each  case,  it  is 
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evident  thai  ilie  8  per  cent,  saving  in  spark  losses  would  at  once 
be  made  available  as  au  8  per  cent,  increase  of  power  ；  also 
that,  among  the  possible  variations  in  the  method  of  taking 
advantage  of  the  presence  of  the  larger  grate  will  be  included 
the  possibility  of  increasing  the  rate  of  combustion.  For 
example,  an  increase  in  the  total  fuel  consumed  from  6,00()lbs. 
to  8，0001bs.  an  hour,  would  increase  t  he  power  capacity  of  the 
locomotive  by  33  per  cent,  and  would  involve  rates  of  oonibus- 
tion  wliicli,  judged  by  present-day  standards  in  locomotive 
service,  would  be  accounted  low.  If  the  rate  of  combustion 
were  forced  to  a  total  of  10，0001bs.，  the  increase  of  power  would 
be  66  per  cent,  and  the  rate  per  unit  area  of  grate  would  still 
be  below  the  iiiaxinuiin  now  connnoii  in  locomotive  service. 
There  is，  therefore,  much  to  be  arcoiuplislied  by  increasing  the 
grate  area  of  a  locomotive.  If  the  output  of  power  remains 
unchanged,  it  will  perm  it  lower  rates  of  combustion,  a  reduc- 
tion of  spark  loss,  and  the  use  of  inferior  grades  of  fuel.  If,  on 
i  lie  other  liaiul,  itie  rate  of  coiiibust  ioii  per  luiit  area  of  grate 
remains  unchanged,  the  output  of  power  may  be  increased  in 
proportion  to  ihe  increase  in  the  area  of  the  grat-e. 

Locomotive  grates  having  an  area  of  150ft.  or  more  would 
necessarily  involve  some  new  departures  in  locomotive  design. 
As  the  width  of  such  a  grate  could  not  greatly  exceed  7ft  .,  its 
length  would  need  to  be  from  20ft.  to  25ft.  This  may  mean  a 
complete  abandonment  of  the  existing  type  of  locomotive  boiler 
and  the  substitution  therefor  of  some  new  type,  but  it  does  not 
necessarily  imply  sucli  a  change.  It  does  mean,  however,  the 
adoption  of  an  articulate  form  of  locomotive  which  will  admit 
of  a  space  of  25ft'.  or  more  between  the  t  wo  systems  of  wheels. 
It  should  be  possible  either  to  increase  the  spacing  of  the 
frames  over  this  space  or  to  drop  the  frames  so  low  that  the 
firebox  and  boiler  with  attachments  may  have  an  unobstructed 
area  the  full  width  of  the  track  clearance  for  all  heights  3ft.  or 
4ft.  above  the  rail  of  the  track . 

In  working  out  details,  automatic  stoking  must  be  provided 
for.  This  can  best  be  done  by  having  the  stokers  feed  trans- 
versely across  the  boiler  from  both  sides  of  the  firebox.  The 
stokers  themselves  may  be  either  of  the  chain  belt  or  of  the 
Roney  type,»  or  they  may  consist  of  any  simple  feeding 
iTieclianism,  delivering  to  fixed  inclined  grates.  They  would  be 
very  short  in  the  dire€tion  of  the  fuel  movement,  probably  not 
more  than  30in.  or  32in.  in  length,  and  they  would  discharge 
an  a  flat  dump  grate  running  the  whole'  length  from  front  to 
rear  of  tlie  firebox.  The  aggregate  width  of  the  individual 
stokers  on  each  side  would,  of  course,  be  from  20ft.  to  25ft  .  ，  but 
they  would  be  split  up  into  as  many  different  units  as  would 
best  provide  for  the  construction  of  short  arches  over  them . 
By  such  ail  arrangement,  the  green  coal  would  pass  under  the 
mud-ring  of  the  boiler  and  under  a  short  arch,  where  it  would 
ignite.  It  would  gradually  be  pushed  forward  toward  the 
centre  of  the  firebox  to  the  flat  dump  grate,  where  it  would  be 
met  by  fuel  coming  in  from  the  other  side.  The  inward  move- 
ineni  of  coal  from  both  sides  towards  the  centre  of  the  grate 
would,  of  course,  proceed  throughout  the  full  length  of  the 
firebox,  that  is,  for  a  distance  which  might  be  as  great  as  25ft. 
The  fact  that  the  ignition  of  the  fuel  would  be  under  an  arch 
would  make  the  combustion  nearly  or  quite  smokeless,  the  mild 
draught  would  make  the  cinder  losses  small,  while  the  low  rate 
of  combustion  per  unit  area  of  grate,  and  the  provisions  for 
cleaning  supplied  by  the  stokers  and  dump  grate,  would  permit 
continuous  operation  at  full  power  for  a  very  long  period. 

Narrow  hoppers  supplying  these  stokers  would  open  up 
along  tlie  whole  length  of  the  firebox  on  both  sides  to  the  full 
width  allowed  by  the  track  clearances.  The  operating 
mecliaiiism  of  the  stokers,  which  would  be  beneath  them,  would 
be  allowed  the  same  total  width.  An  extension  of  these 
hoppers  upward  on  both  sides  to  the  level  of  the  top  of  the 
boiler  or  higlier,  would  provide  space  for  all  the  coal  necessary 
for  a  run.  No  coal  would  be  carried  on  the  locomotive  tender 
and  none  would  need  to  be  rehandled  on  the  locomotive.  It 
would  all  be  loaded  at  once  into  an  extension  of  the  stoker 
hopper,  and  its  weight  woulrl  be  added  to  the  wheel  loads  of  the 
locomotive. 

Ill  tlie  discussions  of  the  preceding  paragraph,  I  have 
assumed  tliat  the  general  type  of  boiler  employed  would  not  be 
materially  different  from  that  now  in  service.  Difficulties 
would,  of  course,  appear  in  the  construction  and  maintenance 
of  a  stay- bolt  firebox  25ft  .  in  length,  and  whatever  the  outside 
form  of  the  boiler  might  be,  some  special  provision  would  need 


to  he  made  in  1  lie  working  owi  of  its  constrm-tion .  A  deinand 
for  a  firebox  of  such  (lirnoiisions  wouUI  doubtless  call  out 
various  means  for  supplyin^^  it  .  There  would  probably  be  no 
difficulty  in  construcling  a  J acobs-Shupert  firebox,  of  any 
desired  length.  The  boiler  would  be  so  located  on  the  fraiiiea 
of  the  locomotive  that  its  back  end  would  be  just  in  advance 
of  tlie  first  of  (he  rear  syslein  of  driving  wlieels,  and  a  footplate 
carrying  all  of  the  auxiliary  macliinery  of  the  locomotive  wouM 
extend  rearward  over  the  axles  of  these  rear  wlieels  and 
perliaps  over  the  wheels  t lioiiiselves.  A  (ire  door  as  usually 
placed  would  su|)ply  the  HnMnan  an  ojjporluiiity  io  insi>0(  t  liis 
fire,  Hiul  guided  by  such  inspection  lie  would  be  able  to  so 
control  the  operation  of  tlie  several  stokers  as  io  maintain 
uniform  conditions  tliroiiglioui  the  length  and  breadth  of  tlie 
grate.  The  barrel  end  of  t he  l)oiler  w()ul<l  extend  out  over  ilie 
forward  system  of  wheels.  So  inucli  for  tli€  Hrraii^eiiieiits 
involving  a  normal  boiler.  If  it,  should  be  desired,  an  attempt 
could  be  made  to  work  out  tlie  details  of  Mio  design,  using  an 
entirely  new  form  of  boiler,  such ,  for  exanmle,  as  a  boiler  of 
the  water-tube  type,  but  it  is  not  likely  that  the  adopt" 川 of 
any  such  new  type  would  of  itself  simplify  ilic  general  problem 
as  herein  outlined. 

In  conclusion,  permit  me  to  say  thai  I  appreciate 
thoroughly  the  danger  of  attempting  witliin  t  he  limits  of  a  few 
paragraphs  to  outline  successfully  a  locomotive  design  that  is 
entirely  new.  I  appreciate  also  the  many  difficult ies  to  be  met 
ill  applying  any  such  conception.  I  catinot  even  claim  that  I 
have  yet  given  the  matter  such  attention  as  will  permit  me  to 
say  that  all  difficulties  are  surmountable,  but  I  am  convinced 
that  the  general  scheme  is  sufficiently  promising  to  justify  any 
study  which  is  likely  to  be  bestowed  upon  it.  My  purpose  in 
presenting  it  is  to  place  before  the  members  of  this  association 
in  as  forceful  a  way  as  possible  the  importance  of  larger  grate 
areas  in  locomotive  practice .  If  tlie  capaoity  of  locomotives  is 
to  increase  in  the  future  as  it  has  in  tlie  recent  past,  and  if 
locomotives  are  to  be  supplied  with  such  grades  of  coal  as  are 
now  commonly  used  in  locomotive  service,  such  a  change  will  be 
found  imperative. 


SURFACE  LEAKAGE  WITH  ALTERNATING  CURRENTS. 

At  a  meeting  of  the  Physical  Society  of  London  held  on 
May  31st,  Mr.  G.  L.  Addenbrooke  presented  an  account  of 
some  "  Surface  Leakage  Experiments  with  Alternating  Cur- 
rents.' Experiments  on  dielectrics  at  different  temperatures 
and  over  a  wide  range  of  periodicity  showed  that  the  losses 
found  were  in  some  cases  partly  due  to  surface  leakage.  When 
this  latter  was  eliriiiiiated  and  the  data  obtained  with  the 
surface  leakage  and  without  were  compared,  it  did  not  seem 
as  if  the  portion  of  the  losses  due  to  surface  leakage  could  be 
accounted  for  by  assuming  that  it  was  constant  at  all 
periodicities,  as  is  the  case  with  the  losses  in  metallic  con- 
duction. Measurements  were  therefore  made  to  ascertain  the 
behaviour  of  the  surface  leakage  alone.  For  this  purpose 
strips  of  tinfoil  were  pasted  on  a  sheet  of  glass  liu.  apart, 
and  the  relative  losses  witli  an  alternating  current  of  42  periods 
and  a  oontiiuious  cu rrent  were  measured,  the  pressure  being 
the  same  in  both  cases.    The  following  are  the  results  : — 


state  of  Film  on  Glass. 

Kesisfcance, 

Relative  Losses. 

Megobms. 

Continnous.  Alternating. 

Ordinary  day  

Drier  day  

Film  dried  Hrsi  in  sun  and  cooled  ... 
Another  j^lass  surface  

300 
570 
770 
oO,(K)U 

1—* 

The  power  factor  was  high  in  all  cases.  Similar  experi- 
ments with  ebonite  showed  a  imicli  higher  ratio  for  the 
losses 一 namely,  1:40.  The  rat  io  in  the  case  of  porcelain 
insulators  was  as  high  as  1  :  60  on  a  dry  day,  but  part  of  this 
leakage  might  be  through  the  material.  The  relative  leakages 
between  the  primary  and  secondary  of  a  small  induction  roil 
and  a  small  transformer  were  resided i vet  v  1  :  4*5  and  1  : 8.  In 
these  cases  also  the  leakage  was  doubtless  partly  through  the 
insulation.  Further  experiments  described  showed  that  the 
moisture  present  must  be  in  a  very  attenuated  state  for  the 
differences  in  the  losses  found  to  become  sensible.  Ordinary 
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water,  even  in  very  tliiii  (iliiis,  did  not  sliow  the  effect.  The 
striking  similarity  between  the  foregoing  results  and  n^sults 
obtained  by  measure 読 iits  made  of  these  losses  througli  dielec- 
trics were  pointed  out.  The  suggestion  seemed  warranted  that 
ill  botli  cases  the  effects  might  be  clue  to  the-  same  fumla 騰 nta】 
t-aUvSe ~ viz.,  the  presence  of  a  very  diluted  electrolyte. 


COAL  DUST  IN  MINES. 

At  tlie  r)Gtli  general  meeting  of  the  Institution  of  Mining 
Engineers,  recently  held  in  London,  Mr.  W.  E.  Garfortli,  tlie 
president,  took  as  tlie  subject  of  his  address  the  danger  of 
coal  dust  in  mines  and  the  means  of  minimising  this  danger. 
He  said  that  universal  recognition  of  tlie  danger  of  a  coal 
(lust  ext)losiou  might  be  said  to  date  from  May  30th,  1908, 
when  convincing  demonstrations  of  explosions  of  coal  dust- 
free  from  any  admixture  of  gas  were  given  at  A 1  tofts  before 
tlie  members  of  the  Coal  Dust  Committee  of  the  Mining 
Association  of  Great  Britain.  But  there  were  still  many 
phenomena  connected  with  the  explosive  character  of  coal  dust 
which  required  further  investigation.  In  this  connection  lie 
drew  attention  to  a  valuable'  paper  on  tli&  resinous  structure 
of  coal  by  Mr.  James  Loiiiax,  of  Bolton,  which  was  read  before 
the  members  of  the  Manchester  Geological  Society  last  year. 
The  information  on  tlie  occurrence-  of  resinous  matter  in 
coals,  mentioned  in  that-  paper,  was  an  important  contri])u- 
tiou  to  the  coal  dust  question,  as  it  emphasized  tlie  fact  that 
coal  dust  from  certain  seams  might  he  more  explosive  than 
had  hitherto  been  imagined. 

With  the  aid  of  the  micioscope,  and  sometimes  with  the 
naked  eye,  it  was  possible  to  see  the  resinous  spores  and  the 
resin  bodies  which  some  coals  contained.  With  the  micro- 
scope it  was  possible  also  to  recogniso  the  character  of  tlie 
dust  wliicli  floated  in  tlie  air  of  a  mine,  and  to  become  con- 
versant with  the  alterations  which  coal  underwent  wlien 
exploded,  as  shown  in  material  gathered  from  the  damaged 
roadways  of  a  mine  after  an  explosion.  Indeed,  it  was  to  be 
expec^ted  that  tlie  microscope  would  prove  to  be  as  helpful 
in  mining  engineering  as  in  the  sister  s<^iences  of  geology  ajul 
petrology.  The  resinous  character  of  some  coals  was  so 
apparent  under  the  microscope  that  the  degree  of  danger  of 
t  he  material  might  be  seen  and  judged  simply  by  direct 
observation.  The  varying  proportion  of  highly  inflammable 
constituents  in  a  seam,  seen  v/hen  various  sections  of  coal  had 
been  cut,  also  served  as  another  fa、"tor  whicli  might  assist  to 
explain  differences  in  the  intensity  of  certain  explosions. 
Some  microscopical  sections  revealed  holes  giving  coals  a  cellu- 
lar appearance  whicli  had  suggested  to  some  workers  the  pos- 
sibility of  their  being  reservoirs  of  mine  gases. 

By  far  the  most  important  series  of  experiments  at  Altofts 
were  those  connected  with  what  had  come  to  be  known  as  tlie 
stone-dust  remedy.  To  test  th©  efficacy  of  stone  dust  in 
checking  an  explosion  that  had  already  travelled  some  dis- 
tance, a  zone  of  inert  dust  was  placed  in  the'  path  of  a  coal- 
dust  explosion,  and  the  results  were  compared  with  other 
experiments  in  whicli  a  dustless  zone  was  substituted  for  the 
stoiie-dust  zone.  In  the  result  the  dustless  zones,  which  at 
one  time  were  suggested  as  a  remedy,  were  proved  iiieffertual. 
In  his  opinion  the  gallery  experiments  amply  confirmed  the 
opinion  he  had  formed  in  1886,  that  an  explosion  would  con- 
tinue to  be  propagated  wherever  there  was  a  full  supply 
of  coal  (lust,  and  great  (lestriK'tion  would  result,  but  that  it 
would  rapidly  (lie  out  on  roads  where  stone  dust  was  present 
in  abuiulance.  Tlie  positive  action  of  the  stone  dust  in  liiiiit- 
ing  tlie  extent  of  the  explosion  by  rendering  the  coal  dust 
iioii-explosive  resulted,  also,  in  decreasing  tlie  amount  of 
deleterious  gases  formed.  Inasmuch  as  it  was  estimated  that 
80  per  cent,  of  the  deaths  in  a  colliery  explosion  were  caused 
by  carbon  monoxide  poisoning,  the  importance  of  preventing 
llie  distillation  of  coal  (hist  and  tlie  formation  of  poisonous 
gases  could  not  be  over-estimated.  As  additional  proof  of 
the  value  of  inert  dust  as  a  initigant  of  the  danger  of  coal 
(lust,  a  further  series  of  exnerin»ents  were  carried  out,  in  which 
it.  was  sought,  to  prevent  the  primary  ignition  of  coal  dust 
J)y  diluting  the  t-oal  dust  with  stone  dust,  lliglily  siuressful 
results  were  obtained.  The  higher  tlie  percentage  of  inert 
matter  present'  in  tlio  (lust,  the  greater  the  diffioulty  in  causing 
explosion  to  he  propagated  ai)(l  the  less  the  violence  of  the 


resulting  explosion.  Willi  equal  jiercentages  by  weight  of 
coal  (lust  ami  stone  flust  no  explosion  could  be  obtained,  even 
with  live  times  the  amount  of  dust  wliicli  caused  explosion 
wlien  pure  coal  dust  was  ussd. 

The  value  of  stone  dust  was  therefore  established.  But 
t  his  proof  was  of  mere  academic;  interest  unless  the  remedy 
could  be  easily  and  cheaply  applied,  without  interfering  witli 
the  health  of  the  workmen,  or  introducing  any  fresli  danger, 
such  as  falls  of  roof  and  sides.  The  management  of  tlie 
Altofts  Collieries  had  now  had  3 J,  years'  practical  experience 
in  the  application  of  stone  dust  in  the  mines  under  their 
charge.  The  principle  they  Ivad  adopted  was  to  strew  stone 
dust  wherever  there  was  coal  dust,  that  was,  on  all  the 
nie (； luminal  liaulage  roads,  the  neighbourhood  of  junctions 
where  tubs  bumped  against  eacli  other,  Twelve-aiul-a- 
lialf  miles  of  such  roadway  had  now  been  treated.  The 
stone  used  was  obtained  from  the  "  ripping  '，  of  the  roof  of 
one  of  tlie  seams,  was  ground  to  dust  in  a  pulveriser  on  the 
surface,  sent  down  the  pit  in  tubs,  and  distribut.  d  by  liaml 
by  youths  working  with  their  backs  to  the  ventilating  current 
to  prevent  unnecessary  inhalation  of  the  dust.  Near  tlie  pit 
bottom  and  main  junctions  the  first  dressing  of  stone  (lust 
was  sufficient  to  fill  up  all  tlie  ledges  and  crevices  so  that  the 
(lust,  assumed  an  angle  of  repose.  It  was  not  then  so  easy 
for  more  coal  dust  to  be  deposited.  Where  screens  were 
situated  near  the  downcast  pit  an cl  coal  (lust  was  carried  into 
the  mine  from  the  surface  extra  heavy  dressings  were  applied. 
As  soon  as  the  stone-dust  surface  was  overlaid  with  a  film 
of  coal  dust,  a  brush  or  "  brush  rake"  was  passed  over  the 
surfaces  exposing  fresh  stone  dust.  When  this  surface  had 
been  again  overlaid  by  coal  dust  a  fresh  dressing  of  stone  dust 
was  applied  ；  much  of  the  coal  (lust  dislodged  by  the  stone 
(lust  fell  to  the  ground  and  was  overlaid  by  the  excess  of 
stone  dust  falling  from  tlie  roof  and  sides.  This  system  of 
frequent  stone-dusting  was  carried  out  wherever  the  deposit 
of  coal  dust  was  rapid.  On  the  ordinary  haulage  roads  tlie 
dressings  of  stone  dust  did  not  need  to  be  so  frequent,  and  tlie 
system  was  modified  accordingly.  Eut  in  all  cases  as  soon 
as  a  roadway  lost  the  grey  appearance  of  the  stone  dust  ainl 
assumed  a  darker  shade  of  coal  dust,  fresh  stone  dust  sur- 
faces were  exposed  or  the  stoiie-dustiiig  was  renewed. 

Many  ways  of  applying  stone  dust  liad  been  tried,  but 
none  had  proved  so  successful  as  application  by  hand,  for 
by  this  means  the  dust  could  be  better  directed  and  be  pro- 
jected with  the  requisite  force  to  dislodge  the  coal  dust  and 
take  its  place.  The  gallery  experiments  p roved  that  the 
finer  the  stone  dust  the  more  positive  its  action  in  checking 
ail  explosion,  owing  to  the  increased  surface  exposed  to  the 
action  of  tlie  flame  and  to  tlie  greater  ease  with  whicli  it  was 
raised  and  kept  in  suspension  by  the  blast.  Ex!>erieiice  in 
the  mine  had  shown  that  a  small  proportion  of  the  stone  dust 
should  consist  of  coarser  particles  to  give  it  sufficient  body  to 
enable  it  to  be  thrown  with  tlie  requisite  foive  against  the 
upper  ledges  of  a  roadway,  thereby  displaciiit^  the  coal  (lust. 
The  application  of  stone  (lust,  by  compressed-air  jets  left  some- 
thing to  be  desired  in  that  generally  the  coal  dust  was  not 
removed  by  the  stone  dust  and  the  stone  dust  was  deposited 
irregularly,  so  tliat  there  was  generally  more  than  ne<'essary 
near  the  distributing  centres  and  too  little  elsewhere. 

During  the  first  12  months'  practical  application  of  stone 
(lust  in  mines  at  Altofts  the  cost  was  ascertained  to  amount 
to  only  ^(1.  per  ton  of  coal  raised.  The  inniia^einent  of  the 
collieries  had  since  gained  sufficient  exuerienre  to  enable  them 
to  reduce  this  cost  materially.  During  the  year  191 1  and 
tlie  five  inoutlis  ending  May,  1912.  the  cost  i)er  ton  of  coal 
was  found  to  be  less  than  ^^^d  ，  and  in  two  of  the  seams  was 
less  than  "'(1.  Duriii^j  this  period  over  20,000  yards  of  road- 
way were  treated  with  stone  dust. 

Up  to  the  present  the  only  disadvantages  experieme<1 
from  tlie  use  of  stone  (hist  had  been  that  in  some  oa^es  it  had 
necessitated  the  more  frequent  ("leaning  out  of  tub  ？ leasers, 
and  had  occasionally  interrupted  electric  bell  circuits.  Tlie 
former  could  be  avoided  by  covering  over  tlie  greaser  boxes 
with  brattice  wliile  tlie  dusting  was  proceeding,  and  tlie  latter 
could  be  obviated  by  thorouglily  exai"iiii"g  bell  。ir(i"ts  and 
removing  any  dust  which  niiglit  have  lodged  on  tlie  wires. 
Stone-dustiiiij  would  luuloubt^dlv  prove  of  great  benefit  in 
Hiose  mines  where  (he  management  had  installe<l  or  inteiule*! 
to  introduce  elettricity.  lie  was  of  opinion  tliat  (latijcjers  of 
explosions  of  coal  dust   from  rlt^-l  n^-n]  cansos 广。 ul'l  com- 
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pletely  counteracted  by  tlie  rigorous  application  of  stone  (lust  . 

He  liad  been  aware  for  the  past  '20  years  or  more  that  the 
men  engaged  in  enlarging  tlie  roadways  by  breaking  down 
the  stone  or  shale  roof,  and  in  driving  cross-measure  tunnels 
in  coal  mines,  had  not  suffered  in  liealtli  from  the  shale  dust 
and  had  retained  a  robustness  quite  e([ual  to  that  of  tlie 
miner.  Still,  with  a  view  of  getting 
further  information  he  obtained  some 
time  ago  certain  samples  of  dust 
which  had  been  suggested  or  were 
actually  being  used,  for  stone-dusting 

in  mines,  in  order  to  learn  if  these  or  other  rock  dusts  were 
suitable,  having  regard  to  the  effects  on  the  health  of  the 
miners  if  inhaled  in  large  quantities.  These,  which  he  dis- 
cussed in  the  reverse  order  of  their  suitabilities,  were  granite, 
spent  sand,  flue  dust,  carboniferous  limestone,  china  day, 
chalk,  and  argillaceous  shale  or  clayey  bind  (lust.  The  last 
was  inert,  did  not  distil  off  gas,  was  innocuous  when  inhaled, 
and  was  a  non-astringent.  Among  the  dusts  met  with,  none 
appeared  to  fulfil  so  well  the  physiological  combined  with 
the  preventive  conditions  of  a  material  suitable  for  dusting 
a  mine  as  clayey  bind  dust.  It  was  easily  pulverised,  ami 
had  a  specific  gravity  suitable  for  its  work,  and  its  particles 
were  more  or  less  rounded  and  not  glassy.  The  percentage 
. of  magnetic  iron  in  it  was  low.  The  cool  nature  of  the  clayey 
bind  dust  rendered  it  easier  to  handle  than  flue'  dust,  and  it 
was  n ot  so  unpleasant  to  taste  nor  so  injurious  to  breathe. 


l)eiiig  ca rried  by  the  turntable  to  the  rear  of  t  he  cenl  ro 
of  t  he  crane,  and  t  lirougli  a  spur  pinion  S  on  motor  shaft  T 
gearing  with  a  wheel  U  on  shaft  V  on  which  is  a  pinion  W 
gearing  with  a  wheel  X  on  shaft  Y  revolves  a  horizontal  drum 
Z  on  shaft  Y  forward  of  tlie  centre  of  the  crane.  The  lifting 
rope  or  cliaiii  is  coiled  on  this  drum  and  is  led  over  a  pulley  on 


COMBINED  CRANE  LOCOMOTIVE, 

The  .accompanying  illustrations  show  a  design  of  combined 
crane  locomotive,  in  which  separate  electric  motors  are  pro- 
vided for  revolving  the  crane  and  lifting  the  load,  the  invention 
of  Messrs.  R.  &  W.  Hawthorn,  Leslie,  &  Co"  Ltd.,  and  Mr. 
C.  E.  Straker,  Fortli  Banks  Works,  Newcastle- on-Tyne.  Fig.  1 
is  a  side  elevation  of  the  locomotive,  and  Figs.  2  and  3  are 
respectively  cross-sections  on  the  lines  A  and  B  of 
Fig.  1.  The  locomotive  is  of  the  tank  type'  with  ordinary 
boiler,  and  the  crane  is  entirely  carried  on  castings  C  provided 
at  each  side  of  the  boiler  bolted  to  the  top  of  the  locomotive 
frame,  and  fastened  together  at  the  top  over  the  boiler.  On 
flies©  supports  is  fixed  the  lower  path  D  for  the  turntable 
rollers,  and  the  turntable  E  is  provided  with  brackets  to  which 
the  crane  jib  is  bolted  or  riveted,  the  jib  having  a  counter- 
weight and  tlie  lower  path  D  provided  with  a  central  pillar  F 
about  which  the  turntable  E  revolves.  Electric  power  is  used 
for  revolving  the  crane  and  for  lifting  the  load.  For  this  pur- 
pose a  dynamo  G  is  fixed  in  any  convenient  position  on  the 
locomotive  and  driven  by  a  turbine  H  supplied  with  steam  from 
the  locomotive  boiler.  The  crane  is  revolved  by  a  motor  J 
tlirougli  a  worm  K  on  the  motor  shaft  L  inesliiiig  with  a  worm 


Fig.  2.  Fig.  3. 

Combined  Crane  Locomotive. 

wheel  M  on  a  vertical  shaft  N,  wliicli  shaft'  carries  a  spur 
pinion  O  engaging  a  rack  P  which  is  part  of  or  fixed  to  the 
turntable.   Anotlier  motor  R  is  used  for  lifting  the  load,  this 




— : 

Fig. 


"CoMBiNKD  Crane  Locomotivf. 


the  jib  end.  Suitable  connections  are  provided  between  tlie 
dynamo  and  the  motors,  and  the  operation  of  the  dynamo  :m'l 
motors  is  controlled  from  tlie  cab  of  the  locomotive. 


TESTS  OF  CHILLABLE  IRONS.* 

BY  THOMAS  D.  WEST. 

The  paper  presents  an  original  series  of  tests  of  chillable  irons, 
made  during  September,  1911，  to  the  clos&  of  February,  1912. 
Before  proceeding  with  the  iests  it  was  d&sired  to  find  what 
size  of  bar  should  be'  used  with  different  grades  of  iron  to 
produce  a  bar  of  all  grey  iron  and  at  the  same  time  a  com- 
panion bar  that  could  be  wholly  chilled,  or  of  a  white  iron,  both 
poured  from,  the  same  basin  or  ladle.  Sets  Nos.  1  and  2  sliow 
that  bars  Igin.  cliam.  are  suitable  for  various  grades  of  chillable 
metal  having  its  silicon  ranging  from  090  to  1'20.  The 
balance  of  the  sets  show  2^in.  diam.  bars  to  be  suitable  for 
many  grades  having  a  range  of  0*50  to  0'90  per  cent,  silicon. 
It  is  to  be  understood  that  in  either  of  the  above  the  con- 
stituents, other  than  silicon,  are  generally  the  same  as  used  in 
the  making  of  such  castings  as  chilled  car  wlie^ls  ami  rolls. 
In  some  cases  the  larger  bars  may  be  used  for  higher  silicon 
metal,  this  depending  chiefly  upon  the  m-etal  being  high  in 
sulphur  and  no  ferro-manganese  being  used.  While  tlie  I'oumI 
bar  is  advocated  for  a  standard,  it  is  to  be  understood  that, 
there  are  cases  of  experimental  work  such  as  presented  in  this 
paper,  where  square  bars  may  be  advisable,  but  for  ordinary 
practice  to  obtain  comparisons  in  mixtures,  grades  of  metal, 
ike,  the  round  bars  are  to  be  preferred.  For  moulding  the 
square  bars  three  flasks  were  constructed,  each  being  adapted 
to  cast  three  or  four  bars.  These  bars  were  2in.  square  by 
！ 24in.  long.  For  casting  the  round  bars,  two  duller  moulds, 
having  a  bore  of  Igin.,  later  on  bored  out  to  2 j^in.,  were  used 
ill  ('(juuection  with  two  pipe  sand  moulds. 

Methods  for  Obtaining  and  Alloying  Metals  to  Test  their  Efficiency. ― 
In  casting  sets  for  these  tests,  the  ba  rs  we  re  pourtnl  、vith  the 
regular  metal  from  a  reservoir  ladle  under  the  cupola  spout, 
with  a  capacity  of  about  7  tons,  and  carried  to  the  moulds  in  a 
" bull  ladle  "  which  held  about  2501bs.  Twelve  ounces  of 
ferro-manganese  was  tlirown  into  tlie  ladle,  in  order  to  secure 
tlie  same  composition  as  used  for  car  wheels  where  2 lbs.  to 
2 •lbs.  of  ferro-manganese  is  added  to  every  TOOlbs.  or  SOOlbs. 
of  metal.  After  the  bars  were  poured  of  this  regular  wheel 
metal  the  bull  ladle  was  again  filled  as  often  as  needed  and 
vanadium  or  titanium,  or  both  together,  added  according  to  the 
tests  to  be  made,  along  with  the  12  ozs.  of  manganese.  The 
ladle  was  allowed  to  stand  for  three  or  four  itiimites  to  permit 
the  alloys  to  melt  thorouglilv  and  mix  with  tlie  metal.  A  I i n . 
rod  was  used  to  agitate  the  metal  to  lielp  bring  any  oxides 
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created  by  1  lie  alloys  io  its  surface.  The  two,  three,  or  more 
bull  ladles  of  metal  required  for  a  set  were  taken  from  the 
reservoir  ladle  before  any  additional  taj)  of  metal  was  run  into 
it  from  the  cupola. 

Method  of  Casting  and  Chilling  the  Alloyed  Metal.— In  pouring 
either  of  the  above  alloyed  metals  with  ilie  regular  metal  to 
obtain  a  set  of  square  bars,  a  set  of  round  bars  would  be  poured 
witli  the  same  ladle.  In  cast  ing  the  square  test  bars,  some  had 
a  2in.  by  2i>iu.  chiller  on  two  sides,  as  illustrated  at  T  C  in  tlie 
end  view  of  Fig.  1，  so  as  thoroughly  to  chill  the  bar  to  make  it 
all  white  iron.  Others  had  a  wrought  plate  Jin.  or  h'm.  thick 
as  desired,  on  one  side  of  the  bar  only,  as  at  P  C，  in  order  only 
partly  to  chill  one  side  of  the  bar.  Bars  to  be  free  of  chill, 
were  surrounded  with  sand  as  seen  a  I  A  G.  In  some  cases  two 
totally  chilled  bars  and  one  all  grey  bar  might  b&  cast  in  the 
one  flask.  Again,  two  pa rtially  chilled,  one  totally  cliilled, 
ami  one'  all  grey  bar  iniglit  he  cast  in  one  flask.  This  order 
could  be  changed  in  providing  for  three  to  fou r  bars  being 
made  iti  a  flask. 

The  character  of  the  chill,  or  grain  of  iron,  i-s  given  in  the, 
tables  under  t he  heading  fracture.  Should  an  all  sand 
moulded  bar  show  a  slightly  mottled  grain  in  its  fracture 
instead  of  being  all  grey,  the  words  slightly  iiiott'led  are 
inserted.  Sliould  the  fracture  be  strongly  mottled  the  notation 
is  the  word  "  deeply  '  in  tlie  place  of  "  strongly.  '  In  rases 
where  the  depth  of  a  partly-chilled  bar  was  measured  the  thick- 
ness  of  tlie'  chill  is  given  in  connection  with  the  statement  that 
one  side  was  chilled. 

To  indicate  that  one  of  the  vertically  cast  sides,  also  the 
cope  surface,  or  the  iiowel  face  of  a  bar  is  in  tension  when  test- 
ing a  bar,  the  words  nowel,  cope,  and  side  are  placed  on  the  line 
with  the  respective  bar  in  the  column  headed  tension.  This 
will  be  better  understood  by  referring  to  Figs,  2  and  3  where 
the  side  and  end  view  of  the  bars  are  shown  in  two  ways  of 
being  tested.  In  the  case  of  round,  as  well  as  square  bars  that 
are  cast  on  end,  as  were  No's.  84  and  88，  it  makes  no  difference 
which  way  they  are  placed  on  the  distance'  supports  D,  Figs.  2 
and  3,  when  being  tested . 

The  width  and  depth  as  well  as  the  diameter  of  all  the 
tested  bars  are  given  in  Tables  III.- X.  to  peniiit  a  clieckiiig  of 
the  modulus  of  rupture  column  ；  also  present  data  for  other 
formulae  for  computing  variations  in  the  size  of  the  bars  shown. 
It  is  to  be  understood  that  the  m'ords  of  all  tests  given  are  of 
solid  bars  and  complete  fractures  ；  as  should  there  have  been  a 
sli"rht  flow  in  any  of  those  tested  it  would  have  been  in  the 
coiiipressiou  face  of  the  bar  where  it  could  have  no  effect  in 
reducing  its  strength. 

/Shrink  Head 
Pou 
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Novel.'s  Dottom  BourU-  |  j  


Fig.       Sectional  \  ie\vs  of  Mould  fou  MAKiN<i  thk  S(^uaue  Tk8T  Haus. 

Methods  Used  for  Transverse  Testing  and  Practicability  of  Drop  Tests.— 

All  t  rausverse  t  est  s  on  bol  h  round  and  square  bars.  Tables  V. 
to  IX.,  except  tests  59  and  77，  were  made  with  m  span, 
ami  all  drop  tests  of  Table  X.  with  an  Sin.  span  ；  all  others 
were  tested  for  the  transverse  and  drop  test  on  a  iL'in.  span,  as 
seen  in  Figs.  2  and  3.  Tests  59  and  77  were  made  wit  li  a  lOin. 
span.  All  drop  tests  of  Tables  V.  to  IX.  were  made  with  a 
span  and  all  drop  tests  for  Table  X.  were  made  witli  an 
8iii.  span.  The  drop  tests  were  made  with  a  2r)U)s.  weit^Mil , 
having  the  first  drop  at  a  hei^^ht  of  Gin.  ami  raised  Gin.  liiglier 
for  every  blow  until  breaking  the  bar.  If,  for  example,  6  is 
the  number  in  (he  drop  column  of  the  (ables,  it  moans  iliat  the 
、、- eight  (hopped  once  at  eacli  of  the  respective  lici^hts,  Gin., 
'I、l2iii.，  18in.,  24in.,  30in.,  and  before  breaking  tlie  bar. 

The  bars  for  the  (hop  t^st.s,  Tables  V.  to  IX. ，  were  obtained 
by  taking  the  long  end  of  the  24in.  long  square  bars  after  they 
l，a<l  stood  one  transverse  t est .  Tliis  is  why  two  kinds  of  tests 
、v"li  (ho  sjiine  bar  are  given  luuler  the  same  test  munber. 

A  comparison  of  the  drop  tests  vvilli  the  transverse  tests 
shows  that  wliere  a  bar  is  strong  transversely  it  generally  sliows 
a  relatively  high  strength  under  the  drop  t est . ^  This  was  also 


true  in  the  case  of  nearly  all  of  t ho  roundbars  having  a  Gin. 
span,  but.  these  tests  arc  not  ^iveii  herein.  For  castings  1  liat 
are  subject  to  shock  or  sudden  impact,  such  as  car  wheels,  rolls, 
shears,  dies,  &c.，  the  drop  test  should  grow  in  favour.  The 
apparatus  costs  little  and  tlie  lime  required  is  less  than  lliat 
iieerlefl  in  any  other  method  of  testing. 


"'、 


pll^  謹 


Fig.  2.— End  and  Sidk  Vikws  ok  a  Test  Bar  madk  in  Mould  Fig.  1 

W  shows  tn'H'y  side  in  tension  and  stronj^  position  :  E  shows  horizontal  plane 


of  chill  crystal  in  tension  and  weak  position. 


,VerllcuI  Cost  Side  iu  Coinpreeeiou 


Fig.  3  — Second  Test  on  a  2  in.  Square  Bar. 

() shows  chilled  side  in  tension  and  weak  position  ••  F  shows  vertical  plane  ot 
chilled  crystal  in  tension  and  strong  position. 

Treatment  and  Analysis  of  Kc^ular  Car  Wheel  and  Alloyed  Metals. ― 

No  -speci^U  ('oiiiplete  analysis  is  given  of  I  lie  respective  sets  other 
than  that  in  Table  I.  This  is  owing  to  the  fact  that  car  wheel 
mixtures  or  analyses,  from  one  foundry  at  least,  vary  but  little. 
Table  II.  gives  the  vanadium  and  titanium  constituents  of  the 
test  bars.  Analyses  of  metal  taken  dim'tly  from  the  reservoir 
ladle  before  the  ferro-nianganese  was  added  sliowe<l  this  metal 
to  contaiu  around  0  40  manganese.  The  drillings  for  regular 
car  wheel  metal  analyses  are  taken  from  blocks  about  2iu.  by 
2.Un.  by  Sin.  cast  in  all  sand  so  as  to  leave  a  grey  body  in  tlie 
metal,  wliich  will  agree  closely  with  the  grey  between  the  plate 
ami  the  body  back  of  the  chill  of  a  car  wheel . 

Sensitive  Conditions  Requiring  Consideration  and  Control  in  Testing 
Chillable  Irons. ― Table  III.  shows  t hat  bars  1  ^' i n .  s(juare  ami 
1  ^in.  round  are  too  small  for  regular  car  wheel  metal.  This  is 
seen  by  the  all-sand  bars  3，  5，  8， 】0，  and  12,  showing  a  fracture 
a  little  too  strongly  mottled  instead  of  a  fair  grey  structure. 
Tliese  sizes  of  bars  are  reconnnended  ojily  for  chillable  irons 
ranging  from  0'90  to  1*20  per  cent,  in  silicon  for  use  in  general 

Table  I. ― Range  of  Chemical  Analysis  for  Chilled  Car  Witeels, 


Silicon. 

Sulphur. 

Manganese. 

Phosphorus. 

Combined 
Carbon. 

Graphitic 
Carbon. 

0-55  to  0-65 

0-100  to  n-150 

0 '55  to  0-70 

U -270  to  0-320 

0-60toO'-0 

2- 70  to  1  -IKI 

Table  II. ― Analysis  of  Sets  Alloyed  with  Vamdiavt  and 

Titanium. 


Oz.of 

Oz.  of 

Vanadium 

Titanium 

Per  cent  -  of 

Per  (Tilt,  tif 

IVrc-tiit.of 

Sot  Xo. 

1 

in  2251 bs. 

VHiiadium 

Titanium 

of  inctal. 

of  niota!. 

ill  tost  bars. 

ill  test  bars. 

ill  tot  b»T>, 

9 

10 

(>  -on 

11 

10 

0  -0：； 

0-72 

i:j 

22 

0-12 

(t-t>4 

15 

22 

0-07 

ii'6n 

18 

10 

0  04 

0  Mm 

11) 

8 

ir> 

O-tto 

0  -0.> 

Tabu:  III 


Tnaisvcrsc  Teats  If/;/.  Square  (tiid  ]  ^iu.  Round 
Bars  and  Crystalltaadon. 


Maxi- 

De- 

Srt 

Fractim'. 

Width. 

DcpUi. 

Tension. 

mum 

flation. 

Nu. 

Load. 

1 

All  white 
All  whitr 

1 

•73 

1'72 

iiowcl 

5,no 

0-016 

18.070 

1 

•68 

1-69 

side 

0'0:»8 

4P.380 

1 

Slijilitly  niottlotl 

1 

•75 

1*76 

side 

15.:l(M» 

0*060 

:»0，820 

All  uhitr   

1 

•59 

dmmctcr 

4,780 

0-023 

36.280 

Slit'litly  mottled 

1 

•60 

diameter 

7,340 

0*065 

54,670 

n 

All  white-  

1 

•61) 

1  '09 

nowrl 

2 

All  wliitr   

1 

•71 

1-71 

side 

0  •"■!：! 

8 
0 

Stron^lv  motdnl 

1 

■72 

1  -79 

side 

11.04(t 

3U.(KK) 

2 

All  white 

1 

•60 

ditinirttT 

&. 820 

0-U32 

43,350 

2 

10 

Aliiiosf  、vhitc   . , 

1 

•56 

(iiamotrr 

6.540 

O'tHO 

44,520 

11 

All  whitr   

1 

59 

diamrtrr 

3.ft80 

0-021 

23,370 

.i 

1'J 

Strongly  mottlfH) 

•58 

(iinmotor 

7.760 

0-073 

60,030 

3 
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practice.  The  foregoing  is  a  general  statement  requiring 
modifications  in  some  instances.  A  comparison  of  the  strength 
of  bars  4，  5，  11，  and  12  with  9  and  10  shows  the  cases  in  whicli 
strongly  mottled  iron  of  the  same  metal,  also  iron  tending  to 
all  white,  as  No.  10，  will  give  exceptional  strength.  Many 
other  round  bars  Igin.  diam.  were  made,  but  broken  with  tlie 


-9  in 

，髮 I 


ml 


匕 


、f 


Mm 

Mukl  1:.: 


Fig.  4.— Open  Sand  Mould  for  Making  Comparative  Chilling  Tests. 

sledge  to  <'lieck  these  fractures.  The  two  odd  bars  11  and  12 
are  shown  chiefly  to  deinonst rate  the  distiiu'tion  they  display. 

When  a  bar  is  of  such  a  size  that  it  is  sensitive  to  assume  a 
mottled  form,  it  is  very  likely  to  go  furt.lier  and  become  almost 
white,  and  with  the  same  iron,  temperature  of  ！! i^etal,  and  cliai  - 


be  seen  by  the  tables  having  the  2\m.  round  bars,  that  even 
with  tliis  increase  over  the  1  gin.  diaiii.,  some  of  the  larger  bars 
show  a  slightly  mottled  fracture  with  the  silicon  around  0*60. 
This  could  have  been  largely  avoidefl  by  baking  or  d ryiiig  the 
sand  moulds,  as  those  used  in  the  tests  shown  were  all  of  green 
sand.  To  increase  the  size  of  the  round  bar  would  assist  this 
feature,  and  sucli  coulfl  be  done  to  tlie  extent  of  having  it  2',Mn. 
and  possibly  3in.  (Hani,  and  still  produce  a  perfect,  all-chilled 
bar  for  a  coinpaiiioii  to  an  all-saiul  cast:  or  grey  one  having  the 
silicon  around  O'GO. 

It  is  important  therefore  to  describe  the  structure  of  frac- 
tures when  recording  tests  of  cliillable  iron  and  in  making  coiii- 
jiarisons  with  all-cliilled  ami  grey  bars  or  otherwise.  It  all 
shows  that  in  some  cases,  it  may  be  necessary  to  experiment  in 
order  to  obtain  the  diameter  best  suited  to  give  a  knowledge  of 
the  relative  strength  of  tlie  wliite  and  grey  of  cliillable  irons. 
This  does  not  prevent  t  he  adopt  ion  of  a  standard  to  be  used 
the  world  over  for  tests  for  cliillable  irons.  All  that  is  neces- 
sary is  to  state  the  structure  of  the  fracture,  diameter  of  the 
bar  used,  per  cent,  of  silicon ,  and  possibly  other  constitueiits, 
sliouhl  they  vary  much  from  those  given  in  Table  1. 


J  一 

K 

H 

Copeface^  Copeface^  Cope  face  J  ■■ 

Fig  .  5.— Set  of  all  Chilled,  partly  Chilled  and  all  Sand 
Square  Bars  Cast  Flat. 

acter  of  mould,  there  is  as  miu'h  chance  to  obtain  a  strength 
of  7,7601bs.  as  5,5401bs.,  as  seen  for  bars  10  and  12.  But  this 
sensitive  condition  must  be'  avoided  in  order  better  to  make 
comparisons  between  an  all-chilled  bar  and  an  all-sand  cast 
one  of  the  same  size,  form,  and  metal.  To  do  this,  it  is  neces- 
sary to  havo  the  sand  cast  bars  sii fllcieiitly  large  to  prevent 


Table  IV. —— Transverse  Tests  of  Variable  Depths  of  Chill 
with  Low  Chilling  Irons. 


T'st 
No. 

Fracture  and  per  cent,  of  chill. 

Depth. 

Load. 

Do- 
flection. 

Modulus 

Set 
No 

Not  chilled  ；  clear  gn-y  iron 
Chilled  one  side  ；  10"。  whitf 
Chilled  two  sidos  ；  25%  white 

1  -01 

1  MM) 

0-9*1 

1  •：.! 
1  •:-"» 
1  -44 

0-098 
0-085 
0'056 

43,900 
34,900 
29,600 

4 
4 

16 
17 
18 

Not  oliillcd  ；  clcai'  grey  iron  . . 
Cliiiled  Olio  sidf  ；  15%  white 
Chilled  two  sides  ；  20%  whitf 

0-  98 

1-  03 
1  '(12 

1  -40 
1-48 
1  -45 

5,175 
4,220 
4,390 

ceo 

CO  cc 

5 
5 

5 

19 
20 
21 

Not  cliiiled  ；  clfar  grey  iron 
Chi  Hod  one  sicU'  ；  1     white  . . 
Chillf'd  t  wo  sides  ；  100%  white 

0-  97 
1  -00 

1-  01 

1  -^7 
1-47 
1  -47 

C  CO  ^ 
Iff  L。'  iO 

T*  T"  ? 

6 
6 
6 

22 
23 
24 
25 

Not  chilled  ；  clear  grey  iron  .. 
Chilled  one  side  ；  5%  white  . . 
Chilled  one  side  ；  20%  white . . 
Chill 0(1  two  sides  ；  50"；,  white 

1  -00 

0-  99 

1-  06 
1-02 

1— 1  I— «  1— 1 

0-157 
0-159 
0-137 
0-110 

CO  Tl"  CO  r-t 

Table  Y.—Bars  26  to  30  had  12o.z.  Manganese;  31  to  34,  1202：. 
Manganese  and  IQoz.  Vanadium  in  225lbs.  of  Metal. 


Test 
No. 

Fracture  and  per  cent, 
of  chill. 

Width. 

Depth. 

Ten- 
sion. 

Load. 

||0 

丄  1 
S  1 

Drop. 

Set 
No. 

R  26 

Chilled  both  sides.  All 

white  iron  

2-04 

2-00 

nowol 

15,150 

0-030 

33,420 

8 

R  27 

Chilled  i^in.  one  side     . . 

2-10 

2-05 

nowel 

14,330 

0-036 

29.230 

6 

8 

R  28 

All  grey  iron   

2-12 

2-08 

no  we  I 

23,800 

0-070 

46,820 

9 

8 

if  29 

All  firey  iron   

2-31 

diameter 

25,750 

0-095 

63,710 

8 

R  30 

Chilled.   All  white  iron 

2-21 

diameter 

14,620 

0*030 

41,330 

8 

F31 

Chilled  two  sides.  All 

white  iron  

6 

1  -97 

nowel 

16,100 

0-030 

35,900 

9 

r32 

Chilled  gin.  one  side     . . 

2  -05 

1  -99 

nowel 

15,370 

0  -035 

34,080 

5 

9 

F33 

00 

2-00 

nowel 

22.020 

0-070 

47,640 

9 

9 

F34 

2-32 

diameter 

23,430 

0-070 

57,300 

9 

Set  R  poured  with  regular  iron.    Set  V  jioured  with  vanadium  in  regular  iron. 
Set  T  poured  with  titanium  in  regular  iron. 


their  taking  a  niottled  form,  and  still  not  so  large  as  to  prevent 
their  being  absolutely  chilled,  or  all  wliite  iron  to  their  very 
centre,  when  cast  in  an  all-iron  mould  or  chiller  of  the  same 
diameter.  Much  experimenting  may  often  be  necessary  to 
learn  to  know  the  best  size  to  adont  for  making  a  comparison 
between  the  white  and  grey  of  special  chillable  irons.    It  will 


Fig.  f).— Set  op  all  Chilled,  partly-  ChiltjED  and  all  Sand  Squark 
Bars  Cast  on  End. 

Erratic  Effects  of  Chilled  Crystals  and  Interlacing  of  the  Grey  with 
them. ― Table  IV.  presents  a  few  of  the  luany  tests  made  with  chill- 
able  metal,  having  about  the  following  composition  ：  silicon 
2  0，  sulphur  0  06，  phosphorus  0'04,  manganese  0  :30.  The  bars 
were  made  in  a  converter  ste'e】  foundry  and  tested  by  John  H. 
Nelson  ；  all  others  were  tested  by  H.  E.  Smith.  In  testing 
this  set,  the  load  was  applied  in  the  deep  direction  of  the  bars 
which  were  all  cast  on  end.  Tests  13  to  25  illustrate  the  erratic 
qualities  of  partly-chilled  bodies,  accounted  for  by  tlie  inter- 
lacing of  the  wliite  with  the  grey  and  tlie  rleptli  of  mott  led  iron 
back  of  the  chilled  body. 

In  partly-chilled  sections,  the  temperature  of  the  cliiller  to 
chill  the  iron,  and  of  tlie  metal  to  pour  the  mould,  ami  the 


Table  VI. -— Bars  33  to  39  had  12oz,  Manganese;  Bars  40  to  4i 
12oz,  Manganese  and  lOoz,  Titanium  in  225lbs,  of  Metal, 


Test 
No. 

Fracture  and  per  cent, 
of  chill. 

Width. 

Depth. 

Ten- 
sion. 

Load. 

De- 
flec- 
tion. 

Modu- 
lus. 

Sot 
No, 

R  35 

Chilled  both  sides.  All 

white  

2-14 

1*98 

nowfl 

22.420 

48,108 

10 

R  :i6 

Chilled  ^in.  one  sido  . . 

2-03 

2-07 

nowel 

18,990 

0-037 

39.170 

10 

R  :t7 

2-12 

2-04 

nowel 

25,740 

0  -075 

r>4,700 

11 

10 

R  :i8 

2-27 

diameter 

25,520 

0  -077 

66,570 

10 

Chillfd.    All  white  iron 

2-22 

diameter 

13，"0 

0-024 

:MA77 

10 

T  4(1 

Chilled  both  sides.  All 

white   

1  -97 

nowel 

16,100 

0-031 

36,960 

11 

7' 41 

Chilled  iin.  ono  side     . . 

2-07 

2-00 

nowel 

15,130 

0  -m-i 

u 

T  42 

2-06 

1-99 

nowel 

21,870 

0  -074 

X 

b 

11 

T  43 

2-32 

diameter 

23,400 

0  -059 

57.180 

11 

T  44 

Cliilled.    All  white  iron 

2-22 

diameter 

17,110 

0-028 

47,711 

11 

Tahle  VII. ― Bars  45  to  49  had  12oz.  Manganese  ；  Bars  50  to  54 
l2oz.  Manganese  and  22oz.  Vanadium  in  225lbs,  of  Metal. 


Depth. 


Ten- 
sion. 


2*02 

2-00 

2*01 
diameter 
diameter 


1  -98 
2-02 
2-00 
diameter 
diameter 


nowel 
nowel 
nowel 


nowol 
nowel 
nowcl 


Test 
No. 

R  45 


Fracture  and  per  cent, 
of  chill. 


Chilled  botli  sides,  AH 

white  

Chilled  gin.  one  side     . . 

All  grey  iron  

All  grov  iron  

Chilloti.    All  white  iron 

Chilled  botli  sides.  All 

white  

Chilled  -^iii.  onv  side  . . 
Orey.  sliglitly  mottlod 
(Jiev,  slightlv  mottled 
Chilled.    All  white  iron 


] De- 
Load,  flec- 
I  tion. 


Modu-  I  o 


No. 


1-  90 

2-  10 
2-08 
2-29 
2  -22 


2-00 
2-10 
2-05 
； 2 -27 
2-20 


16,460 

0 

•030 

38 

220 

14.380 

n 

035 

:iO 

810 

23.790 

0 

090 

50 

960 

23,910 

0 

•078 

60 

7:J0 

15,610 

0 

•022 

43 

520 

16.030  0-035  36.800 

14.090  o'fmo  20, m) 

24.800  0  -06：>  51.440 

25.580  ,0-060|  66.710 

17,890  0-025  51,250 


4  4  4  4  5  5  5  r 


-一  iM 


2  2  2  2  2 
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degree  of  dampness  in  the  sand,  have. an  effect  both  on  the 
depth  of  cliill,  and  on  the  structure  of  tlie  metal  for  a  consider- 
able distance  beyond  tlie  place  where  the  white  ceases.  These 
are  all  factors  difficult  to  control  in  regular  practice,  but  the 
more  that  is  known  concerning  tliem,  the  better  will  be  the 
design,  make,  and  use'  of  the  castings.  The  variable  hardness 
(if  mottled  and  grey  bodies,  interlacing  witli  the-  white  iron  of 
chilled  boflies,  are  flis])layed  by  the  liardness  tests.  Table  XTl. 

Transverse  and  Drop  Tests  of  Grey  and  Chilled  Bars  Alloyed  with 
Vanadium  and  Titanium. — Tables  V.  to  IX.  present  an  original 
series  of  tests  cumpri'sing  the  following  features  :  (a)  (，on]paxison 
of  strength,  deflection,  chill  and  contraction,  in  all-chilled,  partly- 
fhilled,  and  grey  bars  of  the  same  metal,  (b)  Comparison  of 
square  and  round  bars  to  emphasize  tlie  utility  of  the  latter  for 
a  siandard.  (r)  Comparisons  of  transverse  and  drop  tests  to 
show  their  ronforniity,  and  practicability  of  the  latter. 
{(/)  Comparisons  of  liardness  created  by  the  rate  in  cooling, 
giving  cliilled,  mottled,  and  grey  fractures  in  the  same  〗;netal. 
(r)  Effects  of  ferro-inaiiganese,  vanadium,  and  titanium  in  the 
same  metal  aud  size  of  section,  when  of  a  chilled,  mottled,  and 
grey  structure. 

Results  of  the  above  comparisons  in  connection  with  those 
io  be'  derived  from  a  study  of  the  tables  are  given  throughout 
the  pa  pel'. 

Notable  Difference  in  the  Strength  of  the  Chilled  and  Orcy  Sides  of  a 
Partly-chilled  Casting. ― It  will  be  seen  from  tests  in  Table  X.  that 


when  the  chilled  face  is  in  extension,  as  with  tests  92，  94,  and 
96,  the  casting  is  much  weaker  than  when  the  grey  or  mottled 
body  is  in  extension,  as  with  tests  91，  93，  ami  95  of  set  22. 
This  is  a  quality  having  heretofore  received  very  little,  if  any, 
thought.  When  fully  considered  it  will  be  seen  to  be  of  great 
itiiportance  in  the  making  and  use  of  different  lines  of  castings. 

Table  VIII. ― B 鎖 55  to  59  had  12oz,  Manganese  ；  Bars  60  to 
64,  12oz.  Manganese  and  2^oz,  Titanium  in  22blbs.  of 
Metal  ；  while  Bars  65  to  68  were  free  from  Man<janese  and 
other  Alloys, 


Test 
； No. 

Fracture  and  per  cent, 
of  cliill. 

Width. 

Depth. 

Load. 

^11 

Modu- 
lus. 

p 
ft 

Sot 
Xo. 

n  55 

Chillnl  both  sides.  All 

white  

2  -00 

2  '(m 

？ lowcl 

15,980 

0-03U 

35,9G0 

4 

14 

Chilled    ^iii.    our  side. 

Balance  mottled  , … 

2-00 

2-07 

liowcl 

18,140 

0  *0：38 

38,100 

14 

Itbl 

Groy    iron.  Corners 

chilled   

2-02 

2-00 

nowel 

22,720 

0-070 

50,610 

14 

it  58 

Groy      iron,  jslightly 

2-25 

(iijiinotor 

26,000 

0  -075 

69,640 

14 

59 

Chillnl.    All  white   

2-24 

diameter 

13,830 

U-017 

33,960 

14 

T  GO 

Chilled  bolli  sides.  Ail 

white  

2-00 

1  -OS 

iiowol 

13,200 

0  -025 

30,300 

4 

15 

TGI 

Chilled    -Mil.    ono  side. 
I>aIanco  mottled  .... 

2-04 

2  -(Ki 

11  owe  I 

16,840 

0-035 

30,060 

4 

15 

T  02 

Gioy.    corners  slightly 

T  6:i 

2  •()：) 

2 -(HI 
(lianu'lcr 

nowcl 

22, 瞧 
25.810 

I)  -075 
0-08 

48.470 
68,2:U) 

10 

15 
15 

T  64 

Chilled.  All  whitriroii 

2-22 

16,070 

0-05 

44,810 

15 

S  05 

Cliilled  botli  akXvs.  All 

wliitc  

2-01 

6 

nowcl 

11,-I00 

0  -020 

24.170 

:l 

IG 

,S'  60 

Chilled    Sin.    01"、  side. 

Drcjtly  mot  fled    . . . . 

2-m 

2-ni 

no  we  I 

10.800 

0  '030 

22.8(10 

:t 

l(i 

.N  (i7 

(iicy.  coi iiris  mottled  . . 

2-(t4 

2  -on 

nowt'I 

17,870 

0  -0：>(1 

3l).42(» 

r> 

10 

a  08 

tJrt'y  iron,  mottled   

2-25 

dianirtcr 

24,180 

0-065 

64,204 

10 

Set  S  poured  witli  spurious  metal  containing  no  fciTo -manganese. 


Tlie  reliability  of  this  set  of  tests  will  be  realised  when  it  is 
understood  that  the  respective  companion  tests  having  the 
I'hilled  side  in  compression  and  tension  were  made  with  the 
same  ba r,  by  the  im、th()(l  sliown  in  Figs .  2  and  3.  Af"»r 
making  two  transverse  tests  of  the  same  bar,  iliere  was  sufli- 


cient  remaining  for  a  drop  test  having  an  Sin.  span.  A  few  of 
these  are  tests  83  to  96.  Bars  83  to  90  were  cast  on  end,  while 
bars  91  to  96  were  cast  flat,  as  shown  in  Fig.  1，  and  cliilled  on 
ono  side  only  to  give  two  of  tins  form  for  one  set.  In  Fig.  6  is 
seen  a  full  set  of  the  square  bars  cast  on  end,  in  whieli  M  is  the 
all-chilled  bar,  N  the  chilled  side,  and  O  the  grey  side  of  the 
partly-chilled  bars,  while  P  is  the  all-sand  cast  bar.  Tlie 
position  of  the  chilled  face  in  the  testing  is  shown  at  、V  for 
both  the  cast  on  end  and  cast  flat  bars  when  upward,  and  at 
O  when  downward,  seen  on  the  left  of  Figs.  2  and  3. 

Another  feature  is  the  great  difference  between  the 
strength  of  cliilled  iron  when  the  lines  of  crystallisation  j^tand 
vertical  to  the  load,  and  when  they  are  turned  horizontal  to  il. 
In  Table  III"  tests  1，  2，  6，  and  7  show  a  difference  of  about 
61  per  cent,  for  the  first  two  bars,  and  about  51  per  cent,  for 
tlie  second  two.  The  lines  of  crystallisation  are  seen  in  Figs.  2  - 
and  3，  where  E  is  the  weakest  and  F  the  strongest  position  of 
the  two-sided  bar.  These  qualities  were  originally  discovered 
by  Asa  W.  Whitney,  and  are  presented  here  to  give  data  in 
keeping  with  t lie  original  tests  of  1  liis  paper. 

Criticism  on  and  Chilling  Effects  of  Vanadium  and  Titanium. —- Wil- 
liam H.  Hatfield  in  a  paper  "On  the  Influence  of  Vanadium 
upon  Cast-  Iron  "《- at  the  March,  1911，  meeting  of  tlie  Iron  and 
Steel  Institute,  stated,  "  There  is  considerable  disagreement  as 
to  i  he  influence  of  vanadium.  '  Expressions  of  this  character 
had  iiiucli  weight  in  the  taking  of  extra  precautions  wlieii  test- 


FiG.  8.— Specimens  of  all  Chilled  and  all  Sand 
Round  Bars  Cast  on  End. 

iiig  these  alloys,  in  the  belief  that  the  results  might  settle  some 
of  tlie  disputed  points.  Iiiforination  of  the  chilling  qualities 
of  the  alloys  is  given  in  the  three  following  paragraphs  aud  in 
the  various  sets  of  Tables  V.  to  IX. ，  as  tests  27  and  32.  It 
required  but  a  few  tests  to  show  that  the  difTe rence  in  the 
pouring  temperature  of  the  metals,  due  to  the  cooling  effect 
produced  in  melting  the  alloys,  was  such  as  to  make  the  depth 

Table  IX. ― Bars  G9  to  72  had  12oz.  Mantjancsc  ；  Bars  73  to 
77，  lOo^.  Titanium  and  5oz.  Vanadium :  Ban  78  to  82, 
12oz.  Mamjancse,  15oz.  Titanium,  and  8oz,  VanadiuDi  in 
226lbs.  of  Metal 


Test 
No. 

Fracture  and  per  cent, 
of  chill. 

Depth. 

Ten- 
sion. 

Load. 

De- 
flec- 
tion. 

SftHlU- 

lus. 

Srt 

No. 

21  69 

Cliilled  both  sides.  All 

1-98 

2-02 

nowcl 

18,480 

0-035 

41,170 

5 

1' 

R  70 

ilahiiuL'  mottled  .... 

2-04 

fi 

16.760 

0-055 

23,660 

fi 

17 

}{  71 

Ail  *;rcy  iron  ；.. . . 

2  -0；» 

2  -05 

nowcl 

24.:}tM) 

0  -085 

ii  1,020 

11 

17 

Ji  72 

AJl  grey  i  rou  

2 '27 

diameter 

24.0:?0 

0  -065 

17 

TVl-.i 

Chilled  both  sidep.  All 

2-02 

2'OU 

nowel 

12,330 

0-025 

27.470 

IS 

rr74 

Chilled    i'm.   one  side. 

Balrtm't  mottled  .... 

2-05 

2 '07 

nowol 

18.:H0 

0'040 

37.580 

6 

18 

AU  grey  iron   

2-10 

2-Oi 

iiowrl 

24.980 

51.:tiKl 

11 

IS 

5*1*76 

All  grey  iron   

diiuiU'trr 

22.070 

0  *1'60 

56.CW) 

1** 

TVTl 

Chilled.   All  white  iron 

2-21 

(Uamotor 

16,370 

0  -029 

38,560 

18 

CI)iUp(l  both  sides.  AU 

1-96 

2-03 

nowcl 

16,250 

0-030 

36,210 

19 

Chilled   jin.   one  side. 

lialaiu'o  niottlwl  .... 

llOWl'l 

14.580 

(»-040 

31.530 

5 

in 

7' I '80 

All  groy  iron   

2-01 

•J*(l(i 

iiowol 

o-<m.» 

49. 曜 

it> 

TVSl 

AU  grey  iron   

tliainotrr 

23.4  7(» 

0 铺》 

li» 

rr82 

Chilled.   All  white  iron 

2-20 

diuinotor 

18.700 

0-030 

53,570 

1!, 

of  chill  shown  in  Tables  V.  to  IX.  an  uncertain  factor  for  these 
tests.  This  is  more  fully  realiseil  when  the  fact  is  considered 
that  "  hot  "  inelal  will  chill  deeper  than  "  dull  "  metal . 

To  obtain  more  favourable  conditions  for  rapid  pouring  and 
less  travel  of  mt^tal  tlian  was  offered  bv  tlie  niouUl,  Fig. 】， 
ru， 、'山 1  chill  blorks  were  made  after  tlie  plan  and  end  views  in 
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Fi":  4.  The  pair  of  cliilled  blocks  R  were  poured  with  11  le 
regular  far  wheel  metal,  cooled  down  to  nearly  tlio  same  iempe- 
rat u re  as  that  for  pouring  the  chill  block  immlds  V  and  T 
having  the  vanadium  and  titanium  alloys  in  their  respective 
ladles.  This  iiietliod  enipliatically  (loinonstrat-ed  that  the 
vanadium  increased  tlie  depth  of  chill,  or  held  the  carbon  more 
ill  its  combined  form,  while  the  titanium  operated  in  the 
opposite  direction.  Numerous  tests  were  iiiade  following  this 
plan,  some  of  which  had  a  Un.  chiller  face  plate  in  place  oi. 
the  2hiu.  plate  Q,  and  all  of  them  were  effective  in  the  same 
direction  as  to  their  respective  results. 

Table  X,— Transverse  and  Drop  Tests  of  One  Side  Chilled 
Bars  alternated  to  be  in  Comp'cssion  and  Tension, 


Test 
No. 

Fnicf  uic  aiul  por  cent. 
of  fhill. 

Width. 

1 

1  Depth. 

Load. 

Do- 
Unc- 
tion. 

Modu- 
lus. 

Drop. 

Set 
No. 

h:i 

2 

09 

2 

06 

21.070 

0 

045 

42,760 

7 

20 

( 'hilled  four  sides.    AH  w 

Iiit<-  .... 

2 

12 

2 

18 

23,380 

0 

0-10 

41,770 

15 

20 

85 

Chilit'd  jjin.  ('in'  side, 
mottled.    (！  1 1  \  .、i(lr  ill 

J5alanco 
tension . . 

2 

06 

2 

05 

21,590 

0 

030 

43,435 

9 

20 

86 

Chilled   /"s in.  niic  si^l<\ 

Balance 

mottled.  Chilirdsidri 

1  tension 

2 

07 

2 

03 

20,430 

0 

035 

43,111 

7 

20 

87 

G roy  iron,  slightly  mottle 

(1   

2 

11 

2 

07 

19,420 

0 

045 

38,G64 

8 

21 

88 

Chilli'd  four  sid<'s.    All  w 

liito      . . 

2 

06 

2 

20 

22,450 

0 

020 

■JO, 532 

15 

21 

8J) 

Chilli'd       in.  one  side. 

Jlulaixco 

21 

iiiottlol.    (iifv  sidf  ill 

tiMision . . 

2 

10 

2 

04 

19,880 

0 

050 

40  947 

8 

IK) 

Ciiillccl  jl'm.  otir-  side. 

BalaiK'o 

mottled.    Chilled  suU: 

in  tension 

2 

06 

2 

06 

13,660 

0 

030 

28,132 

6 

21 

01 

Chilled  i'ln.  one  sido  ； 

. mottled. 

Grey  side  in  tension 

2 

11 

2 

•15 

2:i,760 

0 

•070 

43,861 

14 

22 

i)2 

Chilled  iin.  oiu*  side  ；  ^iii 

. mottled. 

Chillrd  side  in  tension 

2 

13 

2 

■06 

17,260 

0 

•035 

34,373 

22 

93 

ClulU'd  jiri.  (iiic  side  ；  j^iii 

. mottled. 

G ley  side  in  t'"wiou  . 

2 

•12 

2 

•10 

21,760 

0  -055 

41,014 

22 

01 

Chilli'il  }m.  om'  sidf  ；  Jii 

. mottled. 

Cliillnl  siilr  ill  totisiori 

2 

•13 

2 

'06 

13,190 

0 

•025 

26,378 

22 

95 

Cliilii'd  A  ill.  oii(、  shio-  ；  Itn.  mottled. 

(iii'V  siili:  in  ti'iision  . 

2 

•11 

2 

•03 

20,350 

0 

•055 

42,127 

5 

22 

Chilh-(i        <nio  side  ；  liii.  mottled. 

ChiUftt  side  ill  tension 

2 

•13 

2 

^13 

15,720 

0 

•030 

29.281 

22 

One  test  with  the  three  sets  of  moulds.  Fig.  4，  gave  a 
difference  in  the  thickness  of  chill  as  seen  at  X,  Y，  and  Z， 
Fig.  7.  The  set  R  was  poured  with  the  regular  iron  ；  the  set 
V  with  t  lie  vanadium,  and  the  set  T  with  the  titanium  alloyed 
metal,  there  being  lib.  of  each  alloy  in  about  1751bs.  of  metal. 

Further  experiments  having  21bs.  of  titanium  in  the  1751bs. 
of  metal  gave  a  tliickness  of  chill  seen  at'  V  and  W，  Fig.  7，  of 
lin.  and  -? >iii .  respectively  as  marked  in  the  cuts.  In  the  belief 
that  by  increasing  the  amount  of  titanium  the  diill  might  be 
wholly  prevented,  41b&.  was  put  into  tlie  metal  for  two  tests. 
This  did  not  act  as  effectively  as  the  21bs.  and  showed  that  iron 
could  not  be  prevented  from  dulling  beyond  a  certain  limit 
by  its  use. 

Effects  of  Vanadium,  Titanium,  and  other  Factors  on  Contraction. 

Test s  to  obtain  t'ontractioii  were  made  with  but h  round  and 
square  bars  and  are  given  in  Table  XI.  The  2|in.  round  bars 
show  the  contraction  for  a  length  of  and  the  square  bars 

for  22in.  The  ratios  for  contraction  of  the  bars  cast  on  end 
agree  closely  witli  those  of  the  bars  cast  flat.  The  regular 
irons  are'  fairly  uniform  in  their  contraction.  The  vaiiadium 
bars  show  a  greater  contraction  than  those  containing 
titanium,  the  latter  liaviug  tlie  least  of  any  of  the  metals.  The 
spurious  metal  of  set  16  having  no  ferro-manganese  in,  it,  sliows 
the  greatest  contraction.  The  most  radical  difference  exists 
between  1  he  all-cliilled  a i ul  all-grey  ba rs. 

Effects  of  Vanadium  and  Titanium  cn  Strength. —— In  making 
deductions  of  the  relative  strength  for  the  alloy  mixtures,  &('.， 
the  round  bars  were  selected  chiefly  on  account  of  their  uiiifortn 
structure  and  greater  uniformity  of  results.  Fig.  8  is  a  good 
illustration  of  the  uniformity  of  the  metal  as  it  comes  in  round 
bars  rather  than  in  square  ones.  The  grey  round  bar  A'  sliows 
a  much  better  uniformity  of  grain  structure  than  exists  in  the 
square  bars  L  and  P,  Figs.  5  and  6.  These  last  present 
irregular  patches  of  grains  embodying  every  structure  from 
white  at  the  corners  D',  interlaced  with  mottled,  leading  to  a 
grey  centre,  sensitive  to  change  with  the  least  variation  in  the 
(laiiipiiess  or  character  of  the  sand,  hardness  in  ramming  and 
1-eniperature  of  pouring  metal.  This  irregularity  of  structure 
is  likewise  apparent  in  the  all- white  square  bars  H  and  M， 
Figs.  5  and  6，  when  compared  to  that  seen  at  B'，  Fig.  8. 

The  titanium  bars  show  an  increase  of  strength  over  the 
regular  bars  of  27  per  cent,  in  the  white  iron  witli  bars  39  and 
44,  Table  VI. ，  and  32  per  cent,  in  the  white  iron  witli  bars  59 
and  (34，  Table  VIII.  * 


The  vanadiinn  sliows  an  iticrease  of  si ren^tli  of  9  per  rent, 
ill  1  li2  grey  iron,  with  bars  48  ami  53,  and  17  per  cent,  in  the 
white  with  bars  49  and  54,  bolli  of  Table  VII. 

Tlie  spurious  ))ar.s  wli icli  liave  no  ferro-inaiif^aiiese  or  oilier 
alloys  ill  1  liem,  sliow  a  decrease  of  strenglli  of  7  per  cent,  in  the 
grey  iron,  witli  bars  63  and  68  of  Table  VIII.  No  comparison 
of  the  wliiie  iron  in  the  round  bars  can  be  given ,  since  there  are 
no  chilled  round  bars  for  this  last  set  ；  but  the  contrast  is  so 
/;reat  in 七 lie  square  cliillod  l)ars  55  and  65,  wliicli  show  the 
white  of  the  spurious  metal,  that  it  is  safe  to  consider  tlieiii 
30  per  cent,  weaker  than  the  regular  iron. 

Some  tests  liaving  shown  vanadium  and  titaniuni  beiieiicial  i)i 
increasing  tlie  strength,  it  seei»is  reasonable  to  suppose  1  liat  all 
1  he  oilier  sets  having  iliein  alloyed  in  the  regular  ineta]  slioiild 
show  a  similar  tendency.  It  may  be  that  in  a  car-wheel  metal 
til  ere  is  a  definite  absorption  of  the  alloys  necessary  to  increase 
inatrerially  the  strength  of  the  grey  and  white.  By  tlie  use  of 
large  round  test  bars  for  making  tlie  relative  comparison  in 
these  irons,  further  experimenting  with  this  grade  of  metal 
along  practical  lines  should  establish  l)eyom】  any  flf 川 bt  the 
question  of  such  a  limit. 

Comparison  of  Partly-chilled  with  Wholly-chillcd  and  Grey  Bodies. — 
1 11  conducting  this  series  of  tests,  bars  were,  cast  having  only 
one  side  chilled  as  companion  bars  to  the  all-chilled  ami  grey 
bars,  as  seen  by  the  second  test-,  Tables  V.  to  IX.  It  will  T)e  a 
surprise  to  many  to  find  that  in  all  the  tests,  excepting  the  two 
of  set  14，  the  partly-chilled  bars  are  weaker  than  the  all-chilled 
or  white  bars.  A  good  view  of  these  three  companion  bars  is 
shown  in  Fig.  5，  K  being  the  partly-cliilled  side. 

The  weakness  of  the  partly-chilled  bars  is  due  to  internal 
strains  and  scattered  amalgamation  of  the  slate  of  the  broken 
carbon  of  the  metals.  Bars  showing  nearly  every  effect  of 
rapid  and  slow  cooling,  and  in  no  wise  possessing  the  homo- 
geneous blending  of  one  character  of  grains,  seen  by  tlie  wholly 
white  and  grey,  is  well  illustrated  by  H,  L,  Fig.  5. 

All  tlie  partly-diilled  bars  showed  the  chilled  body  inter- 
lacing the  mottled,  and  ilie  latter  blending  into  the  grey,  Figs. 
5,  6,  and  7.  This  is  generally  considered  to  be  a  stronger 
section  than  those  where  a  distinct  line  marks  the  separation  of 
the  white  and  grey,  and  causes  conditions  such  as  can  still 


Table  Xl.—Contmctkm  of  Bound  Bars  Cast  on  End  and 
Square  Cast  Flat. 


Set  No. 

Round  bars, 
all  chilled. 

Round  bars, 
all  grey. 

Square  bars, 
all  chilled. 

Square  bars, 
part  chilled. 

Square  bars, 
all  grey. 

ii  12 

0-22 

0-12 

0-47 

0-28 

0-26 

V  13 

0-23 

0'13 

0-48 

0  -30 

0-27 

n  14 

0-12 

(W7 

0-28 

T  15 

0*21 

O'll 

0-4:i 

0  -29 

0-25 

,S'  16 

0'50 

0  '3(； 

0  '32 

n  17 

0'-18 

o-:ii 

0-28 

TV  IS 

0-22 

0-12 

0-47 

0  -29 

0  *2r> 

TV  19 

0  -2： J 

("J2 

0-48 

0'30 

0-27 

Table  XIL —— Brinell  and  Sclcroscope  Hardness  Tests  of 
Specimens,  Fiy.  4. 


Set  No. 

Clasps. 

n 

J 

K 

L 

Sel. 

lid. 

Scl. 

Bri. 

Scl. 

Bri. 

Scl. 

Bri. 

Sci. 

12 

R 

:m 

65 

348 

^9 

179 

39 

326 

55 
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64 
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61 
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400 

54 

18:i 

40 

111 

TV 

442 

m 

422 

54 

189 

41 

417 

57 

179 

38 

further  increase  the  weakness  of  partly-clulled  castings. 
Designers  should  duly  consider  this  factor,  so  as  either  to  have 
a  strong  backing  of  the  uiollled  and  the  grey,  or  to  have  the 
chilled  side  of  the  casting  arranged  in  coiupression  if  practical, 
when  strains  or  concussions  of  its  work  is  brought  to  bear  upon 
it,  a  feature  in  keepiiiEf  w'itli  tlie  tests  on  t  roatnieiit  of  Table  X. 

Comparison  of  Strength  in  All-white  and  All-grey  Irons. ― A 
feature  of  this  paper  worthy  of  consideration  is  the  strength 
and  deflection  obtainable  in  strictly  all-chilled  or  white  iron. 
It  is  generally  supposed  that  white  iron  is  very  much  weaker 
than  grey,  and  has  very  little  if  anv  deflection.  Bv  referring 
to  tests  7，  21,  30，  35，  44,  49,  54，  69,  82,  84，  and  88,  it  will  be 
seen  that  wliite  iron  can  be  obtained  at  least  75  per  cent,  as 
strong  as  grey.    AVliite  iron  is  the  strongest  with  the  crystals 
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radiating  from  a  centre  as  at  M  and  B'，  Figs.  6  and  8.  The 
round  bar  excels  the  square  in  this  form  of  structure. 

Spalling  Weakness  of  Chilled  or  White  Iron.— The  chief  evil  of 

whit©  iron  lies  in  its  strength  being  erratic,  and  easily  spalled. 
It  is  believed  that  founders  could  greatly  increase  and  control 
the  strength  of  various  grades  of  white  irons  and  make  them 
much  more  reliable.  Numerous  experiments  were  conducted 
to  test  the  spalling  weakness  of  white  and  grey  iron  and  it  was 
found  that  white  bodies  do  not  possess  much  over  one-third  the 
strength  to  resist  spalling  blows  that  exists  in  the  grey  or 
mottled  of  the  same  iron.  It  shows  the  importance  of  design- 
ing that  portion  of  the  casting  subject  to  such  blows  to  contain 
as  far  as  prarti(,al  grey  or  mottled  iron  - 

Hardness  Tests  of  All-chilled,  Partly-chilled,  and  Sand-cast  Test  Bars. 

― Table  XII.  gives  Brine  11  and  scleroscope  tests  of  three 
samples  taken  from  each  of  the  first  three  bars  of  sets  12  to  19, 
a  view  of  which  is  seen  in  Fig.  5.  The  Brinell  depressions  were 
produced  by  a  gin.  ball  loaded  with  COOOlbs.  and  the  readings 
are  the  weight  in  kilogrammes  sustained  by  1  mm.  of  area  of 
the  depression  produced  by  the  total  load.  This  is  the  stan- 
dard method  of  testing  Brinell  hardness.  Both  the  Brinell  and 
scleroscope  records  are  the  averages  of  4  to  6  tests  on  a  sample. 
The  columns  H,  I，  J，  K,  and  L  give  the  tests  of  the  surfaces 
indicated  by  the  same  letters  shown  in  Fig.  5.  Those  who 
conduct  these  kinds  of  tests  know  that  there  is  some  variation 
of  hardness  over  an  area  although  it  may  not  exceed  1  sq.  in. 
The  surfaces  H  had  a  variation  of  3  to  7  points,  and  I  8  to  15 
points,  J  about  6  points,  while  L  had  but  3  points,  showing  that 
a  greater  uiiiforniity  in  hardness  can  be  expected  in  all  grey 
bodies  than  in  mottled  or  chilled  surfaces. 

The  table  also  shows  that  directly  chilled  faces,  as  H,  are 
harder  than  those  crystallising  over  a  sand  surface  caused  by 
the  heat-absorbing  effect  of  a  chiller,  some  distance  from  such 
points,  as  I.  The  excessive  variation  of  the  surface  I  is 
believed  to  be  caused  by  the  curved  structure  of  the  heat 
radiation  lines,  as  they  come  to  the  surface  at  an  angle,  differ- 
ing from  the  straight  lines  shown  on  the  sides  at  H. 

The  spurious  iron  is  on  an  average  harder  than  the  regular 
iron.  The  alloys  appear  to  have  a  hardening  effect  as  com- 
pared with  the  regular  iron,  or  that  having  only  ferro- 
manganese  in  it.  The  irregularity  in  the  effect  of  the  alloy  is 
no  doubt  due  to  the  variations  in  the  temperature  of  the  metal 
filling  the  moulds,  and  brings  about  variations  in  liardness 
similar  to  creating  an  irregularity  in  the  chill,  strength,  deflec- 
tion, and  contraction  of  like  irons. 


INDUSTRIAL  AND  TRADE  NOTES. 

Labour  Co-partnership.  -  A  largely-attended  meeting  of  repre- 
sent,;! Live  conniK  reial  \wu  and  meniboi's  of  the  House  of  Commons 
was  liekl  on  tl"'  12tli  inst.  to  consider  the  formation  of  a  con- 
siiltativo  council  of  the  Labour  Co- partnership  Association  for 
])n>ni(>tin<i;  co- partnership  in  the  industries  of  the  country 
<i;t'ricra]ly.    'Hi is  step  was  Mgrood  to,  after  full  discussion. 

Another  Shipyard  Conference.  ―  Another  Grand  Conference  was 
in  Kdinhur^ii  on  AVednt^sday  botwee»i  the  Shipbuilding 
Km])l()y(M-s'  Fedej  atiou  and  the  Standing  Coniinittoo  of  tho  ship- 
yard trades  to  discuss  :  (1)  The  48- hours  week  ；  (2)  the  organisa- 
tion of  boilerniiiker  apprentices  ；  (3)  the  general  advance  ot  5  per 
rent,  asked  recently  by  the  committee;  (4)  the  advance  of  4  per 
feiit.  to  riveters  so  as  to  enable  them  to  pay  higher  rates  to 
lioi<lei's-on  ；  and  (5)  a  general  discussion  on  the  proposed  ainciul 
MKMits  to  the  national  agreement.  As  tho  conference  was  sitting 
at  tile  time  of  going  to  press  wo  a  re  uiiablo  to  present  the  results 
arrived  at. 

Increased  Activity  in  Hematite  Iron  Trade. ― The  improved  (Icniand 
A\  hicli  li:is  set  ill  toi-  h(、matit《'  iron  in  the  Furness  :ind  West 
C'ninborlaiid  distiict  has  necessitated  an  iiicioasod  production  of 
metals.  'Ilic  Milloin  and  A  ska  in  Company  liave  just  put  anotluM- 
furn.ice  in  blast,  and  they  a  re  preparing  to  re-iijj;ht  their  lar-^e 
Amorican  furnace  at  Askain  shortly.  The  Barrow  Stool  Company 
have  fivo  furnaces  in  blast,  ami  、vill  in  the  course  of  :i  、v""k  "r  so 
put  a  now  and  imp  roved  furnace  in  i)last  which  will  hav**  a  yiokl 
of  alxnit  1,~)()0  tons  of  metal  por  week.  There  arc  indications  "t' 
fuller  activity  at  Ulverston,  C'a nitmtli.  and  in  tl"'  West  ('mn 
Ijci'laiul  district. 

London's  New  Docks.— Tlu'  Povi  ot  山  Autlnn  ity  has  (locidcd 

thai  the  \\ ork  ot  const  met  in<i  a  m'、v  dock  to  llu*  south  of  tlio 
HovmI  A"、t、rt  Dock  should  bo  ofFeied  to  8.  Pearson  Son,  Ltd. 
Tlu>  cost  of  that  work.  I)ase(l  upon  a  schodul*^  *>f  pr"vs,  will 
anunint  to  ahout  l'l,4(K).(K)l).  The  contract  will  inrludo  tho  con- 
st ruction  of  an  oiitraiice  dock.  800ft.  l)y  100ft .  by  15ft.  deop  :  n 


main  dock,  4 , 500ft.  long,  averaging  600ft.  in  width  and  35ft.  in 
depth,  with  water  area  of  65  acres  ；  a  dry  dock,  a  j^asasge  con- 
necting with  the  Royal  Albert  Dock  Railway  lines,  and  six  sheds, 
but  not  working  equipment  of  the  dock.  On  the  south  side  of 
the  dock  J  vessels  will  be  berthed  at  jetties  to  facilitate  barge 
traffic. 

The  Boilermakers'  Society .  一  In  the  June  report  of  the  Boilor- 
makers'  Society,  Mr.  John  Hill,  general  secretary,  reports  that 
trade  continued  in  a  healthy  state.  The  half- year's  output  of 
ships  would  create  a  new  record ^  and  the  enquiries  for  new  work 
continued.  Capitalists  were  looking  on  the  industry  favourably, 
and  new  shipyards  ami  docks  were  in  preparation.  The  present 
iiionth  wo\ild  witness  three  most  important  conferencos ― one  each 
on  liolders-iip  advance  of  rates,  the  apprentice  question,  and  the 
ei^ht-hours  day.  This  month  the  branches  will  also  vote  for  or 
against  the  acceptance  of  a  demarcation  agreement  arrived  at 
hetw  een  the  Engineering  and  Shipbuilding  Federation  of 
FiinpIoyfM  s  nnd  the  various  trade  societies  concerned. 

The  Amalgamated  Society  of  Engineers  and  the  1907  Agreement. ― 
The  Amalgamated  Society  of  Engineers  has  decided  to  instruct 
the  Executive  Council  to  take  a  vote  for  or  against  the  deter- 
mination of  the  terms  of  agreement,  1907.  This  agreeniont  hinds 
on  the  one  side  the  Engineering  Employers^  Federation,  and  on 
the  other  the  Amalgamated  Society  of  Engineers,  the  Steam 
Kiigiiie  Makers'  Society,  tho  United  Machine  Workers'  Associa 
tk»n，  aiul  one  or  two  smaller  metal  working  unions.  Originally 
its  provisions  were  the  terms  ii}><))i  which  the  great  dispute  of 
1897  was  settled.  In  19M7  they  w ere  revised,  and  tlieir  title  was 
altered  from  terms  of  settlcnuMit  to  terms  of  ;i<xiveni(Mit.  They 
cover  practically  the  whole  of  the  fondition.s  of  (Miiploymeiit  in 
engineering,  hut  are  chii-tly  iiotaltk*  for  tlieii-  provisions  tor 
avoiding;  disputes. 

Smoke  Prevention  in  Glasgow.— The  Sanitary  Dopiirtineiit  of  tlie 
Glasgow  C'orixjrutioii  report  a  j^reat  decrease  in  the  iiiiiiiher  of 
]ii oseoutions  instituted  in  connection  w  ith  the  production  of  black 
smoke,  and  of  the  large  number  of  chimneys  system  at  kally 
watched  by  the  Departing iit  46 ^  per  cent,  are  now  c-lear  of  smoke 
ami  27^  per  cent,  emit  only  an  amount  so  small  as  to  be  far 
l)elo\v  the  line  of  excess.  There  are  still  a  iiunilter  of  iiitoi  jnitteiit 
offenders.  About  10  per  cent  of  the  steam  boilers  in  the  city 
have,  it  is  stated,  been  increased  in  power,  while  at  the  sanio 
time  their  tendency  to  cause  smoke  has  I  een  reduced.  Thirteen 
per  cent,  of  the  fir  ins  have  installed  mechanical  stokers  and  18 
per  cent,  have  fitted  snioke-pieveiition  uppa ratus.  lu  plants 
used  for  manufacturing  purposes  33  per  cent,  of  those  formerly 
i\  red  by  coal  a  re.  now  fired  l)y  gas. 

China's  Industrial  Development. —— An  American  Consn].  writing 
i'mm  Shan4z;liai,  states  that  China  is  at  the  dawn  of  an  era  of 
iridii^irial  de\elopmeiitj  a lul  the  denuuid  for  plant  shoultl  increase 
lor  iiiiiny  years.  He  yays  that  local  representatives  coiinect^^d 
with  machinery  and  electrical  appliances  state  that  the  British 
and  German  firms  are  obtaining  more  business  than  their  com- 
petitors because  they  study  the  requirements  of  the  ma rket  inoro 
carefully  than  maimfaoturers  of  other  countries,  and  liave  far 
supei'ior  organisations  in  China.  Gf^iMiian  hnus  also  grant  spwial 
terms  of  payment,  with  the  result  that  any  scheme  which  pro- 
sents  a  reasonable  p  rospect  of  success  is  financed  and  Germ  an 
materials  are  purchased,  lu  roga rd  to  electrical  luatliintM y.  at 
p resent  there  is  excessive  competition  owing  to  the  lack  of  techni- 
cal knowledge  in  China,  except  in  the  case  of  a  limitod  mmiher 
t)f  ])urchastM's.  Consequently  few  a  re  able  to  judge  tho  relative 
merit  of  machines,  and  price  becomes  the  standard  Ity  whidi 
tliey  are  usually  appraised. 

The  Industrial  Council  to  Enquire  into  the  Labour  Unrest.  ―  The 
Industrial  Council,  to  w  hit  li  the  Caiiinet  lias  reieiu'd  certain 
i|Uestions  associated  with  tlie  provailin*;  unrest.  \\'\\\.  it  is  under- 
stood. conimeiKe  its  delihoratioiis  inuiiodiatiOy.  and  take  tnidence 
t roin  l)i>tli  eiiiployors  and  workmen.  Speakinjj;  in  iho  House  of 
Commons  a  few  clays  ago,  the  Prime  Minister  said  from  experionco 
recently  doi  ivt'd  the  Governnieiit  tonsidored  that  one  of  the  chief 
difh('iiiti«\、  III  ill''  w ay  of  securing  iiulustrial  i>eace  uas  tho  want 
ot"  any  ofVoctivo  inothtxl  of  enforriii^  ajirooinents  which  had  been 
ai  rived  at  hotw  )»<>tli  、、kk、s，  ami  how  far  t li os(»  ;»«;rtH'nuMit.s  ""ild 
Ite  eiitOicod  oil  t ！ utsf  u  ho  wore  not  partio.s  to  it.  These  u ero  con- 
siderations tor  t'ini)l()yers  and  workmen,  and  the  (iovernnieiit 
therefore  proposed  to  ask  the  Industrial  Council  to  consider  the 
l>est  method  of  securing  the  duo  fulfilment  of  industrial  agree- 
ments, and  how  f;u'  t hey  could  l»o  enforcod  in  particular  trades. 
Tlio  1  iidustrial  C'mim'il  would  take  ovideiuv.  ami  report  the  con- 
rlusioiis  tlu\v  Mrrivo(i  at.  w  Inch  would  rec  Mve  the  earnest  attw- 
t ion  and  consideration  of  tlio  Governnieiit. 

State  of  the  Skilled  Labour  Market.— The  *'  Hoard  of  Tnide  Labour 
(；; izettc  '  、"it'、s  that  I'MipluynuMit  continued  to  improve  during 
May.  :nul  l>y  tlie  oml  of  tlu'  month  was  as  good  on  the  wliole  as 
liofore  tho  national  coal  strike.  The  improvement  was  most 
inarkod  in  the  pig  iron,  iron  and  stool,  and  engineering  trades. 
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The  only  important  excc])tioii  was  the  shipbuikling  iudustry,  in 
which  production  was  somewhat  restricted  through  lack 
materials.  As  compared  with  a  yoar  ago,  employnioiit  in  most  of 
the  principal  iiulnstries  showed  an  improvement,  wliicli  was 
spocially  noticeable  in  the  iron  and  steel  trades.  In  the  pig  iron, 
shipbuilding,  and  building  trades,  li(>、vever,  there  was  some 
(leclino.  lii  the  392  trade  unions,  with  a  net  membership  of 
836,949  making  returns,  22^307  (or  2*7  per  cent.)  were  returned 
as  unemployed  at  the  end  of  May,  1912,  compared  with  3 '6  pet- 
cent .  at  the  end  of  April,  1912,  and  2*5  per  cent,  at  the  end  of 
Miiy,  1911.  Rotiirns  from  firms  employing  453,098  woi'kpeople  in 
the  week  ended  May  25th,  1912,  showed  an  iiicroasc  4.2  per 
cent,  ill  the  amount  of  wages  paid  compared  with  a  month  ago 
a  lid  of  66  per  cent,  compared  with  n  year  ago. 

State  Aid  for  Industry  in  Hungary. ― A  report  on  the  trade  of 
Hungary  by  his  Majesty's  Coiisul-Gonoi-al  at  Budapest  states  that 
last  year  10  factories  were  established  with  State  assistance,  and 
the  further  development  of  15  others  was  assured.  These  estab- 
lishments represent  a  capital  of  £677,000,  and  give  employment 
to  at  least  3,700  workmen.  Besides  the  above,  3G  factorios 
received  machinery  to  the  value  of  nearly  £20,000  on  condition 
of  employing'  1,150  new  workmen.  Some  67  factories  received 
State  assistance  in  the  form  of  freedom  from  taxes,  &c.  In  the 
case  of  20  factories  exemption  from  taxation  was  prolonged,  and 
a  similar  privilege  was  granted  in  favour  of  19  factories,  the 
erection  of  wiiicli  is  contemplated.  In  all.  State  to  industry 
during  1911  n'pre.seiits  £  1 ,87.— )，0()0，  and  has  given  <Mii[)l(tyin(Mit  to 
7,700  worknu'ii .  An  experimental  institution  has  been  established 
for  making  experiments  and  exaniiiiing  materials  likely  to  develop 
the  smaller  industries.  Further^  the  development  of  the  use  of 
water-power  in  Hungary  is  engaging  the  attention  of  the  authori- 
ties, and  the  work  of  the  Commission  occupied  in  considering  a 
reform  of  the  Industry  Law  (Gewerlje  Gesetz)  is  stated  to  have 
made  progress. 

The  Panama  Canal  and  the  Shortening  of  Routes. 一 Speaking  at 
tlie  Royal  Colonial  Institute  on  the  11th  iust.  on  the  "  Pananiii 
Canal  and  its  Relation  to  the  British  Empire/ '  Mr.  Vaiiy;han 
Cornish  said  tluit_,  for  Vancouver  and  all  other  ports  north  of 
丄、 m;im;i  on  the  west  coast  of  North  America^  the  canal  meant 
a  reduction  of  8,400  miles  to  New  York  ；  about  7,000  miles  to 
Montreal  ；  and  6，0U(J  miles  to  Liverpool.  For  ports  on  the  west 
coast  of  South  America,  the  reductions  of  distance  varied  from 
the  above  maximum  at  Panama  to  zero  near  the  southern  ex- 
tremity of  the  continent.  The  average  reduction  was  about 
5,000  miles  to  New  York  and  2^600  miles  to  Liverpool.  Tlie 
distance  from  Yokohama,  to  New  York  was  diminished  by  3,700 
iidles.  Shanghai  was  brought  1,600  miles  nearer  to  New  York, 
Sydney  was  brought  3)800  miles  iiearei-  to  New  York  by  way  of 
Taliite,  and  about  2,500  iiiilos  nearer  to  Montreal.  The  distance 
from  Melbourne  to  New  York  was  reduced  by  2,600  miles  via 
Tiihite,  ii nd  from  Wellington ,  N.Z.，  by  2,500  miles.  Yokohama, 
Sydney,  and  Melbourne,  at  present  nearer  to  Liverpool  than  to 
New  York  J  would,  after  next  year,  be  nearer  to  New  York  than 
to  Liverpool.  Japan,  Korea,  the  Philippines,  and  New  Guinea, 
as  well  as  most  of  Australia,  were  in  the  zone  or  band  for  which 
the  Suez  and  Panama  routes  offered  rival  advantages. 

Prosecutions  Under  the  Coal  Mines  Act. ― Heavy  penalties  were 
inflicted  by  the  Potteries  Stipendiary  at  Burslem  on  the  11th 
inst.  in  two  prosecutions  under  the  Coal  Mines  Regulation  Act 
iigaiiist  John  Kyle,  managing  director  and  agent  of  the  Brown- 
hills  and  Beiitilee  Colliery  Company,  Beiitilee,  aiid  William  Hogg, 
nijuijiger  of  the  company.  There  were  originally  29  summonses 
a;j;aiiist  the  colliery,  ay;ainst  Kj^le,  and  against  Hogg,  but  only 
tiight,  three  against  Kyle  and  five  against  Hogg,  were  proceeded 
with.  For  the  prosecution  it  was  stated  that  two  of  liis  Majesty's 
Inspectors  of  Mines  had  inspected  the  mine  and  found  neglect  of 
tlie  regulations  to  provide  proper  egress  shafts  and  communica- 
tion roads.  The  outlet  in  the  shaft  was  also  found  unfenced. 
Unlocked  safety  lamps  had  also  been  used,  and  omission  had 
been  made  of  the  duty  of  posting  at  the  pit-head  the  times  of 
lowering  and  raising  the  various  shifts.  For  the  defence  it  was 
urged  that  there  was  no  real  gravity  in  the  charges,  considering 
that  for  the  past  60  years  no  coal  had  been  got  out  of  the  mine 
except  for  the  last  year  or  two,  when  sufficient  for  steam  pm'- 
l>().se8  had  been  obtained.  The  Stipendia ry  said  that  in  a  mining 
district  it  was  important  that  whatever  difficulties  the  manage- 
iiieiit  Ave  re  working  under  they  should  set  a  good  example  to  the 
workpeople.  He  inflicted  upon  the  two  defendants  for  the 
various  offences  penalties  amounting  to  total  fines  aiicl  costs  of 
£50.  Is. 

Co-partnership  Bill. ― In  the  House  of  (.'onunons  on  the  121  li 
inst.  Mr.  J.  h\  Hope,  M.l).，  iiitrucluoed  a  Bill  to  promote  the 
adoption  of  co-partnership  by  statutory  and  other  public  com- 
panies. The  Bill  was,  he  said,  of  a  very  modest  and  tentative 
kind,  and,  with  one  partial  exception,    vas  entirely  permissive 


ill  cliM  toi*.  It  sot  oil  L  ii  iriodcl  sdi(、nic  of  co  \r.\  i  incrship,  ； m«l 
I'.y  i)Ho  ol  its  clauses  allow  tul  legistcrcd  and  .statutory  (:"iiip;iii"'.s 
to  adopt  the  scheme  without  iipplyiiiij;  to  any  court  for  altera- 
tion in  tlieir  monioraiuliirn  of  association,  or,  in  tlie  case  of  stain 
tory  companies,  without  applying  to  Parliainoit.  It  fmtl"'r 
allowed  them  to  adopt  a  s(:h(»nu、  with  sonic  m("l"i(';itio".s，  w  itli 
tlu>  nermission  ot'  the  lioa fd  of  Trade.     Tho  root  of  the 

scheme  itself  was  that  there  should  1"、  at  once  a  standard  return 
for  both  partners  in  industrial  enterprise- ~ a  standard  rotni  ii  for 
labour  in  the  shape  of  wages,  and  a  standard  i-etiirii  for  c:i\>]{  ； ( I. 
There  、vas  no  attempt  whatever  to  ("idcav (川 r  t(，  set  foith  an 
arbitrary  return  in  th(、  shape  of  wages  for  hihoiir.  Th:"，  lie 
said,  must  be  left  to  the  process  of  ('(>*11(、('ti v(，  Ijar^aiiiiii^  w  liicli 
;i] ready  existed.  He  did,  liou  ever,  propose  to  say  in  tlic  tiial 
the  standard  return  on  capital  should  bf-  o  per  cent.,  and  once 
that  was  seen  red  all  p  rofits  for  the  enterprise  shoulrl  1>(、  divi 山' （1 
I  atoably  between  tli(、  company  and  its  oniployc.s.  i  lie  nicaiit 

by  divided  rateably  was  this:  Supposing  a  compaiiv  paid  a  fli\'i 
dend  of  more  than  5  nor  cent.j  for  every  1  per  cent,  more  iliat  it 
paid  tin  extra  (mt 、- twentieth  should  he  a(l(l<、（l  to  tl"，  wages  ot"  its 
employes.  Tlierc  were  further  prov isioiis  for  the  issuo  (if  new 
stock  to  the  employes  with  tlieir  consent,  and  for  the  adjudica- 
tion of  difforonces  in  the  county  court. 

Mr.  G.  Barnes  on  Industrial  Unrest. ― hi  the  course  of  ii  fccciiL 
papor,  Mr.  Georj^c  Barnes,  M.l).，  referred  to  the  r<'('("it  indus- 
trial unrest,  and  said  that  this  was  quite  justified  by  the  fact's, 
hut  had  as  yet  but  little  tangible  result,  excepting  that  it 
had  perhaps  stimulated  public  opinion  to  some  hard  thinking. 
Increased  wages  had  resulted  in  some  cases,  and  easements  in 
labour  conditions  had  been  obtained  as  a  result  of,  better  or^aiii^ 
sat  ion  ；  hut  in  the  industrial  field  of  action  these  could  bo  iicld 
only  as  a  result  of  still  better  organisation,  and  a  sustained  ； i  ik! 
alert  pressure  in  the  struggle  for  life.  In  other  worclsj  they 
could  only  be  held  by  au  increasingly  bitter  industrial  warfare, 
ill  which  the  disputants  would  be  blinded  by  passion,  in  which 
the  proceedings  would  be  characterised  by  further  waste,  aiul 
duriiij^  which  the  incidental  suffering  must  be  shared  by  the  com- 
munity, and  would  fail  most  heavily  on  v\ (jnieii  and  chiklreii.  He 
sugg(、sted  a  better  way.  He  submitted  that  In  boiir,  a  i  doc  I  by 
public  opinion  J  should  now  turn  its  attention  to  two  things ― a 
Je^-al  niininuim  standard  of  comfort  and  a  legal  standard  of  hours 
of  labour.  Increase  of  the  number  employed  would  follow  ;i 
reduction  of  hours  in  the  transport  and  non-competitive  or  non 
exporting  trades  or  callings.  In  the  conipetitve  trades  it  "as  in 
the  essence  of  things  that  cost  of  xu'oduction  should  not  be 
materially  increased  by  shorter  hours  unless,  at  the  same  time, 
the  means  were  provided  whereby  cost  might  be  lessoned  by 
removal  of  existing  burdens.  Experience,  however,  had  shown 
that  increased  piodiictivity  liad  always  fulluued  the  rt'(l，i('ti"i，  ol 
hours.  If  the  working  day  were  shorter  and  inter rupted  l)y  only 
one  break  for  one  meal,  the  workman  would  work  witli  iiioie 
goodwill,  and  probably  produce  nearly  as  much  as  in  the  longer 
working  day  with  one  or  two  interruptions. 

Recent  Legislation  and  its  Effect  on  Mine  Accidents. ― Mr.  U.  M. 
Mowatj  general  iiiauager,  Suiunierlee  Iron  and  Coal  Company,  in 
the  course  of  some  remarks  made  at  a  recent  meeting  of  the 
Mining  Institute  of  Scotland^  stated  that  for  the  quinquennial 
period  ending  in  1907  Scotland's  record  in  the  matter  of  acci- 
dents was  the  lowest  known  in  the  history  of  the  country's  min- 
ing, l)ut  since  then  there  had  been  a  tendency  to  rise.  In  the 
light  of  that  fact  one  wondered  how  much  the  upward  tendenc  y 
was  due  to  the  Eight  Hours  Day  Act  and  all  the  hurry  and  hustle 
now  contingent  on  that  measure.  Nowadays  thoy  were  expected 
to  get  through  in  less  than  eight  hours  what  they  took  10  hours 
to  accomplish  before  the  Act  came  into  force.  Tlie  coal  iiidiistr y 
was  face  to  face  with  a  great  deal  of  new  legislation  wliicli.  1"' 
believed,  w  ould  have  an  important  l>(、;u  ii、g  on  this  question  of 
safety  in  mining  operations.  They  luid  ii  now  ！ Mines  Act  w  liicli 
came  partly  in  to  force  on  July  1st  and  the  i-cniaincler  on  Jainiarv 
1st  next  ；  they  had  the  Insurance  Act  and  all  that  it  involved  ； 
they  had  the  new  Rescue  niul  Aid  Order  ；  \\  hi!c  they  had  new 
electrical  rules  applicable  to  mining  a  nd  an  Expl()siv<'.s  Older 
just  issued  which  was  almost  as  big  as  the  M iiu\s  Act  itsdt".  Ht' 
understood  there  we  re  quires  of  forms  nndor  the  now  M  iiios  Act ― 
and  personally  he  had  only  seen  one-halt'  of  them ― which  managers 
had  to  pass  through  their  liands.  Iiuloed.  if  a  manager  was 
expected  to  do  so  much  clerical  work  now  lio  questioned  if  they 
could  expect  him  to  spend  so  nnicli  time  undor^^round  as  in  tlir 
past.  That  、vas  a  ivgi'ettalik*  featuiT,  hocaiise  ho  was  a  firm 
l)eliever  in  this,  that  the  safety  of  tl"、  i"hi(、s  dopondrtl  upon  tlic 
supervision  ot"  the  nianauer  and  the  subordinate  oflicials  at  t\\v 
colliery.  Altogether  lit'  did  not  think  that  recent  legislation  and 
the  consequent  hurry  and  luistlo  entailed  to  mining;  operations 
thereby  would  make  for  a  r('(lu('ti(m  of  accidents  in  mines.  He 
made  that  statement  with  tlit'  Liioatest  I'egi'et,  but  nevertheless 
it  was  his  opinion. 
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MECHANICAL  1911. 

Method  ui  and  apparatus  for  cleansiiif^  and  stipcrlioatiiig  steam. 

Batemaii.  12500. 
Apparatus  for  measm  iiiK  and  recording  the  speed  of  pow  oi  -di  ivoii 

vehicles.  Iv;i!l)  &  Olssoii.  V2()24. 
Liquid  I'lUil  burners.    Peaccy.  1^667. 

Rotary  steam  or  explosion  engines.    Wolstenholiiie.  1268G. 
CarbiiVettor.    Steel  &  Steel.  12704. 

Heat   radiators   or   exchangers.     Benhain   it    Sons,    Ltd.,  and 

AUcnsby.  12777. 
Kotary  engine,  compressor.    Powoll.  12925. 

Gauge  for  use  in  measuring  or  setting  out  the  teeth  of  gear 
wheels.    Crabtree.    12934.  _ 

M(u.-liaiiical  leaders  for  coal.    AVatkiiis  &  Mason.  13298. 

J?;iil\viiy  -signalling  apparatus.    Glenn  Sr  O'Donnell.  13310. 

Gear  for  driving  and  reversing  metal  planing  machines.  Simpson. 
13753. 

Appliances  for  separating  (lu'st  from  air  m'  gases.    Samucl.soii  ami 

Backhouse.  16392. 
Valves  for  steam    engines    and    internal-conibustiuii  engines. 

De  Lissa,  and  Motosacoclie,  Ltd.  17201. 
Removal  of  liquid  contained  in  steam  or  other  gases.  Fletcher. 

17313. 

Valve  mechanism  for  internal-combustion  engines.    Soc.  Aiioii. 

Constructions  Indnstriolles  Dijoiuiaises,  17/535. 
Apparjitas  for  traTisniittint;^  power  by  compressctl  air.  l)iml()|). 

17944.  ' 
Manufac'ture  of  iron  and  steel.    Levoz.  18016. 
Acetylene  gas  generators.    Scott.  181G6. 
Rotary  pumps.    Orouvelle,  Arqueiiibour<;\      Jo  ret.  21690. 
Recovcrinjj;  tin  and  iron  from  scrap.    Woltereck.    21 762. 
Method  (.)f  and  apparatus  for  the  production  of  explosive  luixtiiics 

for  driving  gas  turbines.    Humaran.  23501. 
Automatic  lock-nut.    Pierce.  23527. 
Utilising  solar  heat.    Shuman.  23624. 

Process  of  coating  iron  with  other  metals.    Ppiincr.  23710. 
Apparatus  for  the  purification  of  gases  of  combustion.    Flof  htiier. 
24015. 

Safety  apparatus  for  railways.    Van  Mraani.    2o'2^ 4. 

Method  of  and  apx)iiratus  for  the  production  of  explosive  mixtures^ 

for  driving  gas  turbines.    Humaran.  25608. 
Process  for  the  production  of  porous  niotals  and  alloys,  Haniiovoi'. 

25702.  ' 
Horizontal  steam  boilers.    Smal.  25745. 
Wator-tubc  boilers.    August  Roichwaldj  Ltd.    2 59 70. 
Wrenches.    Iveson.  26652. 

Means  for  starting  and  reversing  two-stroke  cycle  internal-com- 
bustion engines.    Thomas.  26700. 
Rollor  ])oariiin;s.    Brewer.  28594. 
AoroplniK^s.    IMeriot.  28638. 
Ball  and  rollcr-ben rings.    Ericsson.  28844. 

1912. 

Fluid  i)iinips.    K nowlsoii,  Irwin,  it  Cullon.  27】. 
Manufacture  of  dies  for  Avire-drawing.    British  Thoiiisou-Houstou 
Company.  53(1 

Socket  pipe  couplings  with  bayonet  joints.    Walter  and  British 

Mannesmanu  Tube  Company,  577. 
Turbines.    Ashton.  856. 

Low-water  alarms  and  feed-regulators  for  steam  boilers.  Ellefsoii. 
1249. 

Vwtic'al  retorts  lor  carhonisation  of  coal.    Duckliain.  l.'M". 
Metliod  of  and  appai'atus  for  Ui(、  utilisation  <>F  explosive  mixturos 

tor  d rivin<j;  gas  turbines.    Hunia ran.  1473. 
Spark-arrester  for  locomotives.    Road.  1712. 
Stop  valves.    Cockbiirn  &  MaoNicoll.  2090. 
Stop-valvos.    J':lkingt()".  2577. 

Disti'ilmtin;j;  valvo  I'or  single  cliainlKM"  (omprosscd  air  Itrakotj  with 
ivdiK'iiig  valvo.    K"oit- Jiivmse  A kt.-(J(\s.    3061 . 

Locomotive  and  other  tubular  boilers.    Caille.  4129. 

Devico  for  bridging  ovor  the  gups  ol"  tli(、  rails  in  :umt';Uin;i 
I'lirnaces.    Kugel.  5757. 

Automatic  air  valvos  for  liot-air  enj^iiies.  Model  Engiiieorin^ 
Company,  and  AVi-zht.  G103. 

Valves.    Collar.    81(i (；. 

ELECTRICAL,  1910. 


11699. 


1911. 

Electrical  beating  apparatus.    Perry.  12923. 

Means  for  varying  the  inductance  of  electric  circuits.  Schiefer- 

stein.  12978. 
Electrical  contacts.    Anschutz  &  Co.  1G440. 
Wireless  telegraph  transmitting  stations.    Dyinoiul.  17149. 
Filectric  switches.    Fuineaux  tfc  Rock.  17502. 
Electric  switches.    Allison  &  Arnold.  17788. 
Telephones.    Gwozdz.    17900.  ' 
Systems  of  electric  distribution.    British  Thomson-Houston  Com- 

piiny.  19260. 

Automatic  tolophoiie   systems.      Siemens    &   Halske  Akt.-Ges. 
19G45. 

Telephonic  appai.atus.    Graliain.  22034. 

Means  for  varying  the  inductance  of  electric  circuits.  Schieter- 
stein.  23283. 

Automatic  ro<iulators  for  electric  welding  apparatus.     Gvs.  t'uv 

Eloktrotcchnisflie  Industrie.  ！ 23943. 
Method  of  nianuractu ring  electric  steel  castings.     Fibcher  and 

Schudol.  27377. 

Li-ilitiii^  of  iiiotoi'-d riven  vehiclos  by  electricity .  Leitiier.  27482. 
Electric  distribution  systems.    Bijur.  28391. 

1912. 

Telephone  exchanges.    Siemens  Bros,  &  Co.  528. 
Electrical  accumulator.    Marino.  257o. 

Spark  gaps  for  use  in  electric  circuits  adapted  lor  rapid  I'Icctric 

oscillations.    Thompson.  2768. 
iVloans  tor  holding  electrical  insulators  and  conductors.  Uullcrs, 

Ltd.,  and  Twiss.   3335.  • 
Tiine-controlled  electrical  switches.    Free.  3830. 
Siij;iialling  systems  for  party  line  telephones.    Western  Electric 

Company.  4270. 
Covering  for  electric  cables.    】{('aver  it  Claremont.  520G. 


METAL  QUOTAIIONS. 

TUESDAY,  JUNE  IStii. 

Aluminium  ingot   70/-  per  cwl. 

，，        wire,  according  to  sizes,  &c  from  102/-  ，， 

，，        sheets        ，，  ，，    ，，  120/-  ,, 

Antimony   £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    9d.  per  lb. 

，，    tubes  (brazed)    1 1  id. ，， 

"       ，，      (solid  drawn)   ，， 

，，       ，，      wire   9d,  ，， 

Copper,  Standard   £79/5/-  per  ton. 

Iron,  Cleveland   54 /H  ，， 

，， Scotch    60/ U  ，， 

Lead,  English    £18/：»/-  ，， 

，， Foreign  (soft)    £17/17/"  ，， 

Mica  (in  original  cases),  small   Gd,  to  3/-  per  lb. 

"  "  "       medium   3/G  to  G/-  " 

，，  "  "       large   7/6  to  11/ 一  " 

Quicksilver   £8/-/-  per  bottle 

Silver   28^d.  per  oz. 

Spelter    £2o/I7/<i  per  ton. 

Tin,  block   £207/-/-  ，， 

Tin  plates   14/7.^  ，， 

Zinc  sheets  (Silesian)   £29/5/—  " 

，，  (Stettin  ；  Vieille  Montagne)   £29/7 /G  ，， 


Electrical  switchiiip:  apparatus.  "Walton. 


Trailer  Trams  for  London. ― Trailer  tranicars  are  to  make  their 
appea ranee  in  I  he  streets  of  London  at  last,  the  London 
County  Council  having  carried  their  case  in  the  House  of 
Commons.  The  Commons  Committee  passed  the  scheme,  sub- 
ject to  the  conditions  that  tlie  trailers  should  be  fitted  witli 
brakes  to  be  approved  by  the  Board  of  Trade  ；  that  t  lie  re  shall 
be  no  more  than  two  cars  together  (which  means  only  one 
trailer)  except  where  approved  by  the  Board,  which  will  also 
sanction  the  type  of  trailer.  Trailers  are  in  use  in  Paris, 
l^orlin,  and  some  American  cities. 

Launch  of  a  Cruiser.  ― The  un armoured  cruiser  ''  Fearless  " 
was  successfully  launched  from  Pembroke  Dockyard  on  tlie 
rJth  inst .  Tlie  "  Fearless  "  is  the  seventh  and  last  vessel  of 
the  Boadicea  ''  class  of  fast  iinannoured  cruisers  which  have 
been  buiU  primarily  for  service  as  pa  rent  ships  to  desl  rovers, 
it  having  been  decided  to  build  instead  a  new  class  of  liglil- 
a rnioured  cruisers.  She  has  a  displacement  of  3,440  tons,  ami 
carries  an  an"a 川 eiit  of  10  4 in.  puns.  Her  speed,  tlie  main 
feature  of  h<?i-  design,  is  25  knots,  obUined  with  turbine 
entwines  of  18,000  h.p.  This  speo<l  and  liorse-powcr  liave, 
however,  been  exceeded  by  every  ship  of  the  type  that  has  yet 
been  tried. 
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Steam,  Highest  Pressures,  Oil  Pumpin, 
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THE 

UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 

Works  ：  PONDERS  END.  MIDDLESEX. 
Head  Office : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.G. 


The  "PERFECT"  VISE 


E  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  ihe  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop         ：：  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ；   Member  of  the  Institution  of  Mechanical  (Engineers 
Associate  Member  of  the  Institution  of  Civil  Enginetrs. 

Price  13/-  post  free. 

CONTENTS.— Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram  Otber  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve  Internal-combustion  Eugine  Diagrams.  Tf'stin«  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water  The  Testing  of  Steam  Enginee.  Fuel  Testing.  The  Analysis  of  Flue 
Gases,'  Boiler  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines, 

The  Scientific  Publishing  Co"  53,  New  Bailey  Street,  Manchester. 


Telegrams:   "Scientific,"  Manchester. 
Telephone  No.  862S  Central. 

SUBSCRIPTION  RATES. 


United  Kingdom :  1*2/0  per  annum,  post  free. 
Anywhere  Abroad  : ~ - 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
， 21/-*  ，，  ，，  Thick  " 

*Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'   Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Superheating  in  Locomotives. 

Bulletin  No.  57，  recently  published  by  the  University  of 
Illinois,  gives  a  record  of  some  valuable  tests  by  Prof.  W.  F. 
M.  Goss  on  the  use  of  superheated  steam  in  locomotive 
service.  Having  regard  to  the  extent  to  which  locomotive 
superheating  is  now  an  established  principle,  it  will  proba'bly 
surprise  many  people'  to  know  thai  it  is  only  about  16  years 
ago  thai  the  first  superheating  locomotives  were  put  in  service 
on  the  Prussian  State  Railways,  and  it  was  as  a  result  of  the 
experience  gained  with  these  during  1898-1900  that  the  pre- 
sent extensive  adoption  on  tlie  Continent  is  based.  How 
rapid  the  development  has  been  may  he  inferred  from  the  fact 
that  ill  1907  there  was  in  Germany  over  1 ,300  locomotives  of 
the  new  typ^  nuiniiig  or  on  order,  while  the  good  results 
obtained  by  their  operation  has  stimulated  a  large  demand  iu 
other  countries  for  German-designed  and  Grermaii-built  super- 
heaters. At  the  present  date  there  are  probably  over  1,000 
locomotives  fitted  with  superheaters  in  service  or  under  con- 
struction in  Great  Britain  alone.  They  are  not  all  of  oue 
type,  but  by  far  th-e  major  portion  of  those  in  use  are  con- 
structed iu  accordance  with  the  designs  introduced  by  Herr 
Schmidt.  In  the  early  designs  the  superheating  was  effected 
by  tubes  placed  entirely  iu  the  siiioke-box,  but  this  practice 
has  rapidly  given  way  and  iu  fact  iu  recent  years  has  been 
discontinued  by  the  Schmidt  firm  in  favour  of  the  fire-tube 
design,  in  which  the  upper  part  of  the  boiler  is  fitted  with  two 
to  four  rows  of  large  smoke  tubes  from  -lin.  to  5in.  diani.  and 
ill  each  of  which  a  superheater  element  consisting  of  a  set  of 
small  pipes  beufc  iu  the  form  of  a  double  loop,  connected  at  the 
smoke-box  end  to  a.  header,  is  inserted.  Each  particle  of 
steam  passing  from  the  boiler  to  the  cylinder  braudi  pipes  has 
thus  to  traverse  some  one  of  these  elements  and  make  four 
passes  through  the  fire  tube  in  the  movement.  This  arrange- 
ment allows  a  higher  degree  of  superlieating  than  the  smoke- 
box  design  and  lends  itself  to  a  draught  arrangement  that 
meets  the  conditions  required  when  steam  is  being  raised  or  the 
engine  is  standing,  the  How  of  heat  through  the  large  tubes 
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being  controlled  by  clampers,  wliidi  are  automatically  closed 
as  long  as  the  regulator  is  close<l  and  which  are  opened  simul- 
taneously by  means  of  a  piston  working  in  a  small  cylinder 
when  the  regulator  is  opened.  The  r&strictioii  of  the  diameter 
of  the  superheating  tube  is  one  of  the  features  of  the  Scliniiflt 
design  and  incidentally  illustrates  the  influence  of  liigli 
velocity  of  flow  of  steam  over  the  heating  surface  on  heal 
transmission:,  in  accordance  with  the'  Osboniei  Reynolds  theory 
and  as  more  recently  exemplified  in  Nicolsan's  lugli-sp&ed 
boiler,  a  German  authority  stating  iliat-  for  constant  tempe- 
rature differences  the  rate  of  heat  transinissioii  varies  as  the 
square  root  of  the  velocity  of  the  steam .  The  degree  of  restric- 
tion in  Schmidt's  sup&rheat&rs  is  such  that  when  the  engine  is 
working  at-  full  power  with  the  regulator  full  open  tlie' 
drop  in  pressure  heiweem  tlie  boiler  and  the  valve  box  is 
approximately  151bs"  and  it  is  stated  that  under  these  con- 
ditions the  steam  velocity  through  the  superheating  tubes 
varies  from  325ft.  to  400ft.  per  second.  By  means  of  dial 
thermometers  the  temperature  in  the  valve  box  is  shown  on 
the  footplate,  and  when  this  has  risen  to  300°  C.  (572。  Fall.) 
the  dampers  controlling  the  flow  of  gases  through  the  super- 
heater tubes  are'  manipulated  to  prevent  the  maxim um 
limit  of  350°  C.  (662""  Fall.)  being  exceeded.  The  natural  com- 
petitor of  the  superheater  locomotive  is  the-  4-cyliiider  com- 
pound, and  the  question  as  to  tlie  extent  to  wliirli  this  latter 
type  is  likely  to  be  displaced  is  oue'  of  considerable  interest. 
The  object  of  both  types  is  of  cour&ei  ultimately  the  same, 
namely,  to  secure  economy  in  working,  but  economy  is  a  term 
capable  of  very  wide  definition  and  cannot  be  expressed  in 
terms  of  fuel  or  water  alone.  Measured  on  a  fuel  basis  there 
is  probably  not  much  to  choose  between  tli 復， though  the 
lesser  consumption  of  water  with  superheating  is  a  matter  of 
importance  where  it  forms  an  item  in  running  costs  or  is 
objectionable  on  account  of  its  impurities  and  subsequent 
expense  of  cleaning.  Another  advantage  of  superheating  is 
that  economy  of  fuel  can  be  secured  with  less  complicated 
mechanism  than  a  compound  and  i  lius  diminishes  main- 
teiiance  charges.  It  is  not  easy  to  express  the  exact  fuel  and 
water  economy  secured  with  superheating  as  compared  with 
simple  engines  using  saturated  steam  and  still  more  difficult 
when  compounding  is  concerned.  Figures  of  percentage 
gains  are  liable  to  be'  tinctured  witfi  ''i>artisan  prejudices, 
especially  when  tliess'  are  strong  and  the  personal  element 
comes  into  play  as  it  often  does  in  locomotive  matters,  and 
Btatements  that  superheating  locomotives  consume  10  per  cent  , 
less  coal  and  25  per  cent,  less  waisr  than  4 -cylinder  balanced 
compounds  must  be  accepted  with  reserve.  Mr.  Hughes  went 
into  this  matter  som&wliat  fully  in  his  paper  before  tlie 
Mechanicals,  t'o  which  we  referred  in  our  issue  of  April  LHUli 
last  (s&8  page  506),  and  we  think  sunmicd  up  the  com- 
parison pretty  fairly.  Speaking  broadly,  his  conclusion 
was  that  while  compounding  was  advantageous  in  slow 
speed  goods  traffic  superheating  was  more  suitable  for  pas- 
senger service  of  constant  loads,  and  it  is  mainly  in  this 
direction  that  practice  is  developing,  and  about  whicli  there 
is  most  agreement  as  regards  its  economy.  Amongst  certain 
foreign  engineers  the  combination  of  superheating  and  com- 
pounding is  being  favoured,  and  a  certain  u umber  of  loco- 
motives have  already  been  constructed  in  Belgium  on  this 
plan.  It  is  claimed  that'  coal  economy  results,  aiiiountiiig,  it 
is  said,  to  about  7  per  cent.,  but  it  is  doubtful  whetlier  this 
is  sufficient  to  warrant  tlio  complication.  The  two  systems 
are  in  the  main  opposed,  for  the  compound,  to  work  effec- 
tively, roquires  steam  at  high  pressure,  whereas  it  is  counted 
as  a  merit  of  superlieatiug  that  without  sacriiice  of  fuel  effi- 
ciency much  more  moderate  pressures  may  be  used.    It  is  au 


interesting  fact  to  note,  however,  that  in  France,  the  birth- 
place of  the  balanced  cvompouml,  active  interest  is  being  taken 
in  the  Schmidt  system,  and  a  conimission  representing  the 
leading  railways  there,  after  careful  investigation,  has  made 
a  most  favourable  report  upon  it,  and  while  it  is  not  thouglit 
likely  that  superheating  locomotives  will  take  tlie  place  of 
the  liiglily  developed  types  of  the  halam'ed  coinpouiKls  coiii- 
jiion  ill  lliat  couiiiry,  it  is  admitted  that  in  the  freight  and 
switching  service  iiiaiiy  of  I  he  simple  engines  might  with 
advantage  be  fitted  with  superheaters.  To  give  an  adequate 
sunuiiary  of  the  exhaustive  tests  conducted  by  Prof.  Goss 
would  occupy  too  much  space  ；  we  would  refer  readers  particu- 
larly interested  to  his  report,  contenting  ourselves  with  its 
salient  features.  The  advantage  of  superlieatiiig  is  closely 
linked  with  the  pressure  u»e<l，  ami  is,  of  rourse,  more  pro- 
nounced at  low  pressures  than  at  liigli  pressures.  Discussing, 
for  insiaiu'e,  the  fuel  gain  in  t  he  experimental  engine  use<l ,  it 
was  fauiul  tliat  wliereas  al  a  pressure  of  1201bs.  the  gain  was  17 
per  cent.,  it  was  only  6  p&r  cent,  when  the  pfessu re  was  in- 
creased to  2401bs.  A  somewhat  analogous  result  was  observed 
in  the  comparisons  of  steam-  used  per  indicated  horse-power  per 
hour,  a  saving  of  12  per  cent,  being  noted  when  the  pressure 
was  1201bs.,  and  only  2  per  ceut.  when  the  pressure  was 
2401bs.  Consideration  of  these  figures  shows  how  difficult  it 
is  to  express  the  relative  advantages  or  disadvantages  of  any 
particular  method  of  working.  As  a  general  proposition,  the 
gains,  Prof.  Goss  observes,  from  the  intrcKluction  of  a  super- 
heater is  a  function  of  the  degree  of  superheat  employed,  and 
this  in  turn  is  limited  by  the  ability  of  the  materials  com- 
posing the  superheater  and  tlie  exposed  parts  of  the  engine 
to  withstand  the  temperatures  involved.  The  Prussian  State 
Railway  prescribes  a  b oilier  pressure  of  18()lbs.  and  a  steam 
temperature  of  572°  Fah.,  with  a  iiiaximiun  limit  of  662'^ 
l,ah.  Ill  ot lier  words,  the  noniial  degree  of  superheating  is 
】90。  Fall.,  and  the  maxinuun 蕭〕 Fah.,  but  Prof.  Goss 
is  of  opinion  that  this  range  of  superheating  might  be 
ineroased  by  at  】east  one-third  without  exceeding  the  limit 
which  lias  been  proved  practicable,  and  since  superheat  tends 
to  conserve  steam  supply  as  the  demand  for  power  is  increased 
there  seems  no  reason  why  this  permissible  higher  range  of 
teiiiperature  should  not  be  utilised  wlien  necessary.  In 
considering  qiiesiians  of  fuel  ei'onoiny,  it  is,  of  course,  a 
mistake  to  assume  that  a  railway  rompanv's  coal  hill 
can  be  diminished  by  anyt liing  like  the  figures  in'licattui 
in  looonioUve  tests,  whether  of  superheating,  ('ompuuml- 
ing,  or  other  innovations.  It  will  be  clear,  for  exaiJiple,  that 
no  part  ol"  the  t'm、l  used  in  raising  steal",  or  of  t  hr  inevitable 
wastes  which  on-ur  from  rnf li;it  ion,  loss  through  safety  valvoi^, 
or  stoppages,  can  he  i^a ve<l  by  the  aj>j)li(  at ion  of  any  iiiellio<l  of 
raising  oi*  using  t he  steam,  ami  if  tlie  proportion  of  fuel  so  ni?r<l 
amounts  on  i\u  average  to  20  per  cent,  of  t  tot  a  I,  t \w  m;,xi- 
nnuH  amoinit  of  saving  capable  of  beini;  elTect^d  cannot 
exceed  8U  per  cent,  of  the  figures  given  l»y  an  pxj>eriniental 
test.  The  ultimate  economy  of  a  railway,  in  f;jct,  involves 
till'  whole  question  of  luaint^naiue,  and  makes  any  statement 
of  figures  littlo  mow  than  a pproximate  at  best.  Prof.  Goss 
smnnia rises  his  investigations  ami  their  hoarinj;  u|>:>n  A nieri 
can  pr  art  ice  by  stating  that  the  arlual  net  rodndiou  in  the 
amount  of  fuel  needed  for  locomotive  use  by  a  railroad 
lia、  ii'"'  all  its  Icuoinotivcs  equipped  with  satisfactory  svipei - 
heaters  over  that  which  would  be  required  if  all  oinplox  cd 
saturated  steam  will  not  be  far  from  lU  per  cent.  This 
value  is  not  jjivoii  as  a  strictly  scientific  import ,  Init  inorely 
as  an  estimate  based  upon  a  careful  study  ul  Aineri<  Hii  |、r;，'' 
ti<e.  aii(i  a  similar  comparison  in  oilier  count rirs  would 
cluubtlcijs  yield  other  Jigures. 
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HIGH-PRESSURE  OAS  FOR  MANUFACTURING  PURPOSES. 

A  PAPEK  on  this  subject  was  read  by  A.  W.  Onslow  a  I  the 
recent  meeting  of  the  Institution  of  Gas  Engineers.  It  was, 
the  author  said,  an  easy  matter  to  design  gas  furnaces  to 
achieve  a  certain  object  ；  but  the  detail  work  needed  the 
co-operation  of  others  to  continue  it.  A  designer  of  such 
•plant  must  aim  at  perfection  in  simplicity  as  well  as  effi- 
ciency. In  the  old  furnaces,  the  conductivity  of  fireclay  did 
not  seem  to  be  sufficiently  taken  into  consideration.  Con- 
sequently the  combustion  chambers  were  very  big,  and  the 
flame  had  to  travel  over  large  areas  before  getting  to  effec- 
tive work.  The  earliest  improvements  made  in  case-hardening 
furnaces  was  to  reduce  the  size  of  the  combustion  chamber, 
compel  the  flame  to  strike  at  ouce  fireclay,  and,  by  restricting 
the  air  supply,  to  obtain  a  uniformity  of  temperature. 

Furnaces  had,  he  observed,  been  in  use  having  dimensions 
6ft.  by  4ft.  by  2ft.  for  heating  articles  that  needed  a  space 
of  only  2ft.  by  1ft.  by  1ft.  In  this  case  a  bricklayer  built 
up  a  smaller  furnace  in  a  few  hours,  which  was  as  efficient 
ill  action  as  a  permanent  one,  and  could  be  removed  or  pulled 
down  when  done  with.  In  this  way,  bar  steel,  angle,  or 
channel  irons  could  be  heated  for  any  purpose  ；  the  furnaces 
being  built  in  a  few  hours  and  rebuilt  to  suit  all  require- 
ments. To  take,  as  an  illustration,  ^in.  bar  steel.  Some 
2，  000  bars  could  be  heated  and  rolled  in  a  fortnight,  and  the 
furnace  altered  for  2in.  bars ― a  slight  modification  only 
being  desirable.  The  furnace  for  angle  and  channel  irons 
would  be  somewhat  different,  but  alterable  in  half  a  day  by 
a  competent  bricklayer.  Bar  steel  could  be  worked  in  a  con- 
tinuous line,  averaging  60  sees,  per  inch  in  thickness  of 
metal,  allowing  this  ratio  up  to  2in.  in  thickness  ；  but 
beyond  this  size  50  per  cent,  longer  time  was  desirable  for 
soaking  purposes.  Refractory  material  must  be  prominent 
in  every  position,  with  sheet  asbestos  lagging  ；  so  that  it  was 
quite  possible,  with  a  few  firebricks,  fireclay,  burners,  and 
lagging,  for  a  dozen  different  designs  to  be  built  up  with 
the  same  bricks  and  tiles,  giving  satisfactory  results.  For 
railway-engine  wheels,  axles,  &c"  furnaces  could  be  built  in 
the  same  way.  The  author  recommended,  however,  that  the 
furnace  be  made  to  the  size  of  the  wheel  or  axle,  with  fire- 
clay iusicle  the  bottom,  sides,  and  lid，  the  latter  having  a 
flue  outlet  and  lifting  hooks.  Four  wheels  at  a  time  had 
been  thus  dealt  with ― four  axles  heated  vertically  in  30  mins., 
5  mills,  being  allowed  for  "  soaking,'"  and  the  temperature 
regulated  by  one  stop -cock  and  the  use  of  a  pressure-gauge. 

Experience  had  shown  that,  with  gas  at  2s.  per  1,000  cub. 
ft.  and  coal  at  20s.  a  ton  at  the  furnace,  there  was  very  little 
(lifference  in  the  cost  of  the  two  methods  of  heating  ；  the 
difference  being  in  favour  of  gas,  when  used  for  practically 
all  commercial  purposes,  provided  the  gas  furnaces  were 
designed  with  a  view  to  the  greatest  economy.  But  there 
were  instances  where  gas  was  infinitely  cheaper,  cleaner, 
ami  more  suitable  in  every  way.  The  exception  was  with 
large  furnaces,  in  which  immediate  contact  of  flame  with 
refractory  material  was  difficult. 

If  high-pressure  gas  needed  instances  to  justify  its  exist- 
ence, one  or  two  only  iniglit  serve  the  purpose,  viz.,  its  applica- 
tion in  the  operations  of  shrinking  on,  or  unshrinking  off,  coils 
or  large  tubes,  wlien,  by  puiiiping  gas  against  the  steel,  the 
labom'  formerly  occupying  weeks  could  be  reduced  to  about  an 
hour.  High-pressure  gas  was  positive  in  its  action,  as 
exemplified  by  a  certainty  in  shrinking  wliirli  occupied  now 
^  1  Hiinutes  against  a  problematical  25  minutes  before 
its  Mdoption.  The  time  lost  by  workman,  the  uiu-er- 
ta'mt)^  of  t.he  work  being  properly  done,  and  the  cost 
of  doing  the  work  over  again,  were  so  great  tliat  the  saving 
would  be  interesting  to  ascertain.  But  with  gas  at  60iii.  pres- 
sure tlie  time  could  be  gauged  accurately.  The  writer  could 
iiot  understand  large  engineering  works  not  having  a  higl 卜 
pressure  gas  plant ~ portable,  if  necessary ― for  dealing  with 
difficulties  as  they  arose,  wlietlier  it  was  for  liarrleiiing  steel 
shells,  annealing  tubes,  case-liardeii  i  iig  arm  on  r  plates,  beiuliiig" 
angle  irons,  i-rank  shafts,  or  the  iiiultifarious  work  of  a  ship- 


building or  any  engineering  works,  especially  when  advice 
could  bo  obtained  from  the  gas  (-(jinpanies  a  I  all  limes. 

Tlic  author  presented  tlie  following  outline  of  an  ideal 
worksliop  lighted  and  heated  by  high-pressure  gas  ：  A  single 
l>ipe  running  rouiul  t  he  slioj)  ；  t  lie  iiiilia!  pressure  of  gas  bein^, 
say,  200in.,  witli  either  a  governor  or  valve  with  pressure  dial 
for  each  furnace  in  use ― the  various  pressures  to  be  previously 
determined  by  the  shop  manager.  The  following  were  soine  of 
the  pressures  necessary  for  various  kinds  of  work  :  Melt  injtj  tin 
or  solder,  a  pressure  of  G5in.  ；  small  furnaces  for  heating  tools 
for  hardening  purposes,  65iii.  ；  furnace  for  blueing  steel,  65 in . 
to  80in.  ；  case-hardening  furnaces,  65in.  ；  lead  pot  for  teini>er- 
ing  steel,  150in.  ；  melting  metals  at  2，00(r  to  2,600"  P，ali., 
200iu.  ；  soldering  irons  65in.  ；  for  lighting,  65in.,  or  according 
to  the  system  adopted . 

A  cheap  and  efficient  】iieans  of  ("ouipressing  gas  up  to  lolbs. 
per  square  inch  was,  in  the  opinion  of  the  author,  needed,  as  a 
manufacturer  considered  the  first  cost  very  seriously  ；  and  if  the 
adoption  of  gas  under  pressure  was  to  become  universal,  some 
attention  to  this  branch  of  the  subject  was  desirable.  Burners, 
the  building  up  of  furnaces,  loss  by  radiation,  air  supplies,  &c.， 
had  all  been  satisfactorily  dealt  with  ；  so  that  the  compressor 
was  now  apparently  the  last  factor  needing  settlement.  The 
fact  must  be  kept  in  view  that  if  air  was  to  be  admitted  under 
pressure  it  must  be  continuous.  In  an  instance  under  the 
author's  knowledge,  with  one  furnace  the  air  pressure  was  31bs. 
per  square  inch  ；  but  with  two  furnaces  at  work,  the  pressure 
dropped  to  21bs.  per  square  inch ― the  two  days'  results  being 
alike.  Some  understanding  between  the  consumer  and  the  gas 
companies'  representative  might  have  averted  this. 

Up  to  the  present,  the  author  had  worked  upon  no  fixed 
principle  of  deterinining  what  the  pressure  of  gas  must  be 
against  air  under  pressure  ;  but  he  had  not  had  an  instance  yet 
where  gas  at  151bs.  pressure  was  not  equal  to  air  at  51bs.  per 
square  inch.  There  was  a  rule  to  be  fixed  ；  but  the  difficulty 
was  due  to  the  relative  size  of  the  air  duct  with  gas  under  pres- 
sure. This  size  was  determined  in  the  "  Smith-Walter  ，， 
burner  for  the  quantity  of  gas,  and  also  in  the  burner  designed 
by  the  writer,  not  only  to  prevent  the  objectionable  noise  of  a 
high-pressure  burner,  but  to  provide  a  mixing  chamber  before 
combustion  took  place.  The  drawback  was  that  it  was  possible, 
under  certain  conditions,  for  the  burner  to  light  back  unless 
secondary  air  was  admitted.  Wlieii  secondary  air  was 
admitted,  then  it  was  satisfactory.  The  secondary  air  could 
be  superheated.  Lighting  back  could  also  be  obviated  by 
regulating  tlie  distance  between  tlie  end  of  the  burner  and  the 
furnace.  It  was  preferable  only  to  provide  a  flue  flaniper  in 
exceptional  cases,  and,  if  one  existed,  to  have  it  made  a  fixture. 
Cliininey  head  was  unnecessary  with  high-pressure  gas  unless  a 
clue  proportion  of  air  could  not  be  admitted  to  the  burner.  In 
deciding  upon  a  method  of  heating,  one  might  have  some  doubt 
whether  a  rotating  flame  or  a  straight  one  was  desirable.  But 
in  cases  of  temperature  requiring  an  increasing  force  (from 
400。  Fall,  upwards),  tlie  straight  flame  was  favoured.  For  a 
c-outiiiuoiis  temperature,  the  rotating  flame  round  the  base  or 
side  of  a  vessel  was  probably  more  suitable. 


Synthetic  Rubber  Processes.  ―  A  special  demonstration  of 
tlie  processes  employed  in  the  inanufacture  of  synthetic  rubber 
was  given  on  Tuesday  last  at  the  offices  and  laboratories  of 
Messrs.  Strange  &  Graliai",  Ltd.,  the  organisers  of  the  research 
group  represented  by  Prof.  Perkin  at  his  lecture  a  few  days 
ago  before  the  Society  of  Clinical  Chemists,  at  Burlington 
上丄 ouse.  London.  The  lecture  caused  considerable  public 
interest  in  view  of  the  statement  regarding  the  commercial 
value  of  the  inanufacture  by  the  synthetic  processes.  These 
were  explained  and  illustrated  by  Mr.  E.  Halford  Strange,  a 
director  of  the  company.  Operations  were  shown  in  which 
starch  obtained  from  maize  or  potatoes  was  converted  into 
rubber.  It  was  explained  that  on  the  setting  up  of  the  neces- 
sary large  scale  plant  the  cost,  would  be  reduced.  It  was  con- 
tended that  the  first  phase  of  the  inevitable  struggle  would  be 
to  leave  the  field  divided  between  plantation  rubber  and  the 
new  sy  II  til  otic  rubber.  Some  historic  exhibits  ，，  of  the  per- 
fected rubber  were  shown  in  illuslration  of  the  completed  pro- 
cesses lu  the  large  company  preseut  at  the  experiments. 
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BOOK  REVIEWS. 
The  Theory  of  Practice  of  Heating  and  Ventilation,  by  Arthur  H. 

Barker,  B.Sc.，  B.A.,  Whit  worth  Scliolar,  Lecturer  on 
Heating  and  Ventilating  Engineering  at  the  University 
College,  London.    London  :  The  Carton  Press,  lO^in.  by 
Tin.  ；  746  pages ；  price  25s.  net. 
As  far  as  our  knowledge  goes  this  is  the  most  compendious 
and  exhaustive  treatise  on  the  subject  of  heating  and  ven- 
tilation which  hasi  so  far  been  published  in  this  country,  and 
we  should  doubt  if  there  is  any  work  published  elsewhere 
which  is  more  exhaustive  or  enlitled  to  greater  authority.  The 
author  has  had  a  very  long  and  practical  experience  of  the 
subject,  while  his  scientific  attainments  and  professional  posi- 
tion as  managing  director  of  a  firm  specially  dealing  with  the 
matters  involved  enable  him  to  speak  with  great  weight. 
There  is  scarcely  any  aspect  of  the  complex:  questions  which 
enter  the  subjects  of  heating  and  ventilation  which  will  not 
be'  found  dealt  with  in  an  exhaustive  and  scientific  manner, 
and  at  the  same  time  t'lie  treatment  is  thoroughly  practical . 
The  work  in  a  word  is  equally  fitted  for  t-he  scientific  investi- 
gator or  the  works  manager,  and  we  have  eveiry  pleasure  in 
cemmending  it  heartily  to  both. 


The  Steam  Engine  and  Turbine,  by  Robert  C.  H.  Heck,  Pro- 
fessor of  Mechanical  Engineering,  Rutgers  College.  New 
York  ：  Van  Nostrand  Coinpany.  London  :  Constable 
and  Co. J  9^i2i.  by  6^in.  ；  631  pages;  pric&  20s.  net. 

The  literature  on  the  steam  engine  and  turbine  is  so 
exhaustive  that  there  would  seem  comparatively  little  scope 
for  fresh  books  on  the  subject.  Such  openings  as  do  exist  are 
determined  mainly  by  the  combination  or  selection  of  existing 
information  or  by  special  treatment  of  problems  involved. 
While  the  work  under  notice  cannot  be  said  to  possess  any 
particular  distinguishing  feature  that  would  warrant  us  in 
according  it  any  special  niche  of  its  own  it  nevertheless  com- 
pares very  favourably  with  others.  The  thermo-dynamic 
aspects  of  the  steam  engine  and  turbine  are  well  presented,  and 
it  is  mainly  from  this  point  of  view  and  as  a  class  or  college 
course  text-book  that,  the  merits  of  the  book  are'  】:nost  pro- 
nounced. Although  the'  steam  turbine  is  linked  with  the 
steam  engine  ia  the  title  it  occupies  but  a  relativeily  small  space 
in  the  subject  matter,  and  it  seems  desirable  to  point  this  out 
to  prevent  misapprehension. 


Laboratory  Instruction  Sheets  in  Elementary  Applied  Mechanics,  l)y 

Arthur  Morley,  M.Sc,  and  Wni. 丄 iicliley,  B.Sc,  Lon- 
don ： Longmans,  Green,  &  Co.，  8^in.  by  5Mu.  ；  50  pages  ； 
price  Is.  3d.  net. 

The  series  of  sheets  here  gathered  together  have  been 
designed  with  the  special  object  of  laboratory  class  work  in 
applied  mechanics,  such  as  the  authors  use  in  connect  ion  with 
their  own  teaching  work  in  the  University  College,  Notting- 
ham, and  we  do  not  doubt  will  be  appreciated  by  teachers  who 
may  be  organising  similar  classes  elsewhere.  A  glance  tlirougli 
the  subject  matter  of  the  sheets,  which  it  may  be  remarked 
are  perforated  so  that  they  can  readily  he  detached,  reveals 
their  admirably  practical  ami  illustrative  character. 


Practical  Design  of  Marine  Single-ended  and  Double-ended  Boilers, 

with  numerous  drawings  and  tables,  by  John  Gray. 
Loudon  :  Constable  &  Co.,  7Ain.  by  bin.  ；  84  pages;  pri('t) 
5s.  net. 

This  little  book  although  of  limited  range  is  excellent  so 
far  as  it  goes,  its  main  object  being  to  serve  as  a  practical 
guide  to  draughtsmen  in  designing  boilers  of  the  type  named. 
The  various  problems  to  be  solved  in  such  designs  are  gonf> 
over  one  by  one,  aud  I  lie  practical  way  in  which  t  hev  are 
treated  displays  an  intimate  knowledge  of  boiler  construc- 
tion on  the  jKirt  of  the  author.  It,  should  be  noted,  however, 
that,  the  book  deals  only  with  the  constructive  features  of  the 
two  special  types  of  boilers  named. 


BOOKS  RECEIVED. 

Fuel  Economy.  By  W.  H.  Booth,  F.G.S.,  M.  Am.Soc.C.E. 
A  practical  work  of  direct  value  to  all  central  station  engineers 
and  electricians  in  charge  of  steam  raising  plant.  London  :  S. 
Rent  ell  Sz  Co.    Price  Is.  net. 

Reference  Book  for  Statical  Calculations  (Hap id  Statics).  By 
Fnincis  Ku ti".  Force-diagrams  for  frameworks,  tables,  instruc- 
tions for  statical  calculations,  <fec.，  for  all  classes  of  building 
and  engineering.     London  :  Constable  A:  Co.      Price  4s.  net. 

The  Journal  of  the  Institute  of  Metals,  Vol.  VII.  Edited  by  G. 
Shaw  Scott,  M.Sc.     London  :  The  Institute  of  Metals,  Caxton 

House,  Westminster,  S.W.     Price  21s.  net. 

Catalogue  of  Optical  and  General  Scientific  Instruments.  Lon- 
don : The  "  Electrician  "  Publishing  Company,  Salisbury  Court, 
Fleet  Street.  ' 


ELECTRIC  SHIP  PROPULSION. 

T HE  United  States  collier  "  Jupiter/'  which  is  being  built 
at  the  Main  Island  Navy  Yard,  will,  acronling  to  the 
(' Electrical  World,"  be  the  first  large  vessel  to  be  equipped 
for  electric  propulsion.  The  general  scheme  embraces  a 
steam  turbo-generator  set  delivering  its  electrical  output  to 
a  pair  of  three-phase  induction  motors,  each  of  which  will 
be  direct-connected  to  its  own  propeller  shaft.  The 
designer  of  this  equipment  is  Mr.  W.  L.  R.  Emmet.  The 
generating  unit  consists  of  a  six-stage  Curtis  turbine  con- 
nected to  a  bi-polar  alternatiug-current  generator.  The 
motors  have  36  poles  each,  thus  reducing  the  synrhronous 
speed  in  the  ratio  of  18  to  1. 

The  colliers  "  Neptune  "  and  "  Cyclops,"  now  in  conimis- 
sion,  are  sister  ships  to  the  "  Jupiter."  The  "  Cyclops  ，，  is 
equipped  with  triple-expansion  reciprocating  engines  aud  the 
Neptune  "  is  equipped  with  a  pair  of  steam  turbines  witli 
gear  reduction.  A  comparison  of  the  principal  features  of 
these  three  vessels  is  given  in  the  accompanying  table.  The 
steam  consumption  figures  there  given  are  estimated  for  tlie 
" Cyclops,"  but  taken  from  preliminary  tests  in  the  case  of 
the  "  Jupiter."  These  vessels  are  designed  to  carry  a  cargo 
of  something  like  12,000  tons.  The  "  Cyclops/'  during  a 
48-liour  trial,  maintained  an  average  speed  of  14"6  knots  at 
92  revs,  per  minute,  with  a  total  indicated  horse-power  of 
G，705  for  both  engines,  and  consuming  only  1  *4851bs.  of  coal 
per  indicated  horse-j)ower  per  hour. 

A  recent  demonstration  of  this  equipment  was  given  for 
the  benefit  of  a  party  of  officers  of  the  United  States  Navy, 
representatives  of  shij)buildiiig  firms  and  naval  architects. 
The  full  equipment  was  temporarily  erected  for  a  test,  with 
the    two    motors    direct-connected,    one    operating    as  a 

Data  071  United  States  Colliers. 


Displacement  in  tons   

Engine  or  turbine  s]>eeil  at  11  knots,  revo- 
lutions |)er  minute  

Propeller  revolutions  per  minute  at  14  knots 

liKlicated  liorse-power  ;it  14  knots   

Weiglit  ot  ilrivia^'  niarliiiiery  in  tons  

SLeani  con;?uiiiption,  pounds  per  shaft 
Iiorse-power  liuur   


Cyclop;.. 

lupiui'. 

Ni  pHini-. 

•Al，000 

20,000 

•20,000 

88 

2,000 

1，'_'50 

88 

. 110 

280 

156 

11 

1_' 

一 

generator  to  absorb  tlie  ))Ower  of  the  other.  While  tliis 
arrangoinent  did  not  a  (lord  a  means  of  deinoiistratiiig  tlie 
operation  under  ship-propu】sioii  conditions,  it  nevertheless 
gave  a  very  excellent-  idea  of  the  oflirioncy  of  control  and  the 
geiuM'al  ])erforiHauce  tl"、  injui pnuMit .  Tho  trials  of  the 
•  J upiler,"  when  completed,  will  be  awaited  wit li  much 
interest. 


Artesian  Wells  in  New  South  Wales.  —From  ligures  re<ently 
jnihlishod  it  ajipea rt;  tliat  on  J  luie  oOth.  1911,  there  wei-e  no 
loss  (lian  445  artesian  wells  in  New  South  Wales  giving  a  tot^l 
yield  of  a|)proxim;ilolv  1:". '200.000  U.S.  gallons  ]>er  twenty- 
four  hou rs.  In  37'」  wells  tlie  wat-er  rises  above  the  surface,  in 
tlie  ot.hers  pumping  is  employed.  Fifty-four  of  the  wells 
supply  a  total  area  of  3,163/J30  at-res  with  water,  the  aggregate 
length  of  distributing  mains  beiug  1 ,800  miles. 
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THE  TRANSMISSION  OF  ELECTRICAL  ENERGY  BY  DIRECT 
CURRENT  ON  THE  SERIES  SYSTEM. 

IJY  J,  S.  UIGHFIELD. 

(Concluded  from  page  707.) 

Earthing  Methods. ― Before  describing  the  actual  method 
of  operating  the  system,  it  is  desirable  to  give  a  short  descrip- 
tion of  the  considerations  which  led  to  the  final  adoption  of 
an  earth  return .  The  commercial  advantages  were,  of  course, 
at  once  apparent,  but  before  deciding  upon  the  use  of  the  earth 
for  regularly  carrying  considerable  currents,  it  was  necessary 
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Fig.  11.— Showing  Earthplatrs  and  Connections. 

to  make  sure  that  sucli  use  would  not  cause  interference  with 
other  electrical  systems,  and  would  not  cause  damage  to  pro- 
perty. 

M.  Thiu'y  has  carried  out  a  great  deal  of  work  on  this 
subject,  and  both  the  French  and  Swiss  Governments  have 
appointed  committees  to  enquire  into  tlie  matter.  The  town 
of  Lausanne  was  supplied  from  Saint  Maurice  through  a 
single  conductor  with  the  earth  as  the  return  for  443  days 
f'ontiiinously.  Iron  earth -plates  were  used,  and  during  the 
whole  time  of  their  use  it  was  found  that  their  resistance 
changed  very  little.  The  current  was  150  amperes,  and  theo- 
retically the  plates  should  have  been  oxidised  away  in  less 
than  two  months,  but  apparently  after  a  layer  of  oxide  lias 
been  formed  further  action  is  very  slow.  The  total  resistance 
of  the  earth  connections  was  about  1'6  ohms,  and  it  was  found 
that  no  inconvenience  was  experienced  in  connection  with  tele- 
graphs and  telephones.  The 
Swiss  Commission  is  still  at  work 
on  this  subject,  and  doubtless 
their  report,  when  issued,  will 
contain  much  valuable  infor- 
mation on  this  interesting  sub- 
ject. 

The  geological  formation  of 
the  Rhone  Valley  is,  of  course, 
altogether  different  from  that 
near  London.  It  is,  in  fact,  not 
nearly  so  favourable  for  the 
purpose,  consisting  largely  of 
highly  insulating  rock,  and  the 
layer  of  soil  and  other  con- 
ducting material  is  comparatively 
thin.  Further,  than  that,  the 
Ehone  water  is  so  pure  that 
its  conductivity  is  exceedingly 
bad  ；  it  would  be  truer  to  state  that  its  insulating  properties 
are  high.  Consequently,  it  was  felt  that  before  arriving  at 
any  decision  as  to  the  possibility  of  the  successful  use  of  the 
earth  near  London,  further  experiments  were  necessary,  and 
it  was  decided  that,  in  any  event,  the  earth-plates  should  be 
situated  at  a  considerable  depth  below  the  ground  surface, 
and  that  connection  should  be  made  to  them  by  insulated 
cables,  in  order  to  avoid  stray  currents  in  the  neiglibourliood 
of  the  plates. 

The  experiments  were  carried  out  in  order  to  obtain  the 
following  information,  viz.  :  (a)  At  what  depth  below  the 
surface  must  the  plates  be  buried  in  order  that  the  effect  of 

•  Paper  read  before  the  Institution  of  Electrical  Engineers,  at  Glasgow,  June 
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currenis  at  or  near  the  surface  should  be  negligible;  (h)  the 
size  of  plates  to  be  used  and  their  number ;  (c)  the  distance 
apart  at  which  the  plates  should  he  situated  ；  (d)  the  value 
of  the  earth  resistance  and  its  constancy. 

In  short,  the  experiments  were  undertaken  to  ascertain  the 
best  method  of  adapting  the  earth  as  a  permanent  conductor 
for  industrial  currents  in  such  a  way  as  to  avoid  interference 
with  telegraphs,  telephones,  or  other  users.  With  the  first 
object  in  view  four  iron  plates  were  buried  in  the  earth, 
situated  vertically  above  each  other,  as  indicated  in  the  dia- 
gram (Fig.  11).  The  area  of  each  plate  was  4ft.  by  2ft.  2in.， 
with  the  exception  of  the  top  plate,  whicli  consisted  of  a 
length  of  6iii.  pipe.  These  plates  were  made  one  pole  of  a 
circuity,  the  oblier  pole  consisting  of  large  masses  of  iron  buried 
in  the  ground  round  the  works,  chiefly  condensing  water 
pipes  of  very  large  size,  which  make  an  excellent  earth,  the 
resistance  of  which  was  found  to  be  negligible  as  compared 
v/ith  the  resistance  of  the  test-plates.  A  steady  current  was 
then  passed  between  one  of  the  plates  and  the  station  earth, 
measurements  being  made  between  the  various  points  by 
means  of  a  Kelvin  electrostatic  voltmeter  for  the  high  read- 
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iiigs,  and  by  a  moving-coil  voltmeter  for  the  low  readings. 
The  following  observations  were  made,  viz. : —— 

(1)  With  a  steady  current  of  20  amperes  passing  between 
the  earth-plate,  20ft,  deep,  and  the  large  main  earth,  the 
measurements  were  ： — 

Between  the  earth-plate  and ^ - 

Volts. 

A  point  120ft.  away   165'0 

，，       60ft.  away    165-0 

The  surface  earth-plate    163.5 

Between  the  surface  earth-plate  and ~ - 

Volt. 

A  point  120ft.  away    0*024 

，，       60  feet  away    0-016 

Between  the  earth-plate,  10ft.  underground,  and — 

A  point  120ft-.  away    0*035 

,，       60ft.  away    0*024 

(2)  With  a  steady  current  of  21  amperes  passing  between 
the  earth-plate,  30ft.  deep,  and  the  large  main  earth,  the 
measurements  were : — 

Between  the  earth-plate  and ― 

Volts. 

A  point.  120ft.  away    135'0 

"       60ft.  away    134"5 

The  surface  earth-plate    133'5 

Between  the  earth-plate,  10ft.  underground,  and 一 

Volt. 

A  point  18ft.  away    0-008 

Between  the  surface  earth-plate  and ― 

A  point  120ft..  away    0  020 

，，       60ft.  away    0  010 

，,       18ft.  away    0  004 
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(3)  With  a  steady  current  of  21  amperes  passing  between 
the  surface  eadh-plate  and  the  main  earth,  pressure  readings 
were  taken  between  the  surface  plate  and  spikes  driven  into 
the  ground  at  various  points.  The  results  are  si i own  on 
Fig.  12. 

All  the  above  readings  were  taken  with  the  positive  pole 
of  the  generator  connected  to  tlie  test-j^laie.  The  foregoing 
experiments  indicated  that'  the  pressure  fall  occurred  in  the 
immediate  neighbourhood  of  the  plate —  - in  fact,  at  the  plate 
itself,  and  that  when  the  current  was  carried  to  a  depth  of 
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only  10ft,  the  pressure  drop  in  the  neighboiirliood  of  the  plate 
was  exceedingly  small. 

Further  tests,  to  make  sure  of  the  absence  of  the  possibility 
of  interference,  were  made  by  using  the  pilot  wire  as  the  test- 
wire,  and  taking  readings  of  the  difference  in  pressure  between 
Willesden  and  an  earth-plate  in  the  Brent  River,  about  one 
mile  from  Southall,  with  the  current  to  earth  and  without. 
A  varying  difference  in  pressure  of  from  0*6  to  1  volt  was 
observed  when  the  circuit  was  worked  with  a  completely  insu- 
lated system,  this  being  due  to  the  London  United  Tramways 
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system  on  the  Uxbriclge  Road.  With  the  current  flowing 
through  the  earth  the  readings  varied  at  from  16  to  2  volts : 
thus  the  eft'ect  of  the  earth  current  was  to  raiso  tlie  pressure 
by  1  volt. 

Using  the  pilot  wire  connected  in  parallel  with  I  lie  earth 
a  cnirrent  of  3  milli;imper(、s  was  observed  without  the  current 
"1  the  earth,  and  8  iiiillianiperes  witli  90  amperes  (lowing, 
tlie  resistance  of  the  pilot  wire  being  279  oluns  ：  the  di(T*M-eii('i> 
i'l  pressure  between  the  earth  at  Southall  and  Willesden  due 
to  t hp  earth  current  was  14  volts.  The  latt-er  tests  were  made 
by  the  Post-oflioe  en^Miieers,  who  kindly  gave  us  nuu  h  assis- 
tance in  these  investigations. 

A  series  of  experiments  was  carried  out  witli  di(Tt、i'<、nt  sizes 
of  |>latos,  ami  Fig.  13  shows  tho  results  of  t  lie  tosts  011  tlie 


various  sizes  of  plates  used.  The  tosts  were  made  on  plates 
suspended  in  the  cana],  and  from  tlie  results  obtained  the 
，- urves  on  Fig.  14  were  plotted.  These  curves  show  that  with 
a  current  of  1  ampere  per  GOO  sq.  in.  of  plate,  little  advan- 
tage is  obtained  by  luakiiig  the  plate  larger. 

Further  readings  were  taken,  the  results  of  which  are 
plotted  on  Fig.  15，  with  similar  plates,  in  order  to  show  the 
dilTerence  between  the  conductivity  of  the  connection  in  water 
and  in  clay,  and  also  to  show  the  effect  of  using  three  plates 
situated  close  together,  and  the  same  plates  situated  at  various 
distances  apart.  The  curves  indicate  that  there  is  little 
advantage  in  spacing  the  plates  a  greater  distance  apart  than 
fift.  They  also  indicate  that  plates  buried  in  clay  have  more 
than  twice  tlie  coiidiu'tivity  of  similar  |)lat<^s  buried  in  water. 
To  decide  exactly  the  distance  apart  at  which  the  plates  should 
be  buried  a  further  series  of  experiments  was  made,  and  typi- 
cal results  are  shown  in  Figs.  16  and  17.  These  tests  again 
clearly  indicate  that  when  the  plates  are  buried  at  a  distance 
of  6ft.  practically  the  maximum  conductivity  is  obtained,  and 
that  plates  at  this  distance  apart  have  nearly  twice  the  con- 
ductivity of  plates  1ft.  apart. 

Before  completing  the  above  experimental  work,  earths 
were  made  at  Willesden  and  Southall  in  tlie  following  way, 
viz.  ：  At  each  place  three  boreholes  were  made  at  the  positions 


Amperes. 

Fig.  16. 


shown  in  Figs.  18  and  19，  each  borehole  having  a  diameter  of 
Tin.  and  a  deptli  of  approximately  35ft.  The  first  series  of 
experiments  recited  indicated  that  such  a  depth  was  perfet'tlv 
safe.  This  gave  a  current  of  33  amperes  per  plate,  and  it  was 
considered  that  the  plates  could  carry  this  current  for  tem- 
porary use.  For  permanent  use,  however,  probably  six  plates 
would  be  required  so  as  to  reduce  the  current  to  one-half.  The 
eartli-plates  consisted  of  cast-iron  pipes  having  an  outside 
diameter  of  6in.  and  a  length  of  9ft.  To  each  plate  an  insu- 
lated cable  was  bonded,  and  arrangements  were  made  for 
measuring  the  current  carried  by  each  plat^.  After  the  ])i]>e 
was  placed  in  the  borehole,  the  space  round  it  was  filled  in  with 
chalk,  the  cable  being  brought  up  to  the  surface  bv  means  of 
an  insulated  tube.  The  plates  at  Willesden  are  all  buried  in 
ordinary  London  day,  and  at  Southall  in  fine  gravel,  which  is 
generally  very  dry.  After  the  system  was  sUrt^d  for  perma- 
nent supply,  careful  measurements  were  made  in  order  to 
ascertain  what  variations  took  place  in  the  resistance  of  tlie 
ear  til  connections.  The  resistance  of  the  two  earths  is  almost 
exactly  1  ohm,  so  that  although  only  three  ])lat*s  were  used, 
the  earth  is  a  very  effective  one. 

Tt  may  be  said  generally  that  all  the  ox])eriineiits  sliow 
that  plates  buried  at  a  considerable  depth  offer  less  resistaiu'e 
than  plates  buried  at  the  surface.  The  author  is  inclined  to 
think  that  tli  is  is  (lu6  largel V  to  tlie  l、ea v 、-  pressure  011  t ho 
l>l;ite  wlien  buried  at  a  depth.  Wlien  the  earth  is  put  in 
parallel  with  either  cable,  witli  90  amperes  in  the  main  cir- 
cviit,  30  amperes  flow  through  the  cable  and  60  aniporos 
through  the  earth,  so  that  the  ordinary  resistaiue  of  the  two 
eaiths  is  approximately  one-half  the  resisUiu^  of  either  cable. 

In  order  to  as<  ertain  wliat  change  took  place  in  tlie  resis- 
tance, a  current  of  90  ainpere.s  was  allowed  to  flow  tliroui^li 
tlio  eartli-plat.es  for  some  time,  and  sinre  the  figures  may  be 
interest  intr,  they  are  piveii  at  lengtli,  as  follows :  With  a  con- 
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stant  current  of  90  mnpero's,  the  fall  in  pressiiro  was  as  sf  at  on 
ill  Table  T.  An  eaitli  will  now  be  made  by  driving  a  si i a  ft 
5ft.  diani.  to  a  depth  of  30ft.,  and  six  earth-plates  consisting 
of  cast  -iron  pipes,  Gin.  diani.  and  3 ft.  long,  will  be  buried 
radially  at  the  bottom  ；  iti  this  way  it  will  be  possible  to  keep 
a  close  observation  of  their  condition. 

The  coiinuercial  use  of  tlie  earth  as  a  conductor  may  l)'e 
very  great.  When  used  as  a  spare  ('ondui^toi'  it  saves  the  cost 
of  a  spare  cable  ；  the  cast  of  the  earth  connections  is  a  negli- 
gible matter  as  compared  with  the  cost  of  the  cable,  and  where 
a  very  long  transmission  is  required ― say,  100  miles— the 
advantage  is  imnien&e.  A  line  of  100  miles,  consisting  of  two 
0125  sq.  ill.  conductors,  will  have'  a  total  resistance  of  (58  3 
ohms,  so  tliat,  witli  a  current  of  100  amperes  the  number  of 
kilowatts  required  to  keep  tlto  line  charged  is  (； 83，  or 
nearly  7  p-er  cent,  of  the  maximum  capacity  of  10, ()()()  k\v.  at 
100,000  volts.  Using  an  earth  return  with  the  same  two 
cables  in  parallel,  ami  assuming  ill  at  the  eartli  resistance  is 
1  ohm  (a  figure  which  can  be  readily  obtained)  the  total  resis- 
tance would  be'  18  ohms,  and  the  number  of  kilowatts  to  keep 
the  line  charged  would  be  180  kw.,，  or  1*8  per  cent,  of  the  total 
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capacity  of  the  line.  In  the  latter  case,  either  conductor 
would  carry  the  full  load  of  the  system ,  so  that  a  complete 
duplicate  transmission  system  is  provided  for. 
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^jhowirtp  position   of  Cdrtfi  Pld^es  a''-  A 
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For  the  last  six  months  the  ratio  of  the  3-phase  energy  sent 
out  at  Southall  to  the  direct-current  input  from  Willesden 
was  77  per  cent.,  and  during  this  time  the  inaxinnun  alter- 
nate-current load  has  not  exceeded  275  kw. 

Operation.  ―  The  actual  operating  of  the  plant  is  exceed- 
ingly simple.  The  first  generator  is  run  up  to  speed  by  means 
of  its  starting  motor,  either  with  the  mains  open  or  on  short 
circuit',  the  regulator  is  set  to  give  the  proper  line  current.  An 
incoming  geiieratx)r  is  generally  started  from  the  direct-cur- 
rent side,  and  the  motor  parallel  into  the  circuit.  The  sub- 
station motors  are  started  by  opening  the  switch  and  rotating 
tlie  brushes  until  full  speed  is  reached,  when  the  regulator  is 
put  into  action  ；  the  speed  can  be  very  closely  adjusted,  so 
that  paralleling  the  sub-generators  is  a  particularly  easy 
operation,  one  man  attending  to  the  plant.  With  several 
generators  in  series  all  fully  loaded,  any  failure  to  one  neces- 
sitating its  removal  from  the  ciiTuit  results  only  in  the  slow- 
ing down  of  the  whole  plant.  Wlieu  two  insulated  mains  are 
iii  use,  an  earth  at  any  point  does  not  interfere  with  the 
supply  ；  the  voltmeters  at  once  show  which  main  is  injured, 
and  it  can  be  cut  out  of  circuit  after  the  system  has  been 


*  This  test  indieatt'd  that  tlu*  resistance  of  the  Southall  eaitli  was  rapkllv 
rising,  the  drop  in  pressure  being  at  the  rate  of  10  volts  in  '20  minutes  ；  at 
this  point  the  earth  connection  w  as  broken. 

Efficiency.  --  In  his  former  paper  tlie  author  dealt  very 
fully  on  the  question  of  efficiency  ；  coiisequeutly  it  is  unneces- 
sary to  take  up  much  time  now.  The  line  loss  admits  of  ready 
calculation,  and  he  finds  that  the  most  convenient  metliod  is 
to  arrive  at  the  mean  power  to  keep  the  line  charged,  to  esti- 
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Fig.  19. 

earthed  at  each  side  of  the  fault.  When  running  on  one  cable 
with  earth  return,  an  earth  on  the  cable  will  cut  out  all  sub- 
stations beyond  tlie  point  where  the  fault  occurs. 

Size  of  Generators. 一 The  present  safe  limit-  of  pressure  on 
a  single  commutator  appears  to  be  about  5,000  volts.  Conse- 
quently for  a  maximum  line  pressure  of  50,000  volts  10 
machines  are  required,  and  if  these  are  driven  in  pairs,  five 
units  of  plant  are  required  iu  the  system.  The  output  of  each 
unit  depends  on  the  line  current  adopted  ；  a  300-aiupere  line 
would  require  five  units  each  of  3,000  kw.  output. 

It  does  not  seem  likely  that  these  high-tension  direct-cur- 
rent generators  can  be  built  to  run  at  steam-turbine  speeds : 
but  a  turbine  drive  is  now  available  by  the  use  of  the  beau- 
tiful doiible-lielical  gear  employed  by  Sir  Charles  Parsons  for 


in  ate  ihc  aiiiiual  cost-  of  running  tlie  necessary  plant,  and  to 
1  re  at  this  cost  as  a  slaiidin^  charge,  lie  has  worked  out,  and 
shows  iu  the  form  of  curves  in  Fig.  20,  the  amount  of  the  line 
losses  at  tlie  various  load  fact-ors,  efficiencies,  and  percentages 
ol*  ilie  maximum,  load  for  wliicli  the  system  is  designed.  The 
curves  show  the  value  of  the  losses  with  a  completely  insulated 
sysieni,  and  for  the  same  system  operated  with  two  wires  in 
parallel  and  with  the  earth  used  as  the  return. 

Tlie  actual  working  efficiency  of  the  system  described  is  of 
little  value,  as  the  load  at  present  is  small ― only  some  300  kw. 


Generating'  atdC'on 


Date,  1011.  Total  Fall. 

Volts. 

With  the  WiUeMden  Earth  (/.s  Positive  •• 


,.j  I  H>-:iO  a.ni   78 

t  r，  p.  in   94 

13    108 


Fall  at 
WilU"s(len, 
Volts. 


July  i:i   108 

"14   108 

15   94 

,， 17   100 

，， 18   04 


M»  -. 

20  .. 

21  . . 

22 

•24  .. 

27  (after  rain) 


Showing-  pobiCion  of  £arCh  Pld-tes  at  A  /  -jj 


With  the  WilMrn  Earth  a-^  Nff/ati 


p.  m.  -. 

a.m.  . . 

noon  , ,        .  • 

p.m.  . ,        •  • 

p.m.*  . . 

With  the  Wilh'sdfn  Earth  <t.t  Positive  : 


H  8  3  8  H  o  o  u,"  a,'  u,"  h  -  o  o  00  8  5  8 

4  4  4  4  4  (r  -t  -t-  .^J  i  3  01  2  2  3  4 


G  2  8  2  3  7  3  s 


,,0,09 


800 


THE    MECHANICAL  ENGINEER. 


[June  28,  1912 


driving  slow-speed  propellers  in  marine  work.  A  very  good 
plant  unit  would  consist  of  separate  high  and  low  pressure 
turbines,  each  driving  by  gearing  one  or  two  slow-speed  gene- 
rators. Careful  designing  is  required  for  the  couplings,  but 
there  appear  to  be  no  serious  difficulties  in  constructing  plant 
units  of  very  large  size. 

The  author  believes  that  the  day  will  come  when  internal- 
combustion  engines  of  large  size  will  be  used  to  supplement 
the  steam  turbine  in  our  power  stations,  and  for  such  work 
the  series  system  offers  special  advantages,  owing  to  tlie  fact 
that  it  is  indepenclent  of  any  ordinary  speed  variations,  and  is 
clear  of  all  the  difficulties  inherent  in  parallel  running. 

Cost  of  the  System. ~ The  detailed  tables  of  costs  in  the 
previous  paper  are  now  in  some  respects  out  of  date,  but  the 
comparative  figures  are  still  substantially  correct.  The  cost 
of  a  series  direct-current  power  station  where  either  water 
turbines,  Diesel,  gas,  or  reciprocating  steam  engines  are  used 
is  generally  not  more  than  that  of  a  similar  alternate-current 
station.  Where  】arge  steam  turbine  stations  can  be  used, 
direct-current  plant  of  similar  output  would  be  more  expen- 
sive. 

The  cost  of  th&  sub-station  plant  and  gear,  as  has  been 
already  stated,  is  about  the  same  as  that  of  an  alternate- 
current  motor-generator  station  working  at,  any  pressure  suit- 
able for  direct  use  on  the  motors  ；  if  step-down  traiisforniers 
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Fk;.  20— Line  Losses  at  variots  Load  Factors. 

are  required,  the  advantage  will  generally  be  with  tlie  direct- 
current  station. 

The  transmission  line  is  far  less  costly  than  a  3 -phase  line 
of  similar  capacity.  The  actual  cost  of  the  line,  having  a 
capacity  of  10,000  kw.  with  one  cable  disabled,  worked  out 
at  £1,600  per  mile  ：  this  includes  the  two  cables  laid  in  cast- 
iron  pipes  and  a  telephone  cable,  and  tlie  cost  of  the  earth 
connections  at,  eacli  end.  Tlie  cost  of  a  single  3 -phase  armoured 
cable  of  5.000  kw.  capacity  at  20,000  volts,  including  cost  of 
laying,  is  about  £3,000  per  mile,  or  twice  the  cost  without, 
any  provision  for  breakdown.  In  many  cases  it  is  found  the 
cost  of  an  uiidergrouiul  Tliury  system  does  not  exceed  the  cost 
of  a  3 -phase  overhead  system  of  similar  capacity. 

When  tlie  author  read  his  former  paper  it  was  inferred 
by  some  engineers  that  lie  suggested  that  the  series  direct- 
current  system  would  displace  the  better-known  parallel 
systems.  This  he  did  not  do.  He  said  then,  and  repeats,  that 
each  has  its  own  sphere  ；  that  for  certain  work  the  series  system 
and  series-wound  coTtstant-current  machines  possess  great 
advantages  as  to  cost  and  convenience  over  other  systems.  For 
very  long  distance  transmission,  especially  where  underground 
mains  are  necessary,  it  is  possible  where  the  alternate-current 
system  is  not  possible.  Where  energy  has  to  be  taken  to  a 
great  city  from  a  distance,  whether  from  a  water-power 
station  or  a  steam  station  situated  at  the  coalfields,  the  under- 
ground system  offers  great  advantages  as  compared  with  the 
overhead  system  in  respect  of  security  of  supply  and  cost  of 
maintenance.  In  many  instances  the  underground  direct- 
current  system  can  be  laid  at  no  greater  cost  than  the  3-phase 
overhead  system.  The  system  might  be  advantageously  used 
f?r  railway  supply,  especially  where  water  |x)wor  is  available, 
since  it  enables  a  very  long  line  to  be  fed  from  a  single  power 
station.  It  is  nearly  as  easy  and  inexpensive  to  insulate  for 
100,000  volts  as  for  20,000  volts:  all  that  is  necessary  is  to 
design  the  couplings  and  】nat、hiiie  insulation  for  the  higher 


pressure.  With  this  high  pressure  any  practicable  distance 
from  a  power  station  is  possible. 

The  series  machine  is  well  adapted  for  any  special  work 
where  variable  speed  is  I'equired,  as  for  driving,  winding,  and 
hauling  gear,  and  for  rolling  mills.  It  lias  been  found  econo- 
mical to  install  a  separate  series  system  consisting  of  a  gene- 
rator and  motor,  tlie  former  driven  by  a  3-pliase  motor  to  drive 
a  single  winding  gear.  Tlie  great  advantage  for  these  pur- 
poses is，  of  course,  the  combination  of  constant  torque  with 
any  degree  of  speed  variation  and  the  absence  of  the  losses 
incurred  in  any  form  of  rlieostatic  control. 

In  conclusion,  the  author  is  glad  to  state  that  the  whole  of 
the  plant  and  cables  for  the  western  area  supply  were  built  in 
this  country.  With  the  invaluable  guidance  of  M,  Tliury, 
the  company's  staff  have  handled  the  plant  with  the  greatest 
success,  and  tlie  author  feels  it  right  to  bear  testimony  to 
tlieir  great  helj)  in  bringing  the  work  to  a  successful  issue. 


BRASS  CASTINGS  FOR  HYDRAULIC  PRESSURE. 

Castings  that  are  I'ecjuired  to  witlistaiul  hydraulic  pressure 
are  among  the  most  troublesome  sections  which  the  brass 
foundrymau  has  to  make,  as  the  percentage  of  leaky  castings 
is  usually  high.  The  source  of  the  difficulty  lies,  says  Mr. 
A.  L.  Goldsmith,  in  "The  Foundry,"  in  both  the  metal  and 
the  moulding,  as  the  alloy  must  be  dense  and  close  of  grain, 
and  the  casting  should  be  properly  fed  and  gated.  After 
】nany  discouraging  experiences  the  writer  finally  devised  a 
means  of  overcoming  all  difficulties,  a  recital  of  which  may 
prove  of  material  assistance  to  others  similarly  situated. 
The  accompanying  illustration  shows  how  the  niould  for  a 
large  globe  valve  should 
be  made  when  it  is  de- 
sirable to  pour  it  upright. 
The  gate  extends  to  the 
bottom  of  the  flask,  and 
loops  into  the  lower 
flange  of  the  casting  and 
a  heavy  shrinker  or  feeder 
is  taken  off  the  upper 
flange  as  shown.  In  case 
it  is  thought  desirable  to 
pour  flat,  use  a  medium - 
size  sprue  for  pouring, 
and  run  the  gate  into 
one  of  the  end  flanges, 
and  from  the  opposite 
corner  of  the  other 
flange  take  off  a  heavy 
riser  for  feeding  pur- 
poses. In  ramming  the 
mould,  tuck  the  sand 
tightly  around  the  pattern 

and  ram  very  soft  on  top,  venting  lliorouglily  with  a  small 
vent  wire.  The  temperature  at  which  tlie  metal  is  poured 
has  an  important  bearing  on  the  success  of  the  casting.  It 
should  be  cooled  to  a  point  where  it  will  not  bite  into  tlie 
skimmer  when  the  latter  is  pressed  clown  ">  tlie  bottom  of 
the  crucible.  The  uuxture,  which,  in  an  experience  of  30 
years  has  been  found  to  give  tlie  most  t-oinplete  satisfaction, 
consists  of  Copper,  801  bs.  ；  tin,  6ilbs.  ;  zinc,  4 lbs.  ；  lead,  4 lbs. ； 
and  old  metal,  401bs.  The  old  metal  should  be  of  good 
quality,  either  old  valve  metal,  niachiuery  scrap,  or  govern - 
nient  bronze.  It  must  he  rlean  and  free  from  -ill  rontamina- 
t ioti  hy  aliuniniiim. 


Section  throi cii  .Molld  for  Lakoe 
Valve  t hat  is  cast  i  pkhjht. 


Driving  Gear  for  Automobiles. ― A  paper  entitled  "  Bevel - 
(1  riven  r.  Worm-driven  Axles/*  was  read  by  Mr.  B.  W. 
Ainswortli  recently  before  the  London  Graduates  of  the  Insti- 
tution of  Automobile  Engineers.  The  author  sho\ve<l  that , 
provided  cert^iin  essential  principles  were  observed,  the 
advantage  lay  rather  in  favour  of  the  worm  and  worm  wheel  as 
applied  to  the  axle  of  a  modern  automobile.  The  worm 
niei'hanisin  had  been  shown  to  posses  an  effii'ieiu-y  of  about 
95  per  cent,  and  to  maintain  this  practically  unimpaired 
through  long  periods  ；  the  absolute  silence  wlien  running  was 
also  greatly  in  its  favour.  Several  speakers  pinned  tlieir  faith 
to  the  bevel  chive,  and  doubted  whetlier  tlie  worm  and  worm 
wheel  would  woar  woll. 
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BABCOCK  &  WILCOX  OIL  BURNERS. 

We  illustrate  herewith  several  designs  of  oil  burners,  the 
invention  of  Messrs.  Babcock  &  Wilcox,  Ltd.,  30，  Farringdon 
Street,  London,  E.C.,  of  the  type  wherein  tlie  liquid  flows 
tangentially  into  a  chamber  located  behind  the  discharge 
orifice,  within  which  chamber  a  regulatahle  spindle  or  plunger 
operat&s  to  vary  the  capacity  of  the  atojiii&er. 

In  the  arrangement  shown  in  Fig.  1  a  pipe  A  leads  from 
the  source  of  liquid  supply,  and  is  provided  with  a  valve.  A 
pipe  B  is  (議 iiected  to  the  supply  pipe  A，  and  in  the  forward 
end  of  pipe  B  is  located  the  atomising  tip.  This  tip  com- 
prises a  plug  i\  and  a  cap  D  seated  on  the  end  of  the  plug, 
and  having  an  outlet  orifice  K.    Tlie  plug  C  has  a  central 


Fig.  2. 

Babcock  &  Wilcox  Oil  Buhners. 

Icngitudiii al  bore,  and  two  longitudinal  passages  F,  which 
are  closed  at  their  outer  ends  by  cap  D.  In  the  wall  between 
the  passages  F  and  the  central  bore  of  the  plug  C  ducts  G  are 
provided  tangential  to  the  wall  of  the  bore,  the  ducts  afford- 
ing a  communication  for  the  flow  of  liquid  from  pipe  B  to 
the  tip  outlet.  To  control  the  working  area  of  the  ducts,  there 
is  provided  a  spindle  H，  the  forward  end  of  which  is  of  such 
diameter  as  to  fit  snugly  into  the  central  bore  of  plug  C.  To 
effect  the  necessary  longitudinal  movement  of  the  spindle,  it 
h  formed  with  a  screw  thread  J,  operated  by  means  of  a 
hand  wheel .  When  the  atomiser  is  not  in  use,  the  hand  wheel 
is  turned  to  advance  the  spindle  H  within  the  central  bore  of 
plug  C，  so  as  to  cover  completely  the  outlets  of  ducts  G.  If 
the  tangential  ducts  G  extend  to  the  end  of  the  plug  C，  then 
the  spindle  will  be  seated  against  the  cap  D.  When  the 
atomiser  is  to  be  put  in  use,  the  hand  wheel  is  turned  to  with- 
draw the  spindle  H  to  uncover  the  outlets  of  the  tangential 
ducts  a  distance  sufficient  to  permit  the  flow  of  the  desired 
amount  of  liquid.  When  spindle  H  is  withdrawn  the  desired 
distance,  a  chamber  K  is  formed  in  the  central  bore  of  plug 
C  between  the  end  of  the  spindle  and  cap  D，  into  which  the 
liquid  flows,  and  by  reason  of  the  arrangement  of  ducts  G 
the  liquid  is  given  a  rapid  whirling  motion  in  the  chamber  by 
which  it  is  atomised  when  it  passes  the  outlet  orifice  E.  The 
amount  of  liquid  sprayed  in  a  given  time  can  be  varied  with- 
out changing  the  pressure  or  the  temperature  of  the  liquid  by 
simply  adjusting  the  spindle  H  to  vary  the  area  of  the  open- 
ing of  the  ducts  G.  The  latter  being  in  the  same  transverse 
plane  constitute,  in  effect,  a  single  opening  inasnnich  as  the 
movement,  of  spindle  H  opens  or  closes  each  duct  an  equal 
amount. 

In  the  modification  shown  in  Fig.  2  the  tip  is  provided 
with  a  series  of  holes  in  different  transverse  planes.  Tn  tliis 
form  the  tip  is  made  in  a  single  piece,  liaving  a  flange  M  by 


which  it  may  be  clamped  to  the  end  of  pipe  L  by  a  cap  D  ；  the 
discharge  orifice  N  being  centrally  located  in  the  tip  and  the 
outer  end  of  the  tip  fitting  snugly  the  wall  of  a  central  open- 
ing in  tlie  cap.  The  inwardly  ext^^iiding  neck  O  of  tlie  tip  is 
of  less  cliaiiieber  than  tlie  interior  diameter  of  pipe  L,  and  is 
formed  with  a  series  of  ducts  P  tangential  to  the  central  bore 
K  thereof.  The  bore  K  is  contracted  at  the  outer  end  of  the 
tip  to  form  the  outlet  orifice,  and  thus  provides  a  seat  for 
spindle  H  when  it  is  moved  to  close  all  of  the  ducts  P.  The 
s|:iiKlle  II  is  threaded  similar  to  that  in  Fig. 】， and  is 
advanced  or  retracted  by  turning  the  hand  wheel.  When 
tlie  spindle  is  retracted,  a  greater  amount  of  liquid  is  per- 
initted  to  enter  the  chamber  K  through  the  tangential  ducts 
while  maintaining  the  pressure  at  the  outlet  orifice  substan- 
tially constant  ；  and  conversely,  the  amount  of  liquid  is 
rt-duoed  by  advancing  the  spindle  to  close  some  of  the  tan- 
gential ducts  without  a  decrease  of  the  pressure  at  the  outlet 
orifice. 

In  the  arrangement  shown  in  Fig.  3  the  tip  Q  is  of  sub- 
stantially the  same  form  as  shown  in  Fig.  2，  except  that  the 
tangential  ducts  R，  which  permit  the  flow  of  liquid  to  the 
chamber  K  formed  between  tlie  end  of  [)luiiger  II  and  the 
end  of  the  tip,  are  arranged  as  shown  ；  that  is,  two  or  more 
ducts  are  in  the  same  transverse  plane,  but  so  arranged  that 
a  given  series  of  these  ducts  are  on  a  spiral  path,  that  is,  the 
ducts  in  this  tip  combine  the  arrangement  o£  Figs.  1  ami  2 . 
The'  threaded  end  of  the  plunger  is  engaged  by  a  hand  wheel 
S  splined  thereon,  this  hand  wheel  having  a  follower  T  which 
engages  tlie  screw  threads.  As  the  hand  wheel  is  rotated  the 
follower  T  effects  a  rectilinear  movement  of  the  spindle  with- 
out rotating  tlie  same.    To  indicate  the  extent  of  movement 


Fig.  3.— Babcock  &  Wii-cox  Oil  Burners. 

of  spindle  H  or  the  number  of  ducts  open  through  tip  Q  when 
the  spindle  is  retracted,  a  scale  is  provided  on  the  hand  wheel, 
the  divisions  of  which  correspond  to  the  pitch  of  screw,  or  a 
given  movement  of  the  spindle  which  will  open  a  greater  or 
less  number  of  the  ducts  in  the  tip  for  a  partial  revolution  of 
the  hand  wheel.  The  band  wheel  shown  is  so  divided  that  the 
movement  from  zero  to-  1  may  completely  open  the  first  row 
of  ducts,  and  the  movenient  from  1  to  2  may  open  the  second 
row,  &c. 


Visit  of  Learned  and  Technical   Societies  to   Cornwall. ― An 

invitation  has  been  issued  by  the  Cornwall  Joint  Keception 
Committee  of  several  of  the  leading  scientific  and  technical 
societies  and  institutions  in  Cornwall  to  the  various  institutes 
connected  with  mining  and  metallurgy  in  this  country  to 
visit  Cornwall  between  July  16th  and  20th,  for  the  purpose 
of  seeing  some  of  the  works,  mines,  quarries,  laboratories  of 
the  mining  schools,  oL'c"  in  that  district.  The  chairman  of 
the  Reception  Committee  is  the  Right-  Hon.  Lord  St.  Levari, 
Mr.  T-Torton  Bolitho  and  Mr.  E.  W.  Newton  are  respectively 
hoii.  treasurer  and  secretary,  and  Mr.  G.  T.  Holloway  is 
kiiullv  acting  as  hon.  secretary  in  London. 
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THE  CORE  ROOM  ：  ITS  EQUIPMENT  AND  MANAGEMENT.* 

UY  JIENKY  M.  LANK. 

The  object  of  lliis  paper  is  to  bring  to  the  attention  of  mechani- 
cal engineers  the  fact  that  by  proper  staidy  of  details  in  the 
foundry  and  core  room  it  is  possible  to  produce  castings  better 
suited  for  inachine  construction  tlian  tlioso  now  ordinarily  fur- 
nished, particularly  in  regard  to  their  interior  or  core  sur- 
faces. For  the  present  purpose  a  core  may  be  considered  as 
any  body  of  sand  tliat  is  formed  apart  from  the  mould  and  then 
introduced  into  the  mould  during  its  construction  or  after 
tlie  mould  proper  is  finished.  The  f  unctioii  of  a  core  is  to  form 
certain  faces  of  the-  casting,  either  interior  or  ext&rior. 

Common  sens©  dictates  that-  tlie  faces  formed  by  tlie  core 
should  be  as  good  as  those  formed  by  the  body  of  sand  com- 
prising the  mould  proper.  This,  however,  is  not  generally  the 
cas3.  Until  recent  tiniies  wooden  boxes  were  largely  used  in 
making  cores  and  little  care  was  taken.  The  baked  cores  were 
filed  to  lit-  one  another  or  the  mould.  No  attempt  was  made  to 
produce  very  accurate  holes  ；  in  fact,  the'  machine  sliop  fre- 
quently preferred  to  cut  openings  from  solid  m&t-al  ratli&r  than 
to  contend  with  irregular  and  poorly  cored  holes  full  of  adher- 
ing sand  and  scale.  There  is  no  excuse  for  practice  of  this 
kind,  and  a  niacliiine  shop  has  a  right  to  demand  as  perfect  a 
finish  on  the  interior  of  a  casting  as  on  the  exterior. 

Some  of  the  best  core-room  practice  is  found  in  the 
speciality  shops,  such  as  of  iiianiifactiirers  of  radiators,  pips 
fit-tings  J  gas  stove  burne'rs，  and  automobile  engines.  In  thes3 
shops  the  equipment  has  bscn  perfected  to  such  an  extent  that 
th&  castings  ar&  turned  out  true'  to  size  within  limits  of  a  few 
hundredths  or  thousandths  of  an  inch,  proving  that  Biiioii 
thought  has  be'sn  spent  on  the  core-room  and  its  equipment. 
But  even  in  the  finest  and  most  progressive  plants  we'  find 
conditions  which  causa  loss  of  tiins  and  money.  -  In  some 
plants  where  the  enginsers  have  given  painstaking  care  to  the 
design  and  construction  of  tlie  core  boxes  and  core  driers,  and 
are  using  various  types  of  core  machines,  they  are  using  sands 
of  such  a  nature'  that  the  ingredients  of  the  sand  desbroy  a 
considerable  portion  of  the  oil  or  other  material  ussd  as  a 
binder,  necessitating  an  excess  of  binder,  wliich  means  un- 
necessary €xpen&3.  Most  core-rooms,  also,  are  hampered  by 
toxxiB  one  condition  which  is  considered  a  fixture,  sucli  as  an 
antiquated  oven,  a  cheap  local  sand,  or  the'  prejudice  of  the 
foreman  in  favour  of  some  binding  materia]. 

For  the  past  four  or  five  years  the  author  has  given  par- 
ticular attention  to  the  problems  of  thei  core-room.  Whils 
many  foundry  friends  have  been  ready  to  try  experiments  at 
his  suggestion,  there  has  baen  difficulty  in  liarmouising  their 
results,  or  in  harmonising  results  in  th&  same  plant  when  the 
experiments  were  carried  on  a  faw  weeks  apart.  All  liave 
felt  the  iie'sd  of  improvement  in  this  lino,  but  it  required 
someone  to  act  as  a  clearing  liouss  of  ideas,  to  plan  the  tests, 
to  that  they  were  carried  out  in  rlifTereiit  plants,  and  above 
all,  a  central  laboratory  wliicli  rould  unite  t he  results  of  the 
different  experiments.  » 

Afc  this  juncture-  the  Robson  Process  Company  tendered 
the  US3  of  its  well -equip  peel  chemical  and  physical  laboratories 
at  Covington,  Va.，  and  at  the  author's  suggestion  s?t.  aside  a 
large  room  for  the  iustallation  of  core  ovens  and  testing 
machines.  With  this  laboratory  available  the  co-operation 
of  other  manufacturers  and  dealers  was  asked  and  they  have 
all  rendered  liearty  assistance. 

Action  on  a  Coke  in  the  Mould. 

Introduction  of  Metal  into  a  Mould. ― Before  prooeeding  witli 
a  disrussiou  of  the  subjet:t  it.  may  be  well  to  stats  what 
happens  when  a  core  is  surrounded  with  metal.  The-  action 
is  shown  in  Fig  1，  which  repres'snts  a  portion  of  a  cylindrical 
casting  in  the  process  of  pouring,  at  a  point  where  tlie  mould 
is  about  two-thirds  full,  the  mstal  rising  over  the  core . 
Metal  ente-rs  the  gate  at-  the  left  and  flows  to  the  bottom  of 
the  opening  uiuler  th&  core. 

At  first  tlie  mould  is  full  of  air,  and  t lie  uhiiikmiI  inoli on 
metal  ent.ers  this  air  becomes  highly  heated  and  expaiulr-l. 
tluis  inslanlly  creating  a  pressure  in  the  mould.  Tlio  iullow- 
ing  metal  】mist  not-  only  exy>s】 a  volume  of  air  equal  to  the 
volume  of  the  mould,  but  the  expansion  of  tli& 
air  greatly  inc.reasss  its  vohnue.  'Ihen,  also,  con- 
siderable steain  is  generated  as  Ih?  Dietal  enters, 
and  this  too  has  to  be  expellee!.  This  mass  of 
*  Abstract  of  pajier  read  before  the  American  Society  of  Mechanical  Kngiueeis. 


air  and  steam  escapes  through  botli  the  nioiild  and  the  core 
as  indicated  by  the  arrows  in  the  upper  portion  of  the  illus- 
tration. As  the  metal  fills  the  mould  the  gas  pressure  on  the 
inside  is  relieved,  but  a  new  set  of  conditions  appears  wliicli 
(leinanfls  a  parous  mould  ami  core. 

If  the  metal  is  pmiml  at  the  proper  temperature,  a  skin  or 
<TUsi  of  solid  metal  forms  almost  instantly  on  the  sides  of  the 
mould  ami  the  core  (see  Fig.  1),  wliicli  prevents  the  passage  of 
air  or  gas  from  the  ('ore  or  mould  into  the  metal,  or  from  the 
metal  into  the  sand.  At  first,  however,  tlie  skin  is  rather 
flexible,  and  should  gas  be  generated  in  either  the  mould  or 
i'he  cor  a  more  rapidly  than  the  vent  ran  take  care  of  it,  it  may 
blow  ))ack  and  scab  the  casting.  As  tlie  metal  rises  against 
1  he  boti oin  of  the  core  it-s  surface  is  burned.  As  a  core  is  dry, 
no  steam  is  generaie<"l  during  this  oi)»rat'ion，  but  tlie  hydro- 
carbon compounds  in  the  core  biiider  a  re  driven  ofT  and  forced 
1  hrougli  the  core  toward  the  central  vent,  as  iiidicate*!  hy  the 
arrows  in  Vig  ] . 

Gases  Formed  in  Cores. 一 As  long  as  air  is  j) resent  in  the 
mould  。r  core  all  forms  of  carbon  are  burned  or  oxifiise<l  so 
ill  at  1  lie  li  rst  gases  to  be  expelled  may  contain  carhmi 
dioxide.  As  it-  bsi'om'es  entirely  su rrouiuled  with  metal  the 
air  is  quickly  exhausted,  and  from  tJiat  time  on  only  sudi 
liydrcx'arboii  gasios  as  can  be  distilled  ofT  by  heat  are  expelled . 
From  this  it  will  readily  be  s&sn  that  tlie  volu"— 、— e  of  gas  gene- 
rated in  the  pouring  of  metal  around  any  core  is  largely  deter- 
mined by  the  volunie  of  volatile  hyd rwarbons  which  ca ！ i  be 
distilled  from  the  core  binder. 

Tlie  leaking  temperature  to  which  the  I'ore  is  subjcH'tf'd 
will  have  an  important,  bearing  upon  this  subject.  Certain 
binders  can  be  baked  at  a  high  temperature  so  as  to  expel  most 
of  the  volatile  liyrlrocarbons,  and  lea ve  little  but  solid  rarho" 
as  the  rore  binder,  but  where  this  is  done  an  excess  of  bind- 
ing material  must  be  used,  as  the  binding  power  of  the  hydro- 
carbon compounds  is  largely  sacrificed.  Then,  too,  if  tlie 
baking  is  contin u ed  until  all  of  the  volatile  hydrm-arbons  are 
driven  out,  the  volume  of  the  binder  is  changed  to  sm'li  an 
extent  that  cracks  or  checks  will  generally  be  formed  in  the 
core.  The  ideal  binder  is  on©  which  contains  sufficient  liydro- 
carbons  to  give  a  strong  core,  but  it  】iiusf  not  give  off  during 
pouring  gases  wliicli  are  injurious  or  evtMi  trying  to  the  work- 
men . 

Refractory  Base  of  a  Core, 一 The  refractory  material  of 
which  tlie  core  is  comnosed  should  be  of  such  a  nature  that  it 
conducts  heat  but  slowly,  so  that  the  rate  at  wliicli  tlie  suc- 
ceeding layers  of  hydrocarbon  are  distilled  off  is  suffcienf  ly 
slow  to  enable  the  vent  to  take  care  of  the  gases  as  they  are 
formed.  Tlie  re  are  some  cases  in  wliicli  it  is  a(lvis>able  to  in- 
crease the  conductivity  of  a  core  so  as  to  cause  it  to  a-.-t  as  a 
rliill  oil  the  metal,  and  wlien  this  is  desired  the  binder  pro- 
blem is  still  further  coinplirated.  After  i he  nieta】  has  roine 
in  coil  tact  wit  li  the  core  and  coiiinieiu'ed  to  burn  out  1  lie  livflro- 
carbon  conipoiiiids,  there  should  still  be  some  liiiuliiig  pro- 
perties left  to  act  until  the  skin  of  metal  next  the  core  be- 
comes sufficiently  strong  to  resist-  any  tendency  of  the  molten 
】nass  of  】uetal  to  cut  the  core. 

Where  metal  imist  flow  through  or  over  a  rore  it  is  diffi- 
cult  to  prevent  cutting  or  washing  by  using  bonds  of  a  car- 
bonaceous nature  only.  Clay  or  a  refractory  boiul  of  similar 
nature  has  to  be  resorted  to  ；  sonietinies  tlie  surface  of  tlie 
core  is  protected  by  silica  wash  or  clay  ami  backing  wasli.  If 
tlie  binder  is  present  in  the  core  in  siiflu-ieiit  quantity  to  leave 
a  fairly  large  percentage  of  fixed  or  free  carbon,  the  inetal  is 
not  liable  sarioiislv  to  oat  into  or  burn  into  1  he  core.  In 
many  cases  this  coiulil ion  necessitates  t he  us?  of  higher  per- 
centages of  binder  1  liati  、voul(l  he  require<l  simply  to  furnish 
tlie  necessary  strength  in  the  tore. 

CoHE-RooM  Location  and  Aiiuani.ements. 

Tlie  location  and  area  of  the  core-room  are  of  more  ""• 
port  rUU'O  in  t  lie  prodnct  ion  of  cast  ings  t  Ikhi  most  fouiuh  vmhmi 
realise,  since  the  inoderii  teiulency  in  rertain  <  las.«es  of  work 
is  to  t lirow  an  ever-iiu'reasing  responsiblity  on  it,  i\ud  some 
romplicat ed  cast iiips  such  as  air-(*m)le<l  ； u"m "(山 ilt、  «  vlinHpii? 
； I  re  madd  in  moulds  tliat  a  ro  (•onu)ose<l  cut  irelv  (»f  cores.  Tlio 
rlH'mition  of  a  core,  as  already  given,  was  carefully  chostMi  wit  li 
lliis  phase  of  the  subject'  in  niiiul.  The  1  oration  de|>en(ls  upon 
several  factors :  the  size  of  the  individual  t'ores,  the  number 
of  pounds  of  cores  use<l  per  nioulHer  ]>ei*  ，lav,  t  ho  streiigl  h  of 
tlie  iiulividual  rores  aiwl  1  he  "it'Uiod  of  haiulhiig  llie  cores  from 
the  core -room  to  the  inouWers. 
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Core-room  Area. ― A  series  of  observations  of  the  proper 
area  of  the  core -room,  extending  over  aboul  15  years,  lias 
shown  that  the  care-room  varies  in  area  from  10  to  over  50 
per  cent,  of  the  moulding  floor.  This  includes  the  space  oc- 
cupied by  the  ovens  and  core  storage  but  nob  tlie  core  sand 
storage.  In  very  heavy  grey  iron  work,  such  as  large  Corliss 
ergine  cylinders,  heavy  machine-tool  castings,  large  forging 
machines,  &c.，  the  space  devoted  to  core  making  may  be  equal 
to  at  least  60  per  cent,  of  the  active'  immlfliiig  Hoot  spare,  but 
in  this  kind  of  heavy  work  about  half  is  usually  inactive,  be- 
cause heavy  castings  must  be  left  in  the  sand  several  days  to 
cool,  hence  the  area  as  compared  with  the  moulding  floor  is 
about  30  per  cent,  of  the  total. 

Tlie  coTe-roo'mi  proportion  in  the'  case  of  side  floorwork  in 
a  grey  iron  foundry  is  generally  much  less,  because  many  of 
the  moulds  require'  no  cores  and  as  a  rule  the  floors  are  cleaned 
each  day,  so  that-  the'  entire'  moulding  area  is  continually 
active  and  varies  from  10  to  15  per  cent,  of  the  area  of  tlie 
side  floor. 

In  the'  case  of  loam  work  frequently  only  a  very  small 
number  of  cores  are  used  wliicli  are  not  made'  on  the  loam 
floors,  but  of  coursei  when  loam  work  is  being  carried  on  dry- 
ing ovens  are  necessary  and  tlie  entire  proposition  partakes 
of  tli&  nature  of  a  core  problem. 

For  liglit  grey  iron  or  iiialleable  work  the  area  of  t'lie  r ore- 
room  depends  entirely  upon  the  character  of  the  product.  The 
fact  that  in  the  core  storage  the'  coires  are  kept  on  shelves 
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Fig,  1. ― Manner  in  which  a  Core  is  Actkd  upon  by  the  Metal  as  It  Kn"  ERy. 

one  above  another  and  the  small  ones  are  dried  on  cars  hav- 
iug  several  shelves,  tends'  to  reduce  very  greatly  the  total  area 
required.  The  cores  for  a  given  mould  usually  take  up  much 
less,  space  than  the  mould  itself  and  they  are  not  accompanied 
by  flasks.  For  grey  iron  work  on  automobile  castings,  including 
cylinders,  the  core  department  will  have'  an  area  varying  from 
40  to  60  per  ceub.  of  that  of  the  foundry.  In  aluminium 
work  for  automobiles  it  is  about,  4.0  per  cent. ,  in  brass  jobbing 
shops  10  to  15  per  cent,"  for  brass  Httings  20  to  25  per  cent., 
while  for  iron  fifctings  it  takes  from  20  to'  45  per  cent. 

The  core-storage  space  to  be'  provided  is  also  important. 
In  the  case  of  jobbing  work  comparatively  littl&  room  is 
necessary,  sine©  the  cores  when  completed  ar©  usually  &&nt  to 
the  moulders'  floors'. '  Where'  a  line  of  standard  work  is  being 
iiiaiiufactiired,  provision  should  be>  made  for  carrying  at  least 
one-half  of  a  day's  supply  of  cores,  and  where  night  ovens  are 
used  for  baking  an  entire  day's  supply. 

Handling  Warm  Cores. ― In  order  to  avoid  rehaiuUing  when- 
ever  po&sible,  cores  sliould  be'  &eiit  from;  the!  core-oven  trucks 
to  the  moulders  without  placing  them,  ou  storage  shelves  as 
this  involves  an  extra  handling.  This  question,  however, 
brings  up  the  advisability  of  handling  cores  hot.  With  many 
binders  under  such  conditions  more  binder  will  have  to  be 
used  than  if  t'li'ey  are  allowed  to  cool.  One  large  foundry 
using  a  great  many  oil-sand  cores  changes  its  oil-sand  mix- 
tures at  about  3  p. in.  by  decreasing  the  amount  of  binder  15 
per  cent.  The  reason  for  this  is  that  the  cores  made  subse- 
quently will  be  run  out  of  the  core'  oven  ou  to  the  plates  and 
left  to  cool  over  night  before  they  are  haiidled,  so  that  tli& 
full  strength  of  the  binder  will  be'  developed.  During  the 
day  they  are  ordinarily  taken  from  the  plates  hot  and  car- 
ried to  the  moulders.  In  many  cases  a  saving  of  15  per  cent, 
of  binder  would  more  than  ]>ay  for  the  rehaiidling  of  the 
cores  and  the  placing  of  a  core-storage  between  tlie  core  de- 
partment and  the  foundry. 


Transportation  of  Cores. ― Where  tlie  numfjor  of  cores  us^^d 
per  iiKMilder  is  so  greai  that  ilio  woiglil  of  llie  cores  delivered 
to  each  approxiiuates  the  number  of  pounds  of  (-a slings  tu rued 
out  by  him  per  day,  the  problem  of  transporting  ilie  cores 
becomes  serious  and  must  be  taken  into  consideration  in 
locating  tlie  core-romii.  In  tliis  there,  must'  also  be  consiflerefl 
the  element  of  breakage.  Every  (•("•&  t  liat  is  broken  repre- 
sents not  only  ihe  loss  of  the  sand  and  binder  but  also  of  the 
time'  expended  in  "lakiiig  it,  the  fuel  for  baking,  and  other 
labour  in  the  way  of  transportation.  Every  possible  precaution 
should  ilierefore'  be  taken  to  reduce  this  item. 

If  the  cores  are  large  and  delicate',  such  as  those  required 
hi  ahiminiuni  or  liglit  crurihle  st&el  castings,  tliey  must  give 
way  readily  before  tliC'  shrinking  metal  and  should  l>e  liamile'l 
as  little  as  possible,  hence  the  core-room  should  he  near  the 
moulders.  If  the  cores  are  standard  ； uul  sufficiently  liard  so 
that  they  arei  ha  lulled  in  boxes  or  in  piles  on  boards  as  in 
some  fitting  shops,  they  will  stand  transportation  a  long  way, 
and  here  it  will  pay  to  centralise  the  core  department,  equip 
it  with  labour-saving  machinery,  and  reduce  the  cost  to  a 
minimum.  The  cores  can  tlien  be  distributed  to  the  various 
departments  without  fear  of  serious  loss  through  breakage. 
Ill  the  caso  of  heavy  work  where  they  have  to  be  handled  with 
a  crane,  if  there  are  several  separate  bays  or  departments  it 
is  frequently  more  economical  to  provide  each  section  of  the 
foundry  with  its  own  core-room  and  to  arrange  it  so  that  the 
ma  in  travelling  cranes  handle  tlie'm  from  tlx©  core  oven  trucks 
to  the  moulds  at  ouo  operation. 

For  transporting  cores  about  the  foundry  we  have  plat- 
forms, commonly  called  boats,  which  are  rectangular  in  sliape, 
made  of  plank,  with  heavy  battens  on  the  back,  supported  at 
four  corners  by  slings  frann  the  crane  hook.  The  cores  to 
moved  are'  piled  on  the:  platform  and  shifted  to  the  parts  of 
the  foundry  where'  they  are  to  be'  used.  For  handling  and 
transporting  medium  or  fairly  h'e'avy  cores  a  device  of  this 
kind  saves  reliandling  and  guards  against  breakage.  It  also 
does  away  with  confusion  iu  tliei  gangway  due  in  many  plants 
to  carrying  of  cores  to  the  various  floors.  In  some  foundries 
the  cores  are  carried  to  moulders  on  a  trolley  system  in  boxes 
or  specially  prepared  cages  supported  by  spiral  springs.  In 
other  cases  spring  trucks  running  ou  the  gangway 
floor  or  spring-supported  platform  cars  running  ou 
iiidustrial  railways  are  used  for  the  purpose.  In 
the  (.*ase  of  medium'  heavy  work,  cores  weighing  lOOlbs.  to 
2001bs.,  the  coi'e^oven  truck  may  be  arranged  so  that  each 
shelf  can  b©  lifted  off  by  the  travelling  crane  and  used  as  a 
boat  to  carry  the  cores  toi  the  floor  ；  in,  other  cases  the  entire 
cor©  car  may  be  picked  up  by  the'  cranes  and  delivered  to  the 
moiilders'  floor. 

Handling  Core  Sand.  ― As  the  core  sand  is  bulky  the  problem 
of  handling  it  assumes  considerable  prominence  in  most 
plants,  and  this  necessitates  the  location  of  the  core-room  in 
such  a  position  that  tlie  sand  cau  be  delivered  from  the  rail- 
road cars  into  th©  storage  bins'  witli  the  least  amount-  of 
handling.  For  the  most  ell'ective  work  the  sand  should  be  as 
dry  as  possible,  hence  ifc  should  be  put  into  storage  at  a  dry 
season  of  the  year,  and  at  least  a  nine  months'  supply  provided 
for.  Buying  the'  sand  at  this  time  of  the  year  also  reduces 
freight  costs  by  eliminating  water  contained  in  the  sand  dur- 
ing rainy  periods. 

To  sum  up  th&  matter,  the  location  of  the  core-room  should 
be  such  as  to  minimise'  the  handling  of  the  cores,  being  nearer 
the  moulders  in  the  case  of  very  heavy  work  handled  by  the 
main  cranes,  or  in  cases  where  delicate  cores  are  used ,  as  in 
aluminium  or  light  crucible  steel  work,  and  being  ceutralisefl 
when  they  are  strong  enough  to  stand  transport-atioii.  The 
area  will  depend  upon  th©  product,  and  a  fair  estimate  may 
be  obtained  by  taking  the  number  of  cores  required  per  man 
per  day,  and  estimating  the  number  of  cores  the  coreniaker 
will  make  per  day,  thus  arriving  at  the  number  of  benches  re- 
quired. The  space-  occupied  by  foreniakers'  benches  is  as  a 
rule  about  35  to  40  per  cent,  of  tlie  total  core-room  space,  the 
balance  being  taken  up  with  ovens  and  storage  racks  for  green 
and  dry  cores. 

Core  Sands  and  Core  Bindkus. 
The  term  core  sand  covers  a  wide  variety  of  materials 
adapted  to  different'  classes  of  core  work  and  the  conditions  to 
be  met  in  the  core-room  necessitate  the  use  of  a  number  of 
grades  of  sand  in  most  core-rooms.  In  all  core  sands  the 
principal  heat-  resisting  element  is  silica,  the  silica  grains  also 
fonniiig  what  may  be    termed  the    backbone  of  tlie  core. 
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Ordinary  moulding  sand  rarely  contains  over  80  per  cent, 
silica,  the  balance  being  made  up  of  alumina,  oxide  of  iron, 
and  other  impurities.  In  a  moulding  sand  a  certain  percen- 
tage of  clay  is  necessary  to  form  the  bond.  They  may  be 
divided  into  bondless  or  sharp  sands  for  oil-sand  mixtures  or 
cores  which  require  a  great  deal  of  vent  ；  and  the  bonded 
sands  and  gravels.  The  sharp  sands  contain  from  97  to  98*5 
per  cent,  silica,  while  the  bonded  sands  contain  from  97  to 
less  than  90  p&r  ceiii . 

Proper  Condition  of  Bond  in  a  Core. ― Since  a  (  ore  must  be 
sufficiently  parous  t'o  vent  freely,  the  sand  composing  it  】mist. 
be  of  such  a  nature  that  there  will  be  a  considerable  percen- 
tage of  voids  or  open  spaces  through  which  the  vent  may 
escape.  In  any  core  the  individual  grains  of  sand  musit  be 
bound  one  to  another  with  some  iniaterial,  collected,  if  pos- 
sible, at  the  contact  points,  thus  leaving  the  spaces  between 
free  for  vent  passages.  Anything  that  tends  fco  roughen  the 
surface  of  the  grains  of  sand  in  the  passages  tends  to  retard 
the  vent. 

Form  of  Sand  Grains. 一 In  concrete  and  masonry  work  sliarp 
sand  is  desirable  on  account  of  the  fact  that  it  affords  a  better 
grip  for  tlie  cement  or  lime  in  the  mortar.  For  core  work 
rounded  grains  of  sand  are  the  best  because  they  give  a.  maxi- 
mum of  vent  passages  and  larger  areas  at  the  contact  points 
for  the  bonding  material  to  act.  The  strangest  cores  that  the 
writer  has  seen  used  in  practice  were'  made'  from  oil-sand  mix- 
tures with  thoroughly  rounded  grains  of  sand,  the.  individual 
grains  being  of  approximately  uniform  size. 

In  concrete  work  the  object  is  to  fill  all  the  voids  between 
the  particles  of  the'  material  with  finer  stock,  so  that  tlie  final 
product  will  be  a  uniform  solid  mass.  In  making  cores  the 
requirement  is  radically  different,  as  it  is  desirable  to  liave 
the  greatest  possible  number  of  fine  voids  ；  only  they  should 
be  so  fine  that  the  metal  will  not  tend  to  follow  or  flow  into 
them.  This  necessitates  the  use  of  different  sized  grains  in 
the  core  sand  for  different  metals.  Some  of  tlie  brass  and 
bronze  mixtures  are'  particularly  searching  and  will  force 
their  way  into  cores  where  iron  would  lie  smoothly  on  the  sur- 
face. There  are  two  reasons  for  this,  one  that  the  melting 
temperature  of  the  brass  and  bronze-  alloys  is  lower  tlian  that 
of  tlie  iron  mixtures  and  hence  they  remain  fluid  for  a  longer 
time  in  contact  with  a  core;  and  the  other  that  tlie  iron  alloys 
seem  to  be  morei  viscous  wlien  fluid  and  will  not  flow  into  as 
sharp  corners  as  the  brass  and  bronze  alloys. 

Aluminium  in  some  respect'S  behaves  like  iron  in  tliis  par- 
ticular. Sand  mixtures  which  would  be  perfectly  satisfactory 
for  iron  or  steel  or  for  aluminium  may  be  wholly  unsuited  for 
brass  or  bronze.  A  brass  or  bronze  containing  considerable 
phosphorus  is  particularly  searching  in  its  action,  also  an  iron 
containing  considerable  phosphorus  is  more  fluid  than  other 
mixtures  and  has  more  of  a  tendency  to  cut,  into  a  core.  Fro]n 
this  it  will  be  seen  that  the  selection  of  a  particular  grade  of 
core  sand  -must  depend  t  o  a  considerable  ext-ent.  on  the  metal 
to  be  cast. 

Early  Day  Core  Practice.— In  t.he  earliest  i'oundry  practice 
(•ores  were  made  from  niixtiiresi  containing  no  artificial  bonds. 
A  sand  was  chosen  containing  enough  clay  to  hold  the  grains 
together  when  dry,  and  if  this  showed  a  tendency  to  stick  to 
the  casting  some  sawdust  or  other  carbonaceous  material  was 
added  to  the  mixture,  causing  it  to  fall  to  pieces  next  to  the 
casting  more  easily  and  clean  out  better.  It  is  probable  that 
the  first  artificial  core  binders  us&d  were  rye  and  white  flour 
and  pea  meal,  and  there  are  also  records  of  the  use  of  sour 
beer.  In  tlio&e  days  all  moulds  were  thoroughly  dried  before 
the  metal  was  poured  into  them,  so  tliat  it  partook  of  the 
nature  of  a  core.  To  harden  and  strengthen  the  face  of  tlie 
mould  or  core,  it  was  frequently  sprinkled  with  sour  beer  or 
molasses  waier  and  then  dried.  When  tlie  metal  came  in 
contact  with  the  surface,  it  burned  out  the  carbon  of  the  bind- 
ing material  used  at  the  surface  and  made  it  easy  to  clean  out 
the  core. 

American  and  Foreign  Practice.  -In  America  demand  for  a 
l^ig  output  and  cheap  castings  has  developed  a  mmiber  of 
】"ies  of  foundry  practice  to  an  extent  not  found  in  any  other 
country.  The  green  saiul  mould  is  more  universally  used  liere 
and  the  variety  of  core  binders  exceeds  that  eniploved  in  any 
o^her  country.  At  present  iH'obably  the  most  coininon  core 
bimler  used  abroad  is  what  is  known  as  coro  gum,  wliich  is 
really  dextrine,  one  of  the  prodiu'ts  of  the  starcli  industry. 
Pea  meal  is  also  used  abroad  to  a  considerable  extent  and  rve 


flour,  and  lins&ed  oil  in  certain  foreign  countries.  America 
has  been  the  first  to  introduce  an  extensive  line  of  specially- 
prepared  binders. 

Kinds  of  Binders. 一 There  are  two  classes  of  binders  as  regards 
tlieir  action  on  the  sand.  These  are  the  true  pastes,  which 
do  not  flow  to  the  contact  points  of  the  sand,  and  the  binders 
that  flow  to  the  contact  points  as  the  drying  and  baking  take 
place.  All  binders  which  act  as  a  paste  are  not  affected  by 
clay  in  tlie  sand.  This  is  also  true  of  resin  and  pitch.  Binders 
that  partake  of  the  nature  of  an  oil  are  injured  and  in  some 
cases  ruined  by  the  presence  of  clay  in  the  sand.  The  advan- 
tages of  sharp  sands  and  sands  of  uniform  sizefl  grains  were 
never  fully  appreciated  until  the  complicated  problems  of  the 
water-cooled  automobile  engine  cylinders  required  solution. 
At  first  intricate  systems  of  mechanic-ally  formed  vents  were 
used,  but  later  it  was  discoveml  that  by  using  clear  silica 
sands  and  oil  as  a  binder  that  the  vent  would  fiml  ample  pas- 
sage ill  the  spares  between  tlie  round e<l  grains. 

Fitting  the  Binder  to  the  Sand. — In  selecting  the  core  sand 
for  any  given  location  tlie  problem  to  be  solved  is  the  finding 
of  tliB  cheapest  finished  core.  Cores  for  a  given  class  of  work 
must  have  a  given  strength  per  square  inch  and  must  disin- 
tegrate when  the  metal  is  poured  about  theTn,  so  as  to  per- 
mit ample  opportunity  for  the  metal  to  shrink.  Generally 
in  producing  a  core  of  this  kind  a  number  of  courses  are  open. 
A  local  bonded  sand  may  be  used  with  resin ，  flour,  dextrine, 
black  compound,  ^lutrin,  or  molasses.  As  a  rule  black  com- 
pound or  pitch  cores  are  more  suit-ed  for  heavy  work  than 
for  light.  For  small  work  greater  strength  per  square  inch 
of  core  is  generally  required  than  for  large  work,  and  for 
great  strength  associated  witli  free  venting  there  must  be  a 
binder  that  will  hold  a  sharp  sand  and  at-  the  same  time  per- 
mit the  free  circulation  of  the  escaping  gases.  Flour  or  dex- 
trine tend  to  a  large  extent  to  stop  the  vent,  as  do  also  the 
black  compounds,  whirh  contain  dextrine  as  a  green  binder. 
This  calls  far  tlie  use  of  an  oil  mixture,  an  oil  and  glutriu 
mixture,  a  glutriu  and  clay  wash  mixture,  or  molasses. 

A  niimber  of  different  water  soluble  by-products  from 
('ommerc'ial  processes  have  been  or  are  used  to  some  extent  as 
core  binders.  In  some  places  in  the  vicinity  of  rum  distil- 
leries a  product  known  as  distillery  returns,  distillery  slop,  or 
sour  beer,  is  used  ；  in  other  locations  sour  beer  from  breweries, 
but  botli  are  employed  only  in  limited  localities  as  they  are 
weak  adhesives  and  hence  not  good  binders. 

The  principal  objection  to  the  use  of  molasses  in  tlie  core 
room  is  the  fact  that  this  binder  is  not  uniform  in  its  adhe- 
sive properties.  First,  fermentation  has  to  be  dealt  with.  To 
test  its  effect  the  writer  measured  out  a  quantity  of  molasses, 
diluted  it  with  twice  its  volume  of  water,  and  let  it  stand  in  a 
crock.  The  specific  gravity  of  tlie  solution  was  taken  every 
few  days  and  batches  of  cores  made  from  it  were  tested  for 
strength.  These  fell  off  rapidly  in  strength  as  tlie  fermenta- 
tion proceeded,  losing  more  than  half,  and  at  the  same  time 
the  specific  gravity  constantly  decreased.  Foiiudrvinen  have 
been  known  to  purchase  fennented  molasses  thinking  that 
they  were  getting  a  cheap  bond.  In  a  case  of  this  kind,  how- 
ever, one  has  no  knowledge  of  the  actual  bonding  power. 

At.  tlie  time  tlie  feniientatioji  experiment  was  made  on 
molasses  a  sample  of  glutriu  was  measured  out,  d' luteal  to  tlie 
same  proportions,  and  allowed  to  stand  in  a  crock  next  to  the 
molasses.  Cores  were  made  from  it.  eacli  time  that  cores  were 
made  from  】Tio】as9es.  Those  from  ghitrin  gradually  in(、rease<l 
in  strengtli  witli  tlie  age  of  the  mixture,  flue  to  it-s  slow  con- 
centration by  evaporation.  The  molasses  mixture  was,  of 
course,  evaporated  just  as  fast,  but  the  composition  was 
changing  so  rapidly  from  feniiontatioii  tliat  the  effect  of 
evaporation  did  not  show. 

Another  objection  to  molasses  is  the  fact  that'  no  matter 
How  lionest  the  dealer  or  how  free  from  fernient-ation  the 
stock  may  be  at-  the  time  it  is  used,  its  bonding  ])o\ver  imist 
depend  upon  the  source  from  which  it-  was  derivecL  In  mak- 
ing cane  sugar  the  plant  is  topped  in  the  field  and  the  tops  are 
thrown  away  because  the  juices  in  the  upper  part  of  the  stalk 
have  not  been  coiivert-ed  into  sugar.  If  the  stalks  are  topj>e<i 
too  high,  a  large  proportion  of  tlie  juice  carrying  no  sugar 
eiiters  the  fluid  and  remains  in  the  molasses  after  tlie  sugar  lias 
h&Bu  crystallised.  As  tlie  molasses  is  the  residuum  of  the 
supar  process  it  must  contain  all  its  iniimrities,  and  these  vary 
witli  the  sou  re?  of  material  from  which  tlie  sugar  was  mado. 
"le  method  of  work,  the  way  in  which  the  c^ue  was  to】"MHi, 
and  many  other  factors. 
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The  only  other  water  soluble  bond  extensively  used  in  t he 
foundry  is  glutriii,  a  by-product  of  paper  maiLufacture  by  tlie 
sulphite  process.  The'  sap  stored  in  tlie  cells  of  the  spruce 
wood  used  in  paper  making  is  <?xtracted  by  boiling  with  the 
sulphite  solution,  and  when  treated  to  remove  certain  unde- 
sirable elements,  and  coiiceiibrated,  it  bee o line's  the  binder 
known  as  glutriu.  While  its  com  position  is  complex,  caiisisi- 
iug  of  tannins,  wood  sugars',  and  resin  iu  soluble'  form,  it  is 
a  product  uniform  in  composition  and  hence  in  binding  power, 
and  it  will  not  ferment. 

Use  of  the  Microscope.  一 It  has  been  fouiul  that  a  micro- 
scopic examination  of  the  fracture  of  a  core  would  tell  much 
as  to  its  venting  properties  and  the  efficiency  of  the  bond,  but 
thus  far,  however,  it  has  proved  impossible  to  produce  a  micro- 
photograph  that  would  si  low  all  that  the  human  eye  could  see 
in  examination  of  a  core,  because  the  focal  depth  of  the  micro- 
graphic  lenses  is  exceedingly  si i allow,  so  that  when  examining 
cores  at  magnifications  of  60  or  more  diameters  ft  is  neces- 
sary to  rack  the  objective  back  and  forth  and  examine  the  top, 
the  middle,  and  the  bottom  of  a  grain  of  sand,  thus  giving  a 
clear  mental  picture  of  the  bonding  conditions.  A  micro- 
photograpli  taken  in  th&  ordinary  way  does  not  show  this  as 
it  has  not  sufficient  depth  of  focus. 

(To  be  continued.) 


THE  TEST  DEPARTMENT  OF  A  RAILWAY.* 

BY  E.  B,  TILT. 

In  considering  the  duties  of  a  railway  engineer  of  tests  aud 
the  work  of  the  railway  testing  laboratories,  it  may  be  well 
to  refresh  our  memories  with  a  very  brief  history  of  the  growth 
of  the  steam  railway  and  the  principal  engineering  materials 
used.  The  year  1801  saw  the  laying  of  the  first  chartered  line 
of  rails,  a  short  horse  railway  in  the  suburbs  of  London,  xnd 
ill  1804  the  first  steam  locomotive  was  used  on  a  small  railway 
ill  Wales.  The  first  really  successful  application  of  the  steam 
locomotive  was  in  1814  on  a  mine  railway  near  Newcastle-on- 
Tyne,  with  George  Stephenson's  famous  "  Puffiug  Billy."  The 
Stockton  and  Darlington  opened  in  1825  aud  was  the  first  rail- 
way to  carry  passengers.  Four  years  later,  iu  1829，  the 
famous  Rocket  fulfilled  the  requirements  specified  by  the 
Liverpool  and  Manchester  Railway,  for  a  locomotive  to  meet 
the  traffic  demands  of  that  period.  This  is  only  82  years  ago, 
and  the  ferrous  metals  available  at  that  time  to  build  this 
12，0001bs.  machine  and  give  it  a  track  to  run  on  were  cast 
iron,  including  malleable,  crucible  steel  and  wrought  iron.  It 
is  probably  true  that  the  quality  of  tlie  metals  in  use  then 
was  as  good  as  the  quality  of  similar  metals  in  use  now,  but 
methods  of  manufacture  were  largely  by  hand,  the  output  was 
small  and  processes  were  not  completely  understood.  The  ad- 
vantages of  steam  traction  were  early  recognised,  and  we  find 
that  about  1850  the  demands  of  service  had  so  increased  the 
duty  o?  tyres  and  rails  that  wrought  iron  was  not  equal  to  the 
task.  At  this  period  Great  Britain  had  something  over  5,000 
miles,  Canada  less  than  100  miles,  and  the  United  States  over 
9,000  miles  of  railway. 

In  1856，  the  Bessemer  process  of  making  steel  was  in- 
vented, but  it  was  not  a  commercial  success  until  the  early 
sixties.  To  get  an  idea  of  the  revolutionary  nature  of  the 
new  way  of  steel  making,  it  must  be  borne  iu  mind  that  before 
this  time  steel  was  in  use  for  practically  little  else  but  cutlery, 
springs,  and  the  small  parts  of  machines.  Steel  boiler  plates 
were  first  used  in  1860，  and  permitted  the  use  of  a  steam  pres- 
sure of  801bs.，  and  in  1863  the  first  locomotive  boiler  was  made 
of  steel.  It  was  only  a  few  years  after  the  commercial  per- 
fection of  the  Bessemer  process  that  the  open  hearth  process 
of  steel  making  became  a  success,  and  if  these  developments  of 
steel  making  had  not  happened  the  expansion  of  the  railway 
world  could  not  have  been  as  rapid  as  it  has. 

While  the  development  of  railways  and  metal  making  was 
taking  place,  and  even  earlier,  scientific  men  were  endeavour- 
ing to  keep  pace  with  the  study  and  knowledge  of  the  char- 
acteristics of  engineering  materials,  and  in  the  latter  part  of 
the  eighteenth  century  Souflat,  a  Frenchman,  had  made  tests 
of  the  strength  of  iron,  as  had  also  two  Englishmen,  named 
Reynolds  and  Bramali.  Von  Siekingen,  a  Swede,  published 
the  results  of  iron  tests  in  1782，  and  Eytelwein  published  the 
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results  of  his  exj)erinieiits  on  the  strength  of  iron  in  1808. 
There  was  also  data  on  the  same  subject  published  by  T red- 
gold  iu  1810,  and  Bandelet  in  1814.  ((Tlie  Strength  and 
Stress  of  Timber"  was  published  by  Barlow  in  1817，  and  "Ex- 
periments oil  tlie  Strength  of  Materials  ，，  was  published  by 
Preuiiie  in  1818.  Systematic  and  scientific  experiments  on  the 
streiij^t  li  of  wrought  iron  were  carried  on  by  tlie  Frenchman 
Dulean  in  1820,  and  Tredgold  published  liis  "  Practical  Essay 
on  the  Strength  of  Cast  Iron  and  other  Metals  "  in  1823. 
Seguiu's  work  on  wire  bridges  appeared  in  1824,  while  Sager- 
hjelm's  valuable  experiments  on  the  density,  uniformity,  elas- 
ticity, malleability  and  strength  of  wrought  iron  were 
also  made  public  in  1824.  In  1807，  Thomas  Young 
had  advocated  the  adoption  of  a  modulus  of  elec- 
tricity, and  Karsten  in  1826  established  tlie  strength  of  iron 
of  various  sections  and  diameters.  Pictet  was  making  ex- 
tended tests  during  this  period  of  materials  in  compression. 
This  data  forms  part  of  the  records  given  in  Beck's  "  Ges- 
cliichte  (les  Eisens."  It  will  be  seeu  then  that  the  first  railway 
engineers  had  quite  a  large  amount  of  scientific  data  relating 
to  the  materials  available  for  their  use.  Woehler  began  his 
tests  on  the  fatigue  of  metals  in  1857，  which  have  been  con- 
tinued by  Spangenberg  and  Martens,  and  Kirkaldy,  Fair- 
bairn,  and  Styffe  did  much  to  popularise  commercial  testing. 
In  more  recent  times  we  have  had  Bauschinger's  classic  work 
on  the  properties  of  metals  under  various  conditions,  and 
Barba,  Osmond,  Le  Ch atelier,  Kick,  Sir  Lowthian  Bell, 
Roberts- Austen,  Campbell,  Howe,  and  many  others  are  names 
which  we  know  in  connection  with  the  study  of  the  properties 
of  metals  within  our  own  time. 

In  1875,  the  Pennsylvania  Railroad  established  what  we 
believe  to  be  the  first  railway  chemical  laboratory  in  America. 
The  man  selected  to  be  the  head  of  this  department  was  the 
late  Dr.  Charles  B.  Dudley,  who  became  a  world-wide  known 
authority  on  railway  materials.  His  own  words  written  some 
time  after  taking  the  position  in  November,  1875,  show  how 
he,  a  college-trained  chemist,  and  his  department  were  le- 
garded  :  "  So  little  was  the  possible  use  of  a  chemist  appre- 
ciated, and  so  little  work  was  known  that  he  could  do,  that 
permission  to  have  a  chemist  was  granted  more  as  a  conces- 
sion and  as  an  experiment  than  with  any  faith  or  belief  that 
the  scheme  would  prove  to  He  permanent  or  valuable.  It  is  also 
fair  to  say  that  at  that  time  the  field  for  work  was  as  much 
unknown  to  the  chemist  himself  as  to  the  railroad  officers." 
Consider  the  conditions  at  that  time:  railways  were  expand- 
ing very  fast,  much  material  had  to  be  purchased  and  the 
standards  of  quality  desired  had  largely  to  be  investigated  and 
determined,  aud  suitable  specifications  drawn  up  to  cover  the 
purchase  of  these  materials.  The  laboratory  staff  then  con- 
sisted of  Mr.  Dudley  and  one  or  two  untrained  helpers,  and 
this  grew  until  to-day  there  is  a  force  of  over  30  chemists  and 
other  assistants,  in  addition  to  a  staff  of  about  200  inspectors 
of  various  kinds. 

The  laboratories  of  the  Pennsylvania  Railroad  report  that 
iu  1910  there  were  35,872  samples  of  various  materials  ex- 
amined in  the  chemical  laboratories  on  which  there  were  made 
121,970  determinations.  In  the  physical  testinc^  laboratory 
58,193  routine  tests  were  made  which  included  the  inspection 
of  the  following  material  ：  The  inspection  of  97.759,9721bs. 
of  bar  iron,  of  which  4,007,0491bs.  were  rejected  ；  840,750 
pieces  of  air  brake  hose,  of  which  108,300  were  rejected  ； 
3,000,4801bs.  of  waste,  of  which  1  ，008，2751bs.  were  rejected  ； 
33,734, 5521bs.  of  steel  castings,  of  which  1.161 .3791bs.  were 
rejected  ；  the  inspection  of  211,453  wheels,  of  which  2,519 
were  rejected.  We  have  given  these  figures  as  representing 
the  work  done  by  the  largest-  railway  testing  department  that 
we  know  of,  and  the  figures  well  serve  to  give  some  idea  of 
the  quantity  of  materials  required  by  a  big  railway,  and  the 
rejections  prove  the  necessity  of  inspection.  There  is  not  a 
trunk  line  in  America  to-day  which  has  not-  its  testing  labora- 
tory in  greater  or  less  degree,  and  we  find  by  enquirv  and 
estimate  that  railways  are  spending  from  £20,000  to  ^£30,000 
per  year  on  their  testing  departments.  One  railway  informs 
us  that'  as  a  result  of  an  investigation  made  by  their  testing 
department  they  effect  a  yearly  saving  of  £16,000  in  the 
treatment  of  cross  ties  as  compared  with  their  previous  prac- 
tice. 

Tlie  princi])al  economies  which  are  being  effected  by  rail- 
way testing  departments,  outside  of  the  economy  which  results 
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from  the  use  of  good  material,  are  those  relating  to  tlie  pii nTi- 
cation  of  boiler  waters,  studies  on  fuel  consuinption,  investi- 
gations in  connection  with  rails,  tyres,  paints,  and  rubber 
goods.  Some  testing  departments  supervise  1  he  mamifacture 
of  disinfectants,  deodorisers,  metal  polish,  fire  extinguishers, 
boiler  compound,  and  cutting  compound  ；  and  one  railway 
company  makes  all  of  tlie  freight  car  pain t  wliich  it  uses.  The 
testing  of  railway  materials  is  now  on  what  may  he  termed  a 
standard  practice  basis,  and  there  is  a  wealth  of  literature 
dealing  with  the  technique  of  inspection  ami  the  qualities  de- 
sired in  the  materials  used.  Tlie  time  is  therefore  long  since 
past  when  tlie  question  of  whether  a  railway  testing  labora- 
tory is  a  necessity  or  not,  and  the  fact  of  such  a  department 
existing  in  every  progressive  railway  organisation  indicates 
that  it  is  necessary,  and  must  tlierefore  be  a  paying  invest- 
ment. 

The  management  of  the  Canadian  Pacific  Railway  had 
early  recognised  the  value  of  a  railway  test  department,  and 
since  1891，  when  Mr.  W.  Bell  Dawson  started  the  first  labora- 
tory, there  has  been  a  departineiit  of  some  in agnitude,  greater 
or  less,  depending  upon  what  purchases  of  supplies  were  being 
made.  In  the  purchase  of  materials  of  such  wide  variety  giicI 
origin  as  are  required  for  the  Canadian  Pacific  Railway,  the 
question  of  economical  inspection  is  important,  and  the 
present  organisation  has  been  found  to  be  a  satisfactory  and 
economical  one.  A  great  deal  of  our  heavy  material  is  bought 
in  Europe  and  the  United  States,  and  the  keeping  of  our  own 
inspectors  at  these  distant  points  would  entail  much  expense. 
Otherwise  we  would  inspect  the  material  on  receipt  at  the 
point  where  it  is  to  be  used,  which  is  certain  to  be  unsatis- 
factory if  the  material  is  not  acceptable,  and  the  equipment 
waiting  for  it  would  be  held  up.  This  foreign  inspection  has 
been  well  handled  by  outside  inspection  companies  who  work 
under  our  instructions  and  with  our  specifications,  and  who 
guard  our  interests,  whether  the  material  is  offered  at  Shef- 
field, Essen,  or  Pittsburg. 

The  question  of  where  a  railway  testing  department  should 
fit  in  or  how  it  should  be  related  to  the  railway  organisation 
is  an  important  one.  It  seems  that  tlie  logical  place  to  look 
for  this  department,  wliich  questions  the  quality  of  materials 
offered  or  purchased  for  all  other  departments,  and  which 
makes  reports  thereon  to  tlie  lieads  of  the  depa  *tments,  should 
be  under  some  general  officer.  In  the  case  of  the  Canadian 
Pacific  Railway,  the  testing  department  has  been  successively 
under  the  engineering  department,  the  stores  depai'tment,  and 
the  general  manager,  and  is  now  reporting  direct  to  the  vice- 
president's  office  ；  the  most  satisfactory  relations  to  all  have 
been  while  under  the  general  manager  and  tlie  present  ar- 
rangement. It  is  believed,  then,  the  test  department  should 
be  responsible  to  the  management,  and  while  reporting  to  all 
other  departments,  should  be  independent  of  them  - 

Tlie  test  department  must  necessarily  stand  close  to  the 
general  storekeeper,  advising  him  promptly  when  the  material 
is  not  of  the  desired  grade  and  suggesting  its  disposal  or  its 
rejection.  We  make  all  of  our  reports  on  the  quality  of 
materials  to  the  storekeeper,  with  copies  of  the  reports  to  the 
heads  of  the  departments  for  which  tlie  material  is  intended, 
and  it  is  taken  for  granted  by  tlie  shops  that  if  material  is 
given  to  tliem  by  the  stores,  it  is  of  the  proper  quality,  and 
that  it  has  had  tlie  necessary  inspection.  We  have  always 
taken  the  viewpoint  that  we  should  be  distributors  of  informa- 
tion of  general  interest,  and  in  tlie  making  of  reports,  copies 
are  usually  sent  to  the  chief  officers  in  other  departments,  who 
are  indirectly  interested.  The  test  department  can  also  be  of 
much  service  to  the  purchasing^  department,  advising  it  of  tLe 
merits  of  samples  as  compared  with  、vhat.  has  been  previously 
purchased,  ami  in  working  out  such  specifications  as  will  en- 
sure tlie  securing  of  a  reasonably  good  commercial  material 
or  article  for  the  purpose  intended,  at  a  fair  price.  The  cost 
of  inspection,  outside  of  the  cost  of  1  lie  material  whioli  may  be 
destroyed,  varies  greatly  and  miiy  l)e  as  much  as  5  per  cent, 
of  tlie  value  of  tlie  material  or  as  little  as  2  per  cent. 

The  making  of  a  specification  is  a  very  important  i>art  of 
the  (hities  of  a  test  depart inent,  and  the  perfect  specification 
should  secure  tlie  best  Tuaterial  at  the  lowest  cost  ；  but  ni 
reality  the  usual  specification  is  very  much  of  a  compromise. 
In  drawing  up  a  specification  the  use  of  the  material  should 
first,  be  carefully  considered  and  the  attributes  necessary  to 
"leet  the  demands  of  service  well  studied.  It  must  then  be 
determined  what  ； n'colcat od  oH:il"、rnf '、r\ -  to<ts  will  best  sliow 


the  capacity  of  the  material  to  meet  tlie  service  required  of 
it.  The  departments  interested  must  be  consulted  regarding 
the  size,  shape,  or  form  in  which  the  material  is  desired,  and 
the  stores  must  decide  about  the  sliipping  and  the  storage. 
The  specification  must  then  be  submitted  to  tlie  pu rcliasing 
department,  which  sends  it  out  to  the  manufacturers  and  after 
some  modification  and  changes,  results  in  a  general  com- 
]>roniise  which  gives  a  material  which  will  be  considered  a 
run  of 川 ill  product  purcliasable  at  a  reasonable  j)rire.  It  is 
often  known  that  material  bought  in  this  way  is  not  tlie  best 
material  of  the  kind  made,  but  it  probably  is  the  best  material 
available,  price  considered. 

In  the  use  of  specifications,  the  ideal  way  is  to  send  them 
to  all  manufacturers  of  that  particular  line,  an  open  market 
so  to  speak,  and  after  quotations  are  received,  buy  from  the 
firm  submitting  the  lowest  price.  While  this  again  is  theore- 
tically correct,  yet  it  is  impossible  to  ignore  the  claims  of 
manufacturing  companies  situated  on  a  railway  company's 
line,  and  others  who  for  equally  good  reasons  must  be  con- 
sidered, and  while  the  virtues  given  to  materials  bought 
through  influence  of  that  sort  are  of  the  kind  which  the  engi- 
neer of  tests  is  unable  to  detect,  yet  where  judgment  is  used 
and  a  careful  inspection  made,  this  is  no  doubt  good  railway 
politics.  Then  again,  the  skill,  equipment,  tradition,  pride, 
and  other  factors  all  have  a  bearing  on  the  quality  of  material, 
and  it  is  a  fact  that  materials  bought  under  the  same  specifi- 
cation from  different  manufacturers  will  differ  as  to  absolute 
quality,  though,  of  course,  the  differences  are  usually  of  minor 
importance  and  are  generally  those  of  finish  and  appearance. 

The  manufacture  of  materials,  such  as  disinfectants,  boiler 
compounds,  and  so  forth,  by  a  test  department  or  under  the 
supervision  of  a  test  department,  is  believed  to  be  a  question- 
able procedure,  and  while  the  Canadian  Pacific  Railway  are 
at  present  making  a  boiler  compound,  yet  we  anticipate  at  an 
early  date  purchasing  this  material  in  accordance  with  our 
formula  and  specification.  It  is  believed  that  a  suitable 
formula  and  specification  will  enable  the  purchasing  depart- 
ment to  buy  any  material  with  greater  satisfaction  for  use 
tlian  can  be  given  by  intermittent  manufacture  with  all  its 
drawbacks  due  to  irregularity  of  the  quality  of  raw  materials, 
clianges  in  the  workmen  during  the  manufacture,  and  other 
variable  factors.  The  following  definition  of  a  railway  ^iveii 
by  Mr.  Julius  Kruttst linitt  of  the  Harriman  lines  covers  the 
situation  :  "A  railway  is  a  machine  designed  to  manufacture 
freight  and  passenger  transportation,  it  makes  ton  miles  and 
passenger  miles."  From  a  limited  observation  it  is  believed 
that  the  great  majority  of  railway  materials  can  be  purchased 
outside  with  greater  satisfaction  and  economy  than  they  can 
be  made,  and  we  may  mention  suoli  things  as  bronze,  brass, 
and  steel  castings. 

The  management  of  the  iron  mixtures  for  the  Canadian 
Pacific  foundries  is  one  wliich  has  effected  a  very  large  saving 
as  compared  with  previous  practice.  All  mixtures  are  care- 
fully calculated  from  tlie  analyses  of  the  mat-erials  entering 
into  the  mixtures  and  the  uniformity  of  the  prodm't  is  an  evi- 
dence of  the  value  of  this  procedure.  In  tlie  wheel  foundry, 
the  difference  between  wheels  too  hard  or  too  soft  for  use  ami 
good  wheels  is  only  a  few  liundredths  of  one  per  cent,  of  sili- 
con or  manganese,  so  that  great  care  】mist  be  exercised  in  the 
choice  of  materials.  In  the  grey  iron  foundry  there  are  pro- 
duced three  different  tirades  of  iron  eacli  day  from  the  same 
t'upola-cyliiuler,  niachine,  and  a  roininon  iron  for  giate  bars 
and  siu'li  castings.  Every  car  of  iron  and  t-oke  received  is 
analysed,  as  is  also  the  limestone  and  scrap  from  time  to  time, 
in  onler  to  check  tlie  quality. 

Tlie  scrap  dock  lias  been  a  popular  source  for  nianv  test 
departments  to  turn  in  effecting  ei-onoinies,  and  the  following 
are  among  the  principal  items  considered  in  a  paper  recently 
read  before  the  Central  Railway  Club  by  Mr.  J.  P.  Muri>liy. 
ijeiieral  storekeeper  of  the  Lake  Shore  and  Michigan  Soiitliern 
T?ail wav  :  "  All  bolts  and  iron  suitable  for  "laking  holts  are 
assorted,  straiijlitened,  cut  to  length,  tlireaded.  ami  turned 
into  stock  for  further  use  ；  wasliers  are  made  from  old  sheet 
on  a  puiH'li  wliioli  is  available  for  the  purpose  :  nuts  are  sorted 
to  size  aiul  retapped  :  t  rack  spikes  aiul  bolts  fit  for  furl  her  ser- 
vice are  returned  ：  tie  plates,  angle  bars,  and  rail  braces  are 
sorted  out,  the  plates  often  repunched  to  other  sizes,  rail 
braces  st rai^litened  ;  ooupler  porkets  sheared  from  couplers  bv 
an  liydranlir  press  and  reissued  ；  old  bri(Jt:e  rhamiels  and 
made  into  angle  iron  face  plates  for  oars  ：    frog  ami 
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switch  parts  dismantled,  and  good  parts  assembled  for  use  in 
manufacture  of  new  frogs  and  vS witches  <it  the  company's  rail 
shops  ；  passenger  brake  shoes  unfit  for  that  service  sorted  and 
delivered  for  use  on  freight  cars  ；  brake  beams  repaired  ；  forg- 
ings  capable  of  being'  worked  over  sorted  ；  journal  bearings 
relined  ；  air  hose  refitted  and  old  couplings  used  ；  spliced  liose 
for  work  eqiiipnient  ；  throttle  packing  made  from  scrap  liose  ； 
union  gaskets  made  from  old  air  hose  gaskets,  and  in  the 
liaiuUing  of  scrap  the  same  may  be  sorted  for  iiiill  classifica- 
tion, thus  allowing  the  purchasing  agent  to  obtain  better 
prices  for  it." 

There  are  undoubtedly  many  tilings  to  be  learned  and 
economies  to  be  effected  from  an  investigation  ami  study  of 
materials  at  the  scrap  dock,  and  the  locomotive  and  car  de- 
partments are  watching  this  very  closely.  Investigations  into 
re-using  scrap  materials  on  tlie  Canadian  Pacific  Railway  have 
been  very  limited,  but  one  included  the  recovery  of  oil  from 
discarded  dope,  and  without  entering  into  details,  it  may  be 
said  that  this  recovery  was  an  economical  proposition  when 
nothing"  was  allowed  for  the  scrap  value  of  tlie  dope,  but  when 
the  reclaiming  process  was  charged  with  its  market  value  the 
proposition  was  non-paying,  to  say  nothing  of  the  trouble 
which  the  use  of  the  reclaimed  oil  made  because  of  its  inferior 
quality.  We  have  all  heard  of  washed  waste,  wliicli  no  one 
wished  to  use,  and  of  recut  files  which  it  was  difficult  to  have 
mechanics  give  a  fair  trial,  and  it  is  believed  that  if  some  of 
these  so-called  economies  are  properly  investigated,  it  will  be 
found  tliat  if  tliey  bear  all  tlie  charges  wliich  should  properly 
be  set  against  them,  that  the  saving-  is  very  small. 

The  inspection  of  failed  material  is  made  together  witli  a 
representative  e-acli  from  the  draughting  office  and  tlie  shops,  so 
that  the  question  of  design,  ami  fit  or  workmanship,  can  be 
considered  before  chemical  and  microscopic  analysis  and 
physical  testing  are  done.  The  results  of  these  investigations 
of  failed  materials  are  usually  the  finding  of  inferior  material, 
otherwise  there  follows  modifications  of  rlesie,ii,  variation  in 
shop  treatment  of  material  or  a  change  in  the  specifications 
for  the  materials  used.  A  great  deal  of  testing  lias  been  done 
during-  the  last  few  years  of  high-speed  steels,  and  drills  of 
different  designs  made  from  these  steels.  We  have  made  tests 
of  files  and  are  called  upon  continually  to  judge  as  to  the 
merits  of  different  brands  of  shovels,  handles,  lanterns,  hose, 
and  many  other  small  devices  and  materials  which  it  is  diffi- 
cult to  satisfactorily  cover  witli  a  specification.  Studies  are 
being  carried  on  relating  to  steel  tyres,  cast-iron  wheels, 
rubber  hose  of  various  kinds,  and  paints  with  a  view  to  seeing 
wliat  improvements  can  be  effected  which  will  result  in  greater 
economy  to  the  road. 

The  sampling  of  materials  is.  a  very  important  and  diffi- 
cult matter  and  often  does  not  receive  the  attention  which  it 
should.  A  sample  must  be  representative  of  the  average 
quality  possessed  by  the  material  of  which  it  forms  a  part,  so 
that  judgment  and  care  are  necessary  to  prevent  a  selection 
of  the  l)est  or  the  worst  portion  of  the  material  that  it  is  de- 
sired to  sample.  The  form  for  reports  is  a  most  important 
consideration  and  is  something  upon  which  a 卩' reat  deal  may 
he  said,  for  each  particular  material  and  condition  requires 
its  own  treatment.  However,  without  elaborating  on  sorne- 
tliing  wliicli  is  not  of  general  interest,  it  is  our  】:)ra('tice  to 
make  all  ordinary  reports  in  letter  form  as  they  receive  more 
attention  and  consideration. 


DETERMINING  SMALL  DIFFERENCES  OF  DENSITY. 

At  a  meeting  of  the  Physical  Society  of  London,  held  on 
June  14th,  at  the  Imperial  College  of  Science,  Prof.  A. 
Schuster,  F.R.S.,  president,  in  the  chair,  a  "Demonstration 
of  the  Use  of  Specific  Gravity  Balls  for  Determining  very 
Small  Differences  of  Density  ，，  was  given  by  Mr.  T.  H 
Elakesley.  The  communication  was  made  for  the  purpose 
of  pointing  out  that  the  sensibility  of  specific  gravity  balls 
was,  as  a  matter  of  fact,  vastly  iniderraied  by  scientific 
men,  and  the  author  quoted  passaj^es  from  Prof.  Balfour 
Stewart  and  Mr.  Fowiies  which  tended  to  produce  the  belief 
that  beyond  the  third  decimal  place  specific  gravity  balls 
were  not  trustworthy.  A  variety  of  experiments  was  quoted 
which  indicated  a  sensibility  a  hundred  times  as  great  as 
this,  and  indeed  that  the  error  which  might  be  expected 
in  a  properly  conducted  experiment,  would  be  of  the  order 
5  in  the  sixth  decimal  place.    The  author  had  beeu  in  the 


habit  for  tlie  last  quarter  of  a  con tury  of  employing  specific 
gravity  balls  for  the  purpose  of  discriminating  between  the 
qualities  of  potable  waters  in  respect  of  density  and,  there- 
fore, of  hardiioHS,  of  testing  the  efficacy  of  softening  professes, 
&c. ,  tor  all  of  which  the  specific  gravity  ball  was  admirably 
suitf'd.  1 1  is  process  of 'observation  di  fife  red  froin  the  ordinary 
roiigli-aiul-ready  use  in  the  fact  that  a  tlicrmoineter  of  fairly 
open  scale  was  (Miiployed  to  give  the  temperature  at  wliicli  a 
specific  gravity  hall  was  in  equilibrium  with  a  liquid  which 
was  being  slowly  wanned  or  cooled  through  that  point  of 
ie'tiiperatur&.  The  error  in  such  a  'taniperatu re  obs^jrvatioii 
should  not  amount  to  more  than  three  or  four  hundredths 
of  1°  C.  If  sucli  a  determination  was  made  in  distilled 
water  at  ordinary  atmospheric  temperatures  it  fixed  the 
specific  gravity  of  the  ball  at  the  temperature  of  equilibrium 
within  four  or  five  units  in  the  sixth  place  of  decimals.  If 
a  second  observation  with  the  same  ball  was  made  in  a 
slightly  heavier  lif|ui(l,  say,  coninion  tap-water,  the  tem- 
perature of  equilibrium  would  be  considerably  higher,  per- 
haps 2。  or  more,  than  in  distilled  water.  By  applying  the 
coefficient  of  cubical  expansion  ilie  density  of  the  ball  at  the 
higher  temperature  could  be  obtained,  and  this  was  the 
(I's'nsity  of  the  second  specimen  of  water  at  the  second  temper- 
ature. Reference  to  a  table  of  densities  of  distilled 
water  would  furnish  its  density  at  the  higher 
temperature,  and  the  difference  between  the  two 
numbers  would  give  what  the  author  called  ths 
density  excess  of  the  second  liquid  over  distilled  water  at 
the  liiglier  of  the'  two  t^inDeratmes.  This  density  excess 
was  best  quoted  in  parts  in  one  inilli(«u.  For  example,  the 
density  excess  for  a  specimen  of  London  water  was  found  to 
he  290  at  17°  C.  For  a  few  degrees  on  either  side  of  this 
value  this  number  was  sensibly  constant,  a  fact  of  some 
value,  as  it  enabled  one  to  employ  four  or  five  balls  at  the 
same  time  iu  one  experiment.  ( )ne  notewoi*thv  result  of 
experiments  made'  through  a  long  course  of  years  was  that 
simple  glass  balls  tended  to  expand,  especially  in  the  years 
immediately  succeeding  their  manufacture.  The  rise  of  the 
zero  point  of  tliernioiiieters  had  led  to  the  belief  that  glass 
contracts  with  age.  Mr.  Blakesley  then  proceeded  to 
explain  the  sort  of  apparatus  which  he  thought  might  make 
tlie  extreme  sensibility  of  the  specific  gravity  ball  available 
for  qiiinkly  detecting  the  infusion  of  fresli  water  in  tlie 
ocean  due  to  the  presence  of  icebergs  in  the  neighbourhood. 
This  problem  was  one  which  could  not  be  decided  without 
definite  experiments  made  upon  water  specimens  taken  f rom 
the  sea  at  various  noted  distances  from  icebergs,  observing 
direction  of  wind  and  current  at  the  times  of  taking  the 
specimens.  These  could  be  quietly  submitted  to  examina- 
tion, and  the  results  would  be  of  the  first  importance  in 
settling  some  of  the  details  of  the  apparatus  for  quick  prac- 
tical determination  of  fresli  water  infusion. 

Electrification  of  the  London  and  North-western  Railway.— The  first 
completed  section  of  tlie  new  Eustoii-AVatfurd  lines,  viz., 
between  Willesden  and  Harrow,  was  recently  opened  for 
service.  The  new  local  line  between  "Watford  High 
Street  and  Croxley  Green  is  now  also  available  for 
traffic.  According  to  "  The  Electrician/'  good  pro- 
gress is  being  made  with  the  laying  of  the  additional  tracks 
between  Harrow  and  Watford,  and  this  section  will  be  ready 
for  opening  before  tlie  end  of  the  year.  At  the  outset  the 
whole  of  the  new  rout©  will  be  worked  as  a  steam  railway,  but 
as  soon  as  the  Bill  now  being  promoted  by  the  company  has 
passed  through  its  final  stasres  contracts  will  be  Dlaced  for  the 
new  local  lines  between  Chalk  Farm  and  Willesden,  and  for 
the  conversion  to  eleotric  traction  of  the  North  London  line 
from  Broad  Street  to  Chalk  Farm  ami  the  otlier  lines  included 
ill  the  (、onipaiiy's  sdieine.  It  may  be  recalled  that  the  inten- 
tion is  to  run  ele<'tric  trains  from  AVat  ford  into  Broad  Street 
and  Euston,  ami  over  the  Baker  Street  and  Waterloo  Railway- 
by  means  of  a  junction  at  Queen's  Park.  The  cost  of  the 
whole  undertaking'  is  estiniat-ed  at  £5,000.000,  of  wliich 
£2,000,000  will  be  absorbed  in  the  cost  of  new  permanent  、vav, 
£2,000,000  in  the  electrification  sclienie,  while  £1,000,000  is 
to  be  advanced  to  the  London  Electric  Railways  in  connection 
with  the  extension  of  tlie  underground  line  from  its  present 
terminus  at  Edgware  Road  to  Queen's  Park.  It  will  probably 
take  about  four  years  to  coinolete  the  whole  scheme. 
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DRIVING  AND  REVERSING  MECHANISM  FOR  PLANING 
MACHINES. 

TiiK  accompanying  illustrations  show  a  form  of  gearing  for 
driving  and  reversing  the  table  of  metal  planing  machines, 
the  invention  of  Mr.  T.  Simpson,  Victoria  Park,  Brookfielcl, 
Jolinsione,  N.B.  It  is  suitable  alike  for  driving  by  means 
of  a  belt  or  by  means  of  an  electric  or  other  motor  through 
reducing  gear  or  toothed  wheels.  Fig.  1  is  a  sectional  plan 
sliowing  the  inechanism  assembled  in  a  gear  box.  Fig.  2  is 
a  detail  elevation  of  the  gravitation  control  lever  and  hand 
starting  and  control  lever.  Fig.  3  is  a  sectional  view  of  the 
driving  pulley  and  reversing  clutches  with  the  gear  box 
broken  away. 


Fig.  i. 

Dm VI NO  AND  Kkvkrsing  Mechanism 


Fig.  1. 
Planing  M.、（'hini-:s. 


In  the  construction  illustrated  a  pulley  A  is  used  mounted 
to  run  in  self-oiling  bearings,  one  adjacent  each  side  of  the 
pulley  so  as  to  impart  rigidity  thereto  and  yet  allow  same 
to  revolve  quite  freely  as  a  loose  pulley.  A  tubular  shaft  B 
passes  through  the  axis  of  the  pulley,  and  between  the  two 
is  a  sliding  feather  permitting  longitudinal  movement  of 
the  tube,  which  is  provided  at  each  end  with  friction 
clutches  C,  respectively,  these  clutches  being  comparatively 
large  in  diameter  and  heavy  to  act  as  flywheels.  The  tube 
B，  with  the  two  clutches  C  thereon,  is  adapted  to  be 
traversed  in  both  directions  through  the  axis  of  the  belt 
pulley  A  by  means  of  one  or  more  rocking  shafts  F  connected 
up  to  the  usual  tumbler-lever  actuated  by  the  tappets  on 
the  traversing  table  of  the  planing  machine.  When  the 
clutches  are  moved  in  one  direction,  viz.,  to  the  left ,  in  Fig. 
1，  the  clutch  C，  on  the  left,  engages  a  fellow  clutch  K 
mounted  freely  on  a  shaft  extending  through  the  tube  B. 
This  clutch  K  is  integral  with  or  keyed  to  a  toothed  w】ieel 
I，  which  gears  with  a  toothed  wheel  L,  which  in  turn  meshes 
with  a  toothed  wheel  M  mounted  on  a  shaft  Z，  on  which  is 
also  mounted  a  pinion  N  in  gear  with  a  wlieel  O  carried  by 
a  shaft  which  may  be  coupled  to  the  usual  rack  pinion  shaft 
of  the  planing  macliine  or  may  be  carried  througli  the  bed 
of  the  machine  to  s^rve  itself  as  the  rack  pinion  shaft .  With 
this  train  of  gear  in  action  the  table  is  operated  on  tlio 
return  stroke  at  a  fixed  rate  of  speed.  When  the  two 
clut clips  ( ■  are  moved  in  the  opposite  direction,  viz.,  to  the 
rig] it  in  Fig.  I ,  the  clutch  C  on  the  left  is  disengaged  from 
its  follow  clutch  K，  and  the  dutches  and  pulley  A  are  per- 
mitted to  run  idly  until  the  dutch  C  on  the  right  engages 
wit h  its  fellow  clutch  K，  whereupon  a  separate*  train  of 
wheels  is  set  in  motion  to  traverse  the  table  in  the  direction 
required  for  cutting  and  at  the  desired  rate  of  speed .  This 
train  of  gears  may  be  arranged  for  one  or  more  rates  of  cut- 
ting speed. 


Ill  the  construction  illustrated  these  change-speed  driving 
wheels  are  as  follows :  Integral  with  or  keyed  to  clutch  K 
oil  the  right  is  a  toothed  wheel  P,  and  integral  with  the 
latter  are  toothed  wheels  R  and  T，  all  adapted  to  revolve 
freely .  Sliclably  mounted  on  an  extended  boss  V  of  pinion 
N  are  three  toothed  wheels  Q,  S，  U，  of  different 
diameters,  adapted  to  be  put  in  mesh  with  the  wheels  P,  R， 
and  T，  respectively,  so  that  according  to  the  sneed  to  be 
imparted  to  the  table  three  different  trains  of  gear  are  pro- 
duced. One  of  the  change-speed  wheels  for  example,  S，  is 
provided  with  means  for  absorbinj;  sliock  at  the  iiioineiit  of 
reversing  t-lie  stroke  of  the  machine,  and  the  driving  pulley 
A  may  also  be  fitted  with  means  for  absorbing  shock  and 
arranged  for  automatically  becoming  a  loose  pulley  for  a 
brief  period  of  time  when  temporarily  overloaded.  For 
example,  the  pulley  A  may  comprise  an  outer  casing  con- 
sisting of  two  members  secured  together  by  means  of  rivets 
or  screws,  and  enclosing  two  metal  discs  D  and  E,  with  a 
disc  of  leather  between  same.  One  of  the  metal  discs  E 
is  keyed  to  the  shaft  B,  which  it  drives,  and  has  an  extended 
boss  on  either  side.  The  other  "letal  disc  D  is  fitted  on  the 
boss  on  one  side  so  as  to  revolve  loosely  tliereou,  ami  lits 
closely  to  the  leather  riisc,  when  the  cUi?cs  I)  auci  E  are  pressed 
together  by  means  of  a  screwed  collar  G  on  the  boss  of  the 
disc  E.  Upon  each  metal  dLsc  a  sleeve  is  provided  at 
opposite  sides  to  serve  as  a  bearing  upon  which  tlie  outer 
casing  is  mounted.  The  disc  D  is  provided  with  one  or  more 
projections  H，  which  are  housed  in  a  corresponding  groove 
in  one  member  of  the  outer  casing.  Corresponding  bridges 
J  are  provided  in  the  housings  to  form  drivers,  so  that  wlien 
the  outer  casing  revolves  it  will  drive  the  disc  D  by  means 
of  the  projections  H,  and  owing  to  the  friction  contact 
between  the  two  discs  D  and  E  power  will  be  transmitted  to 
the  tubular  shaft  B，  upon  which  the  pulley  is  mounted,  but 
when  the  load  exceeds  the  limit  for  which  the  discs  D  E 
have  been  adjusted  to  transmit  power  by  means  of  tlie 
screwed  collar  G,  the  discs  D  E  will  slip,  and  the  pulley  A 
is  released  so  long  as  the  load  exceeds  that  for  which  the 
discs  D  E  have  been  adjusted  to  drive  by  means  of  friction 
between  their  two  faces.  Spiral  springs  are  placed  in  the 
circular  housing  and  arranged  so  that  one  spring  comes 
between  each  of  the  driving  elements  II  J  hi  such  a  manner 
as  to  absorb  shock. 
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Fig.  3.— Duiving  and  He  versing  Mechanism  for  Pi^ving'Macuinks. 

The  rocking  shaft  F,  for  actuating  the  two  clutches  C, 
carries  a  starting  lever  W,  upon  whicli  is  mounted  a  roller 
or  pulley  X，  this  lever  being  in  a  vertical  position  wlion  the 
machine  is  at  rest.  A  horizontal  lever  Y  is  located  to  rest 
upon  the  roller  X，  and  a  weight  is  suspended  from  the  outor 
end  of  the  lever  Y  so  that  when  the  tappets  on  the  planing 
inarliine  table  move  tlie  usual  tumbler  lever  out  of  the  ver- 
tical the  lever  W  and  roller  X  wiil  also  move  f roiii  the 
vertical  position,  whereupon  the  weighted  lever  Y  will  act 
upon  th*'  roller  X  and  force  tlie  t wo  sets  of  clutrhes  C  and  K 
into  engat);einent  without  the  necessity  for  the  tappets  to  do 
so.  These  clutches  are  comparatively  large  in  diameter,  aud 
as  the  contact  is  metal  to  metal,  tbey  are  arranged  to  run 
ill  oil. 
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A  ROPE-DRIVEN  COAL-CUTTER, 

BY  AVILFIMD  L.  STEXCK. 

To  the  electrician  the  idea  of  a  wire-rope  driven  coal-cutter 
must  at  first  seem  to  involve  a  retrograde  step.  But  with 
changing  conditions  one  is  justified  in  reviewing  past  iiietliods, 
in  order  to  find  out  whether  present  methods  are  really  inca- 
pable of  improvement.  It  is  not  suggested  that  a  wire-rope 
or  any  other  kind  of  drive  will  work  well  in  every  case  where 
there  has  been  difficulty  with  electric  coal-cutters  ；  but  it  is 
submitted  that  the  rope  drive  is  generally  inore  appropriate, 
and  should  work  better  under  average  conditions,  both  natural 
and  artificial,  than  the  electric  system  carried  right  up  the 


Fig.  1.— Disc-chain-  Machine,  as  Originally  Designed. 


working-faces.  This  point  of  view  did  not  originate  with  the 
writer  ；  it  was  forced  on  him  gradually  during  a  period  of 
upwards  of  12  months  prior  to  February,  1911，  by  a  local  col- 
liery manager  in  Lanarkshire  who  lias  been  quite  successful 
witii  electric  coal-cutters  and  incidentally  with  conveyers.  It 
did  not  take  long  to  find  out  that,  if  the  scheme  were  to  be 
given  a  trial,  it  was  necessary  first  to  provide  the  machine  ； 
and,  as  none  existed,  the  writer  had  perforce  to  design  one. 
Preliminary  sketches  were  therefore  put  in  hand,  when  it 
was  soon  realised  that  very  great  simplification  in  the  coal- 
cutter was  possible,  and  that  ample  power  could  be  applied  to 
a  very  low  and  exceptionally  narrow  machine. 

Disc-chain  Machine.  ―  The  original  design  was  for  a  com- 
bination disc-chain  machine,  as  shown  in  Fig.  1.  The  cutters 
were  fixed  in  toolboxes,  forming  links  in  a  chain  which  was 
carried  on  and  driven  by  a  large  wheel  of  the  conventional 
disc  type,  but  with  spur  teeth.  This  arrangement  had  the 
advantage  that  the  drive  to  the  cutters  was  not  through  or 
along  the  chain,  but  directly  from  the  wheel  into  the  tool- 
boxes. The  cutters  might,  therefore,  be  expected  to  stand 
more  rigidly  up  to  their  work  than  if  driven  at  the  variable 
velocity  of  a  chain  passing  over  a  pinion  of  comparatively  few 
teetlx,  as  is  tlie  case  with  all  chain-driven  machines.  The 
haulage  in  this  machine  was  by  a  rope  drum  at  each  end,  both 
of  which  were  worm- driven  through  a  motor-car  type  of 
4- speed  gearbox,  without  ratchet,  so  as  to  be  silent. 

Disc  Machine. ― The  general  arrangement  of  the  above- 
mentioned  machine  appeared  to  be  quite  workable,  but,  for 
reasons  which,  will  be  given  later,  a  further  careful  considera- 
tion of  the  Dick  question  led  to  its  abandonment,  and,  through 
several  stages,  each  tending  to  greater  simplification,  to  the 
adoption  of  the  machine  illustrated  in  Figs.  2  to  8.  Tliis 
machine  is  of  the  disc  type  pure  and  simple.  It  has  no  incle- 
p&ndent  feed-gear  of  any  description,  no  ratchet,  no  drum, 
and  no  haulage  rope',  but  it  will  feed  forward  into  and  back 
out  from  a  holing  at  all  spe-eds  from  zero  up  to  6ft.  or  more 
per  niiiiute.  It  has  no  running  shafts,  and  no  bearings  as 
ordinarily  understood.  The  nicks  require  no  forging ― they 
are  sharpened  by  grinding  only.  There  is  not  a  key  or  key- 
way  ill  the  macliine,  and  no  cast  iron  whatever  has  been 
used  in  the  whole  structure.  The  machine,  however,  is  not 
self-contained  ;  it  requires  an  endless  rone  for  the  drive,  and, 
having  no  independent  haulage  drum,  it  will  not  wind  itself 
round  a  corner  from  a  gate- road  to  the  face.  It  is  open  to 
question  whether  this  is  much  of  a  disadvantage,  as  the 
haulage  rope  is  sadly  abused  on  such  occasions,  and  in  any 
cas9  a  machine  should  be  accompanied  by  prop  drawers  and 
screw  jacks  when  being  installed  or  taken  out. 

*  paper  read  before  tlae  Institution  of  Mining  Engineers,  June  6tb,  1912. 


Premising  tliat  tlio  mafliino  is  driven  by  an  endless  rope, 
the  proposed  general  arraiigeineiit  is  shown  in  Fig.  2  for  a 
thicrk  seam  and  in  Fig.  3  for  a  thin  scam.  1 1  will  be  noted 
that  provision  is  suggested  for  working  t  wo  inachiiies  from  one 
rope-cl riving  gear.  Normally  both  nia<"liincs  will  work  in 
synchronism,  that  is,  up  on  one  shift  and  down  on  t  lie  next, 
for  which  purpose  the  reversal  of  the  motor  alone  n'v<*rses  the 
direct ioii  ol'  the  rope-iravcl  in  order  to  I) ring  the  inacliiiies 
back  along  the'  face.  But  if  one  m;icliin<-  be  so  delayed  t liat. 
a  liini  is  lost,  then  it  is  only  necessary  to  take  off  one  rope 
from  the  driving  gear  and  put  it  back  the  opposite  way,  so 
that  the  machines  then  work  one  up  and  tlie  other  down  in 
the  same  shift.  The  driving  gear  is  specially  arra lifted  with 
overhanging  pulleys  so  as  to  expedite  this  reversal,  and  t  In* 
same  provision  facilitates  the  gear  being  used  in  a  following 
shift  for  working  conveyers,  if  so  desired.  In  this  case 
one  large  motor  and  gear  takes  the  place  of  four  smaller  ones 
— two  on  tlie  coal-cutters  and  two  on  the  conveyers. 

The  motor  proposed  would  be  from,  say,  40  li.p.  to  50  li.p., 
depending  on  the  subject,  and  would  run  at  a  speed  of  about 
480  revs,  per  minute.  The  gear  is  of  the  worm-and-wheel 
type,,  allowing  of  a  reduction  to  42-J  revs,  per  minute  on  the 
3ft.  rope  pulleys,  which  would  give  a  rope-speed  of  4i  miles 
per  hour.  The  worm  has  four  threads  and  a  thread-angle  of 
27°,  ensuring  an  efficiency  of  over  93  per  cent . ,  with  absolute 
silence  in  operation.  This  form  of  gear,  moreover,  lends 
itself  better  than  any  arrangement  of  spur  gear  to  the  instal- 
lation of  the  machine  in  a  narrow  place.  Provision  is,  of 
course,  made  for  instantly  stopping  either  rope  by  means  of 
clutches'.  When  installed  in  this  way,  tlie  motor,  although 
moved  forward  from  time  to  time,  can  be  equipped  with  ade- 
quate switchgeaz'  and  time-limit  overload  protection,  so  that 
while  temporary  overloads  of  reasonable  magnitude  can  be 
carried  with  impunity,  the  motor  will  be  stopped  with  cer- 
tainty on  the  occurrence  of  severe  or  prolonged  overloads 
demanding  rectification -― conditions  which  tend  greatly  to 
freedom  from  burn-outs  and  switcbgear  troubles. 

The  rope  tension  is  maintained  by  taking  a  bight  of  the 
rope  round  a  return  pulley  behind  the  driving  gear,  as  shown 
in  Figs.  2  and  3.  If  this  bight  be  made  long  enough  initially 
― and  there  will  generally  be  no  reason  why  it  should  not ― 
the  motor  and  gear  can  remain  fixed  for  a  week  or  even  a 


Figs.  2  and  3.— General  Arrangement  op  Machine  in  Thick  and 

Thin  Seams. 


fortnight  on  end,  the  tension  sheave  alone  being  advanced 
daily  with  the  advance  of  the  coal  face.  As  balance  weights 
will  be  impracticable,  it  is  proposed  to  use  the  springs  S  shown 
in.  Figs.  2  and  3  at  the  tension  sheave,  and  the  compression 
of  these  s，）ring& ~ which  varies  with  the  tension  on  the  rope ~ 
can  b'3  used  as  a  means  of  operating  overload  circuit  breakers 
or  throttle  valves,  as  the  case  may  be,  in  order  to  pre  vent- 
breakage  of  the  ropes.  Obviously,  the  rope-driving  gear  may 
b3  run  by  compressed  air  if  desired. 

With  reference  to  the  iiiarliine  itself,  the  principle  of  tlie 
drive  and  the  feed  is  shown  in  Figs.  4  and  5.  There  are  two 
rope  ])ullevs,  A  and  B,  sleeved  on  vertical  fixed  (non-rotating) 
spindles  ；  each  carries  a  4in.  pitch  13-tooth  spur  pinion,  C,  C'， 
which  meshes  with  the  teeth  of  the  cuUer  wheel  D.    The  two 
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pulleys  must,  therefore,  at  all  times  run  at  equal  speeds  of 
revolution  (number  of  turns  per  iniiiute).  The  rope  is  endless, 
and  all  parts  consequently  run  at  the  same  linear  speed.  On 
tlie  pulley  A  the  coming  rope  is  shown  to  be  on  a  larger 
diameter  than  that  occupied  on  tlie  pulley  B  by  the  return 
rope.  It  is  evident,  therefore,  that  the  pulley  A  is  taking  in 
more  voi^e  from  the  left  than  the  pulley  B  is  paying  out  to 
the  left,  and  at  the  same  time  tlie  pulley  B  is  taking  in  from 
the  right  less  rope  than  the  pulley  A  is  paying  out  to  the 
lightr— that  is,  tlie  left-hand  bight  of  rope  is  being  shortened 


differential  or  epicyclic  systems  which  have  a  friction  brake 
as  ail  essential  element  in  the  variable  speed  control  ;  and 
there  is  no  friction  device  in  the  machine  described. 

The  actual  construction  of  the  pulleys  is  shown  in  Fig.  6. 
The  fixed  spindle  is  cast  with  and  suspended  from  the  cover 
plate,  so  that  the  power- transmission  mechanism,  coin  prising 
the  spindle,  bearing  bush ,  pinicm  and  sleeve,  oil  batli,  j)ullev, 
and  clutch,  is  detachable  as  a  single  complete  unit.  The  cast- 
stee.1  spindle  measures  4in.  at  ite  least  diameter,  and  the  other 
parts  are  in  proportion.     The  pinion-sleeve  forms  an  abso- 


i-'iG.  i  Fig.  5. 

UlAGKAMQIATIC  SKETCHES,  SHOWING  THE  PaiNCU»LE  OF  THE  DRIVE. 


while  tlie  right-haud  biglit  is  being  leiigtlieiied.  But,  as  the 
rope-driving  gear  at  one  end  and  the  return  yheave  at  the  other 
end  of  tlie  face  are  fixed,  it,  follows  that  tlie  machine  itself 
muyt  travel  from  right  to  left,  so  as  to  compensate  for  this 
difference'.  That  is  the  feed,  aud  it  is  variable  all  the  way 
from  zero  to  6ft.  or  more  per  minute  by  altering  the  relative 


BRIDES 


Fig.  6.— Section  of  Pulley. 

positions  of  the  two  ropes  on  the  two  pulleys.  By  reversing 
the  position  of  the  ropes,  that  is,  by  having  the  large  diameter 
on  B  and  the  small  diameter  on  A,  the  feed  can  be  reversed 
without  reversing  the  direction  of  rotation  of  the  cutter 
wheel.  Actually  the  pulleys  are  double  conical,  so  as  to  ensure 
that  the  rope,  irrespective  of  the  direction  of  travel ,  may 
always  run  on  at  a  large  diameter  and  off  at  a  smaller  one. 
Incidentally,  the  cutter  wheel  can  always  be  run  without  any 
feed,  but  there  can  never  be  any  feed  unless  the  cutter  wheel 
is  running. 

Complete  controlling  gear  i&  provided  at  both  ends  of  the 
machine,  first  to  throw  the  main  clutches  in  and  out,  and 
secondly  to  regulate  the  feed  by  altering  the  relative  positions 
of  the  ropes  on  the  two  pulleys  ;  but  the  interlocking  arrauge- 
lueuts  are  such  that,  whether  travelling  to  right  or  to  left, 
the  leading  end  alone,  when  so  set,  gives  full  control.  While 
the  machine,  however,  cannot  then  be  started  from  the  trailing 
eud,  and  while  the  feed  cannot  be  increased  from  the  trailing 
end,  it  is  always  possible  from  that  end  to  reduce  the  feed  and 
to  reverse  it,  in  which  case,  of  course,  the  trailing  end  then 
leads.  Tf，  however,  on  account  of  exceptional  or  temporary 
circumstances,  full  control  be  necessary  at  tlie  trailing  end, 
tlie  locking  device  can  be  removed  from  the  front  end  and 
used  at  the  trailing  end,  in  which  case  the  front  end  loses  full 
aud  retains  only  partial  control.  As  the  natural  tendency 
of  the  rope  will  always  be  to  slip  down  to  the  smaller  diame- 
ters, it  is  guided  on  each  pulley  both  at  entering  and  at 
leaving. 

The  main  drive  need  not  be  enlarged  upon,  as  it  is  parfc 
of，  and  inseparable  from,  the  feed  svst^M".  Onlv  one  pullev 
at  a  time  puis  i>ower  into  the  maohine  :  the  oilier  pullev.  beiuc^ 
driven  by  the  niaclnne,  arts  merely  as  a  controller  of  the  feed. 
Wliile  this  is  a  differential-gear  system ,  it  is  not  to  be  tliouglit 
that  it  involves  a  wast-e  of  power.    Loss  onlv  oocurs  in  those 


lulely  oil-tight  bath,  wliich  holds  more  than  】$  gallons  of 
oil,  so  that  it  would  ueed  to  be  filled  only  once  a  week,  and 
then  only  a  few  ounces  at  a  time,  not  to  make  up  loss  but 
merely  to  remove  a  portion  of  the  old  lubricant.  Both  the 
piuion-sleeve  and  pulley-sleeve  bearings  run  on  a  level  pave- 
ment fully  immersed  in  oil.  The  oil  removed  is  not  wasted  ； 
it  is  all  caught,  and  serves  to  lubricate  the  dog  clutch ，  from 
which  the  final  overflow  goes  to  lubricate  the  clutch  sleeve. 
After  that  no  effort  is  made  to  save  the  oil,  which  then  flows 
away ,  and  in  doing  so  has  to  pass  over  the  pinion  teeth,  so 
that  these  are  not  altogether  devoid  of  lubricant. 

The  spindle  is  drilled  right  through,  bored  out  to  form  a 
sump,  and  fitted  with  an  upward-flow  filter,  so  that  coal  dust 
and  sand,  or  even  carborundum  mixed  with  oil,  may  be  used 
quite  successfully  as  the  lubricant.  The  thrust  bearing  at 
tlie  top  of  the  pinion  sleeve,  on  which  the  whole  weight  of  the 
rotating  parts  is  carried,  is  adjustable.  All  riuuiing  surfaces 
of  the  pulley  sleeve,  pinion  sleeve,  and  thrust  bearings  are 
lined  or  faced  with  white  metal.  The  clutch  is  a  70-tootb 
wheel,  every  tooth  of  which  engages  as  a  dog,  so  that  little 
time  is  occupied  in  putting  it  in  :  and  as  the  engaging  surfaces 
are  more  than  generous,  it  should  come  out-  under  a  load 
almost  as  easily  as  it  goes  in.  The  sliding  member,  the 
internally  and  external ly-t-oot lied  anmihis,  remains  perma- 
nently in  engagement  with  the  pinion  sleeve.  The  two 
clutches  are  operated  together  by  au  equalising  lever,  and  the 


KiG  7.— CrxTKii  Disc-,  with  Details  of  ricKb  L* 化 

greater  part  of  the  dead  weight  of  both  is  spring  suspended, 
so  as  to  reduce  the  wear  on  the  collars  and  the  effort  in  raising 
the  sleeves. 

The  iiitter-dist'  arrangement ,  with  plain-rolled  section 
picks  and  taper-headed  screws,  is  shown  in  Fig.  7.  The  wheel 
is  marhined  all  over,  and  split  and  bolted  togetlier  with  a 
tongued  and  grooved  joint  by  right  and  lefl-haiid  screws,  as 
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shown.  The  slots  for  the  picks  are  milled  out  and  ended  by 
drilled  holes  to  exactly  the  same  radial  distance  from  the 
centre.  One  side  of  each  pick  slot  is  designed  so  as  to  be  more 
or  less  flexible,  while  the  other  side  is  designed  to  furnish  a 
solid  unyielding  abutment.  Beyond  the  flexible-  side  the 
tightening  screw  is'  placed  in  a  radially-drilled  hole,  with  the 
sides  rut  through  to  allow  for  expansion.  On  tightening  up 
the  screw,  the  taper  head  forces  tlie  flexible  side  hard  up 
against  the  pick  and  that  against  the  unyielding  side,  so  that 
it  is  held  securely  by  friction  along  its  whole  length.  The 
inner  end  of  ea('】i  pifk  is  drilled  and  tapped,  and  provided 
with  a  long  set  screw,  so  tliat,  wlietlier  new  or  whether  nearly 


Pig.  8.— General  Arrangement  of  Coal  Cutter. 

all  ground  away,  the  overall  length  of  the  pick  and  screw  pro- 
jection together  is  maintained  at  a  constant  vahie.  This 
setting  is  not  to  be'  attempt ed  underground,  but  should  be 
done  to  a  gauge  at  the  surface,  after  grinding.  Nothing, 
therefore,  should  be  left  to  be  done  at  the  face  in  the  way  of 
adjustment  ；  indeed,  adjustment  .there  must  be  regarded  as 
interference,  and  prohibibed.  By  this  means  it  is  only  neces- 
sary to  place  the  pick  in  the'  slot  with  the  screw  head  resting 
on  the  bottom,  in  order  to  ensure  that  every  pick  projects 
equally,  or  as  intended,  and  so  takes  its  exact  or  predeter- 
mined sliare  of  the  work  of  cutting.  So  treated,  a  set  of  picks 
should  last  much  longer  than  when  only  one  or  two  take  the 
bulk  of  the  work.  The  picks  are  sharpened  by  grinding  only, 
and  require  no  forging.  In  form  they  may  be  pick-pointed 
or  chisel-edged,  and  right-hand,  left-hand,  or  central  in  any 
combination  ；  but  while  the  central  portion  of  the  chisel-edge 
may  not  project  more  than  |in.  beyond  the  end  of  the  tooth 
carrying  it,  the  side  portions,  right  or  left,  may  project 
another  inch. 

For  working  in  coal,  it  is  considered  that  two  patterns  of 
picks  only  are  necessary,  and  these  are  shown  in  Fig.  7.  In 
explanation,  it  is  to  be  noted  that  the  picks  project  |in.  over 
and  only  ^in.  under  the  body  of  the  wheel  in  order  to  cut  the 
clearance,  and  are  alternately  a  pick  point  (really  a  chisel 
presented  sideways)  and  a  wedge  over  the  wheel  to  break  off 
the  coal ― about  half  of  each ― as  shown  at  A  and  B.  By  this 
means  it  is  hoped  to  bring  out  a  fair  proportion  of  large  stuff. 
For  fireclay  all  the  cutters  would  probably  be  ehisel-edged. 

Two  sets  of  slots  are  provided,  one  for  each  direction  of 
cut,  and  each  gives  some  little  cutting  angle  to  the  picks. 
The  idle  slots  are  fitted  with  short  dummy  picks,  so  as  to 
maintain  solidity  all  round  the  wheel .  All  the  picks,  both 
working  and  dummy,  are  rolled  with  a  very  shallow  channel 
down  the  front  or  back  faces  for  location  in  the  wheel  slots . 
Attention  is  called  to  the  fact  that  with  these  picks  very  little 
is  left  to  chance  ；  there  is  a  chisel  edge,  pick  point,  or  wedge 
surface  to  deal  directly  and  systematically  with  every  par- 
ticle of  stuff  in  the  holing  and  to  bring  it  out.  The  ordinary 
pick  arrangement  in  sets  of  three  (a  single  centre  and  two 
pairs  narrow  and  wide)  merely  gouges  out  five  thin  grooves, 
leaving  four  ribs  which  are  broken  out  more  or  less  by  acci- 
dent, certainly  not  by  edges  specifically  designed  for  that  pur- 
pose. The  jib  does  not  differ  materially  from  standard 
practice,  except  that  two  oil  containers,  each  holding  more 
than  a  pint  of  oil,  form,  an  integral  part  of  tlie  steel  casting. 
One  of  these  feeds  tlie  sweep  and  the  other  the  centre,  each 
through  its  own  channel. 


With  regard  to  the  reasons  which  led  to  this  complete 
departure  froin  recent  practice  in  cutter- wheel  construction, 
it  has  been  the  writer's  lifelong  experience ~ as  doubtless  of 
every  other  engineering  machinist —— that  bad  work  and  little 
work  invariably  accompany  cutting  tools  loosely  held  ；  that 
good  work  requires  a  tool  firmly  held  ；  and  that  for  the  best 
of  work  the  tool  must  be  rigidly  held  and  heavily  backf^d  up 
close  to  the  actual  cutting  edge.  The  loose  or  weak  tool 
ohafcters  and  quidcly  loses  its  sharpness,  whereas  the  rigid  tool 
retains  its  edge  until  worn  away  in  useful  work.  The  heavy 
hacking  serves  two  purposes :  First,  to  j)revent  vibration  ;  and, 
secondly,  just  as  important,  to  conduct  away  the  heat  gene- 
rated ill  the  act  of  cutting.  If,  (hen,  the  prim，ip】es  nnder- 
lyiag  this  experience  be  applied  to  coal-cutters,  it  will  be  seen 
at  once  why  the  chain-driven  machine  can  never  compete,  as 
ib  never  has  competed,  with  the  disc  ni achine  for  heavy  work. 
In  the  one  case  t  he  whole  】nass  of  tlie  disc  is  lK*liiiid  the  cutter 
to  back  it  up  ；  in  tlie  other,  there  is  only  tlie  mass  of  one  tool- 
box― a  single  link  in  the  chain ~ everything  else  being  flexibly 
connected.  But  the  argument  goes  still  further  ；  if  full  advan- 
tage is  to  be  taken  of  tlie  mass  of  the  disc,  tlie  cutter  itself 
must  be  so  held  as  to  form  part  and  parcel  of  tlie  same  mass ~~ 
that  is  to  say,  it  must  he  so  rigidly  secured  as  to  be  absolutely 
free  from  tlie  least  trace  of  slackness  or  vibration .  It  is  not 
sufficient,  therefore,  to  drop  the  cutter  shank  into  an  easy 
hole  and  to  secure  it  with  a  pin  that  fits  only  where  it  touches  ； 
nor  is  it  sufficient  to  carry  the  cutter  in  a  toolbox  which  itself 
is  only  loosely  secured  in  the  disc,  because,  apart  altogether 
from  vibration,  the  cutter  shank  is  more  or  less  insulated  by 
layers  of  non-conducting  material  (coal  dust  or  fireclay)  which 
prevent  the  free  transference  of  heat'  from  the  cutter  to  the 
toolbox  and  from  the  toolbox  to  the  wheel .  To  avoid  these 
weaknesses,  the  writer  had  adopted  a  device  which  provides 
the  entire  wheel  as  a  backing  and  heat  dissipator  for  every 
cutter. 

On  the  general  construction  of  this  wlieel,  it  m ay  be  said 
that  it  follows  closely  the  lines  of  a  milling  machine  head  or 
cold  saw  developed  by  the  writer  and  his  staff  some  eight  or 
nine  years  ago  for  cutting  up  mild-steel  bars  measuring  from 
2iin.  to  Sin.  diam.，  on  which  work  it  proved  thoroughly 
successful  and  very  economical. 

The  general  appearance'  of  the  coal-cutter  is  shown  in 
Fig.  8.  Attention  is  particularly  called  to  the  absolutely  clean 
level  top  and  waste  side,  and  to  the  free  channel  beneath  for 
any  dross  carried  through  by  the  wheel.  Notwithstanding 


Fig.  9.  —Re-arranged  Drive,  to  allow  of  Setting  Fbops 
Close  to  Goal  Face. 

this  large'  opening,  the  skid  surfaces  are  abnormally  large, 
being  over  5  sq.  ft.  at  each  end,  which  is  equivalent  to  two 
continuous  skids,  each  measuring  9Aft.  in  length  by  6iin.  in 
width.  In  addition  to  the  pavement  skids,  the  base  of  the 
machine  is  so  planed  as  to  form  two  shallow  channels  for 
skidding  along  the  rails,  so  that  it  is  not  absolutely  necessary 
to  have  a  truck  in  order  to  convey  the  machine  from  the  shaft 
bottom  to  the  coal  face  ；  it  can  be  hauled  directly  along  the 
rails,  and  will  keep  on  them  without  fear  of  derailment, 
although  precautions  will  have  to  be  taken  at  turnouts.  The 
following  are  the  leading  particulars  of  the  machine :  Overall 
length,  9ft.  Gin,  :  overall  width  (coal  face  to  trees) ,  2ft.  9in. ； 
overall  height,  1  ft.  3in.  :  diameter  of  wheel  over  cutters, 
^ft.  lOin.  to  5ft.  ；  holing,  depth,  3ft.  Din.  to  3ft.  lOin. ： 
holing,  height,  2^ in.  :  rope  diameter,  §in.，  speed,  41  miles  |>er 
hour  ；  rope  pulley  speed,  8o  revs,  per  ininxit^  ;  cutter  wlieel 
speed,  25  revs,  per  luiinite  :  total  \vei" 小 t,  30  to  35  cwts. 

Advantages  of  Rope-driven  Machines. 
It  now  remains  to  put  in  the  claims,  first,  for  the  general 
scheme  of  driving  coal-cutters  with  wire  ropes,  and,  seoondlv, 
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for  the  specific  advantages  which  it  is  hoped  the  design  worked 
out  in  complete  detail  shows  that  rope-driven  machines  may 

Personal  Safety.  —While  with  efficient  insulation  and  effi- 
cient earthing  there  should  be  no  material  danger  from  elec- 
trical coal-cutters,  the  fact  remains  that  the  greatest  difficulty 
is  still  experienced  in  maintaining  efficient  insulation,  and 
that  the  more  perfect  the  earthing  the  greater  is  the  danger 
from,  say,  an  abraded  trailing  cable,  cut  or  punctured  so  as  to 
expose  or  give  access  to  water  to  one  of  the  live  conductors.  It 
does  not  need  to  be  argued  that  it  is  safer  to  end  off  the  electric 
circuits  with  the  road  end,  because  from  that  point  the  con- 
ditions immediately  change  very  much  for  the  worse  electri- 
cally. While  efficient  maintenance  is  all  but  impossible  under 
bad  conditions  at  the  face,  it  is  comparatively  easy  of  attain  - 
】nent  at  or  near  the  road  end，  where  room  can  be'  made  for 
the  electric  equipment. 

Sajcty  of  the  Mine. —— In  a  fiery  mine  the  coal-cutter  is 
liable  to  be  surrounded  at  least  temporarily  with  inflammable 
gas.  When  the  cutter  is  operated  electrically,  the  danger  of 
explosion  is  only  more  or  less  remote  ；  it  can  never  be  said 
to  be  entirely  absent.  With  the  electric  driving  gear  at  a 
road  end,  in  intake  air，  the  explosion  risk  is  completely  elimi- 
nated . 

Appropriateness  to  Environment.  ―  It  i&  submitted  that  at 
the  coal  face  any  machinery  should  be  elementary  rather  than 
elaborately  "fool-proof."  Electric  coal-cutters  may  bo  "fool- 
proof " for  a  time  when  new  ；  they  can  never  be  elementary, 
and  as  time  goes  on  they  are  unquestionably  becoming  more 
rather  than  less  elaborate.  All  coal  miners  are  accustomed  to 
wire-rope  haulage,  and  it  is  believed  that  they  will  take  more 
kindly ― or,  perhaps  it  would  be'  better  to  say,  less  unkindly ― 
to  wire-rope  transmission,  which  they  do  understand,  than 
to  electric  transmission,  which  they  will  never  understand.  In 
the  one  case,  the  frequent  trouble  is  burn-outs'  which  can  only 
be  repaired  with  highly  skilled  labour,  and  usually  after  quite 
a  prolonged  stoppage  ；  in  the  other,  the  biggest  operation  to 
face  after,  say,  a  bad  fall  of  roof,  would  be  the  splicing  of  a 
gin.  rope,  a  feat  probably  within  the  capacity  of  half  the  men 
on  the  job  inside  an  hour  or  so. 

It  is  the  writer's  opinion  that  a  rope-driven  coal-cutter 
may  attain  almost  ideal  elementary  proportions  without  either 
loss  of  capacity  or  of  mechanical  efficiency,  and  that  such  a 
machine  will  be  appropriate-  to  its  environment  in  a  way  that 
no  electrical  machine  ever  can  be  for  long.  For  the  rope- 
driven  machine  it  is  claimed:  —— 

(1)  That  it  is  simple.  In  addition  to  the  cutting  wheel, 
there  are  only  two  pinions,  two  rope  pulleys,  and  two  c hitches 
as  the  essentials.  There  are  no  running  shaft's  and  no  hori- 
zontal bearings  ；  there  are  no  keys  or  keyways,  and  there  is 
110  feed  gear  apart  from  the  main  drive. 

(2)  That  it  is  very  accessible.  All  the  gearing  subject  to 
wear  is  removable  in  two  single  units,  and  anv  wear  is  made 
good  by  simply  relining  with  white  metal. 

(3)  That  it  is  easily  maintained.  The  picks  are  renewed 
by  grinding  only,  without  smith-work,  and  oiling  once  or  twice 
a  week  should  be  adequate  for  the  inachine  it^lf . 

(4)  That  it  is  a  particularly  safe  】nachiiie.  The  silent 
operation  will  tend  greatly  to  the  avoidance  of  dangerous  falls. 
The  running  ropes  are  guarded,  so  that  frayed  wires  in  an 
old  rope  will  not  endanger  the  workers.  The  machine  is  coni- 
])letely  controlled  from  the  front  end.  The  machine  cannot 
uin  down  on  a  steeply-inclined  working.  It  is  incapable  of 
causing  explosion  or  shock.  ' 

(5)  Tliat  the  dimensions  (15iii.  in  lieiglit  by  2ft.  Din.  in 
width)  make  it  of  almost  universal  appht'ation  ：  it  will  go  aiiv- 
、v】i(M'e，  and  on  account  of  the  possibility  of  a])])]ying  almost 
unlimited  power,  it  should  cut  anything  met  with  in  a  coal 
"line.  The  narrowness  in  a  thick  seam  facilitators  tlie  liutclies 
iieing  run  along  the  face,  if  desired,  and  in  all  cases  it  is  of 
great  advantage  as  regards  roof  mainteiiaiice  and  the  opera- 
tion of  conveyers.  The  detachable  ends  and  tlie  special  rail- 
skids  facilitate  transport  and  fitting  along  roadways. 

(G)  That  it  is  ecoiionucal.  There  are  no  supplies,  no 
brushos,  no  slip  rings,  no  switch  contacts,  no  fuses,  and  no 
"ailing  cables  to  renew.    But  little  oil  is  mini  red,  ； nul  ilu、 


perfection  of  lubrication  eliminates  wear  from  the  main  trans- 
mission system . 

Rearranged  Drive  to  allow  of  the  Setting  of  Props  close  to  the  Coal  Face. 

—Since  the  foregoing  matter  was  put  into  type^  the  design  of 
the  machine  lias  been  modified  to  meet  the  objection  that  the 
rope  arrangement  would  interfere  with  the  placing  of  props. 
Fig.  9  shows  diagrammatically  the  rearranged  drive  as  seen 
from  the  face  side.  One  rope  runs  on  a  short  pulley  of  fixed 
diameter,  which  is  slightly  greater  than  the  least  diameter  of 
the  other  pulley  aud  less  than  the  greatest  diameter  of  the 
same.  The  two  pulleys  are  directly  geared  together,  as  indi- 
cated, and  only  the  double  conical  one  carries  a  pinion 
meshing  with  the  cutter  wheel.  With  this  arrangement  the 
forward  feeds  are  as  before,  bub  a  backing-out  feed  at  a  very 
slow  rate  only  is  obtainable.  The  gear  is  simplified  in  that 
there  is  only  one  cluU'li,  and  the  outstanding  advantage  is 
that  both  ropes  now  run  close  up  against  the  coal  face,  so 
that  they  interfere  very  little  with  operation,  and  not  at  all 
with  the  fixing  of  props  close  to  the  face.  These  props  are  not 
ill  the  way  of  the  ropes  when  the  】nacliine  is  moved  forward 
for  a  fresh  cut.  When  carrying  out  this  alt-eration,  it  was 
found  possible  to  reduce  the  height  by  ^in.,  making  it  14yiu., 
the  other  dimensions  remaining  unaltered. 


ELECTRIC  LIGHTING  AND  POWER  DEVELOPMENT.* 

BY   GEORGE  WILKINSON. 

The  last-  few  years  have  seen  a  conspicuous  change  in  the  duties 
of  the  municipal  electrical  engineer.  In  the  earlier  years  of 
the  industry,  his  chief  concern  was  to  see  that  the  capacity  of 
his  generating  plant  increased  at  approximately  tlie  same  rate 
as  the  demand.  Little,  if  any,  effort  was  necessary  to  obtain 
consumers,  aud  the  field  of  operation  was  rendered  attractive 
by  the  presence  of  considerable  numbers  of  comparatively 
largei  consumers.  At  a  later  stage,  the  convenience  and 
adaptability  of  tlie  electric  motor  for  industrial  work  were 
recognised,  and,  in  du©  course^  conversion  of  horse  tramways 
into  electric  tramroads  gave  another  impetus  to  the  business, 
A  few  years  ago'，  due  to  the  introduction  of  the  gas  mantle,  it 
looked  as  if  the  gas  autliOTities  would  regain  a  part  of  the 
lighting  business.  The  advent  of  the  metal  electric  lamp  has, 
however,  effectively  neutralised  any  tendency  of  this  kind. 

With  regard  to  street  lighting,  in  the  iiiain  thoroughfares 
of  our  larger  cities  the  old  standard  of  lighting  has  become 
insufficient.  In  such  thoroughfares  improvements  call  for  the 
introduction  of  high-pressure  gas  lighting-  or  flame  arc  lamps. 
In  cases  whei'e  access  can  be  had  to  the  accounts,  it  is  found 
that  flame  arc  lighting  compares  favourably  with  pressure-gas 
lighting,  both  in  capital  cost  and  maintenance,  while  the  light- 
ing  effect  is  emphatically  in  favour  of  the  electric  lamp. 

For  side-street  lighting,  where  the  local  authority  controls 
both  the  gas  and  electricity  undertakings,  tlie  eoouoniy  of 
changing  from  the  old  illuminaiit  to  the  new,  excepting  in  new 
streets,  has,  I  think,  yet  to  be  demonstrated.  Examples  of 
such  conversions  from  gas  to  electric  lighting  iiiav  be  seen  in 
many  streets  in  Harrogate.  Out  of  a  total  number  of  2,300 
ordinary  posts  in  the  side  streets  650  have  alreadv  been  taken 
over  and  converted  by  the  Elech'icitv  Departinent,  at  an 
average  cost  of  32s.  per  post,  includiiig  all  charges.  The 
metal  lamps  are  maintaiued  by  the  lamp  niaiuifacturers  at  a 
fixed  price  per  post  per  annum,  and  the  cost  of  the  lamp  per 
annum,  including  lamp  renewals,  is  the  same  as  is  paid  for 
gas.  excludincr  renewals. 

Service  Cables.  —Ill  the  Board  of  Trade  regulations  the 
niiniimim  size  of  service  cable  allowed  is  stated  as  the  equiva- 
lent of  seven  No.  20  wires  and  at  1,000  anij)eres  per  square 
in<  li  lias  a  carrying  capacity  of  7  amperes.  At  200  volts  such 
a  service  cable  is  capable  of  carrying  1*4  k、v.  This  regulation 
has  for  many  years  causefl  an  extravagant  waste  of  copper, 
and  with  iiietal-filament  lamps  the  case  is  】midi  worse.  One 
reason  given  for  insisting  on  large  service  cable  is  the  plea  tliat 
conductors  of  smaller  sectional  area  are  merlianirallv  weak. 
This  is  not  so  if  such  cables  are  made  with  tlie  lead  and  return 
conduct ors  arranged  ooiirentrically  and  enclosed  in  a  lead 
tube.  I  liave  had  experimental  concentric  lead-coverefl 
service  cables  in  continuous 騰 for  nearly  15  years  with 

•  -MisUnct  of  j>resul»MitiHl  juldri'ss  <U'liveicd  at  the  seventeenth  anuual  convcn- 
Uon  of  tlie  Incorporated  Municipn!  lilcelriial  Associatiou. 
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uniform  success,  the  inner  conductor  being  made  up  of  7/22 
copper  and  the  outer  being  made'  up  to  ilie  equivalent  area  by 
No.  28  S.W.G.  copper  strands. 

For  services  to  small  properties,  cottages  and  the  like,  tlic 
Harrogate  Corporation  have  obtained  the  Board  of  Trade's 
permission  to  use  concentric  lead-covered  cable  consisting  of 
7/22  inner  conductor,  with  an  a])pi-axiniately  equivalent 
section  in  the  outer  made  up  of  39/30  S.W.G.  copper.  For 
services  to  street  lamps  in  side'  streets,  permission  is  also 
granted  to  U9&  a  concentric  lead-covered  enable  having  a  single 
No.  18  S.W.G.  inner  condiu'tor  with  an  equivalent  aggregate 
section  in  the  outer  made  up  of  No.  30  S.W.G.  copper  strands. 
The  copper  contained  in  these  services  is  ample  for  all  practi- 
cal purposes.  To  prevent  strain  on  them  they  are  laid  in 
wroughtr-iron  tubing.  One  valuable  feature  of  this  street 
lamp  cable  is  that  in  no  case  can  it  develop  a  short-circuit  on 
the  distribution  mains.  On  short-circuiting  the'  service  cable 
the  1/18  inner  conductor  has,  in  every  case,  volatilised  and  dis- 
appeared, at  once  locating  the  fault  .  The  early  inodifk'ation 
of  the  Goveriuneiit  Regulation  with  regard  to  service  cables  is 
a  task  to'  which  I  think  this  association  may  with  advantage 
address  itself. 

Prcssurs  Regulation.  ―  The  Board  of  Trade  regulations 
relating  to  permissible  variation  of  pressure  at  consumers' 
terminals  also  call  for  attention  on  the  part  of  this  and  kindred 
associations.  With  metal  lamps,  for  the  same  variation  in 
light  as  with  carbon  lamps,  the  permissible  pressure  variation 
(now  4  per  cent.)  might  be  increased  approximately  in  the 
ratio  of  4  ta  6.  Such  modification  would  allow  supply  autho- 
rities to  earn  50  per  cent,  more  revenue  without  additional 
expenditure  on  low-pressure  mains,  provided  the  increased 
load  is  ini posed  with  approximate  uniformity. 

Further  Powers  Bill. ― It  is  difficult  to  see  on  what  grounds 
Parliament  can  deny  to  certain  municipal  authorities  wliat 
they  have  already  granted  to  others.  There  is  no  doubt  tliat 
when  the  Bill  becomes  an  Act  it  will  prove  of  substantial 
benefit  to  contractors  as  well  as  to  the  other  interested  parties. 
The  for&bodings  as  to  unfair  dealing,  t'lie  starving  out  of  local 
contractors,  the  establishment  of  rate -aided  wiring  depart- 
ments, the  selling  of  current-consuming  devices  and  fittings  at 
cost,  or  less  than  cost,  price  in  order  to  increase  the'  sale  of 
current,  and  suggested  abuses  of  a  like  nature  should  be  dis- 
missed from  tlie  minds  of  contractors.  Tlie  money  which  is 
being  hoarded  up  for  uss'  in  contesting  the  Bill  should  be 
devoted  to  a  more  useful  and  beneficial  purposs. 

Ill  】iiany  provincial  centres  where  eleotririty  supply  lias 
be'eu  established  for,  say,  15  y&ars,  nearly  all  the  big  work  has 
be'&n  co〗nple'terl，  and  future  developments  are  to  be  looked  for 
amongst  the  smaller  tenements  of  the  town ,  The  local  con- 
tractors ar©  now  davotiiig  their  energies  largely  to  obtaining 
and  carrying  out  installations  in  country  houses  and  institu- 
tions outside  the  lighting  areas  where  they  can,  in  addition  to 
the  ordinary  installation  work,  sell  complete  generating  sets  at 
a  good  profit.  They  cannot  afford  to  canvass  and  develop  a 
business  in  fitting  up  small  properties;  but  it  would  pay  tlio 
supply  authority  to  develop  these  large  areas,  and  in  turn  the 
contractor  would  b&nefit  by  carrying  out  the  work  on  fair 
terms  under  the  control  of  the  supply  authority. 

One  of  tlie  present  greatest  evils  is  that  any  person  or  small 
li -  111  is  at  liberty  to  start  business  as  an  electrical  engineer  and 
contractor.  When  the  municipal  authorities  acquire  tlie 
statutory  rights  foreshadowed  by  the  Bill  this  iniquity  can  be 
effectively  dealt  with,  aiul,  in  conjunction  with  tlie  Contrac- 
toi's'  Association,  we  shall  be  able  to  inaugurate  a  systejn  of 
registration  of  certified  electrical  contractors. 

Economics  in  the  Generating  Station. ― There  are  few  works 
where  present  -day  knowledge  is  applied  tO'  every  d&tail  with  a 
view  to  generation  at,  the  lowest  possible  cost.  Some  of  the 
preventable  losses  are  as  follows  ： —— 

(") It  is  standard  practice  in  some  of  our  largest  works  to 
pass  tlie  same  amount  of  cooling  water  through  the  condensers 
irrespective  of  the  load  on  the  plant.  The  theoretical  tempe- 
rature' corresponding  to  a  vacuum  of  28in.  is  ]00。  Fall.  Con- 
deiissr  makers  are  able  to  guarantee  an  emission  temperature 
witliiii  5  per  rent,  of  the  theoretical  at  all  loads.  The  tempe- 
rature of  the  condensed  steam  on  a  28in.  vacuum  ought  not, 
therefore,  to  be  below  95°  Fah.，and  the  amount  of  cooling  water 
passed  tlirougli  the  cojuleiiser  sliould  be'  regulated  in  accord- 
ance with  t  he  readings  of  a  thermometer,  so  as  to  maintain  t'lie 
outlet  teniperaluro  practically  uniform  under  all  variations  of 


load.  Taking  the  average  of  six  well-known  municipal  works 
in  the  country,  the  temperature  of  emission  is  79'  Fah.  at 
full  load  and  09^  Fall,  at  half-load.  These  figures  represent  a 
(■oal  loss  of  1 1  per  cent,  at  full  load  and  2?,  per  cent,  at  half- 
load. 

(h)  Another  loss  easily  avoi(labl<3  is  due  to  employing  a  liot 
well  or  feed  tank  of  too  large  a  capacity.  In  addition  to  tlie 
loss  due  to  coaling,  the  pure  water  from  the  condensers  is 
absorbing  gases  and  impurities  from  the  atmospliere,  wliicli 
eventually  find  their  way  into  the  boilers. 

(r)  It  s&enis  to  be  a  cardinal  point  with  many  engineers 
that  the  temperature  of  tlie  water  in  the  hot  well  or  feed  tank 
should  be  at  least  100°  Fah.,  and  to  maintain  its  temperature 
they  arrange  steam  traps  to  drain  into  it.  Careful  considera- 
tion will  sliow  that  the  feed  water  should  be  no  hotter  than 
the  disci  large  tern  per  at'urei  from  .the  condensers,  and  in  cases 
where  there  are  no  condens&rs  tlie  water  in  the  feed  tank 
should  b&  cold.  The  cold  waber  from  the  feed  tank  sliould  not 
be  passed  through  the  exhaust  steam  lieaters  and  then  through 
the  e^onomisers  iu  series,  but  it  should  be  divided  iu  proper 
proportion  between  the  two  routes.  Only  in  this  way  can 
maximum  efficiency  be  obtained  from  tlie  economisers.  The 
necessary  minimum  initial  temperature  of  the  feed  water 
pass&d  througli  the  economisers  can  be'  obtained  entirely  at  the 
expense  of  the  waste  furnace  gases,  by  connecting  a  small  pipe 
from  the  hot  end  of  the  economiser  to  the  suction  of  tlie  feed 
puiiip.  Actual  experiments  have  proved  tliat  by  this 
re-arrangement  the  economiser  efficiency  can  easily  be  raised 
10  per  cent . ,  which  means  a  saving  of  approximately  1  per 
cent,  in  fuel. 

(</)  It  needs  no  argument  to  prove  that  steam  traps  are 
exceedingly  wasteful.  Reliable  and  simple  apparatus  is  avail- 
able for  passing  the  whole  of  thei  water  of  condensation  from 
the  steam  range  back  to  the  boilers  direct  at  a  temperature 
closely  approximating  to  that  of  t'h'e'  s^beam  it&elf ,  In  this  way 
steam  traps,  which  are  the  most  wasteful  devices  in  a  steam 
equipment,  can  be  entirely  dispensed  with  on  the  steam  range. 

(f')  It  is  satisfactory  to  note  that  the  production  of  boiler 
furnace  draught  by  means  of  hot  gases  ascending  tall  chimneys 
is  on  the  wane,  and  the  much  more  econoinical  fan  draught  is 
being  substituted,  whereby  the'  heat  losses  from  the  spent 
gases  may  often  be'  halved. 

(f)  Recent  enquiries  have  revealed  tlie  astonishing  amount 
of  make-up  feed  water  required  iu  present-day  power  houses. 
This  make-up  feed  often  involves  the  provision  of  costly  water - 
softening  and  purifying  plant,  and  a  continuous  expenditure 
oji  chemicals.  Much  of  the  make-up  feed  is  necessitated  by 
blowing  off  the  boilers.  This  latter  is  resorted  to  for  two 
reasons  :  (1)  To'  remove  deposit —— this  it  fails  to  do  excepting 
over  a  very  limited  area  :  (2)  to  reduce  the  degree  of  concen- 
tration of  some  salts  which  are  in  solutiou  in  the  water,  or 
some  mechanical  impurities  which  are  distributed  uniformly 
in  the  water. 

If  the  water  put  into  the  boilers  were  pure  at  the  start, 
and  if  all  steam  we're'  put  back  to  the  boilers  immediately  on 
condensation,  there  would  be  no  waste  of  water,  no  accumula- 
tion of  salts.  Blowing  off  would  then  be  unnecessary. 
Further,  no  water-sofieiiing  or  purifying  plant  would  be 
required.  This  condition  cannot  be  arrived  at  in  practice,  but 
it  can  be  approximafced  to  much  】nore  closely  than  at  present . 
If  all  the>  water  from  the  steam  range  and  separaters  is  taken 
back  to  the'  boilers  direct,  and  if  the  water  from  the  air  pumps 
of  the  surface  condensers  is  taken  Uu'ougli  a  closed  pipe  system 
direct  into  the  boilers,  extra  feed  water  in  very  small  quantity 
will  be  required  to  make  up  for  the  losses  by  leakage  from  the 
steam  seals  on  the  turbine  shaft  bearings,  glands,  and  the  like. 

Such  make- up  feed  could,  with  advantage  and  economy,  be 
pimip&d  into  closed  cylindrical  tanks,  and  there  raised  to  the 
full  steam  t&mperature  before  passing  on  to  the  boiler  ；  in 
thes©  tanks  tlie  suspended  matter  and  scale-forming  impurities 
would  be  deposited,  ami  they  could  be  readily  cleaned  out  when 
required.  Tlie  boilerS  could  then  be  steamed  for  long  periods 
with  safety  and  efficiency,  and  blowing  down,  almost,  if  not 
entirely,  eliminated.  As  to  the  gradual  coiK-entration  of 
destructive  salts  or  acids  in  the  boilers,  we  sliould  be  able  to 
rely  upon  the  clieniisl  to  neutralise  these  iu  a  more  direct  and 
economical  way  than  by  blowing  to  waste  large  quantities  of 
hi  pi  I  teiiiperat  uj-e  water  from  the  boilers. 

Future  Development. ― A  bulk  supply  at  a  price  low  enough 
to  secure  its  exclusive  use  iu  all  domestic  and  industrial  opera- 
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tions  will  be  possible  only  by  erecting  upon  the  coalfields  of  the 
country  electric  generating  stations  on  a  mucli  bigger  scale 
than  anything  yet  atiempfced.  A  gigantic  scheme  of  this 
character  calls  for  the  active  co-operation  of  the  Government 
with  the  existing  supply  authorities,  and  there  are  few  home 
problems  that  can  be  more  profitably  dealt  with  by  the  Legis- 
lature, or  that  would  confer  great-er  benefits  upon  tlie  nation. 
National  power  houses,  built  on  the'  coalfields  and  on  other 
sites  to  which  coal  would  be  cheaply  transported  by  wat^r, 
would  supply  the  power  for  all  extensions  in  existing  areas, 
； iiul  would  gradually  assume  the  whole  of  the  supply  as  the 
plants  in  lo<:al  works  beraiiie'  worn  out  or  obsolete.  They 
would  also  supply  power  for  all  industrial  purposes  and  for 
locomotion,  including  the  railways  of  the  country.  Thus  the 
load  and  diversity  factors  would  be  higli,  witli  a  corresponding 
beneficial  effect  in  thei  reduction  of  costs. 

Such  power  houses  would  bei  equipped  with  liigli-pressure 
steam  turbo-generators  of,  say,  25,000  kw.  and  50,000  kw. 
sizes.  Tliei  power  houses  would  be  inbercon nested  and  dis- 
tiibut'ion  eflfocted  at,  say,  I  ()(),()()()  volts  to  sub-stations,  wliicli 
in  municipal  areas  would,  in  many  cases,  be  locat>ed  on  the 
sites  of  the  existing  generating  stations. 

It  is  the  generation  of  steam  that  calls  for  a  radical  cliange 
on  present-day  practice.  We  have'  too'  long  been  content  to 
use  boiler  plant  furnishing  an  average  of  from,  21bs.  to  31bs.  of 
steam  per  hour  per  square  foot  of  heating  surface.  Reference 
to  the  plans  of  modern  works  equipped  with  from  10,000  kw. 
to  20,000  kw.  power  units  show  a  separate  boiler  house  for 
each  generating  plant.  These  boiler  houses  are  built  end-on 
l,o  the  power  house,  and  impose  a  heavy  capital  cost  for  boilers, 
buildings,  flues  and  chimneys.  They  also  involve  heavy  losses 
in  boiler,  steam  pipe  and  flue  radiation. 

The  solution  of  these  difficulties  appears  to  lie  in  the  intro- 
duction of  gas  firing,  by  means  of  flameless  surface  combustion 
on  the  lines  first  discovered  by  Sir  Humphry  Davy  and  more 
recently  developed  and  set  out  by  Prof.  Bone  in  his  lectures 
before  the  Royal  Institution  of  Groat  Britain  in  1911.  So  far 
as  investigations  have  gone  at  present  it  is  shown  that  an 
evaporative  duty  from  boilers  exceeding  201bs.  of  steam  per 
square  foot  of  heating  surface  can  easily  be'  obtained  with  a 
thermal  efficiency  corresponding  to'  the  transmission  to  the 
water  in  the  boiler  of  nearly  95  per  cent,  of  the  energy  repre- 
sented by  the  net  calorific  value  of  the  gas'.  At  a  slightly 
lower  efficiency  the  evaporation  may  b©  increased  from  201bs. 
to  301bs.  of  steam,  per  square  foot.  On  these-  high  duties  the 
i  nbernal  boiler  surfaces  are  stated  to  be  self- 
cleaning,  and  the  scale  in  thin  flakes  becomes 
detached  and  is  deposited  in  the  bottom  of 
the  boiler.  The  boiler  iustallation  would  be  comparatively 
small  and  the  steam  range  short,  as  all  the  auxiliaries  would  be 
driven  by  internal-combustion  engines.  No  objectionable 
chimneys  will  be  required,  as  the  necessary  mixture  of  gas  and 
air  will  be  applied  to  the  boilers  under  slight  pressure,  and  the 
products  of  combustion  issue  to  the'  atmosphere  through  small 
flues  entirely  free  from  smoke.  The  new  boiler  equipment 
will  thus  become  compact,  simple,  and  of  great  flexibility. 

If  in  the  future  a  gas  turbine  of  larger  power  is  developed, 
which  proves  more  efficient  tlian  the  steam  turbine,  it  can  be 
brought  into  use  without  wasie  of  capital  or  extensive  scrap- 
ping of  plant .  The  manufacture  of  the  gas  will  take  place 
adjacent  to  the  power  house,  and  the  by-products  will  form  a 
valuable  asset  against  the  cost  of  gas  production.  The  coke 
will  find  a  I'eady  market,  as  will  also  the  tar,  benzol  and  sul- 
pha t/e  of  ammonia. 

A  national  electric  power  supply  on  the  lines  indicated 
would  greatly  minimise  the  disastrous  effect  of  a  coal  strike, 
liow  grade  fuel  could  also  be  profitably  employed,  whicli  at 
present  is  dumped  upon  the  pit  banks  as  useless.  Tlie  coal 
consnniption  of  railways  would  be  considerably  reduced  by 
electrification,  and  the  railway  companies  would  be  saved  the* 
capital  outlay  involved  in  tlie  provision  of  power  plants. 

St-eani  for  such  industries  as  the  <'ot'toii，  woollen,  dyeing, 
chemical,  distilling  and  brewing  trades  could  be  supplied  from 
tlie  national  power  houses  at  less  cost  than  it  ('an  be  produced 
by  tlie  manufacturers  themselves  ；  moreover,  it  would  at  oiwe 
oliininat^  the  enormous  losses  involved  in  comlensers.  Thus, 
just  as  the  Niagara  and  other  large  hydro-ele<tric  st-lieines,  bv 
yeasoii  of  cheap  power,  attract  and  prmiiot-e  industries  in  tlieir 
iiinnodiate     vicinity,     so    national    eWtrii'    j>ower  liouses. 


able  to  supply  vast  quantities  of  low-pressure 
steam  at  cheap  rates,  would  attract  and  pro- 
mote in  their  immediate  vicinity  those  industries  wherein 
steam  forms  one  of  the  chief  items  in  the  manufacturing  pro- 
cess. It  is  remarkable  that  business  in  this  direction  has  not 
already  been  developed  by  power  stations  operating  in  the 
textile  districts  ；  in  many  areas  it  would  be  much  better 
business  to  invest  capital  in  thus  selling  the  condenser  losses, 
than  upon  the  erection  of  costly  cooling  towers  and  coiulensins^ 
plant.  The  two  loads  could  be  co-ordinated  by  tlie  introduc- 
tion of  a  reasonable  amount  of  thermal  storage  in  each  build- 
ing supplied  willi  lieat ,  Tliere  are  many  district  steam-lieating 
.schemes  already  in  operation  in  America,  ami  in  numbers  of 
instances  the  revenue  from  the  heat  distribution  is  larger  than 
that,  from  the  sale  of  electric  power. 


ELECTRICAL  CONTROL  OF  A  LARGE  MINE  HOIST.* 

JiY  H.  \V.  CHKN'KY. 

TiiK  most  serious  problem  encountered  in  tlie  application  of 
ail  electric  drive  to  large  mine  hoists  is  that  of  electrical  con- 
trol, and  it  is  necessary  to  furnish  a  system  which  is  absolutely 
reliable  at  all  times.  All  parts  of  the  apparatus  must  Ije 
designed  to  withstand  severe  and  un reasonable  service  con- 
ditions without  giving  trouble  and  without  requiring  repeated 
attention  and  repairs,  and  it  should  also  be  impossible  for 
the  operator  to  damage  tlie  controller  or  any  part  of  the 
machinery  by  a  wrong  movement  of  the  operating  handle. 
While  this  is  true  of  electrical  control  in  general,  it  applies 
with  particular  force  to  mine  hoists,  since  they  are  generally 
located  remote  from  supply  centres  and  are  operated  by  men 
who  are  as  a  general  thing  unfamiliar  with  electricity.  In 
the  electrical  control  of  the  large  induction  motor  driven  hoists 
conditions  are  unusually  exacting. 

The  hoist  described  iu  this  paper  was  installed  at  the  No. 
3  iron  mine  of  the  Woodward  Iron  Company,  at  Woodward, 
Ala.  It  is  of  the  unbalanced  type,  and  consists  of  a  single 
drum  8ft.  diam.  and  40in.  】ong，  with  a  winding  space  for 
2,500ft.  of  Hin.  wire  rope.  The  drum  has  a  band  brake 
which  is  automatically  applied  by  a  weight  and  released  by 
air  pressure  under  the  control  of  the  operator.  It  is  driven 
by  a  500  h.p.  3-phase,  25-cycle,  wound-rotor  induction  iiiotor, 
operating  at  a  speed  of  375  revs,  per  minute  through  a  flexible 
coupling  and  reduction  gear  and  an  air-operated  friction 
clutch.  The  hoist  is  designed  for  a  maximum  rope  speed  of 
750ft.  per  minute  and  a  maximum  pull  of  25,0001bs.  An 
important  feature  of  the  hoist  consists  of  ineans  for  auto- 
matically applying  the  brake  in  case  the  supply  of  current  to 
the  hoist  motor  fails.  This  consists  of  an  alternating-current 
solenoid  energised  from  the  supply  circuit  through  a  potential 
transformer,  arranged  so  that  when  the  solenoid  circuit  fails 
the  core  drops  and  actuates  an  air  valve  on  the  brake  cylinder, 
thus  allowing  the  brake  to  be  set  by  gravity  in  the  usual  way. 

The  mine  is  approximately  four  miles  from  the  power-house 
of  the  company,  and  electrical  energy  is  transmitted  at  a 
voltage  of  3,300  and  a  frequency  of  25  cycles  over  a  3-phase 
system .  The  hoisting  engine  and  the  electrical  control  equip- 
ment are  housed  in  a  brick  building  which  is  located  on  the 
slope  of  the  hill  just  above  the  mine  entrance.  Tlie  3.300-volt 
lines  are  brought  into  the  hoist -house  and  coiuieot^d  to  liigli- 
tensiou  bus-bars.  Two  switchboard  panels  are  installed, 
consisting  of  the  main  motor  panel,  upon  which  are  mounted 
an  overload,  no-voltage  release  oil  swiU'h  and  an  anunel^r 
with  a  current  transformer,  and  a  line  panel  upon  which  a 
non-automatic  oil  switch  and  ammeter  with  a  current  trans- 
former and  three  3-pok,  single-throw  fused  knife  switches 
are'  mounted.  Two  transformers  of  r)0  k、v.  capacity,  having  a 
ratio  of  3,300  to  220  and  110  volts,  are  connected  in  delta 
to  furnish  energy  for  lighting,  for  nnining  an  elex*trically- 
diiven  air  compressor  used  as  an  auxiliary  and  a  l  in  ulating 
pump  for  the  liquid  rheostat.  An  elect roh-tio  lightning 
arrester  is  also  installed.  ' 

After  the  transformers  have  been  excited  by  closing  the 
non-automatic  oil  switch,  tlie  3-pole,  siiigle-throw  knife 
swatches  are  closed,  thus  supplying  alternating  current  at 
-^0  volts  to  the  motor  of  the  water-circulating  pump,  to  the 
air  compressor  motor  through  a  pressure  regulator  switch, 
to  the  no-voltage  roil  of  the  main  oil  switch  on  the  motor 

*  Abstract  of  ，"">er  read  W>f(m'  the  Amei  iiHu  Iiis"iiit<、  of  Klerirical  Kuciue^rs. 
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panel,  and  to  the  terminals  of  a  switch  counected  to  the  brake 
solenoid.  This  latter  switch  is  mechanically  connected  to  the 
overload  no-voltage  release  oil  switch,  so  that  both  are  opened 
and  closed  simultaneously.  This  switch  is  now  closed  and 
the  hoist  is  ready  for  regular  operation.  A  forward  movement 
of  tlie  operator's  control  lever  closes  the  primary  switch  and 
inakes  final  connection  to  the  primary  winding  of  the  induc- 
tion motor  for  hoisting,  while  a  reverse  movement  of  the 
lever  closes  the  primary  oil  switch,  making  reverse  connections 
with  this  winding  for  lowering.  This  arrangement  was 
necessary,  since  the  slope  of  the  mine  near  the  engine  was  not 
sufficient  for  the  empty  cars  to  unwind  the  drum  of  the  hoist 
by  gravity. 

The  secondary  windings  of  the  motor  are  connected  to  the 
terminals  of  the  liquid  rheostat  for  varying  the  resistance 
of  the  secondary  circuit  and  controlling  the  speed  of  the  motor. 
The  operation  of  this  rheostat  is  controlled  by  the  same  lever 
that  is  used  to  open  and  close  the  primary  switch.  The  limit 
switch  is  a  special  feature,  and  is  placed  on  the  tipple  in 
such  a  position  that  if  the  cars  over-run  it  will  be  mechani- 
cally opened  by  a  track  lever.  The  circuit  of  the  no-voltage 
release  coil  of  the  main  oil  switch  passes  through  this  limit 
switch,  and  in  case  the  car  passes  the  limit  of  travel  the-  oil 
switch  and  the  solenoid  switch  are  automatically  opened. 
A  push  button  which  is  normally  open  is  provided  on  the 
motor  panel  for  closing  the  circuit  of  the  no-voltage  release 
coil  after  the  cars  have  over-run  in  order  to  back  them  into 
position  again  for  regular  operation.  This  arrangement  was 
purposely  made  so  that  an  extra  man  will  have  to  be  called 
upon  to  help.  Another  safety  feature  worthy  of  notice  is  the 
provision  for  the  automatic  opening  of  the  overload  no-voltage 
oil  switch  in  case  the  non-automatic  transformer  switch  is 
open,  thus  cutting  off  the  supply  current  to  the  auxiliary 
apparatus  and  making  it  impossible  to  hold  the  overload 
switch  closed.  ' 

The  controller  consists  of  a  primary  switch  for  opening, 
closing,  and  reversing  the  3,300-volt  primary  connections  to 
the  motor  and  the  resistance  in  the  secondary  circuit  limits 
the  line  current  for  the  required  torque  for  starting  and  for 
speed  regulation  during  regular  operation.  The  primary 
switch  is  immersed  in  oil,  and  is  so  arranged  that  when  turned 
in  a  clockwise  direction,  (.'onnections  are  made  for  forward 
rotation,  while  if  turned  in  the  opposite  direction  the  motor 
is  reversed.  The  liquid  rheostat  consists  of  a  concrete  tank 
in  which  stationary  cast-iron  plates  are  suspended  as  elec- 
trodes, the  electrolyte  being  mechanically  raised  to  vary  the 
resistance.  The  electrodes,  which  are'  ribbed  to  give  maxi- 
mum contact  area  with  a  minimum  ainoiint  of  space,  are  made 
of  a  special  form  to  give  a  smooth  speed  and  accelerating 
curve,  and  are  mounted  on  insulating  supports  set  in  a  recess 
in  the  concrete  tank  near  the  top.  Four  electrodes  are  used 
for  the  3 -phase  circuit,  the  two  outer  ones  being  connected 
together  and  to  one  phase.  By  proper  spacing  the  correct 
amount  of  resistance  in  a  balanced  3 -phase  star-connected 
resistance  is  obtained  at  all  times.  The  electrolyte  used  con- 
sists of  ordinary  well  water,  which  has  a  small  quantity  of 
salt  dissolved  in  it,  91bs.  per  1 ,000  galls,  giving  the  best 
results. 

A  cooling  tank  is  located  in  the  basement  directly  under 
the  rheostat  tank,  and  a  centrifugal  pump  serves  to  pump  the 
liquid  from  the  cooling  tank  into  the  rheostat  tank  ami  to 
keep  it  in  continuous  circulation.  This  pump  is  driven  by  a 
2 20- volt  squirrel-cage  induction  motor  and  is  run  continuously. 
A  gate  valve  is  placed  in  the  discharge  pipe  of  the  pump  to 
regulate  the  rate  of  flow  into  the  rheostat  tank.  The  height 
of  liquid,  and  consequently  the  amount  of  resistance  in  the 
secondary  circuit  of  the  motor,  is  regulated  by  means  of  two 
movable  weirs  in  the  form  of  pipes  which  are  raised  or  lowered 
through  an  opening  near  the  bottom  of  the  tank.  By  the 
use  of  the  pipe  construction  for  the  weirs,  all  friction,  due  to 
side  pressure  of  the  liquid,  is  eliminated.  The  arrangement 
is  such  that  all  the  liquid  cannot  escape  through  the  weirs 
when  in  their  lowest  position.  The  lower  ends  of  the  elec- 
trodes are  thus  always  immersed  and  the  secondary  circuit  is 
never  opened.  The  areas  of  the  opening  through  tlie  weirs  is 
approximately  double  that  of  the  inflow  pipe,  and  is  sufficient 
to  allow  the  maximum  amount  of  liquid  in  the  rheostat  tank 
to  escape  into  the  cooling  tank  in  10  sees.,  including  the 
continuous  discharge  from  the  pump.  With  the  gate  valve 
wide  open  and  the  weirs  raised  to  the  highest  point,  the  rheo- 


stat tank  wilt  fill  in  approximately  20  sees.  This  lime  may 
be  increased  as  much  as  desired  by  adjusting  the  opening  of 
the  gate  valve. 

Since  coiiipressed  air  is  utilised  for  actuating  tlie  clutch  and 
brake  mechaiiism  of  the  hoist,  the  control  meflianism  was 
designed  for  air  operation  throughout.  A  double-acting  air 
engine  is  connected  to  the  weirs  through  a  rock  shaft  and 
levers  and  to  the  primary  oil  switch  through  a  re- 
versing clutch  ill  such  a  manner  that  the  first  part 
of  the  upward  piston  stroke  closes  the  oil  switch, 
and  a  continuance  of  this  movement  raises  the  weir.  This 
engine  is  provided  with  an  adjustable  oil  rataract  and  a  float- 
ing lever  valve  device,  by  means  of  which  the  air  piston  may 
be  stopped  and  held  at  any  point  corresponding  to  the  position 
of  the  operator's  lever. 

The  operator's  lever,  whicli  is  located  on  the  cage  or  plat- 
form of  the  hoist,  rests  at  the  central  point  of  a  notched  sector 
when  the  controller  is  at  "  off  ，，  position.  When  the  lever  is 
moved  away  from  th©  operator,  the  first  movement  sets  the 
clutch  on  the  primary  oil  switch  for  clockwise  movement  of 
the  rotating  member  of  the  switch,  and  a  further  movement 
of  the  lever  opens  a  valve  and  admits  air  to  the  air  cylinder, 
which  first  closes  the  switch  and  then  raises  the  weirs  to  any 
desired  height.  To  stop  the  motor  tlie  lever  is  returned  to 
the  "  off  ，，  position.  A  mechanical  interlock  is  provided  at 
this  point  to  prevent  the  operator  from  throwing  the  lever  to 
reverse  position  until  th©  weirs  reach  the  lowest  point  and 
the  maximum  secondary  resistance  is  inserted.  In  case  it  is 
desired  to  run  the  hoist  motor  in  a  reverse  direction,  llie 
operator's  lever  is  moved  towards  the  operator  when  the  clutch 
on  the  primary  switch  is  first  set  for  counter-clockwise  move- 
ment of  the  rotating  member  of  the  switch,  and  the  balance 
of  the  operation  is  the  same  as  before  described,  except  that 
the  motor  runs  in  the  reverse  direction.  The  by-pass  of  the 
oil  cataract  on  the  air  piston  is  adjiftted  for  maximum  allow- 
able piston  speed  at  whicli  no  jar  or  shock  to  the  mechanism 
occurs  when  tlie  operator's  lever  is  thrown  quickly  from  one 
extreme  to  tlie'  other.  The  gate  valve  is  set  for  minimum 
time  of  acceleration  for  a  given  primary  current  with  an 
average  load  of  ore  on  the  average  grade.  Semi-automatic 
acceleration  is  thus  obtained  ；  that  is,  if  the  operator  throws 
his  lever  to  the  extreme  position,  the  acceleration  of  the  hoist 
is  automatic,  and  will  be  accomplished  in  as  quick  a  time  as 
can  be  done  witlioiit  too  heavy  a  draught  of  current  from  the 
line,  while  if  it  is  desired  to  regulate  the  rate  of  acceleration 
the  operator  may  allow  the  operating  handle  to  remain  at  any 
intermediate  point  between  the  off  and  tlie  full-speed  position, 
which  allows  regulation  anywhere  inside  of  tlie  limits  for 
which  the  controller  is  set.  During  the  tests  wliicli  followed 
the  installation  of  this  controller  every  conceivable  movement 
that  could  be  given  the  operator' &  lever  was  tried,  and  it  was 
found  that  no  damage  whatever  could  be  done  to  any  part  of 
the  outfit  by  improper  manipulation  of  the  control  lever. 

Owing  to  the  lack  of  reliable  data  from  the  experience  of 
others  it  was  found  necessary,  before  designing  this  con- 
troller, to  make  preliminary  tests  to  determine  the  necessary 
(lata  to  be  used.  A  large'  number  of  tests  were  made  to  deter- 
mine the  proper  surface  area  of  electrodes  per  ampere  of 
current.  It  was  found  that  with  alternating  current  two 
amperes  per  square  im'li  could  be  used  as  a  fair  average,  and 
that'  the  area  could  be  varied  between  one  ampere  per  square 
im'h  for  continuous  service  and  three  amperes  per  square  inch 
for  intermittent  service,  without  undue  deterioration  of  elec- 
trodes or  excessive  generation  of  gases.  Although  other  sub- 
stances were  tried,  the  conclusions  readied  were  that  good 
average  results  could  be  obtained  by  the  use  of  common  salt 
solution,  and  that  its  use  would  be  preferable  for  a  mine  hoist 
controller,  on  account  more  particularly  of  the  ease  with  wliich 
it  ('an  be  obtained  and  .on  account  of  its  mild  action  on  tlie 
metal  eler'trodes  and  piping. 

Our  Locomotive  Exports. ― Our  locomotive  exports  during 
May  show  a  decided  tendency  to  decline.  The  value  of  the 
sliipmeiits  in  May  was  only  £138,596，  as  compared  with 
£221,328  ill  May,  1911,  and  £167,589  in  May,  1910.  Argen- 
tina, was  the  largest  importer,  tlie  engines  fonvarded  to  that 
quarter  in  May  being  valued  at  £37,382,  as  compared  with 
£40,226  and  £65,746.  The  aggregate  value  of  the  loco- 
motives exported  to  May  31st  this  year  was  £851,752,  as  com- 
pared witli  £930,315  and  £759,126  in  the  corresponding 
periods  of  1911  and  1910  respectively. 
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CRABTREE'S  GAUGE  FOR  GEAR  WHEELS. 

To  doteniiinc  the  pitch  and  other  data  o f  spur,  l)evel,  helical, 
or  ot  her  gearing  it  is  usual  to  take  certain  dimensions  from  the 
gear  wheel  with  an  ordinary  rule,  and  by  the  aid  of  certain 
standard  fonnulge  work  out  the  calculations.  With  this 
method  ihe  ineasuremeuts  are  not  always  obtained  with  suffi- 
cient accuracy.  The  accompanying  illustrations  show  a  scale 
or  gaugCj  the  invention  of  Mr.  W.  S,  Crabtree,  1 1,  Pearl 


KlG.  1. 


Fig.  2. 

Crabtiikk's  Gauge  for  Gear  Wheels. 


St  reet  J  Salt  burn,  Yorkshire,  which,  on  being  applied  directly 
to  the  gear  gives  at  once  the  desired  measurements,  and  also 
shows  to  which  pitch  the  teeth  are  cut  or  made  without  neces- 
sitating the  working  out  of  any  formula.  Fig.  1  illustrates 
one  side  of  the  gauge  marked  according  to  what  is  known  as 
the  Brown  &  Sliai'pe  "  circular"  pitch  standard,  /.r. ,  with  the 
readings  of  teeth  measurements  cut  on  the  basis  of  the  14-i° 
angle  of  thrust.  Fig.  2  illustrates  the  reverse  side  of  the 
gauge  marked  according  to  what  is  known  as  the  Brown  ami 
Sharpe  "  diametral  "  pitch  standard. 

Referring  first  to  Fig.  1，  .4  is  the  diagonal  marking  repre- 
senting the  pitch  line  of  the  teeth,  B  the  diagonal  marking 
representing  the  addendum  of  the  teeth,  (/  the  edge  repre- 
senting the  dedenclum  of  the  teeth,  and  I)  the  diagonal  mark- 
ing representing  the  clearance  of  the  teeth,  all  according  to 
t  he  Brown  &  Sharpe  circular  pitch  standard  witli  the  angle  of 


FlO.  3.— C'UAltTIU:i;'S  OAt'flF.  F(»U  Or, A II  WlIKKI.S. 

ol)li(jiiity  \A .  /':  are  the  vertical  marking's  representing 
height  above  and  below  pitch  line  and  clearances  for  various 
pih-lies.  These  cliiuensions  are  marked  in  inches  or  milli- 
，"(、trps  alongsido,  say,  the  climonsions  of  the  diagonal  inarkine: 
•  I  as  shown.  The  ])late  is  preferably  of  n  size  about  3in.  bv 
'lin.      The  lino  li  is  ]M-()vi(le<l  willi  figures  referrini^^  to  tho 


As  shown  in  Fig.  3，  the  gauge,  on  being  used  to  determine 
the  data  of  the  teeth  of  a  given  wheel,  is  caused  to  lie  with 
its  edge  A  ^  against,  say,  the  face  of  one  tooth  of  the  wheel 
and  with  its  edge  C  across  the  end  of  the  next  tooth  upon  tho 
pilcli  circle.  The  user  then  reads  oil  the  data  indicated  by 
I  li<»  vertical  marking  representing  tlie  distance  between  the 
two  teeth  which  in  the  example  given  is  2 i ii . ,  which  signifies 
that  the  teeth  of  the  wheel  are  cut  or  made  to  2in.  circular 
pitch.  The  diagonal  markings  .  1 ,  B，  and  I)  crossing  the 
vertical  2in.  marking  represent  the  depth  of  the  teeth  above 
and  below  the  pitch  line  respectively  and  the  clearance.  If 
desired,  the  diagonal  markings  B  and  I)  iii ay  also  l)e  marked 
ill  inches  or  millimetres. 

Referring  to  Fig.  2，  similar  diagonal  and  vertical  mark- 
ings are  used  to  those  in  Fig.  1，  and  the  gauge  is  used  in  exactly 
the  same  manner  for  ascertaining  the  pitcli  ami  other  data  of 
the  teeth  of  the  wheel  cut  or  made  accordns:  to  tlie  Brown 
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and  Sharpe  diametral  pi-tcli  standard.  In  the  example  shown 
in  Fig.  4  the  pitch  of  the  teeth  is  3  pitch  or  3  diametral  pitch. 
To  afford  a  shoulder  or  stop  by  which  the  gauge  may  be 
positioned  relatively  to  the  teeth  of  the  wheel ,  the  plate  may 
be  formed  solid  with  a  small  projection  //，  shown  clotted  in 
Fig.  2；  For  bevel,  helical,  and  other  gearing  the  gauge  、vin 
be  marked  according  to  any  standarrl  formiilie  for  such  gear- 
ing, and  the  gauge  will  be  used  in  similar  luafiiier  to  tiie 
gauge  for  spur  gearing. 


CASTING  PURE  COPPER  IN  SAND  MOULDS. 

From  the  viewpoint  of  the  electrical  engineer,  the  application 
of  boron  marked  a  new  era  in  the  production  of  copper  cast- 
ings for  electrical  purposes,  as  by  its  use  the  st-andard  of  con- 
ductivity of  cast  copper  has  been  raised  to  a  point  hitherto 
impossible  to  attain .  Tlie  annoinu'einent  of  the  disrovery  and 
its  application  excited  widespread  interest,  as  well  as  ron- 
siderable  scepticism  among  brass  founders  generally,  but  time 
has  shown  that  the  claims  then  made  liad  a  foundation  of  fact, 
and  that  practically  pure  copper  castings  have  become  a  com- 
mercial possibility. 

Pure,  untreated  copper  raiinot  be  cast  in  sand  moulds 
without  obtaining  defective  castings.  It  is  absolutely  necessary 
that  it  undergo  some  treatment  to  eliminate  the  gases  ab- 
sorbed during  melting,  otherwise  the  castings  will  be  honey- 
combed : the  metal  is  so  wild ,  that  aft  or  t  he  moulds  are  j>oured 
it  will  flow  back  again  out  of  the  pouring  heads,  or  the  latter 
will  swell  and  liquate  to  such  an  extent  that  they  resemble 
cauliflowers.  The  porosity  of  tlie  ensuing  castings  may  vary 
in  degree  from  miiuite  pinholes  to  large  holes,  according  to 
the  amount  of  the  impurities  contained  in  the  t*opj)er,  ami 
tlieir  influence  thereon.  This  difficulty  oaii  only  be  oveivon»e 
by  adding  to  the  copper  some  metal  or  element  that  will  com- 
bine witli  the  oxygen  and  remove  it  as  a  slag  or  oxide,  aiul 
with  the  except  ion  of  boron,  nothing  lias  been  discovered  that 
will  do  this  and  will  not  at  the  same  time  allov  with  tlie 
copper  if  added  in  excess  of  what  is  required  to  remove  tlio 
oxygfen.  In  all  cases  the  alloy  so  fonne<l  will  he  lower  in  ele<  - 
trical  roiuhu'tivit-y  than  tlie  original  copper. 

This  lowering  of  conductivity  necessitates  an  increase  in 
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the  cross-sectional  area  of  the  casiing,  to  carry  the  same  cur- 
rent, over  that  required  in  tlie  ('ase」  of  pur©  copper,  and  this 
increase  in  the  size  of  the  casting  increases  its  (mt  in  propor- 
tion to  tlie  added  weight.  Therefore,  if  the  coiuluctivity  of 
the  cast  copper  is  only  50  per  cent,  of  the  theoretical  efficiency 
of  pure  ('(>i)pei*，  t  his  means  a  casting  twice  as  large,  and  hence 
twice  as  costly,  as  would  have  been  required  in  the  case  of 
copper  of  the'  highest  electrical  efficiency.  The  consuinptioii 
of  copper  castings  for  electrical  purposes  is  large  and  is  con- 
tinually increasing,  several  hundred  pounds  being  frequently 
used  for  one  switchboard  in  the  shape  of  bus-bars,  studs,  and 
other  castings.  Consequently,  any  improvement  in  tlie  elec- 
trical conductivity  of  the  castings  is  greatly  to  be  desired,  as 
it  would  be  followed  by  great  economies  due  to  the  reduction 
ill  the  consiuTiption  of  copper,  and  many  advantages  from  the 
reduction  in  weight. 

Many  patents  have  been  granted  for  making  solid  copper 
castings,  and  many  curious'  】iietliods  have  been  proposed,  but 
the  old  and  reliable  inethod  is  the  use  of  zinc,  in  quantity  de- 
pendent ou  the'  skill  with  which  the  copper  is  melted.  The 
result  is  an  alloy  of  low  conductivity,  but  easy  to  cast  and  use- 
ful for  many  purposes  where  conductivity  is  of  no  importance. 
Phosplionis  is  also  used  for  the  same  purposes  as  zino,  but 
witli  no  better  results  as  far  as  conductivity  is  concerned.  Tlie 
first  real  step  forward  came  with  the'  advent  of  silicon-copper 
about  twenty  years  ago.  This  alloy  is  a  product  of  t-hei  electric 
furnace,  but  its  introduction  was  a  slow  process,  and  it  is  only 
within  the  last  few  years  that  it'  has  come  into  general  use. 
Silicon-copper,  however,  left  something  to  be  desired  from  the 
viewpoint  of  electrical  conductivity.  With  skilful  manipula- 
tion high  conductivities  are  stated  to  have  been  obtained,  but 
generally  speaking,  this  property  ranges  only  from  50  to  60 
per  cent,  of  that  of  pure  copper,  and  is  sometimes  less  when 
a  large  quantity  of  the  deoxidiser  is  used. 

For  a  time  magnesium  seemed  to  offer  great  possibilities  in 
the  way  of  obtaining  copper  castings  of  high  conductivity. 
Unfortunately,  however,  its  use  requires  such  skilful  mani- 
pulation, that  the  average  founder  experiences  so  much 
trouble  from  unsound  castings,  that  in  spite  of  the  excellent 
conductivity  of  such  of  the  castings  as  are  sound,  this  de- 
oxidiser has  failed  to  supplant  silicon-copper  to  any  large 
extent. 

Boron  is  added  to  molten  capper  in  the  form  of  a  powder 
consisting  of  boron,  boric  anhydride  and  magnesium.  Boron 
is  allied  to  carbon,  and  occurs  in  the  same  modifications, 
namely  the  crystalline,  graphitic,  and  charcoal  forms.  It  is  in 
tlie  latter  condition  that  it  exists  in  the  powder  used  for  de- 
oxidising copper,  and  whicli  is  known  as  boron  suboxide.  The 
magnesium  is  originally  used  to  reduce  the  boron  from  the 
boric  anhydride,  and  a  certain  proportion  of  both  these  sub- 
stances remain  as  a  residue,  and  apparently  exercise  no  harm- 
ful influence,  as  by  the  use  of  this  material  as  a  deoxidiser, 
sound  and  perfect  castings  are  obtained  by  ordinary  methods 
of  moulding.  The  chief  drawback  to  the  use  of  boron  suboxide 
at  present  is  its  cost,  which  make'  it  almost  prohibitory  and 
may  so  restrict  its  use  that  boron  will  be  forgotten  and  the 
place  it  might  occupy  will  be  taken  by  some  other  element 
capable  of  producing  closely  similar  results  at  a  reasonable 
cost.  There  may  be  numerous  elements  that  will  produce 
copper  castings,  sound  and  of  high  conductivity,  as  there  are 
many  primary  substances  to  be  investigated,  but  as  far  as 
present  developnients  have  gone  the  most  promising  is 
titanium.  This  element  is  better  known  to  steel  and  iron 
foundries  than  to  brass  foundrymen,  but  it  is  now  being  in- 
troduced as  titanium-copper,  one-fourth  of  1  per  cent,  of 
whicli  will  produce  solid  copper  castings,  possessing  conduc- 
tivities ranging  from  90  to  96  per  cent.  This  is  considerably 
higher  than  is  usually  obtained  by  the  use  of  magnesium. ― 
4'  The  Foundry." 


The  Institution  of  Municipal  Engineers. —— A  joint  meeting  of 
the  Nortli-easteni  and  Eastern  Districts  of  the  Institution  of 
Municipal  Engineers  will  be  held  at  Peterborough  on  July 
3rd.  After  arrival  at  Peterborough  the  members  will  pro- 
ceed by  train  to  Yaxley,  where'  a  visit  will  be  paid  to  the 
Fletton  Brick  Works  of  Messrs.  Eastwood  &  Co.,  Ltd.  After 
this  visit  a  short  business  meeting  will  lie  held,  at  which  tlie 
officers  for  the  year  1912-13  will  be  elected.  A  return  will 
then  be  made  to  Peterborough,  in  which  town  visits  will  be 
made'  to  various  places  of  interest. 


MEANS  FOR  SECURING  RELIABILITY  AND  MAINTAINING 
CONTINUITY  OF  ELECTRICITY  SUPPLY. 

At  tlie  reoent  uiniual  convent  low  of  t  lie  Incorporated  .M  iini- 
cipal  Eleci  rical  Asstx'iaiion  a  paper  on  the  above  sul)je<-l  was 
read  by  Mr.  Frank  Ay  ton.  In  most  stations,  he  said,  it  was 
necessary  to  keep  one  or  more  boilers  banked  during  a  con- 
siderable portion  of  eacli  24  hours,  simply  for  use  on  the 
" peak,  "  or  in  case  an  unexpected  period  of  gloom  should 
descend.  It  was  often  necessary  that  these  boilers  si  i  on  Id  be 
very  quickly  fired  up;  the  drop  in  pressure  whilst  the  boiler 
was  standing  was  therefore  important.  At  Ipswich,  large 
marine  boilers  of  the  dry-back  typei  were  installed.  It  was 
found  that  a  boiler  taken  off  the  range,  and  fi res  banked  at 
9  p.m.  or  10  p.m.,  showed  only  about  SOlbs.  pressure  on  the 
gauge  early  next  afternoon,  and  it  was  necessary  to  allow  at 
least  two  hours  before  the  pressure  was  again  up  to  that  of  the 
range.  On  the  suggestion  of  Mr.  W.  H.  Fairh&ad,  the  station 
superintendent,  experiments  were  commenced  to  ascertain 
whether  it  would  not  be  possible'  to  reduce  the  drop  in  pressure 
during  the  banking  hours.  It  was  found  that  by  jnaking  the 
damper  such  a  fit  in  its  frame  as  to  be  practically  air-tight ~ 
a  feature  which  many  ordinary  dampers  did  not  possess ― and 
taking  great  care  to  keep  the  brick  settings  also  air-tiglit,  the 
drop  ill  pressure  was  reduced  to  a  matter  of,  at  tlie  most,  only 
lOlbs.  Under  these  conditions  thei  mere  opening  of  the 
damper  and  the  turning  over  of  the'  fires  sufficed ,  in  about 
20  minutes,  to  bring  the  boiler  up  to  pressure,  with  an  appre- 
ciable saving  of  fuel  and  a  valuable  saving  of  time  iu 
emergency. 

With  the  introduction  of  turbine-driven  generating  plant 
into  a  station,  tire  need  at  once  became  apparent  for  some 
method  of  conveying  instructions  from  tlie  SAvitchboard  to  the 
drivers.  The  principle  of  the  illuminated  sign  had  been 
employed  for  this  purpose,  and  it  was  possibly  the  cheapest 
arrangement,  altliougli,  as  a  matter  of  safety,  it  seemed  desir- 
able to  have  duplicate  lamps  and  to  supply  the  current  for 
lighting  them  direct  from  tlie  battery,  if  there  was  one.  This 
system  cost  from  £60  to  XlOO  to  instal  for  a  station  containing 
from  6  to  10  generating  units.  It  was  also  worth  considering 
whether  proper  signalling  arrangements  should  not  be  pro- 
vided between  the  engine  room  and  the  boiler  house. 

The  author  next  referred  to  a  breakdown  due  to  gritty  dust 
ill  an  oil  cup. He  had  now  had  the  plugs  of  all  flushing  cups  and 
sight-feed  lubricators  fitted  with  brass  petticoats  arranged, 
when  the  plug  was  screwed  home,  entirely  to  cover  the  cup  or 
fuiuiel.  It  would  be  a  good  thing  if  the  makers  would  fit 
these  petticoats  iu  the  first  instance.  One  could  not  be  too 
careful  to  see  that  all  utensils  which  contained  or  would  con- 
tain, oil,  were  provided  with  dust-protecting  covers. 

The  author  had  known  cases  where  a  big  "  short "  on  the 
mains  had  resulted  in  reversing  the  polarity  of  the  direct- 
ourrent  generators  connected  to  the  bus-bars,  and  where  a 
considerable'  period  elapsed  before  the  niachines  could  1>6 
demagnetised  in  the  right  direction.  On  the  switchboard  at 
Ipswich  a  set  of  battery  excitation  bus-bars  ran  the  length  of 
the  generator  panels.  On  each  of  tlie  latter  a  pair  of  links 
was  provided  in  the  shunt  field  circuits,  by  means  of  which  the 
latter  could  be  separately  excited,  if  desired,  by  the  mere 
throwing  over  of  the  links  on  to  tlie  battery  terminal  studs. 
On  more  than  one  occasion  this  arrangement  had  demonstrated 
its  great  utility.  A  red  board,  witli  tlie  words  "  Not  excited  " 
written  thereon,  was  at  Ipswich  always  suspended  across  the 
circuit  breakers  of  dead  】:nadiines  to  prevent  the  latter  being 
inadvertently  switched  in.  It  would,  perhaps,  be  a  useful 
precaution  to  paint  the  apparatus  on  adjacent  panels  different 
colours,  alternating,  say,  red  and  black,  so  as  clearly  to  dis- 
tinguish them. 

It  was,  he  observed,  a  good  plan  to  have  every  part  of  the 
plant  thoroughly  inspected  frequently  and  periodically  ；  the 
author  found  that  the  most  satisfactory  arrangement  was  to 
divide  up  the  plant  between  the  charge  engineers  and  the 
s\vit{'hboard  attemlants,  making  each  responsible  for  inspect- 
ing, iiiaiutainiiig,  and  reporting  the  condition  of  a  definite 
portion  of  it.  None  of  the  inspections  were  made  less  fre- 
quently than  weekly,  and  printed  forms  were  provided. 

The  usual  nietluxl  of  earthing  the  middle  wire  bv  a  inaxi- 
iniini  current  circuit  breaker,  sliunted  by  a  resistance,  resulted 
iu  a  momentary  dead  "  short  ''  before  the  breaker  opened,  iu 
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the  case  of  a  fault  on  ihe  outer  of  sufficient  magnitude.  The 
momentary  rise  of  pressure  on  the  otlier  side  was  a  danger 
and  was  liable  to  damage  lamps,  &c.  The  author  discarded 
this  arrangem ent  nearly  nine  years  ago,  and  had  since  em- 
ployed only  a  large  resistance,  carrying  50  amperes  with  230 
volts  across  it,  as  the  earth  connection ― and  no  circuit  breaker 
or  switch.  It  had  proved  a  perf6<:tly  satisfactory  arrangement 
since,  when  the  outers  were  clear  of  faults,  there  was  no  cur- 
rent through  the  resistance,  and  the  middle  wire  stood  at 
earth  potential. 

In  the  case  of  3 -phase  alternating-current  systems  the  ad- 
vantages and  disadvantages  of  earthing  the  centre  point  of 
star-connected  generators  was  discussed.  The  author  had 
come  to  the  conclusion  that  greater  reliability  was  ensured  by 
not.  earthing  the  centre'  point  when  working  with  pressures  up 
to  6,600  volts.  Above  that  pressure,  the'  cost  of  insulating 
the  cables  to  stand  the  full-line  pressure  {i.e.,  the  pressure 
between  phases)  betweien  any  conductor  and  earth  became  a 
serious  item  ;  so  that  for  the  higher  pressures  it  was  a  question 
as  to  how  far,  on  commercial  grounds'  alone,  it  was  desirable  to 
dispense  with  earthing  tlie  centre  point.  There  were  several 
systems  at  6,000  volts  working  now  without  the  earthed 
centre  point  and,  as  far  as  the  author  could  learn ,  the  omis- 
sion had  been  entirely  advantageous. 

The  majority  of  interruptions  to  supply  were,  he  said, 
connected  with  the  distribution  system.  On  direct-current 
systems  some  engineers  preferred  to  connect  xip  solid,  without 
either  automatic  circuit  breakers  or  fuses,  from  tlie  bus-bars 
to  the  consumers'  cut-outs.  On  the  othei-  hand,  some  engi- 
neers preferred  to  protect  each  feeder  at  tliei  switchboard  by 
either  a  fuse  or  an  automatic  circuit  breaker.  Othe'rs  went 
further  and  inserted  fuses  in  the  connections  to  the  distribu- 
tors thorn  selves,  whilst  some  went  even  further  and  fused  each 
individual  distributor  at  every  point  where  it  was  connected 
to  adjacent  distributors.  In  his  own  undertaking  there  were 
no  protective  devices,  but  his  experience  led  him  to  think  that 
such  an  arrangement,  f roin  the  point  of  vie-w  of  maintaining 
continuity  of  supply,  was  not  altogether  desirable,  especially 
ill  connection  with  a  3-wire  system -  In  his  opinion,  feeders 
should  be  arranged,  by  means  of  time  limit  maximum  circuit 
breakers  or  fuses,  to  free  themselves  from  thie  bus- bars  in  case 
of  any  serious  fault. 

There  was,  he  considered,  much  diversity  of  opinion  as  to 
wliether  pillars  or  luulergrouncl  disconnecting  boxes  were  tlie 
best.  Fuses  for  dividing  the  mains  into  feeder  districts 
should,  lie  thought,  be  placed  in  pillars.  In  connection  witli 
the  ventilation  of  pillars,  it  was  important  lo  see  that  it  was 
not  possible  for  the  inis<'luevously  disposed  urchin  to  thread  a 
piece  of  wire  through  the  ventilation  holes,  or  even  the  lock 
key-hole,  and  touch  ;i  live  part.  Ho  had  a  pillar  delivered 
recently  by  a  well-known  firm  wheTO  this  danger  had  been 
entirely  overlooked. 

Tlio  small  services  to  street  lamps'  were  generally  taken 
direct  to  the  fuses  in  tlie  lamp  switch,  and  in  case  anything 
happened  to  the  latter,  necessitating  its  removal  for  repair 
or  replacement,  there  was  considerable  risk  of  the  service  con- 
ductors being  "  shorted,"  or  one  of  them  earthed,  unless  tlie 
main  to  which  they  were  connected  was  made  dead  for  the  oper- 
ation. It  seemed  absurd  to  have  to  make  a  main  dead  every  time 
one  wanted  to  tinker  with  the  switch  of  a  street  lamp.  Tliere- 
fore,  the  iDractice  of  fixing  a  pair  of  higli- rated  fuses,  inside  the 
service  box  was  a  good  one.  The  author  had  employed  this 
method  of  connecting  street  lam!)  services  in  Ipswich  for 
nearly  thi'e^  years.  Fuses  were  also  provided  in  tlie  lamp  fit- 
ting on  the  post.  On  only  3  occasions  had  the  2o-ampere 
fuses  in  the  service  boxes  blown. 

The  systematic  and  periodical  testing  of  the  mains  and 
feeders  for  insulation  resistance  was  most  important  if  effi- 
cient service  was  to  be  maintained.  Tlie  system  wliicli  the 
author  liad  practised  in  Ipswich  during  tlie  past  8  years  I'on- 
sisted  in  disconnecting  and  testing  each  feeder  once  a  month, 
while  every  main  was  (lisoonuected  and  tested  once  a  year,  this 
latter  work  being  carried  out  during  the  summer  months.  He 
agreed  that  it  would  be  more  desirable  to  possess  meaus  by 
which  the  fault  resistance  of  the  mains  rould  be  ascertained 
rontinuoiisly  and  without  interrupting  the  supply.  Apparatus 
was  obtainable  which  was  said  to  meet  such  requirements,  and 
it  would  be  interesting  to  hear  from  those  engineers  wlio  liad 
employed  it  the  results  att-ending  its  use. 


ELECTRIC  COAL-CUTTER  FATALITY. 

The  inquest  was  concluded  at  Jloyland  Couunoii  on  tlie  20th 
inst、  on  a  youth,  who  met  with  his  death  at  the  Wliariicliffe 
Silkstone  Colliery  as  the  result  of  an  electric  shock  whilst 
working  an  electric  coal-cutting  machine.  The  fore- 
man machine 腿 11  of  the  colliery  said  he  was  in  charge  of  the 
machine  which  the  deceased  was  working.  He  felt  a 
shock  to  his  toes,  and  saw  the  plug  which  forms  the  connec- 
tion between  the  machine  and  the  electric  current  begin  to 
burn.  As  soon  as  he  could  he  went  to  the  switches,  some 
24  yards  away,  to  cut  off  the  current.  As  lie  went  he  fell 
over  the  body  of  the  deceased,  which  he  found  across  the 
steel  haulage  ropes  to  which  the  coal-cutting  machine  was 
attached.  Replying  to  the  Coroner,  witness  said  the  work 
was  dangerous,  and  they  were  liable  to  receive  shocks.  It 
was  more  dangerous  in  wet  places,  and  they  were  working 
ill  a  wet  place  at  the  time.  He  thought  the  web  was  respon- 
sible for  the  plug  burning.  The  foreman  electrician  at  the 
colliery,  in  answer  to  the  Inspector  of  Mines,  declared  he 
was  aware  of  the  new  rules  which  had  come  into  force  in 
March.  These  required  that  an  earth  wire  connected  with 
an  earthing  system  on  the  surface  should  be  fixed  to  the 
framework  of  electrically-driven  machines.  Although  the 
steps  for  complying  with  this  new  rule  had  been  taken  before 
the  accident  they  had  not  got  the  earth  wires  fixed  to  the 
machines  at  the  time.  The  Inspector,  at  the  request  of  the 
Coroner,  outlined  the  new  regulations,  which  provided  for 
the  provision  of  an  earth  wire  to  be  attached  to  the  machines 
in  order  to  secure  the  safety  of  those  who  worked  the 
machines.  He  said  he  was  of  the  opinion  that  to  have  car- 
ried out  all  the  work,  if  the  materials  had  been  ready,  and 
to  have  fixed  the  wires  to  the  machines  in  this  part  of  the 
workings  would  have  required  only  about  two  days,  ami  had 
that  been  done  the  accident  would  not  have  happened.  The 
manager  of  the  colliery  said  that  immediately  the  rules  were 
out  his  company  had  taken  steps  to  put  them  into  effect. 
They  had  secured  tlie  services  of  a  consulting  electrical  en- 
gineer from  London.  Their  system  of  switches  was  ratlier 
obsolete,  and  they  had  been  working  hard  to  carrv  out  the 
Home  Office  requirements  in  this  respect.  The 】 inspector 
pointed  out  that  tlie  time  allowed  to  put  into  effect 
the  requirements  respecting  the  switches  referred  to 
was  up  to  January  1st,  1920,  but  the  earth  wire  should 
have  been  fixed  at  once,  as  it  was  the  most  important.  The 
Coroner  said  the  matter  was  a  serious  one.  He  was  quite 
sure  that  the  Wliarncliffe  Colliery  Company  had  not  been 
criminally  neglectt'iil,  as  everybody  appreciated  those  col- 
lieries were  intelligently  and  carefully  governed :  but 
whether  they  were  guilty  of  indifference  was  another  thing. 
The  jury  returned  a  verdict  of  "Accidental  cleat li/'  but  added 
t'liat  tlie  colliery  company  should  have  taken  steps  to  have 
earlier  complied  with  the  new  regulations. 


Proposed  Engineers'  Club  for  AVanchcstcr.— It  is  proposed  to 
form  a  club  in  Alam  lies"'r  tor  t'ugiiu'ers  and  otliers  who  are 
intimately  connected  with  engineering.  A  <  oinmittee,  roinposed 
of  i»HMnl)ers  of  the  councils  of  Icx'al  technical  societies,  have 
agreed  tluit  such  a  club  is  desirable,  and  it  is  considered  that,  a 
iiiembership  of  500  persons  would  justify  its  formation.  The 
objects  of  the  club  are  :  ( 1 )  To  provide  a  means  of  social  in- 
tercourse and  tlie  usual  club  facilities  for  those  who  are  con- 
cerned with  engineering ;  (2)  to  】neet'  the  convenience  of 
mejnbers  whose  business  causes  them  to  visit  Manchester  ；  (3) 
to  provide  a  hall  for  technical  and  social  meetings  ；  and  (4) 
to  establish  a  home  for  a  technical  library.  It-  is  proposed 
that  the  entrance  fee  shall  be  £3.  3s. ，  and  the  subscription 
£3.  3s.  per  annum.  Those  who  signify  their  intention  of 
becoming  members  before  July  1st,  1912,  and  are  duly  elected 
and  pay  their  subscri])tions  witliin  one  month  of  their  elec- 
tion, shall  be  deemed  original  members,  and  <idnutt^d  with- 
out entrance  fee.  A  meeting  will  be  called  at'  an  early  (late 
of  all  those  wlio  may  have  intimated  their  desire  to  join,  and 
a  roniniittee  will  then  be  appointed  to  draw  up  a  constitution 
and  undertake  the  initiation  and  management  of  the  club. 
The  secretary  (pro  tern.)  is  Mr.  A.  L.  Green,  of  8，  Westminster 
Avenue,  Mauley  Park,  Manchester. 
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MODERN  WELDING  PROCESSES  * 

With  Special  Reference  to  Flame  Welding. 

by  h.  r.  cobleigh. 

Welding  may  be  divided  into  two  general  classes,  pressure 
welding  and  casting.  The  oldest  and  commonest  process, 
where  the  forge  is  used  for  heating  and  the  uniting  of  the 
metals  effected  by  hammering,  belongs  to  the  first  class,  and 
only  one  of  the  newer  processes,  electric  resistance  welding, 
conies  within  the  same  classification.  The  pioneer  in  the 
second  class  was  "  burning  on/'  a  process  of  local  casting 
where  the  parts  to  be  united  were  first  preheated  to  a  state 
to  amalgamate  with  molten  metal  poured  in  to  complete  the 
joint.  Another  electric  process,  arc  welding,  and  all  of  the 
gas  or  flame-welding  processes,  belong  also  to  this  second  class. 

A  distinction  in  procedure  differentiating  the  older  from 
the  newer  processes  is，  in  a  measure,  the  greater  portability 
of  the  latter  ；  more  exactly,  in  the  older  processes  the  work 
is  brought  to  the  heat,  or  the  source  of  the  heat  is  apart  from 
the  immediate  vicinity  of  the  place  where  the  welding  is  done, 
while  in  the  newer  processes  the  reverse  is  true. 

Autogenous  welding  has  become  the  accepted  name  for 
arc,  flame,  and  sometimes  theriiiit  welding,  but  it  is  a  mis- 
nomer. Strictly  speaking  the  term  means  either  self-welding, 
which  is  ridiculous,  or  welding  with  the  same  metal,  whereas 
two  different  metals  are  often  united,  sometimes  with  a  third 
metal,  and  the  result  is  not  comparable  with  brazing  or 
soldering,  as  there  is  a  more  intimate  molecular  union.  In 
the  real  sense  of  the  word  it  is  not  welding,  for  there  is  no 
compression  or  hammering,  except  incidentally  as  practised 
by  some  in  the  belief  that  it  improves  the  structure  of  the 
added  metal .  It  is  more  analogous  to  casting,  since  the 
union  is  made  by  the  flowing  together  of  the  metals,  but  that 
word  alone  is  even  more  ambiguous.  Fusion  welding  would 
be  a  good  term,  but  it  has  been  appropriated  by  another  new 
process  abroad  which  is  more  akin  to  brazing.  However,  as 
that  process  does  not  appear  to  have  taken  any  important 
place  in  the  arts,  there  is  probably  no  reason  why  it  should 
not  be  applied  to  what  is  now  called  autogenous  welding,  or 
auto-welding  for  short.  One  of  the  simplest  definitions  of 
autogenous  welding  is  the  uniting  of  metals  by  heat  alone. 

Thermit  Welding. 一 Thermit  welding  is  the  outcome  of  the 
discovery  in  Germany  about  the  beginning  of  this  century 
that  a  mixture  of  finely  divided  metallic  oxides  and 
aluminium,  when  ignited  at  one  spot,  react  to  form  a  new 
combination  of  aluminium  oxide  and  free  metal,  formerly  in 
the  oxide  form,  due  to  the  greater  affinity  of  the  aluminium 
for  oxygen.  This  reaction  is  accompanied  with  an  evolution 
of  heat  in  which  a  temperature  of  5,400°  Fah.  is  obtained. 
In  the  resulting  molten  mass  the  lighter  aluminium  oxide 
rises  to  the  top,  where  it  can  be  skimmed  off  as  slag,  leaving 
the  other  metal  in  a  superheated  state,  which,  when  poured 
into  a  mould  surrounding  the  parts  to  be  joined,  contains 
sufficient  excess  heat  to  bring  those  parts  to  the  point  where 
they  will  amalgamate  with  the  added  metal,  so  that  the 
whole  solidifies  as  a  homogeneous  mass.  Usually,  Iiowever, 
it  is  advisable  to  preheat  with  a  gasolene  torch  the  parts  to 
be  joined,  and  thus  by  eliminating  the  gases  produce  a  better 
casting.  The  commoner  form  of  thermit  contains  iron  oxide 
and  aluminium,  and  the  reactiou  follows  the  formula 
Fe,03  +  2A1  二  2Fe  +  Al.O^. 

Electric  Welding, ― Beyond  the  fact  that  electric  current  is 
used  for  obtaining  the  welding  temperature,  the  two  kinds 
of  electric  welding,  arc  and  resistance ,  liav?  no  similarity. 
Comment  on  the  electric  processes  will  be  limited  in  this 
paper  to  the  electric  resistance  welding.  The  principle  dis- 
covered by  Eliliu  Thomson  involves  the  passage  of  electric 
current  through  the  abutting  ends  of  the  pieces  of  metal  to 
be  welded,  thereby  generating  heat  at  the  point  of  contact , 
which  also  becomes  the  point  of  greatest  resistance,  while  at 
the  same  time  applying  pressure  to  force  the  parts  together. 
As  the  current  heats  the  metal  to  the  welding  temperature 
at  the  junction  the  pressure  follows  up  the  softening  surface 
until  a  complete  luiiou  or  weld  is  effected.  It  is  claimed  that 
ill  all  other  processes,  the  lieat,  not  being  generated  in  the 
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metal  or  in  the  joint  to  be  welded,  is  largely  dis- 
sipated and  wasted.  In  the  Thomson  process 
the  lieat  is  generated  in  the  mefcal  itself  al  tlie 
joint,  and  practically  confined  1  here  ；  the  energy  is  Umre- 
fore  economically  employed.  When  the  weld  is  made,  tlie 
structure  of  the  metal  at  the  joint  is  the  same  as  elsewhere. 
The  metal  can  be  held  at  any  temperature  desired  for  any 
length  of  time  and  the  beat  increased  or  decreased  at  will. 
The  metal  wliile  lieatiiig  is  visible  in  the  open  air.  Heiiig 
unattended  with  smoke,  heat  or  dirt,  the  apparatus  em- 
ployed can  be  】ocat/ed  wherever  convenient  or  desirable. 

Various  forms  of  machines  are  built,  but  the  main  essen- 
tials ill  all  of  them  are  a  transformer  provided  with  a  pair 
of  clamps  aligned  with  and  insulated  from  one  another  to 
hold  the  pieces  to  be  welded,  and  mechanical,  hydraulic,  or 
other  means  to  force  the  abutting  ends  of  these  pieces 
together.  In  some  forms  there  are  additional  mechanical 
features  for  shaping  the  weld  after  it  is  completed  to  remove 
the  fill,  as  by  striking  between  two  dies.  Contrary  to 
ordinary  welding,  the  heat  begins  at  the  interior  and  travels 
to  the  exterior,  impurities  thus  being  expelled.  There  is  no 
current  expense  except  when  heating,  little  to  wear  or  occa- 
sion repairs,  and  unskilled  labour  can  operate  the  machines. 
A  reactive  coil  is  used  for  controlling  the  current  in  the 
welder  for  varying  sections  of  stock  to  be  welded.  In  the 
smaller  types  the  pressure  is  applied  and  the  current  shut  off 
automatically.  In  all  but  the  smaller  types  provision  is 
made  to  maintain  a  circulation  of  water  in  the  secondary 
circuit  for  cooling  purposes.  By  means  of  a  break-switch 
the  circuit  is  opened  and  closed  in  the  primary  of  the  welder  ； 
in  some  types  automatically. 

The  apparatus  is  built  in  sizes  and  types  suited  to  the  kind 
and  section  of  the  metal  to  be  welded,  these  usually  ranging 
from  small  wire  to  sections  of  3  sq.  in.  Only  alternating 
current  is  used,  taken  from  a  single  phase  of  any  constant 
potential,  40  to  60  cycle,  between  100  and  500  volts.  In 
general  the  process  is  particularly  applicable  to  the  butt 
welding  of  relatively  small  and  similar  sections,  i.e.,  the 
parts  to  be  joined  should  be  of  approximately  equal  cross- 
section  .  Among  the  most  common  in  the  very  wide  range 
of  applications  of  this  process  are  the  welding  of  metal  tyres 
of  all  kinds  and  other  parts  in  the  running  gear  of  wagons 
and  carriages,  bicycle  parts  of  all  kinds,  parts  of  tools,  wire 
of  all  kinds  for  such  purposes  as  hoops,  fencing,  &c.，  pipe 
chain,  parts  used  in  street  railway  construction,  miscel- 
laneous automobile  parts,  and  the  like. 

Table  I. 


Approximate  Normal  Power  and  Time  for  Various  Sections, 
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The  output  of  a  single  maohine  varies  according  to  the 
size  of  the  weld  and  the  shape  of  the  pieces  to  be  welded, 
and  depends  in  a  great  measure  upon  the  operator.  If  the 
work  is  liglit  and  takes  little  time  to  adjust  in  the  inachiue, 
、'e】'y  large  outputs  are  possible.  The  horse-power  and  time 
required  to  make  a  given  weld  vary  nearly  as  tlie  cross- 
sectional  area.  Within  certain  limits  the  greater  the  power 
the  less  the  time,  and  vice  versa.  With  15  kw.  a  |iu.  round 
can  be  welded  in  15  sees"  and  with  23  kw.  in  6  sees.  Endless 
pieces  like  rings  take  more  })o\ver  as  the  diameter  decreases  ： 
copper  more  power  and  less  time  thau  steel  or  iron.  Table 
I.  gives  the  approximate  normal  power  and  the  time  (for  the 
application  of  the  current  only)  for  various  sections.  Multi- 
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plying  the  kilowatt-lioux'S  by  the  cost  of  the  current 
per  kilowatt-hour  will  give  the  current  cost  for  1,000  welds. 

One  of  the  latest  applications  of  the  process  is  the  welding 
of  platinum  points  on  steel  and  brass  pins.  The  niauufac- 
t  urers'  principal  line  of  endeavour  now  is  to  increase  the 
rapidity  of  working  and  reduce  the  cost  of  operation.  At 
present  butt  machines  are  operating  at  a  rate  of  20  welds  a 
minute,  and  point  welders  making  five  to  ten  welds  at  a  time 
and  working  automatically.  Spot,  point,  ridge,  and  jump 
welding  are  inventions  of  the  Tliomsou  Company,  which  is 
now  building  machines  for  this  work.  A  rather  new  com- 
mercial development  in  electric  welding  is  that  of  welding- 
halves  of  casters,  handles,  &c -，  in  semi-automatic  machines 
to  make  the  whole  article.  The  smallest  Thomson  machines 
weld  No.  23  wire  and  the  largest  sections  of  3  sq.  in. 

Flame  Welding. ― Of  the  different  kinds  of  torch  or  blow- 
pipe welding,  the  two  of  the  greatest  present  commercial 
importance  are  oxy-hydrogen  and  oxy-acetylene.  Air-gas 
and  oxy-gas  (coal  gas)  torches  are  also  used,  but  they  do  not 
give  as  high  temperatures  as  either  the  oxy-hydrogen  or  oxy- 
acetylene  torches,  and  are  generally  considered  not  well 
adapted  either  to  welding  or  cutting,  but  useful  mainly  for 
soldering  and  brazing.  Another  flame  process  uses  "  liquid 
gas/'  discovered  by  M.  M.  Wolf,  of  Basseldorf,  Switzerland. 
The  oxy-liquid  gas  flame  is  claimed  to  give  a  temperature  of 
7,000°  Fab.;,  which  is  even  higher  than  oxy-acetylene  (6,300° 
Fall.).  It  is  declared  to  contain  2,500  more  thermal  units 
per  cubic  m&tre  than  acetylene.  The  flame  of  the  oxy-liquid 
gas  torch  has  much  the  same  appearance  as  the  oxy-acetyleiie 
flame.  Blau  gas  seems  to  be  closely  analogous  to  liquid  gas 
and  gives  the  same  temperature.  Its  possibilities  for  weld- 
ing and  cutting  give  great  promise. 

Liquid  gas  is  obtained  by  distilling  heavy  oils  such  as 
paraffin  oils,  crude  petroleum,  and  the  like.  The  distilling 
and  cleaning  processes  are  the  same  as  in  the  manufacture  of 
any  oil  gases.  Wolf's  special  process  involves  the  abstraction 
of  heat  and  the  employment  of  pressure  to  separate  the  gases 
that  aro  the  hardest  to  liquefy,  as  hydrogen,  metliane,  &c.， 
from  those  liquefied  more  easily,  such  as  ethane,  propane, 
pentaue，  &c.  It  is  charged  into  steel  bottles  at  l,2001bs.  to 
l，5001bs.  pressure,  making  it  again  liquid,  froii;  which  state 
it  gasifies  readily  at  atmospheric  conditions  into  dry  iuflam- 
】nable  gas,  containing  none  of  the  poisonous  hydrocarbons. 
It  consists  principally  of  ethylene  and  ethane,  with  small 
quantities  of  methane,  benzol,  air,  and  carbon  dioxide. 
It  is  explosive  only  in  mixtures  containing  4  to  9  per  cent, 
of  gas，  hence  is  much  less  likely  to  explode  tlian  city  gas  or 
acetylene.  Being  1'027  tunes  heavier  tliaii  air  it  does  not 
easily  mix  with  air,  which  still  further  reduces  danger  of 
explosion. 

The  torch  with  which  this  gas  is  used  does  not  require 
as  great  provision  against  back-firing  as  the  oxy-acetylene 
torch.  An  air  chamber  keeps  tlie  handle  cool,  through 
which  the  gas  and  oxygen  are  passed  to  a  mixing  chamber 
in  the  front  half  of  the  body  of  the  torch.  At  the  rear  of 
this  chamber  the  gas  is  carried  th rough  a  pipe  coiled  around 
the  stem  of  the  torch,  and  in  this  way  is  prelieated.  Oxygen 
passes  out  the  forward  end  of  this  chamber  througli  another 
pipe  which  】neets  the  gas  pipe  at  the  nozzle  of  the  torch. 
Through  the  central  stem  is  carried  the  mixed  gas,  and  the 
three  aro  ('(""hined  at  the  nozzle  into  a  good  mixture  for 
combustion.  Only  three  tips  are  needed  for  welding  or  cut- 
ting any  thickness.  The  cutting  tordi  has  the  usual  higli- 
pressure  oxygen  supply,  and  does  not  require  the  preheating 
coil  foi'  the  gas.  Neither  the  gas  nor  tlie  products  of  com- 
l)us(ioii  at'iack  metal,  】iem'e  the  burners,  torches,  atid  fittings 
last  a  long  t  ime,  ami  the  gas  does  not  in  jure  i  he  nirlal  in 
11 10  joint,  so  tlin  1  si roiii^  wolds  result . 

The  Oxy-hydrogen  Process,  — Tlie  oxy-hydrogen  process, 
alUmiigli  older  1  liaii  1  \\v  oxv-acot vKmio  pnu'css,  lias  not  hern 
ilevolopod  (|uit^  as  rapidly,  although  for  certain  applications 
it  has  the  advantage  of  its  competitor.  Tho  torch  is  simpler 
l)ei  ause  flame  propai^atio"  in  liydrogen  is  not  as  rapid  as  in 
； uviyliMio,  and  loss  pm';mtioii  is  iiecossary  lo  ]>iTveiit  llasli- 
lim'k.  Til  fart,  all  that  is  necessary  in  siu-li  a  toivli  are  two 
coiuhiits  for  tlu*  gasos  with  a  coiiiinon  n("/,zl(、  Iroiii  which  I  hoy 
aro  (lisdmrged  mixed.      In  its  simplest  form    we    aro  all 


familiar  wit h  the  oxy-liydrogeu  blowpipe.  Any  refinements 
that  have  been  introduced  since  tlie  industrial  application  of 
the  torch  has  been  appreciated  have  had  for  their  object 
greater  convenience  in  handling,  directing,  or  controlling  the 
flame,  according  to  the  work  to  be  done.  For  all  purposes 
where  the  greater  heat  intensity  of  the  oxy-acetylene  torch  is 
of  no  advantage,  the  oxy-hydrogen  torch  with  its  tempera- 
ture of  about  4,000°  Fah.  is  as  good,  or  even  better.  For 
example,  it  is  capable  of  cutting  greater  thicknesses  of  sU'el 
and  wrought  iron,  on  account  of  the  greater  penetration  of 
the  flame,  and  for  thin  welding  and  the  welding  of  】netals  of 
the  lower  fusibilities  less  skill  is  required  in  its  handling. 
Another  advantage  is  that  it  makes  use  of  a  by-product  of 
electrolytic  decomposition  of  water,  one  of  the  best  methods 
of  procuring  the  purest  oxygen,  and  a  process  that  is  becom- 
ing of  important  commercial  significance  for  making  oxygen 
for  the  acetylene  torch  as  well.  Further,  the  hydrogen  can 
safely  be  compressed  directly  into  tanks  for  carrying  on  out- 
side operations  or  supplying  any  portable  outfits,  whereas 
acetylene,  as  will  be  explained  later,  must  be  dissolved  in 
acetone  to  be  handled  safely  when  compressed  above  two 
atmospheres. 

Perhaps  the  reference  to  hydrogen  as  a  by-product  of  the 
electrolytic  production  of  oxygen  should  be  modified  so  far 
as  the  oxy-hydrogen  process  is  concerned,  for  the  fact  is  that 
more  hydrogen  is  required  than  the  proportion  of  two  to  one 
as  found  in  water,  so  that  there  is  an  excess  of  oxygeu,  mak- 
ing this  gas  in  that  sense  the  by-product .  The  reason  lor 
this  is  that  although  hydrogen  in  burning  returns  to  the 
form  of  water  (or  its  vapour),  part  of  the  oxygen  is  obtained 
from  the  surrounding  air,  hence  to  prevent  the  flame  i  rom 
oxidising  the  work,  the  supply  of  pure  oxygen  through  the 
torch  is  proportionately  reduced.  However,  the  excess 
oxygen,  if  not  all  needed  for  cutting  operations,  will  find  a 
ready  market  among  the  users  of  oxy-acetyleue  apparatus 
not  making  their  own  oxygen.  Then,  too,  it  has  been 
reported  quite  recently  that  means  have  been  found  for  car- 
buretting  the  hydrogen,  so  that  where  welding  alone  is  done 
the  consumption  of  oxygen  and  hydrogen  leaves  no  excess 
of  either  and  the  flame  produced  is  of  greater  heat 
intensity  than  with  the  plain  hydrogen.  The  ideal  arrange- 
ment would  seem  to  be  the  providing  of  all  three  gases, 
oxygen,  hydrogen,  and  acetylene,  in  plants  of  a  size  to  war- 
rant it,  employing  apparatus  for  the  electrolyt ic  production 
of  the  first  two  gases  and  an  acetylene  generator,  and  usinf^ 
the  oxy-hydrogen  and  the  oxy-acetylene  torches  on  the  work 
for  which  each  is  the  best  adapted.  There  is  a  sufficient  over- 
lap in  the  profitable  applications  of  each  to  introduce  no 
difficulty  ill  tlie  proper  relative  consumption  of  the  several 
gases. 

The  American  Oxylivtlrir  Company,  Milwaukee,  Wis. ,  is 
responsible  for  the  following  rather  interesting  definitioiis 
and  divisions  of  welding :  "  Welding  may  be  divided  into 
two  classes,  autogenous  and  heterogeneous.  Tlie  former  tt  rin 
applies  when  metals  are  united  without  either  flux  (»r  coin- 
]n*ession,  the  latter  when  the  union  is  effected  by  interposin«r 
an  alloy,  usually  more  fusible  than  the  metal  wliioli  is  to  he 
welded.  Autogenous  welding  may  again  be  divided  into 
two  classes,  one  welding  by  forging^,  and  the  oilier  by  fusion 
with  the  aid  of  a  blowpipe,  electricity,  or  aluinino-thennite." 
Tt  fu rtlier  states  that  autogenous  woldin*;  is  ]>arti<iilarly 
efTective  when  applied  to  iron,  steel,  and  lead,  and  lit'len*- 
gcneous  welding  is  used  most  effectively  on  zinc  and  lopper, 
its  argiuneut  being  that  metals  which  oxidise  at  a  tenipi'ra- 
ture  close  to  the  fusion  point  slumld  be  welded  hv  the 
heterogeneous  process. 

Oxy-acetylene  Welding.  I'o  (Miatelirr  has  t lu'  «  ivdit  of 
lia \  in<;  iiivsl  ralkd  attvnlioii  to  t  he  liii^li  torn perat  un*  ol";，in- 
able  ill  the  combustion  of  acetyl  on  o  with  oxygen.  This  was 
ill  1 895.  The  disco\  erv  was  not  tak*Mi  advantage  of  until 
11)01，  when  Foiu-he  ami  Pu  ;ml  brought  out  a  torch  in  wliich 
they  diluted  the  acetylene  to  prevent  back  flashing.  The 
followins^  year  1  hey  overcame  the  necessity  of  dilution  by 
employing  a  hit^^h-pre-ssure  torch  whirli  einitttHl  (lu*  <;asr.s 
at  such  a  velocity  that  the  flame  could  not  strike  back.  Tbis, 
however,  was  diflicull  in  use  becaiiso  it  l>Ie\v  the  met.il  a\v;»y 
as  fast  as  it  was  inollcd.    In   1 903  Foudie  introduced  the 
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low-pressure  torch  still  familiar  as  sucli,  in  which  the  oxygen 
only  is  under  appreciable  pressure  and  the  atretyleiie  is  drawn 
in  by  injector  action.  About  tlie  same  time  Caiuille 
Rodrigues-Ely  and  Emile  Gautliier  announced  their  inter- 
mediate pressure  torch. 

Torches.- -What  are  commonly  spoken  of  as  low-pressure 
and  Itigli-pressure  torches  are  better  classified  as  injector  and 
])rossure,  or  positive-mixture  typ(、s，  as  this  is  the  chief  dis- 
tinction, indicating  the  manner  in  which  the  acetylene  is 
taken  in.  As  explained  above,  the  Fouche  is  an  injector 
torch.  The  oxygen  admitted  uml(、r  pressure  draws  in  the 
acetylene  after  the  familiar  action  of  a  steam  injector,  and 
by  the  law  governing  the  action  the  quantity  drawn  in 
depends  on  the  square  of  the  velocity  of  the  oxygen  jet.  It 
is  argued  by  advocates  of  the  other  type  that  it  is  not  easy 
to  maintain  the  proper  relative  proportions  of  the  two  gases 
with  this  torch  since  any  variation  ia  the  diameter  of  the 
final  outlet  of  the  nozzle  (as  by  expausioUj  if  it  becomes 
heated  during  use,  or  by  the  adherence  of  molten  particles  to 
the  end)  alters  the  velocity  of  the  oxygen  and  so  the  amount 
of  acetylene  injected. 

The  pressure-type  torch  introduces  both  gases  under  pres- 
sure and  the  proportion  of  the  mixture  can  be  varied  by  vary- 
ing either  pressure.  The  pressures  on  the  gases,  never  over  a 
few  pounds,  will  depend  on  the  size  of  the  torch,  which  in 
turn  is  determined  by  the  character  of  the  work  and  the 
size  of  flame  needed.  These  torches  must  either  be  sup- 
plied with  dissolved  acetylene  or  from  a  pressure  generator, 
whereas  the  injector  torches  can  take  their  supply  from  an 
ordinary  lighting  generator. 

The  handles  of  all  torches  are  now  packed  with  porous 
material  such  as  asbestos  or  mineral  wool,  or  by  some  other 
means  secure  finely  divided  openings  for  the  passage  of  tlie 
acetylene.  An  interesting  construction  is  that  of  the  Good- 
year torch,  which  has  a  piece  of  clock  pinion  wire  inserted 
in  a  bore  of  its  outside  diameter,  giving  a  number  of  small 
parallel  holes  for  passing  the  acetylene.  The  principle  is 
that  of  the  Davy  safety  miners'  lamp  in  preventing  propaga- 
tion of  the  flame  backward,  that  niiglit  lead  to  the  explosion 
of  the  acetylene  generator  if  it  happened  to  contain  air. 
There  are  other  safety  provisions,  Iiowever,  between  the  torch 
and  the  generator,  so  that  practically  all  danger  of  acetylene 
explosions  lias  been  eliminat-ed  except  where  gross  careless- 
ness in  the  use  of  the  apparatus  is  practised.  The  first  low- 
pressure  Fouche  torch  prevented  flasli-back  by  passing  UK- 
acetylene  through  a  relatively  small  bore  tube  coiled  in  the 
handle.  Some  favour  a  torch  with  its  end  at  right  .angles 
with  the  body  to  allow  wrist  motion,  but  most  torches  have 
the  tip  inclined  at  about  45。  or  60° 

The  Torch  Flame. ― For  the  complete  combustion  of  acety- 
lene there  is  required  two  and  one-half  times  its  volume  of 
oxygen,  as  shown  by  the  formula,  C.H,  +  50  =  2C02  +  HoO. 
This  is  not  the  proportion,  however,  in  which  the  two  gases 
are  supplied  to  the  torch,  for  the  reason  that  the  complete 
reaction  takes  place  in  two  stages  represented  by  the  two 
parts  of  the  flame,  the  intensely  luiiiinoiis  inner  cone  at  the 
tip  of  wli it'll  the  maximum  temperature  of  about  6,300°  Fall, 
is  reached,  and  the  pale,  almost  transparent  envelope  of  the 
flame  where  the  teiiiperatiire  is  very  considerably  lower.  Iii 
the  inner  cone  the  reaction  is  C^H^  +  20  =  2CO  - 卜 2H,  and  its 
high  temperature  is  accounted  for  by  the  liberation  of  heat 
both  by  the  dissociation  of  acetylene  and  the  formation  of 
carbon  inonoxkle,  the  acetylene  being  enclotherniic  and  tlie 
monoxide  exothermic.  The  carbon  niouoxide  and  the  hydro- 
gen cannot  combine  with  more  oxygen  in  the  iuner  cone, 
because  its  teinp^^rature  is  above  their  disassociation  points, 
so  this  Furt  lier  comljiiiation  occurs  as  a  second  stage  in  the 
reaction  in  the  envelope  of  the  flame,  and  is  represented  by 
the  equation  2C0  +  2H  I-  30  ：：：.  2C0.  +  H,0.  Most  of  the 
oxygen  for  this  second  reaction  is  taken  from  t-lie  surround- 
ing air,  hence  the  smaller  quantity  required  through  the 
torch.  It  is  a  singular  fact  that  the  injector  type  of  torch 
uses  oxygen  in  the  proporticm  of  1*5  or  1*7  to  1  of  acetylene, 
while  tlie  pressure  torch  requires  only  1'28  of  oxygen  to  1  of 
acetyleue.  The  old  liigli-pressurt'  torch  used  the  gases  in  Uk' 
theoretical  proportions  for  the  inner  cone  reaction  of  1  to  1, 


indicating  that  it  evidently  accomplished  a  perfect  mixture 
of  the  gases  before  their  discharge. 

The  tip  of  the  inner  cone  is  the  working  point  of  tlie 
torch.  Although  its  temperature  is  so  much  higher,  the 
total  heat  in  the  inner  cone  is  less  than  that  in  the  outer 
envelope,  the  latter  being  very  much  larger.  It  might  seem 
that  the  heat  in  the  envelope  is  wasted,  but  such  is  iiol  tlie 
case,  for  it  serves  two  functions,  to  pre-heat  the  work  for  tlic 
inner  cone,  and  to  prevent  the  latter  from  being  cooled  by 
the  inert  nitrogen  forming  about  80  per  cent,  of  the  air. 
Further  tlie  envelope  is  a  protection  for  the  iiiolton  metal 
i'rojii  oxidation,  the  combining  monoxide  and  hydrogen  hav- 
ing a  greater  affinity  for  oxygen  than  the  metal. 

In  llie  use  of  the  torch  it  is  very  important  to  maintain 
a  neutral  flame,  that  is,  one  having  neither  an  excess  of 
acetylene  nor  of  oxygen,  as  the  first  would  carbonise  the 
work  and  the  second  oxidise  it.  Tlie  proper  condition  of 
the  flaine  is  easily  determined  by  observation,  and  the  gases 
can  be  regulated  accordingly.  With  an  excess  of  acetylene 
there  will  be  two  in  nor  cones,  one  extending  beyond  the 
other  and  less  liuiiinous.  By  reducing  the  acetylene  pres- 
sure the  second  cone  will  recede,  and  when  it  finally  coincides 
with  the  first,  or  disappears,  the  flame  is  neutral.  Wlieii 
the  adjustment  is  exact  the  inner  cone  will  liave  a  sliarjWy 
defined  contour  and  a  sligbily  rounded  point.  With  an 
excess  of  oxygen  the  flame  has  a  violet  cast'  and  the  end  of 
the  inner  cone  is  feathery.  Excess  of  either  gas  can  also  be 
detected  by  the  appearance  of  the  work.  If  the  flame  is 
carbonising  the  metal  will  glow  intensely,  and  if  oxidising 
the  metal  will  boil. 

{To  be  continued. 、 


METAL  QUOTAIIONS. 

TUESDAY,  JL\\K  20tu.  , 

Aluminium  ingot   70/-  per  cwi. 

"         wire,  according  to  sizes,  &c  from  102/ -  ，， 

，，         sheets         ,，  ，，  …… ，，  120/-  ，， 

Antimony   £27/-/-  to  £28/-/-  per  ton 

Brass,  rolled    8]d.  per  lb. 

，，     tubes  (brazed)    11  ^d. ，， 

，，       "      (solid  drawn)   O^d.  ，， 

，，       ，，      wivG   9|d.  ，， 

Copper,  Standard   £77/2/()  per  ton. 

Iron,  Cleveland   50/-  ，， 

，， Scotch   02/-  ，， 

Lead,  English    £18/7/(>  ，， 

" Foreign  (soft)    £18/-/-  ，， 

Mica  (in  original  cases),  small  -.  Gcl.  to  3/ -  per  lb. 

，，  ，，  ，，       mediuiii   3/G  to  G/-  ，， 

，，  ，，  ，，       large    7/G  to  11/- ，， 

Quicksilver   £8/-/-  per  bottle 

Silver   28 -^d.  per  oz. 

Spelter    £2o/17/(>  per  ton. 

Tin,  block   £細/1(5/- ，， 

Till  plates    14/7^  ，， 

Zinc  sheets  (Silesian)    £21)/. 5/-  ，， 

，，  (Stettin  ；  VieiJle  Montague)   £29/7/0  ,, 


New  Irish  Shipyard,— The  Londonderry  shipyard,  which  has 

been  lying  derelict  for  about  10  years,  has  been  acquired  by  a 
syndicate  coin  posed  of  English  shipowners  and  shipbuilders, 
to  he  known  as  the  North  of  Ireland  Shipbuilding  Company. 

Scientific  Aviation.  ―  The  Report  of  the  Advisory  Coiumit- 
te'e  for  Aeroplanes  for  1911-12，  just  issued,  gives  a  general 
survey  of  (lie  work  of  the  Coiiniuttee  for  191 1-12,  leaving  the 
detailed  accounts  of  ^xpe-rinients  for  later  publication.  It  is 
announced  that  arrangeuients  have  been  made,  witli  tho 
co-operatiou  of  the  War  Office,  for  the  systematic  prosecution 
of  experiments  on  full  scale  aeroplanes,  both  with  a  view  to 
det/eriiiiiiing  the  effect  of  variations  of  con  structural  details, 
and  to  obtaining,  if  possible,  during  flight,  reliable  lueasure- 
nieiits  of  tlie  various  quantities,  a  knowledge  of  wlikli  is 
essential  for  the  explana【icm  of  the  behaviour  of  a  given  type 
of  】uadiim、  These  fiill-srale  experiineuls  are  proceed! iug  at' 
Farnborou^Mi,  uiuler  the  direction  of  tlie  Superiiiteudeiil  of  tliu 
Koyal  Aircraft  Factory. 
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INDUSTRIAL  AND  TRADE  NOTES. 

South  Wales  Tinplate  Trade.-  Tho  South  Wales  'J'inplaic  Concilia- 
lion  I5(>:u'(l,  ；"  S 、、： uis ('； ，  on  the  18th  inst.,  a,gm，d  upon  a  now 
、vage  ； v*;roeineiit  for  th"  coming  your.  Altogether,  28,000  people 
are  affected,  and  tlio  n>ii(、、、;il  of  the  agreement  ensures  peace 
throughout  the  trade  lor  12  months. 

Amalgamation  of  Scottish  Bar  Iron  Makers — The  ari'aji^oiiurnts  for 
the  anialKf  Illation  ol'  the  Wvsl  of  St-otland  bar  iron  inanufacturors 
arc,  we  learn,  virtually  coniploto,  and  the  new  conii)aiiy  "ill 
probably  bo  registered  in  the  course  of  the  next  week  or  two.  Air. 
C.  F.  Maclareii,  of  Messrs.  C.  F.  Maclaren  &  Co"  will  ho  chair- 
man, and  Mr.  William  Do、v"es，  of  Messrs.  Dowiies  &  Jai'dim" 
vice-chairinari.  The  new  company  will  have  a  capital  of  approxi- 
inatoly  £1,000, 000 ,  a nd  will  embrace  13  individual  producers, 
owniuji;  15  works,  with  an  annual  output  of  2o0,0()()  tons. 

Accidents  with  Explosives.  一  His  Majesty's  Inspectors  of  Kx】）lo 
sivos,  ill  the  a'jnual  report  for  11)11，  jnst  issued,  state  that  last 
yeivr  there  、、  ei'o  13  deaths  from  accidents  by  fire  or  explosion  in 
the  mamifacLni'e  of  explosives.  This  number  is  considerably 
above  the  average  for  the  decade  (7*3).  As  the  luiinljer  ol  acci- 
doiits  111  the  use  of  explosives  (515,  with  5G  deaths  and  injuries 
to  548  persons)  is  also  large ― being,  in  fact,  the  highest  nuin})er 
recorded  for  a  year ― it  has  been  suggested  that  the  abnormal 
heat  of  last  summer  may  have  had  something  to  do  with  tlie 
increase.  In  the  opinion  of  the  Government  inspectors  of  explo- 
sives there  is，  however,  little  fouiiclation  for  this.  In  1904,  、vh(、u 
the  same  relatively  large  numbor  of  deaths  in  manufacture 
oc(*uj*retlj  all  the  fatal  accidents  took  place  in  January  inid 
February. 

The  Letters  Patent  Insurance  Company.  ―  This  company  has  been 
formed  with  a  capital  of  £250,000,  to  undertake  insurances  to 
(•over  llic  liability  of  patentees  ami  others  so  far  as  the  law  allows 
for  the  costs  and  expenses  of  prosecuting  and  defending  actions 
in  connection  with  letters  patent,  designs,  trade-in  arks ,  and 
other  monopolies^  including  any  damages  awarded  against  defen- 
dants in  such  actions.  It  is  intended  to  issue  policies  not  only 
to  patentees,  but  also  to  licensees.  The  company,  in  order  to 
safeguard  itself  to  a  reasonable  exteutj  will,  so  far  as  may  l>o 
necessary  prior  to  acceptance  of  an  insurance,  submit  the  matter 
to  one  or  more  of  its  experts  and  special ists,  and  will  also  make 
the  necessary  investigation  as  to  the  value  of  the  patent  in 
accordance  with  the  importance  of  the  insurance,  and  thereby 
the  marketable  value  and  negotiability  of  a  patent  iiisurocl  l)y  this 
company  will,  it  is  claimed,  be  greatly  enhanced,  iiidt'pt'mltmt  of 
tho  ； ulditioiial  value  conferrod  by  the  life  policy.  A  iiimiher  o\' 
leading  experts  liave  consented  to  act  as  examiners. 

Foster  Pyrometers. ― The  Foster  I  iistriinu>!it  Company,  of  Letch - 
\A ortli,  Herts,  sojul  us  a  copy  of  their  now  doscriptivo  catalogue 
； md  price  list  dealing  with  pyrometers,  in  which  wo  noti(-c  several 
novelties ― more  particularly  a  recorder  for  drawing  an  automatic 
ti'mporature  chart  on  a  time  basis.  The  feature  of  this  is  a  pen 
、vlii('h  swings  freely  in  front  of  the  clmrt,  and  which  is  pressed  upon 
it  by  ii  olock-clriveii  pressor  bar  at  short  intervals,  ； uid  so  prodiucs 
； i  s(、ri(、s  of  clots  Avliic'li  join  into  a  (-ontiiiuoiis  line  showing  tein- 
pd'Mture  fiiu-tuations.  Aiiotlier  instnnnent  which  will  be  appre- 
ciated by  steel  makers  is  the  l'，ost("'  rocalesceiit  outfit,  which  has 
I ) roved  its  advantages  in  the  workshop  and  in  the  laboratory .  As 
is  、vt、ll  known,  oaoli  ^iraclo  of  stool  lia.s  a  critical  tem|>orature  above 
w  liicli  it  must  Ik、  heated  lioforo  (i，i("K'}"iig  will  liardtMi  it,  and  to 
liiid  I  lie  rocaloscent  】）（>iiit  is  tluu'oiorc  the  first  stop  to  laving  out 
； I  siitistiU'tory  hardening  prognmin"',  and  it  is  to  drtorniino  tliis 
the  instrument  lias  1)o(mi  spocially  adapted.  Full  explanations  ； ire 
given,  so  that  users  need  lia ve  no  hosilation  or  doubt  in  appl)  iiig 
the  instriinuMit. 

The  Board  of  Trade  and  Co-partnership  Schemes.  ―  Tlio  "  Moaid  (" 
Tiiulc  Lahom-  Gazclto  "  states  tli;it  ior  the  purposes  of  an  oiujuiry 
into  j)rofit-i>haring  and  co-partnorsliij)  which  is  now  boinj;  in  a  do 
l>,v  the  Ijahour  I)(、partmt、nt,  it  will  ho  of  imu-h  advantii^rc  il'  finn;^ 
liavin^i  in  force  schemes  of  this  charactor,  l>ut  with  、、l"(li  tlio 
Doi)artiiKMit  has  not  hitherto  I)con  in  (-oiiiinunication,  will  .so ml 
tlioir  names  to  the  ('(""ptroller  Gt'iuM  ai,  山 our  I)o])artimMit . 
G、v,v(l.、T  House.  Wliitohall,  London.  S.W.  Jt  shmild  ho  oW、rvi'(l 
U"it  ;niv  particulars  which  tho  firms  s'ippl.ving  iiil'urniation  stat*' 
that  thoy  (losiro  not  to  hv  )»nl)lishod  in  t  onncvtioii  witli  tin  ir 
nainos  、vill  lio  retVm'd  to  in  the  report  suhst'(|iuMitlv  to  I"'  p,il， 
lislu、（l  in  snilj  a  "imim、r  as  not  to  In*  capaMo  ot  li，'ing  i(k"it"">'l 
；， s  roliUinn  to  tho  firms  in  (|'i，'st""i.  Althoii;:ii.  o、vi，，g  ">  \hr 
I、 中，、 t  ol  tlir  g'onml  to  1»(、  r，m"v(l,  it  will  not  he  possiMo  to  hrin^ 
Uiis  cMi(|uiry  to  n 《'l"s(»  inul  pnl)lish  tho  n、p"，t  <MiilMulyin^  tlio 
、vl、olc  ol  its  nvsults  for  some  littlo  ti'm、，  iui  rxamination  of  tlio 
n'hmiN  nlivaily  w,、iv,Hl  lias  siiowii  tliat  tho  sclioinos  :，《l')pti、d  in 
山 H，"vi，t  i-asivs  oxiiihil,  n  voiy  intcMvstin^  v:、ri,、tv  of  i\\u\  t\m\  it 
IS  proposed  to  piililish  in  the  July  it>stic  ul  llio  '  Board  of  Tnulo 


Labour  Gazette  ，，  a  concise  epitome  showing  the  leading  features 
of  a  large  number  of  these  systems,  the  investigation  of  which 
lias  been  completed. 

Machinery  Users'  Association.  ―  The  (  omicil  of  the  Machinery 
Users'  Association  rt'port  that  (luring  tlie  last  year  thcie  was 
ail  addition  of  19o  new  members,  making  a  total  appi.oxi"iati，ig 
2,000,  among  whom  are  representatives  of  many  of  tlip  laij^cst 
and  most  widely  known  ind»istiial  undertakings  in  tho  kin^rdoin. 
In  tho  last  report  the  couiicil  stated  that  the  state  ot  politics 
reiulered  it  impossible  to  introduce  into  the  House  of  Coinnioiife 
with  any  c-haiice  of  success  a  Bill  to  deal  with  the  qm'stio"  of  tho 
Jilting  of  machine  tools,  but  that  tlu'v  trusted  that  whon  the 
highly  controversial  matters  which  wore  then  occupying  the 
attention  of  Parliament  were  disposed  of  it  would  bo  possible  to 
bring  forward  this  important  question.  Unfortunatoly  tlie  pros- 
pects  of  successfully  introdiiciiiK  any  private  legislation  sec/iis, 
in  the  present  state  of  affairs,  to  be  impossible.  The  National 
Insurance  Act  must  materially  add  to  a  mamifacturor's  cost  ol 
production.  The  council  can  Imt  trust  that  it  will  result  in 
improving  the  health  and  well-l^eing  of  the  working  classes,  and 
thereby  bringing  about  more  stability  and  efficiency  in  labour. 
Another  important  measure  which  has  become  law  is  the  Coal 
Mines  Regulation  Act.  The  eon  noil  are  very  strongly  of  opinion 
that  legislation  affecting  the  cost  of  pmdiK'tion  requiros  close 
attention  on  the  part  of  the  manufacturing  industries  o!  the 
kingdom. 

Results  of  the  Shipyard  Conference. ― The  results  of  the  conference 

held  at  Edinburgh  on  Wednesday  last  week  between  represoiita- 
tives  of  the  Shipbuilding  Employers'  Federation  and  the  Stamling 
Committee  of  the  Shipyard  Trades,  and  to  which  、ve  briefly  re 
ferred  in  our  last  issue,  have  now  been  made  public.  At  the  close 
Mr.  Thomas  Biggart  and  Mr.  James  Cameron,  joint  secretaries  of 
the  Employers'  Federation,  gave  the  tollcnving  summary  ot 
the  business  done :  The  request  for  a  4  per  cent,  advance 
by  the  Boilermakers'  Society  was  rediscussed^  and  the  employers 
intimated  that  they  were  unable  to  alter  their  previous  decision 
that  they  could  not  grant  this  advance.  With  respect  to  the 
request  for  a  reduction  of  the  working  hours,  this  question  was 
also  rediscussed,  and  the  employers  intimated  thoir  inability  to 
modify  the  reply  already  given ― that  tlu\v  could  not  grant  it. 
The  question  of  the  apprentice  card  which  has  been  introduced  I»y 
the  Boilermakers'  Society  、vas  the  subject  of  considerable  dis- 
cussion. The  views  of  both  parties  were  presented  to  the  con- 
ference, but  parties  failed  to  agree.  As  regards  the  anieiulnieiit 
of  the  shipyard  agreement,  the  representatives  of  tlio  workn"»，i 
are  not  yet  in  a  position  to  submit  the  proposed  anioiidnHMits, 
and  tile  subject  was  carried  forward  to  a 】aU»r  ineotiiiy;.  It  \\  a^5 
formally  intimated  that  the  various  unions  had  accepted  the  offor 
of  a  general  advance  of  wages,  and  this  matter  is  now  closed. 

Trade  Opportunities  in  Western  Canada. ― Mr.  1'，.  T.  Fisher,  I  lit* 
1  mpt'iial  Trade  Correspoiidt'iit  at  Edmontnii,  AlU'rta,  con.sitltMb 
that  tlie  opportunity  for  United  Kingdom  niaiuitarturers  to  n<»t 
business  there  is  constantly  iniprfAiiiji.  Tho  l>uildi，，g  tr;"l''s 
promise  to  be  particularly  active  during  1912,  it  liein^  estinuitf (！ 
that  buUdiiig  operations  in  Kdniontoii  alone  will  aggr,、g;»t,>  <>\  ri- 
se voii  million  dollars.  This  w  ill  irivoh  e  the  iim^  of  coiisidrral)!*" 
quantities  of  sti  uctii ral  stet^l,  j;al\  aiiisod  slteet-iroii,  sanitary  fit 
tings,  heating  boilers  and  radiators,  steam  pipes,  iVc.  A  most 
active  era  of  railway  construction  is  in  sight,  with  Ednioiitoii 
as  its  centre.  It  is  oxpecU'cl  that  tho  oonstrnction  of  soniothiiit; 
liko  2,(K)'.)  miles  of  luaiicli  linos  will  Ih'  arraiigt'd  toe  (luring  tlu» 
l)res(Mit  s(»ssi()n  ol'  the  All>orta  l"'gisl;iturt、  and  coii.sonurntly  a 
la rge  amount  ol  roiistnu'tion  supplies  and  liridj^o  material  u  ill  I'c 
needed.  Developincnl  iu  the  coal  industry  also  pionnsos  to  l»e 
wry  active.  While  tlie  pioductioii  of  coal  in  and  aruuiul  Kdinon 
ton  lias  increased  iu  tho  last  cloven  voars  from  a  bout  KMI  tons 
to  3,000  tons  per  day,  it  is  still  only  a  traction  ol"  wliat  ihv 
accessible  niarkot  would  eoiisuiiu'.  A  coiisideralilo  aniouiit  of 
now  equipnuMit,  iii('l，i(ling  hoisting  Miacluiiory.  caltK's.  Arc.,  is 
being  installed,  i»i)th  in  irmv  mines  and  iu  many  of  thost*  pro 
V iously  、voi'lie(l.  Very  extensive  additions  to  all  tlie  public*  sor 
vices  ill  Kdmonton,  such  as  \vat<^r  supply,  sou ors.  olectric  lij:lit, 
tVrc,  a  10  pmpost、（l,  tho  oxpondituro  ol'  soniothing  liko  six  iniltion 
dollars  l>oiii}^  roiitoinplatrd .  TluMi'  is  "n"lar  iU'tivitv  on  a 
sinallor  scalo  in  nuui v  ot  tlic  i^tlior  towns.  、vhi('li  will  load  to  a 
(loniand  for  steel  or  inm  pipe,  engines,  boilers,  pimips.  electrical 

The  Settlement  of  Trade  Disputes.  Tli，、  Lalioni  I)o]>artinent  of  tlie 
Hon  I'd  ot  I'iikIo  hiwv  isMiod  tl"、  1  "»tli  jiUstnu-t  of  lal>oui'  statistics 
ol"  till'  rni"、（l  Kiii^x(k、i".  A  M、rti(，"  is  dovoted  t'»  trado  dis- 
jmtos,  conciliation  aiul  arbitration,  iiiul  tlio  work  of  tlu*  juM  ni;nuMit 
l»oa rds.  from  wliich  it  appi ，； i'*s  tliat  in  the  total  niiiiiKor  of 

t ratio  (lispntos  w  jks  8»)4,  :、s  oonipanMl  with         in  2  W  of  last 

voar's  <1is|>iiios  in  (ho  motal.  on^iiUHM'in^:.  ； m，l  sl，i| 山'， "'lii'u 

tradtvs.       Tlio  immUer  ol    \^  orkpeoplo    directly    and  iiuliroctly 
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involved  was  931,050,  compared  with  515,165.  The  aggregate 
duration  of  the  disputes  in  working  days  reached  a  total  of 
7,552jl00  so  far  as  ivgard.s  those  which  commonced  during  tlic 
year.  Taking  figur(，s  for  1910,  tho  percontago  proportion  ol 
workpeople  directly  involved  in  disputes  of  tho  vaiious  classics 
were  for  wages  19-9,  hours  of  labour  23 -S),  employmont  of  par 
tifular  classes  of  persons  21J-8,  working  arraiigeineuts  161，  trade 
unionists  8*5,  other  causes  1*8.  The  results  as  based  on  tho 
munher  of  disputes  in  the  same  year  were,  in  favour  of  work- 
])Bople  2/3'4，  in  favour  of  employers  3(;'9，  comproniisod  37*3,  iiido- 
finite  or  unsettled  0'4.  Dealing  witli  the  methods  of  sottlenieiit 
of  tiado  disputes,  the  rep o it  states  that  359  weie  hy  dh'eft 
;ii  rant>;einent  or  negotiations  between  tho  parties  or  tlioii*  repivst" 卜 
tatives  in  1910,  and  in  the  s;une  year  25  wove  sottlt^l  Ivy  ail)itra 
tion  and  34  by  conciliation  or  mediation.  Thwv  、、： is  n  rotuvn 
to  work  on  employers'  terms  without  negotiations  in  (>8  cases, 
whilst  ill  41  others  tlie  workpeople  were  replaced.  Two  resulted 
ill  tho  closing  of  works,  and  with  two  more  classed  as  indefiiiit*^ 
a  total  was  made  u])  of  ,  as  againslv  X>M\  iti  1 909 .  Tlio  iiimilxM- 
of  \V()iiq)0(>])le  (lirootly  iiivolvod  in  tho  (lispiitps  u;is  88o,()Hr>,  ； is 
against  1 7(),2oH  in  tl i * '  ju'evious  year. 

Trade  Circulars  and  Catalogues.— Messrs.  \V.  T.  (Clover  A:  ('"., 
litd.,  Traftord  l*ark,  M arioliesteVj  send  us  a  copy  of  their  new 
caiWe  i)rice  list,  No.  10.  The  catalop;no  is  neatly  arranged  witli 
tliuiiil)  index  lor  (juick  referoiioo  to  any  special  typo 
cable,  and  give's  ； i  <i;oo(I  clea!  of  useful  iiiformatioii  l"):u'ii»g 
mi  ml  tie  constniotion.  The  saiiio  firm  also  spikI  us  a 
copy  ol'  their  waii  calendar^  an  issiio  \\  liich  provides  a 
daily  ('rmipendium  of  wit  aiul  w  isdoni  on  matters  elec- 
trical.― From  the  General  Elootric  Company,  Ltd.,  (； 7，  Queen 
Victoria  Street,  London,  E.G.,  we  have  received  a  copy  of  their 
(•atalogiie  and  price  list  of  electrical  accessories  for  motor-cars. 
The  present  edition  contains  raaiiy  now  and  useful  lines  of  provod 
value,  and  covers  almost  every  item  which  a  motorist  is  likely  to 
require. ― The  Power- Gas  Corporation,  Ltd.,  of  Stocktou-oii-Tees, 
have  favoured  iis  with  a  copy  of  their  new  catalogue  of  Moiul 
gas  producer  plant,  with  and  without  ammonia  recovery.  The 
catalogue  gives  an  interesting  resume,  with  photographs,  of  instal- 
lations whicli  have  heeu  installed,  along;  with  a  good  of 
useful  and  tocluiical  information  which  should  be  valuable  to 
anyone  contemplating  the  erection  of  such  plants  or  desirous  of 
familiarising;  tliomselves  with  their  operation.  We  may  add  that 
the  firm  will  be  willing  to  send  a  copy  to  anyone  who  is  interested 
in  tlu^  subject. ― From  Perk  in  &  Co"  Ltd.,  Lord  Street  Works, 
Leeds,  we  have  received  a.  copy  of  their  catalogue  of  machine 
tools  ill  the  shape  of  lathes,  drills,  grinders,  hack  saws^  cVrc,  and 
also  a  catalogue  of  their  vertical  and  horizontal  petrol  and  p:i raffiji 
onn;iiie.s. 

Train  Lighting. ― We  have  received  from  Messrs.  Mather  &  Piatt 
iiu  interesting  illustrated  pamphlet,  descriptive  of  their  electric 
system  of  train  lighting.  The  problem  has  ])een  attacked  in 
many  ways,  and  several  methods  have  been  tried,  each  、、  ith  its 
own  special  advantages  ； uid  disadvantages,  and  a  consideration 
of  them  seems  to  show  that  the  best  solution  lies  in  the  direction 
of  a  separate  generating  and  storing  apparatus  on  each  coach. 
This  is  the  system  the  firm  has  adopted,  and  the  crux  of  it  is 
the  production  of  a  dynamo  or  system  of  dynamos  \vhicli  will 
deliver  current  at  constant  voltage,  independent  of  the  speed  at 
which  it  may  he  driven,  and  this  desideratum,  it  is  claimed,  is 
reachod  in  the  macliine  employed.  This  is  effected  without  the 
use  of  ii  11  y  external  regulating  "devices"  whatsoever  ；  the  direc- 
tion of  its  voltage  is  constant  and  independent  of  the  direction  of 
rotation  of  the  armature,  thus  dispensing  with  the  necessity  for 
a ny  form  of  pole  changer.  No  compound  windings  for  demag 
netisiiig  purposes,  nor  shunt  resistances  with  sliding  contacts, 
are  required.  The  belt  tension  is  normal,  and  the  slip  therefore 
only  such  as  is  usual  with  any  belt-driven  machine.  The  dynamo 
may  ooiiseqneutly  be  suspended  directly  from  the  coach  hogie, 
thus  avoiding  distortion  and  fraying  of  the  belt  wlien  negotiating 
curves.  The  system  is  adapted  for  working  with  either  a  single 
or  double  battery.  Whero  the  number  of  lamps  in  the  coach  is 
largo,  or  the  stoppages  of  long  duration,  necessitating  a  battery 
of  large  capacity,  a  double  battery  is  recomnieiided.  The  size 
and  weight  of  the  individual  cells  are  thereby  reduced,  and  they 
can  be  】Tiore  easily  handled.  Where  the  coach  is  required  for 
intermittent  service,  or  for  a  service  of  very  varying  cha meter, 
a  double  battery  is  also  recommended.  With  small  coaolies  and 
where  the  service  is  regular,  a  single  battery  is  advantageous  on 
account  of  its  smaller  initial  cost.  Further,  excess  current  cannot 
be  passed  through  tho  battery  owing  to  the  perfectly  self- 
regulating  properties  of  the  machine,  the  output  of  which  can  be 
adjusted  to  suit  the  demands  of  any  class  of  service.  The  dynamo 
is  of  lightt-r  weight  and  higher  eflicioncy  than  is  usually  th(i  case, 
and  its  ooiistruction  is  so  cKooi^dingly  simple  that  tlierf  is  prac- 
tically nothing  to  <^et  out  of  order  or  ghe  trouble.     Thoro  is 


only  one  moving  part,  i.e.,  the  armature,  which  being  of  very 
robust  oonstnu'tion,  has  been  proved  to  Jje  c;ij)aI)Io  of  witlista lul 
iiiK  tho  rough  usage  wliifh  it  receives  undor  ； i  coach,  with  a 
negligible  repair  hill.  There  are  no  switclios  to  l)o  oporatod 
UMH'h juiif-ally  on  the  dynamo,  no  pole  oh aiifi;in<^  appanitiis,  no 
bru'sli  rocking  dovico,  no  slipping  h(>U，  no  (lonia^noiisin^  ('oils  or 
other  auxiliary  do  vices  which  are  common  to  most  other  systomfi. 
The  colls  are  charged  at  full  rate  only  when  the  dynamo  is  .supi>ly 
cnn'ont  to  the  lamps,  and,  hy  moans  of  the  shunt  regulator, 
tlio  oliiirge  can  he.  so  adjusted  once  ior  all,  that  whatever  cnrront 
is  fj^ivcn  out  hy  tho  fells  wIumi  tlio  train  is  standing  is  restored 
uliilsfc  it  is  running,  thus  l">t>ping  tlu*  cells  at  a  fonstant  point 
of  charge.  A  small  cliarj^ing  ou rroiit  is  ))assod  througli  tho  Imt- 
iovy  wIkmi  tho  coach  is  nimiing  Avitli  "  no  lights  "  to  make  up  for 
U"、  polarisatioii  losses.  Attention  at  very  infrequent  ijilervals 
oil  ly  is  required  to  soo  \vh(*tlior  on  llio  ulinlo  tho  battery  is  umW 
or-  ()v(、r  ('luirg(、(l. 

Chambers  of  Commerce  and  the  Labour  Unrest. 一 An  important 
(U'])iitn  tioii  IVojn  tlu*  Associated  ( 'hanibors  of  Comniorco  w  aitful 
iipmi  the  Prime  Ministei-  on  the  21st  inst.,  in  connof  tioM  witii  the 
industrial  nniest.  Lord  Fmnoss  emphasized  the  point  that 
u  h(M>nis  in  the  old  dajs  of  strikes  and  lookouts  :i  settloinont  w as 
acreptod  aiul  adiiered  to  by  both  parties,  there  Avas  to- (lav  no 
possible  sort  of  loyal  observance,  certainly  in  the  majority  oi 
instances,  of  any  award  given  by  an  arbitrator.  As  a  iJieliminary, 
legislation  would  be  lequired  to  make  it  illegal  tor  any  group  of 
employers  or  any  group  of  employes  to  tie  up  the  whole  of  any 
industry  through  out  tho  entire  comitry.  To  call  a  strike  in  any 
one  entire  federated  industry  thi'oughoiit  the  (,oimtry  ought,  in 
his  judt:^ment,  to  be  made  legally  iinpossihl(>  l>y  making;  it  punish- 
able as  a  conspiracy  in  restraint  of  trade,  ('outinuiiig,  he  said 
that  the  head  of  tne  Department  of  Laboiu'  (which,  he  urged, 
should  be  created)  should  be  the  Minister  to  have  power  either 
himself  to  arbitrate  or  to  appoint  arbitrators,  and  he  should  be 
the  authority  to  eiiforc*  awards.  The  Government  was  l)oiiiid  to 
end  the  unrest  by  legislation  and  by  setting  up  sufh  machinery 
as  a  Labour  Department,  which  might  giiitle  the  country  clear  of 
the  iiulnstrial  chaos  into  which  it  seemed  to  l)e  driftiug.  Cntil  both 
strikes  and  lock-outs  were  made  impossible,  and  trade  unions  and 
their  members  and  leaders  took  a  more  rational  view  of  the  econo- 
mic facts,  neither  co-pa  rtiiei'y  nor  any  other  mutual  scheme  could  ho 
expected  successfully  to  regulate  the  interests  of  labour  and  capital. 
Other  speakers  also  contributed  to  the  discussion.  In  reply^  the 
Prime  Minister  stated  that  he  would  ooiive}^  the  various  considera- 
tions and  arguments  they  had  put  before  him  to  his  colleagues 
in  the  Cabinet  Committee  which  was  at  present  engaged  in  inves- 
tigating this  most  important  and  urgent  problem.  He  entirely 
subscribed  to  the  view,  expressed  by  more  than  one  speaker,  that 
it  was  extremely  undesirable  that  the  Government  as  a  govern- 
ment should  concern  itself  in  industrial  disputes.  It  ought  not  to 
become  the  function  of  those  who  were  responsible  for  the  adminis- 
tration of  affairs,  that  whenever  a  great  industrial  controversy 
arose  or  was  threatened,  they  should  he  expected  to  assume  the 
post  ot"  conciliators  or  arbitrators.  He  had  never  undertaken  any 
such  duties  except  at  the  last  resort.  He  was  hopeful,  in  view  of 
some  recent  experiences,  that  those  who  represented  the  workmen 
in  trade  unions  would  more  and  more  come  to  see  that  those 
"■ho  entered  into  industrial  agreements  should  be  expected  to 
enter  into  them  with  the  assurance  on  one  side  and  the  other  that 
they  ； voulcl  adequately  and  faithfully  be  observed.  When  they 
fame  to  compulsory  arbitration  he  knew  tliev  were  getting  into 
troubled  waters.  He  、vas  not  surprised  to  hear  from  several  of  the 
speakers  that  they  were  not  prepared  to  enter  into  such  a  scheme, 
nor  did  he  believe  it  would  be  advisable.  The  Canadian  Act, 
referred  to  hy  Mr.  Baird,  did  not  provide  for  compulsory  arbitra- 
tion, hut  it  did  provide  for  compulsory  investigation  by  an 
impartial  authority  before  either  the  masters  on  the  one  hand 
lock  out  their  men,  or  the  men  on  the  other  hand  strike.  They 
were  told  that  in  practice  it  liad  not  worked  badly  in  Canada, 
and  the  penalty  clause,  such  as  it  was,  had  rarely,  if  ever,  had 
to  be  invoked.  The  Government  proposed  to  make  a  very  careful 
enquiry  as  to  how  this  machinery  was  working  in  Canada, 
with  a  view  to  seeing  whether  it  was  not  possible  to 
adapt  it  to  the  conditions  of  this  country.  There  was  one  other 
topic ― profit-sharing.  The  Government  were  very  anxious  that 
the  applicahility  and  expediency  of  any  of  the  various  schemes 
which  had  been  either  postponed  or  practically  launched  under 
that  category  should  become  thoroughly  weil  known.  The  Hoa rd 
of  Trade  had  been  engaged  for  some  time  past  in  investij^atin^ 
them,  and  in  a  few  months 一 by  September ― they  would  he  pub- 
lishing a  complete,  so  far  as  they  laie、r,  account  of  all  tlie  various 
systems  of  profit-sharing  and  co-partnership  now  to  be  found.  Ho 
would  not  go  into  the  thorny  question  of  the  merits  or  demerits 
of  the  Trades  Disputes  Art.  He  had  listened  to  what  had  been 
said  on  tho  subject,  and  woukl  take  carp  to  foninuinicate  it  to 
liis  colloagiies. 


824 


THE    MECHANICAL  E^NGINEER. 


[June  28，  1912 


NEW  PATENTS. 

Specifications  of  the.  joUow'nuj  a  re  now  pyhlished ,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mrrhanical  Engineer^''  53,  New  Bailey  Street^  Manchester. 

MECHANICAL  1911. 

Gas  tur])iiies.    Shoiils  A:  Allcock.  10402. 
[iiternal- comlmstion  engine.    Giles.  10563. 

Rotary  fluid  prossiiro  ongiiios  and  ]>ii(n])s.     .J。n:u'(l  A'  Jerrnid. 

liooi. 

Hydraulic  el  utdies  lor  t  he  t  t  it  nsin  issioii  ol"  pmvcr.     J  <'rr:i  rd  ； i 

' Jerrard.  lliH)2. 
Turl)ines.    Biako.  11288. 

Apparatus  for  compmssing  air  and  otlior  gasos.  HVssling.  12(;'「";. 
Intf rnal-romhustion  w、fi;inp.    Shannon.    J 3270. 

t  l)ro])iiIsion  apparatus  i"oi'  ships.    Dn)\0.  13312. 
C;iH"m>tt(、rsi  i'or  iriternnl  con 山 iistioii  engines.     Bvr'mi.     I .'137'). 
SuixM'hoaied  st(*;uii  .j;K-k(»io(l  p;ms.     Hvno*^  jiihI  H;i  Icliiii ,  Srlnil/, 

and  Co.    13391."  * 
Pi'ocesses  apimratus  i'or  (^xtnicting  iiiot;il.s  from  Ui('ir  ort^s. 

Maekay.  13499. 
Lift  bridges.    IMondol.  13025. 

Com  hi  lied  alioad  and  astern  turltinos.    R  idsflalo  &  Cook.  13(j83. 
Pistons.    Model  Engineering  Company,  and  Wight.  18703. 
Ehistio-diaphragm    pressure    gauges.      Gerard    &  Herrn^juni. 
13711. 

Furnaces.    Pellogrino  &  Pellegrino.  13719. 

Water  soften inj^  aricl  purifying;  apparatus.    Bol)y.  13765. 

Arrnngenient  of  ignition  apparatus,  cooling  water  pump,  and 

lubricant   pump   in    internal-combustion   motors.  Daimler 

Moioren  Ges.  13788. 
High-pressure  gas- lighting  systems.    W.  M.  Still  &  Sons,  Lt(l.， 

and  Still.    13814.  ' 
I'lirnaces  of  steam  boilers.    Ray  &  Fonvard.  13913. 
Gas-Iieatod  furnaces.    King  &  Bimiett.  14277. 
Valves  for  fluid-pressure  engines.    Soo.  Anon,  des  Etablissemeiits 

Delauuay-Hcllevillo.  14338. 
Coiistruotioii  and  working  of  (Imihle- acting  internal  romlnist ion 

engines.    Holmes.  14708. 
Motor- vehicles.    Vining.  14712. 

Carburetters  for  internal-oonil)ustion  t'ltgines.    Charles  H.  Putrli, 

Ltd.,  and  Bull.  14805. 
Roller  bearings.    Wright.  15167. 

Device  for   accelerating  the  application   of  pneumatic  brakes. 

Chapsal  &  Saillot.  15378. 
Means  for  indicating  position  of  trains  aiul   for  si<>;jialliiig  to 

trains.    Hein  &  Copp.  1.543】. 
Automatic  railway  signalling  apparatus.    Webster.  15640. 
Couplings  lor  hose  pipes.    Moroom,  and  Bolliss   &  Morcoiii ,  T.td. 

15710. 

Protective  paints  for  metal  surfaces.      Contiiu^ntnl   ( 'iioiitohouc 

unci  Gntta  Perch  a  Cie.  1588(). 
Jnstruniojit  for   measuring  the  density  of  smoke  from  factory 

chimneys.    Owens.  16256. 
Hermetic  packings  for  the  distributors  of  intern  a  1-oombustion 

engines.    Tiirtrais.  18855. 
Governing  mechanism  for  prime  movers.      Warwi (！ k  Madiim、rv 

Company  (1908),  and  Cox.  18948. 
Chucks  for  rock-drilling  apparatus.    Holman  &  Holman.  20325. 
Smnv  shackle  cnuplino;  for  railway  vehicles.    Gresham.  20522. 
Metallurgy  of  zinc.    Thiorry.  20913. 
Oas  turhines.    Holzwarth  <&  Junghans.    21268.  ■ 
Holler  stays  of  lathes  and  l)oring  inachines.  Hulse  &  Co,，  Adams, 

and  Lowthiaii.  22132. 
End-thnist  bearings,    Hoiuierfolt.  22524. 
Starting  jueclianisni  for  oi.j^inos.    Talbot.  23355. 
Sockets  and  twist  drills.    Robertson -    233()1 . 
Construction  of  ships'  hulls.    Voii  K oppen.  24038. 
Ct^inentivtioii  funiacos.    Soc.  Anon.  Italiana  Gio   Arnistroii*;  and 

Co.  24635. 
Lubricators.    Bain.  25209. 

Pioc'oss  ol"  roasting  oro  ami  apparatus  therefor.  Scherfenherp. 
2.V143. 

Calorimeters.    C'iimbridgo  Sciontilic   Instrumont  ('omp;ui、  .  \\\\y\ 

Whipple.  25587. 
Governors  for  marino  stoam  engines.    Fancy.    2o77 1 - 
Hotary   internal-conil>ustion  engines.       Dia inant,   ,lt、llim>k,  and 

.lollinok-^lorc'odfs.  25959. 
Mi»a"s  for  dischai'sinK  sand  and  castings  from  flasks  moiv  t、sp,、 

<''J»lly  for  "s，、  ill  casting  apparatus.    Johnsoji.  2(>1I(1. 
M(、tl"、d  of  ;uul   inachino  for  millinjz  Am  I    n、，、t:il  ":ir、 

Clutrlies.    Simons  &  Lako.  279(il. 
Foi'(、o(l-f>tMl  hihricators.    \V:、kHi»»l(l.    28191 . 

I),、1:»('lm1 山、 propolIiiiK  installations  lor  ships  and  boats     Soc.  0. 
DucassoM  vt  (_'"、    *282i > I . 


Rock  drills.    Williams.  28385. 

Apparatus  for  recording  gaseous  volunios.  Inp;oniorsfirmn  Fritz 
E^neU.  28616. 

Self-hibrifiitinp;  sheaves  and  looso  pulleys.    Bonthrono.  28790. 
Vortical  rt* torts  for  the  farl)oinsati(>ii  ot  coal.    Duckliam.  28852. 
Clutfhos.    】^shop.  29007. 

Heat  oxcli;ingors.     Rml.  Otto  Moyor.  29094. 

Kluid-prossuro  app:ir:itiis  ior  ()por;itiii<r  luilklioad  doors.  Pike  and 
Nevillo.  29310. 

1912. 

(V)nstructioii  of  ships'  hulls.    Von  Kopppii.  727. 

Li(|iii(]  in  j action  devices  for  inU'i"i:il  coinlnistinii  outlines.    ]^ mid 

!oF.  II.V2. 
Tuho  sciapors.    Thorson.  1189. 

Safety  devices  for  oil  or  o;;is  fi rod  st<*;mi  lioileis.  Hnrd v. 

3  398. 

Oas  (Migiiif^s.    O^Con nell.  2.32(). 
l'，l,vinK  maf'Iiine.    Trossiii  <fe      icha*'Iis.  2345. 
Startiiijj;  (hn  iot's  for  Hy u  iuh'Is.     Kgoliiitr.  2352. 
Stejiiii  turltiiies.    k^'liotiHd ,  9387. 

ELECTRICAL,  1910. 

(Contrivance  for  automatically  intercepting  or  regulating  the  flow 
of  ail  oloctrio  riii'reiit  from  :i  dynnino.    ]l;i/**lliuist  X  Long 
streths,  Ltd.  2Kl(iI. 

1911. 

Telophoiio  systopis.    Dickor.    1  OM^O. 

Transmission  of  electric  power.     Kryslitofovich.    1 3492. 
Remote-controlling  apparatus  for  eloctrically-actuated  travelling 

winclies.    Bleichert  &  Bleicliert.  13574. 
Magneto  ignition  for  i n to r n a  1  - comh u st i o n  engines.  Cambessedes. 

13(i33. 

Dotachable  coupling  lor  electrical  connections.  Thomas.  】38J^n. 
Primary  electric  batteries.    Huizer.  liO-'yO. 

Selective  signalling  systems  for  party  1  i  lies.     Western  Elect  He 

Co  mp  any .    1 532 1 . 
Controlling  the  speed  of  electro-motors.    Kloctroiiiotors.  Ltd.,  and 

Greenhalgh.  16343. 
I'rotocting  insulated  conductors  against  fir(、.    Muller.  lf)o33. 
lOIectro-mechanical  change-speod  and  reversing  device.  Gasnier. 

16644. 

】':leetrica】  heating  niid  air  ciroiilating  appliaiioos.  Rippin^illo. 

18324.  _ 
Electric   arc   lamps.      Gos.    iur    M a schiiuMi-u    ^letall  Indiistrio 

19435. 

Circuit  arrangements  for  automatic  toleplione  systems.  Siemens 
and  Halske  Akt.-Ges.  19,573. 

Signalling  systems  for  railways.  British  Thomson-Houston  Com- 
pany.   19970.  ' 

Protective  device  for  dynamos  and  motors.    Schiodt.  20636. 

Dynamos.    Inrig  &  Inrig.  20905. 

Electric  vibrators.    Nicholson.  23191. 

Storage  battery  electrode.    Morrison.  23261. 

Incandescence  electric  lamps.    Carangelo.  23725. 

Sparking  plug.    Cade.  25947. 

i\l aimfacture  of  metallic  filament  incandescent  lamps.  Deutsolio 

Gasgluhlicht  Akt.-Ges.  28576. 
Vioh]  】iuignets  for  multipolar  dynamos  liavinfi  cxtornal  stationary 

armatures.    Volkers.  29160. 

1912. 

\*ari;iltlc-^j)ood  dynamos.    Leitner.  】474：. 

Cmitrolling    eloctrioal    switches    from     a     distatiro.  Sionions 

SchiU'kortworke  Gos.    l'"54】 . 
Elect ricully-drivou  hydraulic  lifts,    lioddam.    1 8*29. 
Driving  of  lighting  dyna inos  for  motor-cars.    Siol»er.  2739. 
Electrioally-driven  fans.    Schaeffer.  3556. 

Klortioniatinoticaliy-optM'iitod  circuit  breakers.    Srhiooder.  4792. 
Al)pa vaius  ior  oloctric  welding  of  tul>es.     Ges  fur  EIt*ktrotec]i- 
nische  Indu&trie.  5962. 


New  Water  Supply  for  Fraserburgh. ― The  now  water  supply  for  the 
town  ol  Fiasorhurjili  was  formally  inaut^nrattHl  this  iiiontli.  Tin* 
work  involvod  an  oxpondit\iro  of  i!-5*2-0O0.  A  reservoir,  containing 
aliont  ()">  million  gallons  ot"  wator  and  cowM'injj  ;il>out  *2o  acres  of 
； ground,  has  Iuhmi  const nictod  in  the  Kedorato  district,  wheiuv 
I  he  water  is  convovod  into  ； i  s<、rvi('，、  roservoir  at  Bogensourio. 
This  rosorvoir  is  ca pal)lo  of  ('(""aininji  lialf-a million  gallons,  ami 
acts  as  a  clear  wator  tank  tor  the  inoohanical  til  tors  adjoininji. 
Tlu、  filters,  wliich  、、vri、  constructed  and  installed  Ky  Mi»ssrs. 
Mathor  &  IMatt, 】丄1.,  of  Manrhostvr,  aro  capaMo  of  troatinj: 
.V lll.l NH)  gallons  per  24  hours.  The  wator  is  coiivoyod  from  tlu» 
(•l，、:ir  wator  tank  to  tho  town  of  Fras(M*lmrjj:li  and  conne<'l<Mi  t<、 
I  ho  t'xistiny:  mains  w  ith  ； i  sorios  of  valvos.  、vli*、iv，'v,  in  tbo  ,'、i'nt 
of  a  toniporarv  lnoa kdown  in  tho  iitnv  >\ip|)ly  works,  tl"'  urosont 
supply  ran  l>e  turned  on.  It  is  expocUMl  that  the  new  w aU^r 
Nupplv  will  effiH-t  a  vast  improvement  in  tho  health  of  tlie  com 
iminity. 
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" Harlow,  Stockport." 


ROBERT  HARLOW  &  SON,  STOCKPORT. 


A   FEW  STRUCTURES    RECENTLY  COATED  WITH 
WAILES,  DOVE  &  Co.'s 

"BITUMASTIC" 

THE  "WORLD'S  RECORD"  ANTI-CORROSIVE. 


Patent  "  Bitumastic  "  Solution  is  a  Brilliant  Black  Colour,  supplied  ready 
for  use,  and  applied  same  as  ordinary  paint. 


Much  Superior  to  Oxide,  Greater  Covering  Capacity,  Lasts  Longer. 

fmpervious  to  Atmospheric  Changes,  Chemical  Fumes,  £c. 

Patentees  and  Sole  Manufacturers  : 

WAILES,  DOVE  &  Co.  Ltd.,  Newcastle-on-Tyne. 

Manchester  Office  :    49.  Blackfriars  Street.  Telephone  2318  City. 

Telegrams  "BITUMASTIC." 


HENRY  MILNES, 

Brownroyd  Iron  Works,  RRAnrnpn 


No.  1 
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NEW 
PYROMETER 
CATALOGUE 


Every  Pyrometer  User  should 
have  our  New  Book  M  15  on  File 霧 


IE 


3*- 


FOSTER  INSTRUMENT  C?. 

LETCHWORTH.  HERTS..  ENGLAND 


CD 


COMPRESSED  AIR. 

A  Treatise  on  the  Theory  and  Practi 
Pneum&tic  Power  Transmission. 

By  W.  C.  POPPLEWELL,  M.Sc,  A.M.Inst.C.E. 

With  over  100  Illustrations. 


of 


-  ―、 


E  X I  ra  c  t  from  Pre  face  _ 

In  arranging  the  matter  tlie  author  has  adopted  what  appears  to  him  to  be  tbc 
natural  order.  Chapter  I.  being  devoted  to  the  general  principles  of  pneumatic 
transmission  of  power .  while  the  following  four  chapters  give  a  fairly  complete 
summary  of  modern  practice  as  regards  construction  of  the  compressors.  Chapter 
VI.  is  devoted  to  air  motors,  while  the  two  following  chapters  have  been  neceRsavy 
to  deal  with  the  movo  prominent  of  U"'  various  special  tools  and  appliances  opo rated 
l>y  compressed  air.  A  special  chapter  has  l)een  devoicd  to  pnenniatic  jmrnping 
appliances,  which  havf*  latterly  been  coming  move  into  vo^ue.  in  consequence  of  the 
special  advantages  they  olfer  under  certain  oonditions  and  for  certaiu  clissps  of 
fluids.  Another  chapter  also  peemed  necessary  to  deal  with  the  pipes  and  accessories 
employed  in  power  transmission,  and  which  it  did  not  seein  possible  to  arrange 
under  any  other  head  The  remaining  chapters  are  mainly  devoted  to  the  theory 
of  the  subiecli,  as  well  as  to  the  methods  of  conducting  teats. 

Price  Ts.  lOd.,  Post  Free. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  Street,  Manchester,  Eng. 


THE 


RIG  "  WASHER 


AS   SUPPLIED    TO    THE  ADMIRALTY. 


IS    MECHANICALLY   SOUND,  IS 
SELF'FIXING  &  CHEAP. 


THE  ONLY  ABSOLUTELY 
RELIABLE  WASHER. 


Particularly  recommended  for  use  on  Motor  Cars, 
Marine  Motors,  Aeroplanes,  Weaving  and  Spin- 
ning Machinery,  Railway  Rolling  Stock,  Printing, 
Mining  and  Agricultural  Machinery,  etc. 

Can  be  had  in  all  sizes  from  j  inch  upwards. 

Special  prices  for  large  quantities. 


We  can  arrange  to  supply  these  Washers  galvanized  by  a  patent  cold  process,  at  slightly  higher  prices. 


FOR  PRICE  LIST  AND  SAMPLES,  Etc.,  APPLY  TO  ： 


THE  HARVEY  SPRING  LOCK  WASHER  CO.,  Ltd., 

NORFOLK  HOUSE,   LAURENCE   POUNTNEY   HILL,   LONDON,  E.G. 

Telegrams—"  Arveleeconi."  Thi'm-  — .-"00  City 


F.  Reddaway  &  Co"  Ltd. 


REGISTERED 


TRADE  MARK. 


SOLE  MAKERS 
OF 


URGISTEKED 


TK  AOK  MAKK 


BELTING 


(REGISTERED   TRADE  NAME). 


THE  SUPREME  DRIVING  BELT 

None  Genuine  without  one  of  our  Trade  Marks : — 


Upwards  of  55,000,000 
feet  Have  been  supplied  to 
users  all  over  the  World. 


Upwards  of  55,000,000 
feet  have  been  supplied  to 
users  all   over  the  World. 


Works  and  Head  Offices: 

PENDLETON,  MANCHESTER 

LONDON  ：    50-51，  LIME  STREET,  E  C. 
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=Haptfopd  Wopks= 
OLDHAM,  ENGLAND. 


Makers  of  Machinery  in  great  variety,  for 

GINNING  COTTON,  OPENING,  CARDING,  COMBING, 
PREPARING,  SPINNING,  DOUBLING  AND  WEAVING 
COTTON,  WOOL,  WORSTED,  ASBESTOS,  &c. . . . 


ESTABLISHED  1821. 


HAKTFOR:)  til  n  WCRKS 


HIGHEST   AWARDS    OF    MERIT   AT   ALL    EXHIBITIONS  FOR 

TEXTILE    MACH INERY. 

Telephone  I  No.  26.  Telegrams;      PLATTS,"  OLDHAM. 
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PATENT   MECHANICAL  FILTERS 

FOR  TOWN  SUPPLIES  AND  ALL  INDUSTRIAL  PURPOSES. 

T^OR  many  years  Messrs.  Mather  & 】）JaU，  Ltd.,  have  been  engaged  in  the  construction  of  Mechanical  Filters  and 
auxiliary  plant,  and  in  the  carrying  out  of  work  at  home  and  abroad.  Their  experience  is,  consequently,  second 
to  none  in  connection  with  this  class  of  plant.    They  have  tested  the  merits  of  numerous  processes  of  filtration, 

which  from  time  to  time  have  been  brought  forward,  and  have  carried  out  exhaustive  experiments  with  different  types 

of  filters.    These  have 】ed  to  their  putting  on  the  market  their  Patent  Filter  which  embodies  numerous  points  of 

superiority  over  any  others. 

Write  for  Booklet               t^FW                                          V     ■  ^^W^ 

 ~     MANCHESTER  and  LONDON.  

"NATIONAL"  PATENT  FUSIBLE  PLUGS 疆 

一        RELIABLE   LOW-WATER  SAFEGUARD. 

The  "  Improved  Valve  Seated  Type,"  especially  suitable  for 
Lancashire,  Cornish,  and  Vertical  Boilers. 


Figure  8. 

Improved  Valve 
Seated  Plug. 


Figure  6 
Improved  Valve 
Seated  Plug. 


Pressures  and  ALL  CLASSES  of  Internally-Fired  Boilers. 

IN  a  I'ecent  serious  case  where  a  "  Lancashire  "  Boiler  was  allowed  to  become  short  of  water,  resnltinfi  in  over- 
heating,' of  the  furnace  crown,  the  boiler  was  not  provided  with  fusible  plugs,  and  consei;iiently  the  fimmccs 
wore  overheated  aud  one  of  them  ruptured.  The  outrush  of  water  and  steam  caused  the  death  of  seven  persons 
and  iaiury  to  ten  others. 

The  Board  of  Trade  Commissioners,  when  giving  judgment  in  reference  to  this  explosion,  said:— 

" The  Boiler  was  originally  fitted  with  proper  and  sufficient  mountings,  except  it  had  no  fusible  ptug,  which 
•*  In  our  opinion  should  have  been  fitted.  If  the  furnace  had  beea  fitted  with  a  fusible  plug  tlie  water 
" would  have  iiui  out  when  tlie  plates  bei^an  to  get  hot,  and  the  explosion  would  have  been  avoided* " 


HIGH  PRESSURE  TYPE, 

in.,  and  2ln. 
seating. 


USE  "NATIONAL  "  PATENT 


Screwed  1in.，  1iin.，1: 
gas  thread  on  the 


ILLUSTRATED   PRICE   LIST  POST 

BOILER  and  GENERAL 


FUSIBLE 

FREE. 


PLUGS. 


ORDINARY  PRESSURE  TYPE. 

Screwed  1  in.,  1  iin.,1  !:in.,and  2in. 
gas  thread  on  the  sealing. 


CO.,  LTD., 


HEAD  OFFICE  ： 

ST.  MARYS  PARSONAGE,  MANCHESTER. 

London  Office  ：  (iO.      \W\  VICTORIA  STREET.  E.C. 


GARDNER  OIL  AND  GAS  ENGINES 


From  ^  B.H.P.  to 
200  B.H.P. 


GARDNER  SUCTION  GAS  PRODUCERS 


L.  GARDNER  &  SONS,  Limited, 

Barton  Hall  Engine  Works,  Patricroft,  MANCHESTER. 


SPIRIT  ENGINES, 
ALCOHOL  ENGINES, 
HIGH-SPEED 
VERTICAL  ENGINES 

For  Launches, 
Heavy  Vehicles,  Ac- 
Oil,   Spirit,   or  Alcohol. 


Telegrams  : 
" Theorem,  Patricroft." 
Telephone:     No.  -18,  Hcclcs. 


New  "H"  Tyre  Horizontal  Hiijjine  for  Oil,  Gas,  and  Spirit  Fuels,    t Towers  13  to  70  B.H.P.) 


SHOWROOMS: 

LONDON: 
87,  Queen  Victoria  Street. 
Telegrams  :     "  Nornodcst,  London." 
Telephone  :     No.  836,  Bank. 

GLASGOW:   45,  Bothwell  Street. 

LIV  ERPOOL  :    30,  South  Castle  Street. 

(So.  2- 
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IX. 


Corliss 
Valves. 


EFFICIENCY 
25  PER  CENT 


Telescopic 
Screw 
Feed. 


THAN  ANY 


PISTON  AIR 


PNEUMATIC 
DRILL  ON  THE 
MARKET. 


165，  Queen  Victoria  St.,  LONDON,  E.C. 


-Oststrasse  1  28-1  32,  Dusseldopf. 
Sole  Agent  for  Russia  ：一 0.  R.  San-Galli,  St.  Petersburg,  and  Moscow. 


THE 


" STOKER 


13,000  FURNACES  FITTED. 
65"。  of  orders  received  are  REPEAT  ORDERS. 
3,000,000  I.H.P.  being  driven  with  this  Stoker. 


There  are  FOUR  IMPORTANT  REASONS  lor  the  remark- 
able success  achieved  by  this  stoker:— 

1st.— Increased  Boiler  Efficiency. 

2nd.  —Increased  Steam  Production. 

3rd —Smoke  Abatement. 

4th.  — It  has  less  wear  and  tear  and  costs  50  .  less  in 
upkeep  than  any  other  mechanical  stoker. 


JAS.  PROCTOR,  Ltd. ，：: EC  BURNLEY 


Schaffer  &  Budenberg，  Ltd. 


Telegraphic  Addresses  : 

**  Manometer,"  Manchester. 
"Pyrometer,"  London. 
" Injector,"  Glasgow. 


HEAD    OFFICE    AND    WORKS:     WHITWORTH  STREET, 

MANCHESTER. 


1 


77a,  Queen  Victoria  St. 
LONDON.  E.C. 


(No.  2) 


5,  Wellington  Street. 
GLASGOW. 


Telephone  Numbers  : 
Manchester  -1897  Central  (3  Lines) 
London    -    -  5672  Central. 
Glasgow  -    -  148  Corporation  Tel. 
do.      -    -  119  Argyle,  Nat.  Tel. 


Makers  of  Pressure  Gauges, 
Tachometers,  Recorders  for 
Pressure,  Temperature  and 
Speed.  All  types  of  high-class 
Engine  and  Boiler  Fittings. 


Nickel-seated  Iron  and  Steel 
Stop  Valves,  Safety  Valves, 
Injectors,  Steam  Traps,  &c. 
Total  production  of  Pressure 
Gauges  exceeds  4,000,000. 


SCHAFFER  &  BUDENBERG  W. 

Manchester.  London 
1  GlKgow. 


Fig.  32. " 


Re  starting  Injector. 


Fig"l  1 .  Tachometer. 


Re-starts  promptly  without  loss  ot  water  through  o\  erflow. 
Extreme  Simplicity  ot  Maoipulatton. 
High  Suction  Power  and  Suitable  for  High  Lif.s. 
Will  take  the  Highest  Feed-water  Temperatures. 


Fig.  50. 
Improved 
Engine  Counter 

with  hgures  oo  porccliin 
wheels.  recipruc«tio|{ 

or  rolary  molion. 
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PREPAID  ADVERTISEMENTS. 


Rate. ― 6d.  per  line  of  eight  words. 


Advertisements  should  reach  us  not  later  than 
first  post  on  Wednesday  morning.  Remittances 
by  postal  order  or  halfpenny  stamps.  All  com- 
munications should  be  Addressed  Advertise- 
ment  Dept.,"  Mechanical  Engineer"  Office, 
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SITUATIONS  VACANT 


DRAUGHTSMAN  Wanted,  exj^erieiioed.  sut^ar 
machinery. ― Apply,  statinf^  salary,  exppvieuce,  by 
letter,  to  Haivey  En^iineerin^i  Company,  Ltd.,  '2'24,  West 
Street,  GJasgow. 

TOOL  ,Jm  and  (lAUUK  MAKKUS  required;  pernia- 
iitmcy  for  suitable  meu. ― Only  first-class  uicn  rR'txl 
apply,  statiug  age.  experience,  and  wages  required,  to  the 
Siinbcaui  Motor-Car  Comi>Hny,  Ltd.,  Moovfield  Works, 
Wolverhainitton. 

TOOL  DRAUGHTSMAN  Wanted  ；  must  bu  expert  on 
jiys  and  tools  for  mot  T-car  and  laolov  cycle  work.— 
Apply,  by  letter  only,  stating  age.  wa^e,  and  experience, 
to  Works  Ottice.  Huuiber.  Ltd  ,  Coventry-. 

ni O 0 L M  A K  E K S .  —  K e q  11  i r c d ,  one  or  two  expcrieuc-cd 
丄  Men  for  tool  room  of  engineering  works  in  Leices- 
lersliire  ；  machine  tool  men  preferred;  only  those 
Ihoroiigiily  accustoiiiod  to  machine  tool  repairs  and 
】naintemince，  also  accurate  jig  and  small  tool  work  need 
apply.— Address  replies  to  i〕ei>aTtinent  31，  Kiupress 
Works,  Lough borougli.  ， 


LATHES,  SCREW  MACHINES, 

BORING  AND  TURNING  MILLS. 

A  Practical  Treatise  on  the  Design  and  Construction 
of  Turning  Machines,  including  Lathes,  Automatic 
Screw  Machines,  Boring  and  Turning  Mills,  and  tbeir 
Accessories. 

B¥  TUOAIAS  R.  SHA、V, 

Comprising  nearly  700  Pages  and  425  lllxtstratwns,  most  of 
which  are  original,  and  have  been  made  expreasly 
for  this  work. 

Price  I5h.  6d.  Post  Free. 

The  Scientific  Publishing  Co. ,  53,  New  Bailey  St.,  Manchester. 


POWER  TRANSMISSION. 

多 

咖 4 

1 


A  BIG  TRADE  WITH  SMALL  PROFITS 

IS  the  policy  on  which  we  work,  because  it 
benefits    us  ；    but,    what    is    more  important, 

It  benefits  YOU. 
Compare  the  following  prices  with  what  the 
articles  are  now  costing  you. 


Diameter. 

lin. 

liin. 

2in. 

3in. 

Bright  turned  steel  shaft- 

Sid. 

m 

No.   3   Plummer  block, 

brasses  top  and  bottom, 

each   

lOd. 

li9h 

No.  38  sulf-oiliny  rinm- 

111  er  block,  each 

]/3 

2/10 

7/8 

8/63 

No.  7  Bright  turned  flange 

couplings  

mi 

5m 

7/7i 

丄 0/1:;- 

Send  lor  our  new  illustrated  *'  B  "  Dept.  Catalogue,  cou- 
taining  prices  and  i)articvilars  of  ALL  our  Transmission 
Appliances. 


JARDINE,  DEERING  STREET. 


Tult'felraphic  Address  : 
*'  Jardinu.  Nottinj^haiii.' 


T*-'Ie]jlionc  Nos. 
3-294  and  3290. 


MODERN  LOCOMOTIVE  PRACTICE ■— A  treatise 
on  the  design,  construction,  and  working  of 
steam  locomotives.  By  C.  E.  WOLFF,  B.Sc, 
A.M. Inst. C.E.    Price  10/10,  post  free. 

The  Scientific  Publishing  Co.，  53,  New  Bailev  St.,  Manchester 


PATENTS. 

J.  OWDEN   O'BRIEN,  M.I.M.E. 

Chartered  Patent  Agent 

LATE  OF  AND  ^      p      THOMPSON    &  GO, 

SUCCESSOR  TO  "霧, 隱     ■  ■■v,",    w，《    w    w 霸 

Of  Manchester 

Agviitt  for  pjocuring  FateiUs  mid  Registering  Trad$ 

Marks  and  Designs 

6,  BANK  STREET  (EXCHANGE).  MANCHESTER. 


KIRBY  BANKS  SCREW  Co.  Ld. 

Albert  Screw  Works, 
MEADOW   LANE,  LEEDS. 


Manufacturers  of  all  descriptions  of 
REPETITION  WORK 

Black  or  Bright. 

Modern  Locomotive  Practice. 

A  Treatise  on  the  Design  of  Steam  Locouiotives. 

By  C.  E.  WOLFF,  B.Sc,  A.M.Inst.C.E. 

With  150  Illustrations  and 
Eight  Folding  Plates.  •  • 


PRICE   lOs.  lOd.  POST  FREE. 


THE  SCIENTIFIC   PUBLISHING  CO., 

53.  New  Bailey  Street.  Manchester.  Eng. 


CHARLES  McNEIL, 


IN 

AND  FORGING. 
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EMBOSi^Elt  MAMIOLE  IMMMtS 


KINNINQ  PARK  IRONWORKS, 

GLASGOW. 
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STAMPED  STEEL  PISTONS 
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Stevenson?.  Ltd.,  Preston 
Yates  &  TJmm,  Blackburn 

STEAM  PACKINGS   (.S>«  Packiwjs  > 

STEAM  TRAPS 

Harlow  A  Son,  K  ,  Stockport 
Lancftstor  &  Torino,  Ltd.,  Pendleton 
Roylos.  Ltd..  Irlaiti.  Manchester 
Sdmtlor  it  lUuicnber^,  Ltd.,  Maiu'hc^ttr 

STEEL  CASTINGS   {See  Castings) 

STEEL  FORCINGS  MANUFACTURERS 

nro\Mi  liayley  >  Sln  l  \Vi.rk<.  Shofficld 
Faiiicy  A  Sons,  J,,  Utrmniglmin 
HadftcM's  Stoel  Foundry  Co.,  Ltd  .  ShofflcUI 

STEEL  MANUFACTURERS 

r.rowti  】la>  h_、y's  Stcil  Works.  Ltd.,  Sliofflcld 
Fairlt'V  A  Sons.  J..  ]}irmineli:ini 
llailflcM'si   tee  I  Foniuiry  Co..  Ltd  Sheffield 

STEEL,  TOOL 

Fnirlev  A  Sous,  J.,  Hirmingliani 
H:idt1cld\s  Steel  Foundry  Co..  Ltd.,  ShcffleW 

STOKERS.  MECHANICAL 

Proctor.  J..  Huriili y 


Sugdcu,  Ltd-,  l.，  Luuduu 


Mather  A  Piatt.  Ltd.,  Manchester 

TEXTILE  MACHINERY 

Platt  Bros.  A:  Co.,  Ud  ，  Oldhaiu 

THERMOMETERS 

Schaffcr  &  Budeubt-rj,'.  Ltd.  Maiulicbter 

TUBES  AND  FITTINGS 
IJrotherton,  Ltd.,  John,  Wolverbaiuptoo 
Delta  MeW!  Co.,  Ltd.,  Loudon 
Kussell  &  Co.,  Ltd..  John,  Walsall 
Stewarts     Llovds,  Ltd.,  Birmingham 
Uuited  Flexible*  MeUlIio  Tube  Co.,  Loiidot 
Wilicox  A  Co..  Ltd..  W.  H..  Loudou 

TURBINE  PUHPB 

Mather  \  I'hilt.  lAd.,  Manclit>ttr 

VALUERS  AND  AUCTIONEERS 
\VochJ  &  Xcwlaiul,  Maiiohi\sttT 
VALVES  AND  TAPS 
Brotlierton,  Ltd.,  John,  Wolverliamptuu 
Dermatine  Co.  Ltd.,  London 
Harlow  A  Son.  R.,  Stockport 
I^ncaster  A  Tongc,  Ltd..  Pendleton 
Mather  &  Piatt,  Ltd.,  .Manrhes^tor 
Rovles,  Ltd.,  Irlam,  Manchosti-r 
Riik-^ell  6c  Co..  Ltd..  John.  Walsall 
Schiiffcr  *  Budcnberg.  Ltd.,  Jlanchctt" 
Stewarts  A  Lloyds.  Lttl.  Uimuttgham 
SiigdeD,  T.，  Ltd.,  Loudou 

VICES 

Parkinst^n  A  Son.  J  ,  Shipit  v 

WASHERS.  SPRING  LOCK 
llarvcy  S^piin^    J, o  k    Waslicr  L，,.,  Ltd., 
London 

WATCHES 

SciouUflc  Publi>hing  Co..  Maiichotcr 

WATER  GAUGES 

TTarlow  A  Son.  K..  StockiH»rt 
IfiincAstor  A  Tonpo.  Ltd..  Pni(II(  l<'ii 
i>cliStTcr  A  lUKicnbtrp.  I.ta  .  MamlM，t'i 

WATBR-NEA5URINQ  INSTRUMENTS 

Lea  Recorder  Co..  Maiirli-  jt«.r 

WVTER-BOFTEIUNG  PLANT 
Royles,  Ltd.,  Irl.iin.  Manchester 
WHEEL  GEARING 
Dndge  A  Co..  Ltd.,  D.,  Salfonl 
JoocSf  Ltd.,  (JeorRc.  liirmingham 


